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(57) Abstract: The present invention relates to a modified polypeptide comprising a non-cytotoxic protease, a translocation do-
main, a destructive protease cleavage site and a Targeting Moiety that binds to a Binding Site on a nerve cell, wherein after cleav-
age of the destructive cleavage site the polypeptide has reduced potency. The destructive cleavage site is recognised and cleaved
by a protease present at or in an off-gite target cell, and, in one embodiment, the polypeptide is a modified clostridial neurotoxin.
The present invention also relates to the use of said polypeptides for treating a range of conditions, and to nucleic acids encoding
said polypeptides.



10

15

20

25

30

WO 2010/094905 PCT/GB2009/002892

-1-

Modified Non-Cytotoxic Proteases

The present invention relates to non-cytotoxic proteases having improved

efficacy, and to the construction thereof.

Non-cytotoxic proteases are a well-recognised group of proteases, which act
on target cells by incapacitating cellular function. Importantly, non-cytotoxic
proteases do not kill the target cells upon which they act. Some of the best
known examples of non-cytotoxic proteases include clostridial neurotoxins (e.g.

botulinum neurotoxin; also known as BOTOXTM) and IgA proteases.

Non-cytotoxic proteases act by proteolytically-cleaving intracellular transport
proteins known as SNARE proteins (e.g. SNAP-25, VAMP, or Syntaxin) — see
Gerald K (2002) "Cell and Molecular Biology” (4th edition) John Wiley & Sons,
Inc. The acronym SNARE derives from the term Soluble NSF Attachment
Receptor, where NSF means N-ethylmaleimide-Sensitive Factor. SNARE
proteins are integral to intracellular vesicle formation, and thus to secretion of
molecules via vesicle transport from a cell. Accordingly, once delivered to a
desired target cell, the non-cytotoxic protease is capable of inhibiting cellular

secretion from the target cell.

Non-cytotoxic proteases may be employed in their native or substantially native
forms (i.e. as holotoxins, such as BOTOXTM), in which case targeting of the
proteases to specific cell-types is reliant on (i) localised administration of the
protease and/ or (ii) the inherent binding ability of the native protease.
Alternatively, non-cytotoxic proteases may be employed in a re-targeted form
in which the native protease is modified to include an exogenous ligand known
as a Targeting Moiety (TM). The TM is selected to provide binding specificity
for a desired target cell, and, as part of the re-targeting process, the native
binding portion of the non-cytotoxic protease may be removed. Re-targeting
technology is described, for example, in: EP-B-0689459; EP-B-0939818; US
6,461,617, US 7,192,596; EP-B-0826051; US 5,989,545; US 6,395,513; US
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6,962,703; EP-B-0996468; US 7,052,702; EP-B-1107794; and US 6,632,440;

all of which are herein incorporated by reference thereto.

In view of the ubiquitous nature of SNARE proteins, non-cytotoxic proteases

have been successfully employed in a wide range of therapies.

By way of example, we refer to William J. Lipham, Cosmetic and Clinical
Applications of Botulinum Toxin (Slack, Inc., 2004), which describes the use of
clostridial toxins, such as 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 in a wide variety of therapeutic and
cosmetic applications - as an example, BOTOX™ is currently approved as a
therapeutic 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. In addition, clostridial toxin therapies are
described for treating neuromuscular disorders (see US 6,872,397, for treating
uterine disorders (see US2004/0175399); for treating ulcers and
gastroesophageal reflux disease (see US2004/0086531); for treating dystonia
(see US 6,319,505); for treating eye disorders (see US2004/0234532); for
treating blepharospasm (see US2004/0151740); for treating strabismus (see
US2004/0126396); for treating pain (see US 6,869,610, US 6,641,820, US
6,464,986, US 6,113,915); for treating fibromyalgia (see US 6,623,742,
US2004/0062776); for treating lower back pain (see US2004/0037852); for
treating muscle injuries (see US 6,423,319); for treating sinus headache (see
US 6,838,434); for treating tension headache (see US 6,776,992); for treating
headache (see US 6,458,365); for reduction of migraine headache pain (see
US 5,714,469); for treating cardiovascular diseases (see US 6,767,544); for
treating neurological disorders such as Parkinson's disease (see US
6,620,415, US 6,306,403); for treating neuropsychiatric disorders (see
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US2004/0180061, US2003/0211121); for treating endocrine disorders (see US
6,827,931); for treating thyroid disorders (see US 6,740,321); for treating a
cholinergic influenced sweat Gland (see US 6,683,049); for treating diabetes
(see US 6,337,075, US 6,416,765); for treating a pancreatic disorder (see US
6,261,572, US 6,143,306); for treating cancers such as bone tumors (see US
6,565,870, US 6,368,605, US 6,139,845, US2005/0031648); for treating otic
disorders (see US 6,358,926, US 6,265,379); for treating autonomic disorders
such as gastrointestinal muscle disorders and other smooth muscle
dysfunction (see US 5,437,291); for treatment of skin lesions associated with
cutaneous cell-proliferative disorders (see US 5,670,484); for management of
neurogenic inflammatory disorders (see US 6,063,768); for reducing hair loss
and stimulating hair growth (see US 6,299,893); for treating downturned mouth
(see US 6,358,917); for reducing appetite (see US2004/40253274), for dental
therapies and procedures (see US2004/0115139); for treating neuromuscular
disorders and conditions (see US2002/0010138), for treating various disorders
and conditions and associated pain (see US2004/0013692) for treating pain
(see WQ96/33274); for treating conditions resulting from mucus hypersecretion
such as asthma and COPD (see WO00/10598); for treating non-neuronal
conditions such as inflammation, endocrine conditions, exocrine conditions,
immunological conditions, cardiovascular conditions, bone conditions (see
WO001/21213). All of the above publications are herein incorporated by

reference thereto.

The use of non-cytotoxic proteases such as clostridial neurotoxins (e.g. BoNTs
and TeNT) in therapeutic and cosmetic treatments of humans and other
mammals is anticipated to expand to an ever-widening range of diseases and

ailments that can benefit from the properties of these toxins.

Administration of a non-cytotoxic protease (including native clostridial
neurotoxin clinical products) can be challenging because of a need for larger
doses required to achieve a beneficial effect. Larger doses can increase the

likelihood that the protease may move, for example, through the interstitial
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fluids and the circulatory systems (such as the cardiovascular system and the
lymphatic system) of the body, resulting in undesirable dispersal of the
protease to areas not targeted for treatment. Said dispersal can lead to
undesirable side effects, such as inhibition of cellular secretion in cells not
targeted for treatment (e.g. inhibition of neurotransmitter release in neurons not
targeted for treatment, or paralysis of a muscle not targeted for treatment). By
way of specific example, a patient administered a therapeutically effective
amount of a BoNT into the neck muscles for torticollis may develop dysphagia
because of dispersal of the protease into the oropharynx. Similarly, a patient
administered a non-cytotoxic protease to treat a neuromuscular disorder may
suffer from undesirable muscle tissue inactivation due to dispersal of the

protease into the muscle.

In common with any other drug substances, a therapeutic dosing range exists
which identifies the lower and upper limits of safe, effective therapy. Often, the
upper limit is determined by the increasing significance of off-target effects that
lead to undesirable (e.g. potentially harmful) side-effects of drug treatment. In
the case of non-cytotoxic proteases (notably BoNT), this could lead to the

paralysis of cellular secretion in off-target cells, which, in turn, could be fatal.

The growing clinical, therapeutic and cosmetic use of non-cytotoxic proteases
in therapies requiring larger doses places an ever-increasing requirement on
the part of the pharmaceutical industry to develop means for minimising off-
target effects, whilst maintaining the potency of the protease, such that the
therapeutic dose range can be increased and the patients thus provided with

increased doses which will, in turn, lead to increased efficacy of treatment.

There is therefore a need in the art for new therapies and/ or new therapeutics
capable of specifically addressing undesirable, off-site targeting effects. This
need is addressed by the present invention, which solves one or more of the

above-mentioned problems.
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In WO02/044199, Lin, Wei-Jen, et al., seek to solve this problem by provision of
clostridial neurotoxins modified to contain a blood protease cleavage site (ie. a
site cleavable by a protease present in blood) in the binding domain of the
neurotoxin, such that contact with a blood protease selectively inactivates the
neurotoxin. Said binding domain (also referred to as the Hc domain) is illustrated
in Figure 1B of Lin, Wei-Jen, et al. as the region starting at amino acid residue
873. The above-mentioned solution provided by Lin, et al., however, has a
number of problems, and does not adequately solve the problem of off-site
targeting effects. In this regard, the present inventors have identified that
clostridial neurotoxins in which the binding (H¢c) domain has been removed (or
otherwise inactivated) are still toxic and can still effect inhibition at their target
neurons — this is confirmed by Figure 1 (see Example 39) of the present
application, which illustrates SNARE protein cleavage by a clostridial neurotoxin
molecule (LHN) lacking the binding (Hc). A further deficiency associated with
WO02/044199 (Lin, Wei-Jen, et al.) is that the described technology is limited to
clostridial neurotoxin molecules possessing a H¢ binding domain (ie. clostridial
holotxin molecules). As already discussed, however, non-cytotoxic proteases
may be employed in a re-targeted form in which the native protease is modified
to include an exogenous ligand known as a Targeting Moiety (TM), which
provides binding specificity for a desired target cell. Thus, in the context of re-
targeted non-cytotoxic proteases, the disclosure of Lin, et al. fails to address

the problem of off-site targeting effects.

The present invention addresses the deficiencies of Lin, et al. and provides
non-cytotoxic proteases that reduce or prevent unwanted side-effects
associated with dispersal into non-targeted areas. These and related
advantages are useful for various clinical, therapeutic and cosmetic
applications, such as the treatment of neuromuscular disorders, neuropathic
disorders, eye disorders, pain, muscle injuries, headache, cardiovascular
diseases, neuropsychiatric disorders, endocrine disorders, exocrine disorders,
mucus secretion-related disorders such as asthma and COPD, cancers, otic

disorders and hyperkinetic facial lines, as well as, other disorders where non-
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cytotoxic protease administration to a mammal can produce a beneficial effect

(e.g. all of the therapies described on pages 2-3 of this specification).

In more detail, a first aspect of the present invention provides a polypeptide,

comprising:

a a non-cytotoxic protease that is capable of cleaving a
SNARE protein;

b. a translocation domain that is capable of translocating the
non-cytotoxic protease from within an endosome of a
mammalian cell, across the endosomal membrane thereof
and into the cytosol of the mammalian cell;

c. a first destructive cleavage site that is cleavable by a second

protease and not by the non-cytotoxic protease, and
wherein after cleavage thereof by the second protease the
polypeptide has reduced potency measurable by a reduced
ability to cleave said SNARE protein and/ or a reduced
ability to translocate said non-cytotoxic protease across an
endosomal membrane;

d. a Targeting Moiety (TM) that binds to a Binding Site present
on a mammalian neuronal cell, which Binding Site is
capable of undergoing endocytosis to be incorporated into
an endosome within the mammalian neuronal cell; and

e with the proviso that said first destructive cleavage site is not
located within said TM.

Thus, the present invention provides a polypeptide that can be controllably

inactivated and/ or destroyed at an off-site location.

In one embodiment, the destructive cleavage site is recognised and cleaved by a
second protease (i.e. a destructive protease) selected from a circulating protease

(e.g. an extracellular protease, such as a serum protease or a protease of the
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blood clotting cascade), a tissue-associated protease (e.g. a matrix
metalloprotease (MMP), such as a MMP of muscle), and an intracellular

protease (preferably a protease that is absent from the target cell)).

Thus, in use, should a polypeptide of the present invention become dispersed
away from its intended target cell and/ or be taken up by a non-target cell, the
polypeptide will become inactivated by cleavage of the destructive cleavage site

(by the second protease).

In one embodiment, the destructive cleavage site is recognised and cleaved by a
second protease that is present within an off-site cell-type. In this embodiment,
the off-site cell and the target cell are preferably different cell types. Alternatively
(or in addition), the destructive cleavage site is recognised and cleaved by a
second protease that is present at an off-site location (e.g. distal to the target
cell). Accordingly, when destructive cleavage occurs extracellularly, the target
cell and the off-site cell may be either the same or different cell-types. In this
regard, the target cell and the off-site cell may each possess a receptor to which

the same polypeptide of the invention binds).

By way of example, when treating neuromuscular disorders, a polypeptide of
the present invention is targeted to the desired target cell (e.g. to a motor
neuron), and includes a destructive protease cleavage site that is cleaved by a
second protease present within and/ or in close proximity to muscle tissue.
Accordingly, the polypeptide demonstrates minimal adverse effects on muscle
tissue, and can be used at greater doses than currently tolerable by a patient,

thereby leading to enhanced clinical efficacy.

The destructive cleavage site of the present invention provides for inactivation/
destruction of the polypeptide when the polypeptide is in or at an off-site location.
In this regard, cleavage at the destructive cleavage site minimises the potency of
the polypeptide by reducing the inherent ability of the polypeptide (when

compared with an identical polypeptide lacking the same destructive cleavage
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site, or possessing the same destructive site but in an uncleaved form) to
translocate the non-cytotoxic component (across the endosomal membrane of a
mammalian cell in the direction of the cytosol), and/ or to effect SNARE protein

cleavage.

In one embodiment, the polypeptide of the invention may include a second (or
subsequent) inactivation/ destruction site. Said (or subsequent) second site may
be located anywhere within the polypeptide (including within the TM component).
Said second (or subsequent) site may be cleaved by the same or by a different
protease. Said second (or subsequent) site may have a different amino acid
recognition sequence that the first inactivation/ destruction site, and may be

cleaved by the same or by a different protease.

The above-mentioned reduced SNARE cleavage and/ or reduced translocation
capacity can be readily measured by direct comparison of a polypeptide of the
invention with an identical polypeptide (though lacking the same destructive
cleavage site, or possessing the same destructive site but in an uncleaved form).
In more detail, the polypeptide of the invention and the corresponding uncleaved
counterpart may be assayed in parallel in any one of a variety of conventional
whole cell or cell free assays. By way of example, reference is made to
Examples 1-4. During said assays, the polypeptide of the invention becomes
inactivated (via cleavage at the destructive cleavage site), whereas the
counterpart polypeptide substantially retains full potency. Thus, in the context
of the present invention, when cleaved at the destructive cleavage site, a
polypeptide of the invention possesses less than 50% or less than 25%, less
than 10% or less than 5%, less than 1% or less than 0.5%, less than 0.1% or
less than 0.01%, or less than 0.001% or less than 0.0001% of the SNARE
protein cleavage ability and/ or reduced translocation ability when compared

with the uncleaved counterpart polypeptide.

In the context of whole cell assays, reduced SNARE cleavage and/ or reduced

translocation ability may be determined by measuring relative SNARE protein
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cleavage in a mammalian cell. This is reflective of the overall ability of the
polypeptide to translocate into and subsequently cleave a SNARE protein
within the cytosol of a mammalian cell. There are a variety of ways for
measuring SNARE protein cleavage such as, for example, SDS-PAGE and

Western Blotting followed by densitometer analysis of the cleaved products.

In the context of cell-free assays, potency can be measured in terms of relative
SNARE protein cleavage, or in terms of relative translocation function (e.g.
release of K' or NAD from liposomes, or membrane conductance

measurements).

Preferred off-site targets (and thus preferred mammalian cells for the above
assays) include: epithelial cells, especially lung epithelial cells; neuronal cells

that are not motor neuron cells; and muscle cells.

Referring to Example 39, a modified clostridial neurotoxin (LHN/C) was provided.
This neurotoxin mimics the modified neurotoxin of Lin, et al. (ie. as discussed in
the background part of this specification) as it lacks a functional H¢ binding
domain. Said modified neurotoxin was incubated in the presencev of a
mammalian cell (e.g. an embryonic spinal cord neuron (eSCN)) to assess it's
ability to demonstrate residual clostridial neurotoxin activity in the form of
SNARE protein cleavage. In parallel, a control neurotoxin consisting solely of
the endopeptidase domain of botulinum neurotoxin type C (LC/C) was incubated
in the same manner — the control neurotoxin therefore lacked a function Hy
translocation domain. Each of the two polypeptides was then assessed for
cleavage of a SNARE protein in the test cell. Surprisingly, the LHy/C modified
clostridial neurotoxin demonstrated SNARE cleavage (see Figure 1), and thus
confirmed that inactivation of the H¢ binding domain of botulinum neurotoxin is
not adequate to reduce off-site activity. In contrast, the control neurotoxin
(lacking a functional translocation component) demonstrated a lack of SNARE

cleavage.
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As mentioned above, the polypeptide of the present invention may include one
or more (e.g. two, three, four, five or more) destructive protease cleavage sites.
Where more than one destructive cleavage site is included, each cleavage site
may be the same or different. In this regard, use of more than one destructive
cleavage sites provides improved off-site inactivation. Similarly, use of two or
more different destructive cleavage sites provides additional design flexibility. For
example, when minimising off-site target effects in muscle tissue, the polypeptide
of the present invention may include two different destructive sites, which are

recognised and cleaved by two different muscle tissues associated proteases.

The first destructive cleavage site(s) may be engineered into the non-cytotoxic
protease component or the translocation component. The second (or
subsequent) site(s) may be engineered anywhere into the polypeptide. In this
regard, the destructive cleavage site(s) are chosen to ensure minimal adverse
effect on the potency of the polypeptide (for example by having minimal effect
on the translocation domain, and/ or on the non-cytotoxic protease domain)
whilst ensuring that the polypeptide is labile away from its target site/ target
cell.

Preferred destructive cleavage sites (plus the corresponding second
proteases) are listed in the Table immediately below. The listed cleavage sites

are purely illustrative and are not intended to be limiting to the present

invention.
Second Destructive Tolerated recognition sequence variance
protease cleavage site P4-P3-P2-P1-V-P1-P2-P¥
recognition
sequence P4 P3 P2 | P1 P1’ P2’ P3
Thrombin LVPRVYGS AFGIL |AFGI |P R Not | Not | --
,J VorM|LT\V, Dor|D or
Wor A E E
Thrombin GRYG G |R |G
Factor Xa IEGRY AFGIL |DorE [G |R |- —- -—
,JTVorM
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ADAM17 PLAQAVYVRSS
S
Human airway | SKGR ¥ SLIGR
trypsin-like VvV
protease
(HAT)
ACE (peptidyl- - - - |-- | Not |[Not [N/
dipeptidase A) P Dorl|A
E
Elastase MEAVYVTY M R E A |V, (VLT |Y -
(leukocyte) H T H
Furin RXR/KRVY R X R R
or
K
Granzyme IEPDY | E P D — — -
Caspase 1 FWYL |- H [D [Not [-— [-—
AT P.E.
D.Q.
K or
R
Caspase 2 DVADYV D \Y A D Not | --- -
PE.
D.Q.
K or
R
Caspase 3 DMQDY D M Q D Not | --- —
P.E.
D.Q.
K or
R
Caspase 4 LEVDY L E VvV D Not | --- -—
P.E.
D.Q.
K or
R
Caspase 5 LorW E H (D |- - —
Caspase 6 \ E H D |Not |-- -
or | P,E.
D.Q.
K or
R
Caspase 7 DEVDY D E \' D Not | --- —
P.E.
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D.Q.
K or

Caspase 8 lorlL E T {D |Not |- —

Caspase 9 LEHDYV L E H D -—- — -

Caspase 10 IEHD VY | E H D --- - ---

The present invention may employ destructive cleavage sites that are
cleavable by a mammalian blood protease, such as Thrombin, Coagulation
Factor Vlla, Coagulation Factor |1Xa, Coagulation Factor Xa, Coagulation
Factor Xla, Coagulation Factor Xlla, Kallikrein, Protein C, and MBP-associated

serine protease.

Lin, et al. describe the use of thrombin or Factor Xa cleavage sites to inactivate
the Hc binding domain of a clostridial holotoxin. As discussed above, however,
Hc inactivation is inadequate to achieve desirable off-site inactivation,
Moreover, due to the pausity of cleavage sites disclosed, the method described
by Lin, et al. has limited utility, for example in off-site environments where

thrombin and Factor Xa are absent (or only present at low concentrations).

Matrix metalloproteases (MMPs) are a preferred group of destructive proteases
in the context of the present invention. Within this group, ADAM17 (EC
3.4.24.86), also known as TACE, is preferred and cleaves a variety of
membrane-anchored, cell-surface proteins to "shed" the extracellular domains.

Additional, preferred MMPs include adamalysins, serralysins, and astacins.

In one embodiment of the present invention, said destructive cleavage site(s)
comprises a recognition sequence having at least 3 or 4, preferably 5 or 6, more

preferably 6 or 7, and particularly preferably at least 8 contiguous amino acid
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residues. In this regard, the longer (in terms of contiguous amino acid residues)
the recognition sequence, the less likely non-specific cleavage of the destructive

site will occur via an unintended second protease.

The polypeptide of the present invention optionally includes a Targeting Moiety
(TM) that binds to a Binding Site on a neuronal (eg. nerve) cell, thereby providing
selectivity of the polypeptide to this species of target cell over other cells. In one
embodiment, the neuronal cell is a cell of the neuromuscular junction or

presynaptic cholinergic peripheral nerve terminal.

The first (and subsequent) destructive cleavage site(s) of the present invention
is preferably introduced into the protease component and/ or into the
translocation component. Of these two components, the protease component
is preferred. Accordingly, the polypeptide may be rapidly inactivated by direct
destruction of the non-cytotoxic protease and/ or translocation components.
These insertion positions are preferable over a TM insertion position because,
even in the case of total TM inactivation, it has been shown that the resulting
polypeptide may not demonstrate adequately reduced potency on off-site cells
[Chaddock, JA., et al. Protein Expression Purification 2002, 25, 219-228 and
Sutton, JM, et al. Protein Expression & Purification 2005, 40(1), 31-41].

Thus, the polypeptide of the present invention does not comprise a destructive
cleavage site(s) solely within the Targeting Moiety component of the
polypeptide. Without wishing to be bound by any theory, it is believed that use
of a destruction site within the TM component alone does not address non-
specific uptake by off-site target cells. Example 39 (see also Figure 1)
demonstrates that a fragment of botulinum neurotoxin type C lacking the
binding domain Hc is still able to enter eSCN and cleave its substrate SNARE
protein (syntaxin). A further possibility is that cleavage within the TM
component might lead to a TM having increased binding affinity for off-site
cells, for example, via exposure of a higher affinity binding region within the

TM. In summary, the use of a destructive cleavage site(s) within the TM
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component alone is considered unsatisfactory. First, off-site targeting is not
adequately addressed, and, secondly, once delivered to an off-site cell, the
polypeptides are still capable of (wild-type/ natural) translocation activity and/ or

SNARE protein cleavage activity.

It is preferred that the TM has no destructive cleavage site. In this regard, it has
been shown that the TM component may be particularly susceptible to adverse
conformational changes (upon insertion of a destructive cleavage site), which
adversely affect desired binding of the polypeptide. This has been shown to be
a particular problem when the TM is the native targeting moiety of a clostridial

neurotoxin (i.e. Hg).

Suitable TMs for use in the polypeptides of the present invention include
cytokines, growth factors, neuropeptides, lectins, protein binding scaffolds, and
antibodies — this term includes monoclonal antibodies, and antibody fragments
such as Fab, F(ab);, Fv, ScFv, etc.

The TM is a ligand (preferably a peptide) that binds to a neuronal cell,
preferably to a neuronal cell of the neuromuscular junction. In this regard, in
one embodiment the TM comprises the binding domain (Hge, or Hcg) of a
clostridial neurotoxin (e.g. BONT, TeNT, or from other Clostridium spp.), or a
fragment thereof that possesses native neurotoxin binding ability. The
clostridial Hc domain has evolved to bind in a highly effective manner to
receptors present on neuronal cells. In accordance with this latter embodiment,
the present invention provides use and corresponding methods for modifying
BOTOX™ to improve its clinical utility. By way of example, suitable TM

clostridial Hec reference sequences include:

Botulinum type A neurotoxin - amino acid residues (Y1111-L1296)
Botulinum type B neurotoxin - amino acid residues (Y1098-E1291)
Botulinum type C neurotoxin - amino acid residues (Y1112-E1291)

Botulinum type D neurotoxin - amino acid residues (Y1099-E1276)
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Botulinum type E neurotoxin - amino acid residues (Y 1086-K1252)
Botulinum type F neurotoxin - amino acid residues (Y1106-E1274)
Botulinum type G neurotoxin - amino acid residues (Y1106-E1297)

Tetanus neurotoxin - amino acid residues (Y1128-D1315).

The above-identified reference sequences should be considered a guide as

slight variations may occur according to sub-serotypes.

Similarly, by way of example, suitable TM clostridial Hc domains of reference
sequences include: BoNT/A - N872-L1296; BoNT/B - E859-E1291; BoNT/C1 -
N867-E1291; BoNT/D - S863-E1276; BoNT/E - R846-K1252; BoNT/F - K865-
E1274; BoNT/G - N864-E1297; and TeNT - 1880-D1315.

In another embodiment, the TM is selected to provide desirable binding to the
neuromuscular junction. Suitable TMs are listed in WO 2006/099590, which is
herein incorporated by reference thereto, and include: glucagon like hormone,
a neurohormone, a neuroregulatory cytokine, a neurotrophin, a growth factor,
an axon guidance signaling molecule, a sugar binding protein, a ligand that
selectively binds a neurexin, a ligand for neurexin-2a, a ligand for neurexin-23,
a ligand for neurexin-3a, a ligand for neurexin-3@, a WNT, Ng-CAM(LI), NCAM,
N-cadherin, a PACAP peptide such as a VIP peptide, Agrin-MUSK, a
basement membrane polypeptide, and a variant of any of the foregoing
polypeptides, a neuroregulatory cytokine such as ciliary neurotrophic factor
(CNTF), glycophorin-A (GPA), leukemia inhibitory factor (LIF), an interleukin
(IL), onostatin M, cardiotrophin-1 (CT-1), cardiotrophin-like cytokine (CLC), a
neuroleukin, VEGF, an insulin-like growth factors (IGF), an epidermal growth
factor (EGF), and a variant of any of the foregoing neuroregulatory cytokines.
These and other TMs are selected for use in the present invention because

they mimic the binding ability of clostridial neurotoxins.

As mentioned above, the destructive cleavage site(s) are introduced with

minimum adverse effect on the biological properties of the polypeptide
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(notably, endopeptidase activity, and/ or membrane translocation activity). In
this regard, it is preferred that any potential decrease in potency of the
polypeptide (compared with the same polypeptide lacking said destructive
cleavage site(s)) is less than 25%, preferably less than 15%, more preferably
less than 5% of the original unmodified protein. Potency here may be

measured by a comparative assay such as illustrated in Examples 1-4.

When selecting destructive cleavage site(s) in the context of the present
invention, it is preferred that the destructive cleavage site(s) are not substrates
for any proteases that may be separately used for post-translational
modification of the polypeptide of the present invention as part of its
manufacturing process. In this regard, the non-cytotoxic proteases of the
present invention typically employ a protease activation event (via a separate
‘activation’ protease cleavage site, which is structurally distinct from the
destructive cleavage site of the present invention). The purpose of the
activation cleavage site is to cleave a peptide bond between the non-cytotoxic
protease and translocation or TM components of the polypeptide of the present
invention, thereby providing an ‘activated’ di-chain polypeptide wherein said

two components are linked together via a di-sulfide bond.

In natural clostridial holotoxin, the di-chain loop protease cleavage site occurs
at K448-Ad449 for BoNT/A, at K441-Ad442 for BoNT/B, at K449-T450 for
BoNT/C1, at R445-D446 for BoNT/D, at R422-K423 for BoNT/E, at K439-A440
for BoNT/F, at K446-S447 for BoNT/G, and at A457-S458 for TeNT. Thus, to
help ensure that the destructive cleavage site of the polypeptides of the
present invention does not adversely affect the ‘activation’ cleavage site and
subsequent di-sulfide bond formation, the former is preferably introduced into
polypeptide of the present invention at a position of at least 20, at least 30, at
least 40, at least 50, and more preferably at least 60, at least 70, at least 80
(contiguous) amino acid residues away from the ‘activation’ cleavage site. In
this regard, the activation site of a polypeptide of the invention may be readily

aligned (via simple, primary sequence alignment) with the activation site
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positions (listed above) for clostridial holotoxin.

The destructive cleavage site(s) are preferably exogenous (i.e. engineered/
artificial) with regard to the native components of the polypeptide. In other
words, said cleavages sites are preferably not inherent to the corresponding
native components of the polypeptide. By way of example, a protease or
translocation component based on BoNT/A L-chain or H-chain (respectively)
may be engineered according to the present invention to include a cleavage
site(s). Said cleavage site(S) would not, however, be present in the

corresponding BoNT native L-chain or H-chain.

In a preferred embodiment of the present invention, the destructive cleavage
site(s) and the ‘activation’ cleavage site are not cleaved by the same protease.
In one embodiment, the two cleavage sites differ from one another in that at
least one, more preferably at least two, particularly preferably at least three,
and most preferably at least four of the tolerated amino acids within the

respective recognition sequences is/ are different.

By way of example, in the case of a polypeptide chimaera containing a Factor
Xa ‘activation’ site between clostridial L-chain and Hy components, it is
preferred to employ a destructive cleavage site(s) that is a site other than a
Factor Xa site, which may be inserted elsewhere in the L-chain and/ or Hyn
component(s). In this scenario, the polypeptide may be modified to
accommodate an alternative ‘activation’ site between the L-chain and Hy
components (for example, an enterokinase cleavage site), in which case a
separate Factor Xa cleavage site(s) may be incorporated elsewhere into the
polypeptide as the destructive cleavage site. Alternatively, the existing Factor
Xa ‘activation’ site between the L-chain and Hy components may be retained,
and an alternative cleavage site such as a thrombin cleavage site incorporated

as the destructive cleavage site(s).

When identifying suitable sites within the primary sequence of any of the
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components of the present invention for inclusion of cleavage site(s), it is
preferable to select a primary sequence that closely matches with the proposed
cleavage site(s) that are to be inserted. By doing so, minimal structural
changes are introduced into the polypeptide. By way of example, cleavage
sites typically comprise at least 3 contiguous amino acid residues. Thus, in a
preferred embodiment, a cleavage site is selected that already possesses (in
the correct position(s)) at least one, preferably at least two of the amino acid
residues that are required in order to introduce the new cleavage site. By way
of example, when the Caspase 3 cleavage site (DMQD) is to be introduced, a
preferred insertion position may be identified that already includes a primary
sequence selected from, for example, Dxxx, xMxx, xxQx, xxxD, DMxx, DxQx,
DxxD, xMQx, xMxD, xxQD, DMQx, xMQD, DxQD, and DMxD.

By analysis of the tertiary structure of clostridial neurotoxin, the present
inventors have identified a range of suitable exposed regions (in particular
exposed loop regions) for insertion of the destructive site sequence(s). This
analysis has been based principally on Chaddock & Marks (2006) in Cell &
Molecular Life Sciences, 63, 540-551; and with additional reference to
http://pathema.tigr.org/pathema/BoNT _structures.shtml); Lacy and Stevens,
1999, J. Mol Biol., 291, 1091-1104; and the following Table.

BoNT PDB
PDB Description
Serotype ID
A 1E1H Crystal structure of recombinant botulinum neurotoxin type A
light chain, self-inhibiting Zn endopeptidase
A 1XTFE Neurotoxin BoNT/A E224Q Y366F mutant

A IXTG Crystal structure of neurotoxin BONT/A complexed with
synaptosomal-associated protein 25

A 3BTA Crystal structure of botulinum neurotoxin serotype A

1EPW Crystal Structure of Clostridium neurotoxin type B
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Crystal structure of Clostridium botulinum neurotoxin B

complexed with a trisaccharide
Botulinum neurctoxin type B catalytic domain

Botulinum neurotoxin type B catalytc domain with

synaptobrevin-ll bound

Crystal structure of Clostridium botulinum B complexed with

an inhibitor (Experiment 3)

Crystal structure of Clostridium botulinum neurotoxin B

complexed with an inhibitor (Experiment 1)

Crystal structure of Clostridium botulinum neurotoxin B

complexed with an inhibitor (Experiment 4)

Crystal structure of Clostridium botulinum neurotoxin B

complexed with an inhibitor (Experiment 2)

Crystal structure of Clostridium botulinum neurotoxin B

complexed with doxorubicin

Crystal structure of botulinum neurotoxin type B at pH 4.0
Crystal structure of botulinum neurotoxin type B at pH 5.0
Crystal structure of botulinum neurotoxin type B at pH 5.5
Crystal structure of botulinum neurotoxin type B at pH 6.0
Crystal structure of botulinum neurotoxin type B at pH 7.0
Crystal structure of botulinum neurotoxin type B apo form

N-terminal helix reorients in recombinant C-fragment of

Clostridium botulinum type B

Crystal structure of full length botulinum neurotoxin (type B)

light chain
Crystal structure of botulinum neurotoxin type D light chain

Crystal structure of Clostridium botulinum neurotoxin type E

catalytic domain
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E 1T3C Clostridium botulinum type E catalytic domain E212Q mutant
E 1 Crystal structure of Arg347Ala mutant of botulinum
neurotoxin E catalytic domain
Crystal structure of Glu158Ala/Thr159Ala/Asn160Ala- a triple
E 1ZKX mutant of Clostridium botulinum neurotoxin E catalytic

domain

Crystal structure of Glu335GIn mutant of Clostridium

botulinum neurotoxin E catalytic domain

Crystal structure of Tyr350Ala mutant of Clostridium

botulinum neurotoxin E catalytic domain

Crystal structure of GIlu335Ala mutant of Clostridium

botulinum neurotoxin type E

Crystal structure of Clostridium botulinum neurotoxin

serotype F light chain

Crystal structure of catalytic domain of Clostridium botulinum

neurotoxin serotype F

G 1ZB7 Crystal Structure of botulinum neurotoxin type G light chain

The above PDB identification refers to the 4 character code used by the
Research Collaboratory for Structural Bioinformatics (RCSB) Protein Data
Bank (http://www.rcsb.org/pdb/home/home.do) to identify a specific entry in the
structural database.

Additional techniques employed include use of peptide/ antibody mapping
information, for example, antibody mapping of sites on the surface of HC/A
(Dolimbek, BZ, 2007, Mol Immunol., 44(5):1029-41), HN/A (Atassi MZ, 2004,
Protein J. 23(1):39-52), Hc/A (Oshima M., 1998, Immunol Lett., 60(1):7-12;
Bavari, S 1998, Vaccine, 16(19):1850-6), HC/E (Kubota T, 1997, Appl Environ
Microbiol. 63(4):1214-8) - a list of epitopes within the BoNT serotypes is

publicly available and maintained at
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http://pathema.tigr.org/pathema/BoNT epitopes.shtml; and use of structural

prediction software to predict the solvent accessibility of a specific peptide
region — examples of publically available software include:

Swiss Model (http://swissmodel.expasy.org);

ESyPred3D (http://www.fundp.ac.be/sciences/biologie/urbm/bioinfo/esypred);
and Geno3D (http://geno3d-pbil.ibcp.fricgi-
bin/geno3d automat.pl?page=/GENO3D/geno3d_home.html).

In one embodiment of the present invention, the destructive cleavage site(s)
are introduced at one or more of the following position(s), which are based (for
convenience purposes) on the primary amino acid sequence of BoNT/A. Whilst
the insertion positions are identified by reference to BoNT/A, the primary amino
acid sequences of corresponding protease domains and/ or translocation
domains for BONT/B-G etc may be readily aligned with said BoNT/A positions —

by way of example, we refer to the serotype alignment illustrated in Figure 2.

For the protease component, one or more of the following positions is
preferred: 27-31, 56-63, 73-75, 78-81, 99-105, 120-124, 137-144, 161-165,
169-173, 187-194, 202-214, 237-241, 243-250, 300-304, 323-335, 375-382,
391-400, and 413-423. The above numbering preferably starts from the N-
terminus of the protease component of the present invention. Of these
positions, the 99-105 and/ or 202-214 are most preferred. In this regard,
referring to Figure 2, positions 99-105 correspond to the sequence “YSTDLGR”
for serotype A, which equates to the region “KSKPLGE” for serotype B,
“NSREIGE” for serotype C;, “NERDIGK" for serotype D, ‘NNNLSGG” for
serotype E, “NSNPAGQ" for serotype F, and “NSKPSGQ" for serotype G.
Similarly, referring to Figure 2, positions 202-214 correspond to the sequence
“VDTNPLLGAGKFA” for serotype A, which equates to the region
“NKGASIFNRRGYF” for serotype B, “DVGEGRFSKSEFC” for serotype Ci,
“NQSSAVLGKSIFC” for serotype D, “DNC----MN--EFI” for serotype E, “DN-----
TD--LFI” for serotype F, and “ENKDTSIFSRRAYF” for serotype G. and “P”

(202) using the numbering at the top of Figure 2 as and “P”, respectively.



10

15

20

25

30

WO 2010/094905 PCT/GB2009/002892

-22.

In a preferred embodiment, the destructive cleavage site(s) are located at a
position greater than 8 amino acid residues, preferably greater than 10 amino
acid residues, more preferably greater than 25 amino acid residues, particularly
preferably greater than 50 amino acid residues from the N-terminus of the
protease component. Similarly, in a preferred embodiment, the destructive
cleavage site(s) are located at a position greater than 20 amino acid residues,
preferably greater than 30 amino acid residues, more preferably greater than
40 amino acid residues, particularly preferably greater than 50 amino acid

residues from the C-terminus of the protease component.

For the translocation component, one or more of the following positions is
preferred: 474-479, 483-495, 507-543, 557-567, 576-580, 618-631, 643-650,
669-677, 751-767, 823-834, 845-859. The above numbering preferably
acknowledges a starting position of 449 for the N-terminus of the translocation
domain component of the present invention, and a starting position of 871 for
the C-terminus of the Hy component. Of these positions, the 557-567 and/ or
751-767 are most preferred. In this regard, referring to Figure 2, positions 557-
567 correspond to the sequence “QEFEHGKSRIA” for serotype A, which
equates to the region “QTFPLDIRDIS” for serotype B, “QKLSDNVEDFT” for
serotype C1, “QKLSNNVENIT” for serotype D, “QKVPEGENNVN" for serotype
E, “QKAPEGESAIS" for serotype F, and “QTFPSNIENLQ” for serotype G.
Similarly, referring to Figure 2, positions 751-767 correspond to the sequence
“YNQYTEEEKNNINNID” for serotype A, which equates to the region
“YNIYSEKEKSNIN--IDFN" for serotype B, “YKKYSGSDKENIKS--QVE” for
serotype Cq, “YKKYSGSDKENIKS--QVE” for serotype D,
“YNSYTLEEKNELTNKYDIK” for serotype E, “YNNYTLDEKNRLRAEYNIY” for
serotype F, and “YNRYSEEDKMNIN--IDFN" for serotype G.

In a preferred embodiment, the destructive cleavage site(s) are located at a
position greater than 10 amino acid residues, preferably greater than 25 amino

acid residues, more preferably greater than 40 amino acid residues, particularly
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preferably greater than 50 amino acid residues from the N-terminus of the
translocation component. Similarly, in a preferred embodiment, the destructive
cleavage site(s) are located at a position greater than 10 amino acid residues,
preferably greater than 25 amino acid residues, more preferably greater than
40 amino acid residues, particularly preferably greater than 50 amino acid

residues from the C-terminus of the translocation component.

According to a second aspect of the present invention, there is provided use of
a non-cytotoxic polypeptide for treating a range of diverse medical conditions
and diseases. Said conditions and diseases have established therapies (see
the background part of the present specification) based on very closely related
(though unmodified as per the present invention) non-cytotoxic polypeptides.
Accordingly, the present invention provides improvements to said therapies by
use of a modified non-cytotoxic polypeptide that has a destructive cleavage site

and thus reduced off-site effects.

In particular, the present invention provides use and corresponding methods
for the treatment of strabismus, blepharospasm, squint, spasmodic and
oromandibular dystonia, torticollis, and other beauty therapy (cosmetic)
applications benefiting from cell/l muscle incapacitation (via SNARE down-

regulation or inactivation).

Additional, related therapies are provided for treating a neuromuscular disorder
or condition of ocular motility, e.g. concomitant and vertical strabismus, lateral
rectus palsy, nystagmus, dysthyroid myopathy, etc.; dystonia, e.g. focal
dystonias such as spasmodic torticollis, writer's cramp, blepharospasm,
oromandibular dystonia and the symptoms thereof, e.g. erxism, Wilson's
disease, tardive dystonia, laryngeal dystonia etc.; other dystonias, e.g. tremor,
tics, segmental myoclonus; spasms, such as spasticity due to chronic multiple
sclerosis, spasticity resulting in abnormal bladder control, e.g. in patients with
spinal cord injury, animus, back spasm, charley horse etc.; tension headaches;

levator pelvic syndrome; spina bifida, tardive dyskinesia; Parkinson's and limb
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(focal) dystonia and stuttering, etc.

In use, a polypeptide of the invention binds to a surface structure (the Binding
Site), which is present on and preferably characteristic of a target cell. Following
binding, the polypeptide (at least the protease component thereof) becomes
endocytosed into a vesicle, and the translocation component then directs
transport of the protease component across the endosomal membrane and into
the cytosol of the target cell. Once inside the target cell, the non-cytotoxic
protease inhibits the cellular exocytic fusion process, and thereby inhibits

release/ secretion from the target cell.

The biologically active component of the polypeptides of the present invention
is a non-cytotoxic protease. Non-cytotoxic proteases are a discrete class of
molecules that do not kill cells; instead, they act by inhibiting cellular processes
other than protein synthesis. Non-cytotoxic proteases are produced as part of
a larger toxin molecule by a variety of plants, and by a variety of

microorganisms such as Clostridium sp. and Neisseria sp.

Clostridial neurotoxins represent a major group of non-cytotoxic toxin
molecules, and comprise two polypeptide chains joined together by a
disulphide bond. The two chains are termed the heavy chain (H-chain), which
has a molecular mass of approximately 100 kDa, and the light chain (L-chain),
which has a molecular mass of approximately 50 kDa. It is the L-chain, which
possesses a protease function and exhibits a high substrate specificity for
vesicle and/or plésma membrane associated (SNARE) proteins involved in the
exocytic process (eg. synaptobrevin, syntaxin or SNAP-25). These substrates

are important components of the neurosecretory machinery.

Neisseria sp., most importantly from the species N. gonorrhoeae, produce
functionally similar non-cytotoxic toxin molecules. An example of such a non-

cytotoxic protease is IgA protease (see WO99/58571).
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The choice of TM determines the specificity of the polypeptide. By way of
example, the same (or similar) receptor may be present on several different cells
such that one TM will bind to different cell types. In this scenario, it might be
desirable only to target a single cell type. Thus, by employing a second protease
(‘destruction’) cleavage site in a polypeptide of the present invention which is
cleaved by a protease specific to one or more of the undesired cells (and/ or to
their environment), it is possible to minimise off-target side effects in the

undesired cells.

In another embodiment, polypeptides of the present invention may comprise two
or more different TMs capable of binding to different target cell types.
Alternatively (or in addition), combinations of polypeptides may be employed
having different TMs so as to provide a coordinated targeting of different target

cell types.

Polypeptide preparation

‘The polypeptides of the present invention comprise 4 principal components: a

TM; a non-cytotoxic protease; a translocation domain; and a destructive protease
cleavage site. Said polypeptides embrace non-cytotoxic holotoxins such as
clostridial neurotoxins, and, when an exogenous TM is present, re-targeted
chimaeras (often referred to as re-targeted proteases). Preparation of these
molecules is conventional - by way of exemplification, we refer to: W094/21300;
WO096/33273; WO98/07864;, WOO00/10598; WO01/21213; WO06/059093;
WO000/62814; WO00/04926; W0O93/15766; WO00/61192; and WO99/58571. All

of these publications are herein incorporated by reference thereto.

In more detail, the TM component of the present invention may be fused to either
the protease component or the translocation component of the present invention.
Said fusion is preferably by way of a covalent bond, for example either a direct
covalent bond or via a spacer/ linker molecule. The protease component and the
translocation component are preferably linked together via a covalent bond, for

example either a direct covalent bond or via a spacer/ linker molecule. Suitable



10

15

20

25

30

WO 2010/094905 PCT/GB2009/002892

-26 -

spacer/ linked molecules are well known in th_e art, and typically comprise an
amino acid-based sequence of between 5 and 40, preferably between 10 and 30

amino acid residues in length.

In use, the polypeptides have a di-chain conformation, wherein the protease
component and the translocation component are linked together, preferably via a
disulphide bond.

The polypeptides of the present invention may be prepared by conventional
chemical conjugation techniques, which are well known to a skilled person. By
way of example, reference is made to Hermanson, G.T. (1996), Bioconjugate
techniques, Academic Press, and to Wong, S.S. (1991), Chemistry of protein

conjugation and cross-linking, CRC Press.

Alternatively, the polypeptides may be prepared by recombinant preparation of a
single polypeptide fusion protein (see, for example, WO98/07864). This
technigue is based on the in vivo bacterial mechanism by which native clostridial
neurotoxin (ie. holotoxin) is prepared, and results in a fusion protein having the

following ‘simplified’ structural arrangement:
NH; - [protease component] — [translocation component] — [TM] - COOH

According to W098/07864, the TM is placed towards the C-terminal end of the
fusion protein. The fusion protein is then ‘activated’ by treatment with a
protease, which cleaves at a site between the protease component and the
translocation component. A di-chain protein is thus produced, comprising the
protease component as a single polypeptide chain covalently attached (via a
disulphide bridge) to another single polypeptide chain containing the

translocation component plus TM.

The WO098/07864 system is particularly suited to the preparation of fusion

proteins having a TM that requires a C-terminal domain that is ‘free’ for
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interaction with a Binding Site on a target cell.

For fusion proteins having a TM that requires an N-terminal domain that is
‘free’ for interaction with a Binding Site on a target cell, a modified system may
be employed as described in WO06/059113.

In the modified system, the TM component of the fusion protein is located
towards the middle of the linear fusion protein sequence, between the protease
cleavage site and the translocation component. This ensures that the TM is
attached to the translocation domain (ie. as occurs with native clostridial
holotoxin), though in this case the two components are reversed in order vis-a-
vis native holotoxin. Subsequent cleavage at the protease cleavage site
exposes the N-terminal portion of the TM, and provides the di-chain

polypeptide fusion protein.

The above-mentioned protease cleavage sequence(s) may be introduced (and/
or any inherent cleavage sequence removed) at the DNA level by conventional
means, such as by site-directed mutagenesis. Screening to confirm the
presence of cleavage sequences may be performed manually or with the
assistance of computer software (e.g. the MapDraw program by DNASTAR,
Inc.). Whilst any protease cleavage site may be employed (ie. clostridial, or
non-clostridial), the following are preferred (either as the ‘destructive’ cleavage

site, or as the "activation’ cleavage site):

Enterokinase (ODDDDK})
Factor Xa (IEGR| /IDGRY)
TEV(Tobacco Etch virus) (ENLYFQ/G)
Thrombin (LVPR|GS)
PreScission (LEVLFQ|GP).
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Also embraced by the term protease cleavage site is an intein, which is a self-
cleaving sequence. The self-splicing reaction is controllable, for example by

varying the concentration of reducing agent present.

In a preferred embodiment, the fusion protein of the present invention may
comprise one or more N-terminal and/ or C-terminal located purification tags.

Whilst any purification tag may be employed, the following are preferred:

His-tag (e.g. 6 x histidine), preferably as a C-terminal and/ or N-terminal tag
MBP-tag (maltose binding protein), preferably as an N-terminal tag
GST-tag (glutathione-S-transferase), preferably as an N-terminal tag
His-MBP-tag, preferably as an N-terminal tag

GST-MBP-tag, preferably as an N-terminal tag

Thioredoxin-tag, preferably as an N-terminal tag

CBD-tag (Chitin Binding Domain), preferably as an N-terminal tag.

One or more peptide spacer/ linker molecules may be included in the fusion
protein. For example, a peptide spacer may be employed between a

purification tag and the rest of the fusion protein molecule.

Thus, a third aspect of the present invention provides a nucleic acid (e.g. DNA)

sequence encoding a polypeptide as described above.

Said nucleic acid may be included in the form of a vector, such as a plasmid,
which may optionally include one or more of an origin of replication, a nucleic

acid integration site, a promoter, a terminator, and a ribosome binding site.
The present invention also includes a method for expressing the above-
described nucleic acid sequence (i.e. the third aspect of the present invention) in

a host cell, in particular in E. coli or via a baculovirus expression system.

The present invention also includes a method for activating a polypeptide of the
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present invention, said method comprising contacting the polypeptide with a
protease that cleaves the polypeptide at a recognition site (cleavage site) located
between the non-cytotoxic protease component and the translocation
component, thereby converting the polypeptide into a di-chain polypeptide
wherein the non-cytotoxic protease and translocation components are joined
together by a disulphide bond. In a preferred embodiment, the recognition site is
not native to a naturally-occurring clostridial neurotoxin and/ or to a naturally-

occurring IgA protease.

Polypeptide delivery
In use, the present invention employs a pharmaceutical composition, comprising
a polypeptide, together with at least one component selected from a

pharmaceutically acceptable carrier, excipient, adjuvant, propellant and/ or salt.

The polypeptides of the present invention may be formulated for oral, parenteral,
continuous infusion, inhalation or topical application. Compositions suitable for
injection may be in the form of solutions, suspensions or emulsions, or dry

powders which are dissolved or suspended in a suitable vehicle prior to use.

In the case of a polypeptide that is to be delivered locally, the polypeptide may

be formulated as a cream (eg. for topical application), or for sub-dermal injection.

Local delivery means may include an aerosol, or other spray (eg. a nebuliser). In
this regard, an aerosol formulation of a polypeptide enables delivery to the lungs

and/or other nasal and/or bronchial or airway passages.

Polypeptides of the invention may be administered to a patient by intrathecal or
epidural injection in the spinal column at the level of the spinal segment involved

in the innervation of an affected organ.

A preferred route of administration is via laproscopic and/ or localised,

particularly intramuscular, injection.
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In the case of formulations for injection, it is optional to include a
pharmaceutically active substance to assist retention at or reduce removal of the
polypeptide from the site of administration. One example of such a
pharmaceutically active substance is a vasoconstrictor such as adrenaline. Such
a formulation confers the advantage of increasing the residence time of
polypeptide following administration and thus increasing and/or enhancing its

effect.

The dosage ranges for administration of the polypeptides of the present
invention are those to produce the desired therapeutic effect. It will be
appreciated that the dosage range required depends on the precise nature of the
polypeptide or composition, the route of administration, the nature of the
formulation, the age of the patient, the nature, extent or severity of the patient’s
condition, contraindications, if any, and the judgement of the attending physician.
Variations in these dosage levels can be adjusted using standard empirical

routines for optimisation.

Suitable daily dosages (per kg weight of patient) are in the range 0.0001-1
ng/kg, preferably 0.0001-0.5 ng/kg, more preferably 0.002-0.5 ng/kg, and
particularly preferably 0.004-0.5 ng/kg. The unit dosage can vary from less
that 1 picogram to 30ng, but typically will be in the region of 0.01 to 1 ng per
dose, which may be administered daily or preferably less frequently, such as

weekly or six monthly.

A particularly preferred dosing regimen is based on 0.25 ng of polypeptide as
the 1X dose. In this regard, preferred dosages are in the range 1X—100X (i.e.
0.25-25 ng).

Fluid dosage forms are typically prepared utilising the polypeptide and a

pyrogen-free sterile vehicle. The polypeptide, depending on the vehicle and
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concentration used, can be either dissolved or suspended in the vehicle. In
preparing solutions the polypeptide can be dissolved in the vehicle, the solution
being made isotonic if necessary by addition of sodium chloride and sterilised by
filtration through a sterile filter using aseptic techniques before filling into suitable
sterile vials or ampoules and sealing. Alternatively, if solution stability is
adequate, the solution in its sealed containers may be sterilised by autoclaving.
Advantageously additives such as buffering, solubilising, stabilising, preservative
or bactericidal, suspending or emulsifying agents and or local anaesthetic agents

may be dissolved in the vehicle.

Dry powders, which are dissolved or suspended in a suitable vehicle prior to
use, may be prepared by filling pre-sterilised ingredients into a sterile container
using aseptic technique in a sterile area. Alternatively the ingredients may be
dissolved into suitable containers using aseptic technique in a sterile area. The

product is then freeze dried and the containers are sealed aseptically.

Parenteral suspensions, suitable for intramuscular, subcutaneous or
intradermal injection, are prepared in substantially the same manner, except
that the sterile components are suspended in the sterile vehicle, instead of
being dissolved and sterilisation cannot be accomplished by filtration. The
components may be isolated in a sterile state or alternatively it may be

sterilised after isolation, e.g. by gamma irradiation.

Advantageously, a suspending agent for example polyvinylpyrrolidone is
included in the composition/s to facilitate uniform distribution of the

components.
Administration in accordance with the present invention may take advantage of a
variety of delivery technologies including microparticle encapsulation, viral

delivery systems or high-pressure aerosol impingement.

Definitions Section
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Targeting Moiety (TM) means any chemical structure that functionally interacts
with a Binding Site to cause a physical association between the polypeptide of
the invention and the surface of a target cell. The term TM embraces any
molecule (ie. a naturally occurring molecule, or a chemically/physically modified
variant thereof) that is capable of binding to a Binding Site on the target cell,
which Binding Site is capable of internalisation (eg. endosome formation) - also
referred to as receptor-mediated endocytosis. The TM may possess an
endosomal membrane translocation function, in which case separate TM and
Translocation Domain components need not be present in an agent of the
present invention. Throughout the preceding description, specific TMs have
been described. Reference to said TMs is merely exemplary, and the present
invention embraces all variants and derivatives thereof, which retain the basic

binding (i.e. targeting) ability of the exemplified TMs.

As mentioned previously, preferred TMs include antibodies (eg. antibody
fragments) and binding scaffolds; especially commercially available antibodies/
fragments and scaffolds designed for the purpose of binding (eg. specifically)

to nerve cells.

Protein scaffolds represent a new generation of universal binding frameworks
to complement the expanding repertoire of therapeutic monoclonal antibodies
and derivatives such as scFvs, Fab molecules, dAbs (single-domain
antibodies), diabodies and minibodies, each of which may be employed as a
TM of the present invention. Scaffold systems create or modify known protein
recognition domains either through creation of novel scaffolds or modification
of known protein binding domains. Such scaffolds include but are not limited to:
(i) protein A based scaffolds - affibodies (Nord, K. et al 1997 “Binding proteins
selected from combinatorial libraries of an alpha-helical bacterial receptor
domain”. Nat Biotechnol 15, 772-777),

(i) lipocalin based scaffolds — anticalins (Skerra 2008 “Alternative binding
proteins: anticalins - harnessing the structural plasticity of the lipocalin ligand
pocket to engineer novel binding activities”. FEBS J. 275:2677-83);
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(iii) fibronectin based scaffolds — adnectin (Dineen et al 2008 “The Adnectin
CT-322 is a novel VEGF receptor 2 inhibitor that decreases tumor burden in an
orthotopic mouse model of pancreatic cancer”. BMC Cancer 8:352),

(iv) avimers (Silverman et al 2005 “Multivalent avimer proteins evolved by exon
shuffling of a family of human receptor domains”. Nat Biotechnol 23:1556-61);
(v) ankyrin based scaffolds — darpins (Zahnd et al 2006 “Selection and
characterization of Her2 binding-designed ankyrin repeat proteins”. J Biol
Chem. 281:35167-75); and

(vi) centyrin scaffolds — based on a protein fold that has significant structurai
homology to Ig domains with loops that are analogous to CDRs. Ig domains
are a common module in human proteins and have been widely applied as
alternative scaffold proteins. Each of the above ‘scaffold’ publications is hereby

incorporated (in its entirety) by reference thereto.

Binding scaffolds can be used to target particular cell types via interaction with
specific cell surface proteins, receptors or other cell surface epitopes such as
sugar groups. Such modified scaffolds can be engineered onto recombinant
non-cytotoxic protease based polypeptides of the present invention to target

specific nerve cell types of interest.

The TM of the present invention binds (preferably specifically binds) to the
target cell in question. The term “specifically binds” preferably means that a
given TM binds to the target cell with a binding affinity (Ka) of 10° M or
greater, preferably 10" M or greater, more preferably 108 M or greater, and
most preferably, 10° M or greater.

Reference to TM in the present specification embraces fragments and variants
thereof, which retain the ability to bind to the target cell in question. By way of
example, a variant may have at least 80%, preferably at least 90%, more
preferably at least 95%, and most preferably at least 97 or at least 99% amino
acid sequence homology with the reference TM. Thus, a variant may include

one or more analogues of an amino acid (e.g. an unnatural amino acid), or a
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substituted linkage. Also, by way of example, the term fragment, when used in
relation to a TM, means a peptide having at least ten, preferably at least
twenty, more preferably at least thirty, and most preferably at least forty amino
acid residues of the reference TM. The term fragment also relates to the
above-mentioned variants. Thus, by way of example, a fragment of the present
invention may comprise a peptide sequence having at least 10, 20, 30 or 40
amino acids, wherein the peptide sequence has at least 80% sequence
homology over a corresponding peptide sequence (of contiguous) amino acids

of the reference peptide.

By way of example, ErbB peptide TMs (eg. EGF) may be modified to generate
mutein ErbB ligands with improved properties such as increased stability. By
way of example, ErbB TM muteins include ErbB peptides having amino acid
modifications such as a valine residue at position 46 or 47 (EGFVal46 or 47),
which confers stability to cellular proteases. ErbB TMs may also have amino
acids deleted or additional amino acids inserted. This includes but is not
limited to EGF having a deletion of the two C-terminal amino acids and a
neutral amino acid substitution at position 51 (particularly EGF51GIn51; see
US20020098178A1), and EGF with amino acids deleted (e.g. rEGF2-48;
rEGF3-48 and rEGF4-48). Fragments of ErbB TMs may include fragments of
TGFa which contain predicted B-turn regions (e.g. a peptide of the sequence
Ac-C-H-S-G-Y-V-G-A-R-C-0O-OMe), fragments of EGF such as [Ala20]EGF(14-
31), and the peptide YHWYGYTPQNVI or GE11. All of the above patent

specifications are incorporated herein by reference thereto.

It is routine to confirm that a TM binds to the selected target cell. For example,
a simple radioactive displacement experiment may be employed in which
tissue or cells representative of the target cell are exposed to labelled (eg.
tritiated) TM in the presence of an excess of unlabelled TM. In such an
experiment, the relative proportions of non-specific and specific binding may be
assessed, thereby allowing confirmation that the TM binds to the target cell.

Optionally, the assay may include one or more binding antagonists, and the
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assay may further comprise observing a loss of TM binding. Examples of this
type of experiment can be found in Hulme, E.C. (1990), Receptor-binding
studies, a brief outline, pp. 303-311, In Receptor biochemistry, A Practical
Approach, Ed. E.C. Hulme, Oxford University Press.

In the context of the present invention, reference to a peptide TM embraces
peptide analogues thereof, so long as the analogue binds to the same receptor
as the corresponding ‘reference’ TM. Said analogues may include synthetic

residues such as:

3-Nal = -naphthylalanine

R-Pal =  -pyridylalanine

hArg(Bu) = N-guanidino-(butyl)-homoarginine
hArg(Et), = N, N'-guanidino-(dimethyl)-homoarginine
hArg(CH.CF3), = N, N’—guanidino-bis-(Z,2,2,—triﬂuoroethyl)—homoarginine
hArg(CHs, hexyl) = N, N'-guanidino-(methyl, hexyl)- homoarginine
Lys(Me) = N®-methyllysine

Lys(iPr) = N°-isopropyllysine

AmPhe = aminomethylphenylalanine

AChxAla = aminocyclohexylalanine

Abu = a-aminobutyric acid

Tpo = 4-thiaproline

MelLeu = N-methylleucine

Orn = ornithine

Nle - norleucine

Nva = norvaline

Trp(Br) = 5-bromo-tryptophan

Trp(F) = 5-fluoro-tryptophan

Trp(NO,) = 5-nitro-tryptophan

Gaba = y-aminobutyric acid

Bmp = J-mercaptopropionyl

Ac = acetyl
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Pen - pencillamine

The polypeptides of the present invention may lack a functional He (or Hec)
domain of a clostridial neurotoxin, in which case a non-clostridial TM is typically
present to bind the polypeptide to a Binding Site on the nerve cell. The Hc
peptide of a native clostridial neurotoxin comprises approximately 400-440
amino acid residues, and consists of two functionally distinct domains of
approximately 25kDa each, namely the N-terminal region (commonly referred
to as the Hcn peptide or domain) and the C-terminal region (commonly referred
to as the Hcc peptide or domain). It has been well documented that the C-
terminal region (Hcc), which constitutes the C-terminal 160-200 amino acid
residues, is responsible for binding of a clostridial neurotoxin to its natural cell
receptors, namely to nerve terminals at the neuromuscular junction - this fact is
also confirmed by the above publications. Thus, reference throughout this
specification to a clostridial heavy-chain lacking a functional heavy chain Hc
peptide (or domain) means that the clostridial heavy-chain simply lacks a
functional Hec peptide. In other words, the Hee peptide region is either partially
or wholly deleted, or otherwise modified (e.g. through conventional chemical or

proteolytic treatment) to inactivate its native binding ability for nerve cells.

Alternatively, a polypeptide of the present invention may contain a functional
Hc (or Hec) domain of a clostridial neurotoxin as a TM. A variety of clostridial
neurotoxin Hcc or Hc regions comprising a binding domain can be useful in
aspects of the present invention with the proviso that these active fragments
provide the binding activity and binding specificity of the natural neurotoxin.
The Hc regions from the heavy chains of clostridial toxins are approximately
400-440 amino acids in length and comprise a binding domain. Research has
shown that the entire length of a H¢ region from a clostridial toxin heavy chain
is not necessary for the binding activity of the binding domain. Thus, aspects of
this embodiment can include clostridial toxin Hc regions comprising a binding
domain having a length of, for example, at least 350 amino acids, at least 375

amino acids, at least 400 amino acids and at least 425 amino acids. Other
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aspects of this embodiment can include clostridial toxin Hc regions comprising
a binding domain having a length of, for example, at most 350 amino acids, at

most 375 amino acids, at most 400 amino acids and at most 425 amino acids.

The protease of the present invention embraces all non-cytotoxic proteases
that are capable of cleaving one or more proteins of the exocytic fusion

apparatus in eukaryotic cells.

The protease of the present invention is preferably a bacterial protease (or
fragment thereof). More preferably the bacterial protease is selected from the
genera Clostridium or Neisseria/ Streptococcus (e.g. a clostridial L-chain, or a

neisserial IgA protease preferably from N. gonomrhoeae or S. pneumoniae).

The present invention also embraces variant non-cytotoxic proteases (ie.
variants of naturally-occurring protease molecules), so long as the variant
proteases still demonstrate the requisite protease activity. By way of example,
a variant may have at least 70%, preferably at least 80%, more preferably at
least 90%, and most preferably at least 95 or at least 98% amino acid
sequence homology with a reference protease sequence. Thus, the term
variant includes non-cytotoxic proteases having enhanced (or decreased)
endopeptidase activity — particular mention here is made to the increased
KeatKm of BONT/A mutants Q161A, E54A, and K165L see Ahmed, S.A. (2008)
Protein J. DOI 10.1007/s10930-007-9118-8, which is incorporated by reference
thereto. The term fragment, when used in relation to a protease, typically
means a peptide having at least 150, preferably at least 200, more preferably
at least 250, and most preferably at least 300 amino acid residues of the
reference protease. As with the TM ‘fragment’ component (discussed above),
protease ‘fragments’ of the present invention embrace fragments of variant

proteases based on a reference sequence.

The protease of the present invention preferably demonstrates a serine or

metalloprotease activity (e.g. endopeptidase activity). The protease is
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preferably specific for a SNARE protein (e.g. SNAP-25, synaptobrevin/VAMP,

or syntaxin).

Particular mention is made to the protease domains of neurotoxins, for
example the protease domains of bacterial neurotoxins. Thus, the present
invention embraces the use of neurotoxin domains, which occur in nature, as
well as recombinantly prepared versions of said naturally-occurring

neurotoxins.

Exemplary neurotoxins are produced by clostridia, and the term clostridial
neurotoxin embraces neurotoxins produced by C. tetani (TeNT), and by C.
botulinum (BoNT) serotypes A-G, as well as the closely related BoNT-like
neurotoxins produced by C. baratii and C. butyricum. The above-mentioned
abbreviations are used throughout the present specification. For example, the
nomenclature BoNT/A denotes the source of neurotoxin as BoNT (serotype A).

Corresponding nomenclature applies to other BoNT serotypes.

BoNTs are the most potent toxins known, with median lethal dose (LD50)
values for mice ranging from 0.5 to 5 ng/kg depending on the serotype. BoNTs
are adsorbed in the gastrointestinal tract, and, after entering the general
circulation, bind to the presynaptic membrane of cholinergic nerve terminals
and prevent the release of their neurotransmitter acetylcholine. BoNT/B,
BoNT/D, BoNT/F and BoNT/G cleave synaptobrevin/vesicle-associated
membrane protein (VAMP); BoNT/C, BoNT/A and BoONT/E cleave the
synaptosomal-associated protein of 25 kDa (SNAP-25); and BoNT/C cleaves

syntaxin.

BoNTs share a common structure, being di-chain proteins of ~150 kDa,
consisting of a heavy chain (H-chain) of ~100 kDa covalently joined by a single
disulphide bond to a light chain (L-chain) of ~50 kDa. The H-chain consists of
two domains, each of ~50 kDa. The C-terminal domain (Hc) is required for the

high-affinity neuronal binding, whereas the N-terminal domain (Hy) is proposed
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to be involved in membrane translocation. The L-chain is a zinc-dependent

metalloprotease responsible for the cleavage of the substrate SNARE protein.

The term L-chain fragment means a component of the L-chain of a neurotoxin,
which fragment demonstrates a metalloprotease activity and is capable of
proteolytically cleaving a vesicle and/or plasma membrane associated protein

involved in cellular exocytosis.

Examples of suitable protease (reference) sequences include:

Botulinum type A neurotoxin
Botulinum type B neurotoxin
Botulinum type C neurotoxin
Botulinum type D neurotoxin
Botulinum type E neurotoxin
Botulinum type F neurotoxin
Botulinum type G neurotoxin

Tetanus neurotoxin

- amino acid residues (1-448)
- amino acid residues (1-440)
- amino acid residues (1-441)
- amino acid residues (1-445)
- amino acid residues (1-422)
- amino acid residues (1-439)

- amino acid residues (1-441

)
- amino acid residues (1-457)
IgA protease - amino acid residues (1-959)*
* Pohlner, J. et al. (1987). Nature 325, pp. 458-462, which is hereby

incorporated by reference thereto.

The above-identified reference sequence should be considered a guide as
slight variations may occur according to sub-serotypes. By way of example, US
2007/0166332 (hereby incorporated by reference thereto) cites slightly different
clostridial sequences:

Botulinum type A neurotoxin - amino acid residues (M1-K448)
- amino acid residues (M1-K441)
- amino acid residues (M1-K449)
- amino acid residues (M1-R445)

Botulinum type B neurotoxin
Botulinum type C neurotoxin

Botulinum type D neurotoxin
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Botulinum type E neurotoxin - amino acid residues (M1-R422)
Botulinum type F neurotoxin - amino acid residues (M1-K439)
Botulinum type G neurotoxin - amino acid residues (M1-K446)
Tetanus neurotoxin - amino acid residues (M1-A457)

A variety of clostridial toxin fragments comprising the light chain can be useful
in aspects of the present invention with the proviso that these light chain
fragments can specifically target the core components of the neurotransmitter
release apparatus and thus participate in executing the overall cellular
mechanism whereby a clostridial toxin proteolytically cleaves a substrate. The
light chains of clostridial toxins are approximately 420-460 amino acids in
length and comprise an enzymatic domain. Research has shown that the entire
length of a clostridial toxin light chain is not necessary for the enzymatic activity
of the enzymatic domain. As a non-limiting example, the first eight amino acids
of the BoNT/A light chain are not required for enzymatic activity. As another
non-limiting example, the first eight amino acids of the TeNT light chain are not
required for enzymatic activity. Likewise, the carboxyl-terminus of the light
chain is not necessary for activity. As a non-limiting example, the last 32 amino
acids of the BoNT/A light chain (residues 417-448) are not required for
enzymatic activity. As another non-limiting example, the last 31 amino acids of
the TeNT light chain (residues 427-457) are not required for enzymatic activity.
Thus, aspects of this embodiment can include clostridial toxin light chains
comprising an enzymatic domain having a length of, for example, at least 350
amino acids, at least 375 amino acids, at least 400 amino acids, at least 425
amino acids and at least 450 amino acids. Other aspects of this embodiment
can include clostridial toxin light chains comprising an enzymatic domain
having a length of, for example, at most 350 amino acids, at most 375 amino
acids, at most 400 amino acids, at most 425 amino acids and at most 450

amino acids.

The polypeptides of the present invention, especially the protease component

thereof, may be PEGylated — this may help to increase stability, for example



10

15

20

25

30

WO 2010/094905 PCT/GB2009/002892

-41 -

duration of action of the protease component. PEGylation is particularly
preferred when the protease comprises a BoNT/A, B or C; protease.
PEGylation preferably includes the addition of PEG to the N-terminus of the
protease component. By way of example, the N-terminus of a protease may be
extended with one or more amino acid (e.g. cysteine) residues, which may be
the same or different. One or more of said amino acid residues may have its
own PEG molecule attached (e.g. covalently attached) thereto. An example of
this technology is described in WO2007/104567, which is incorporated in its

entirety by reference thereto.

A Translocation Domain is a molecule that enables translocation of a protease
into a target cell such that a functional expression of protease activity occurs
within the cytosol of the target cell. Whether any molecule (e.g. a protein or
peptide) possesses the requisite translocation function of the present invention

may be confirmed by any one of a number of conventional assays.

For example, Shone C. (1987) describes an in vitro assay employing
liposomes, which are challenged with a test molecule. Presence of the
requisite translocation function is confirmed by release from the liposomes of
K" and/ or labelled NAD, which may be readily monitored [see Shone C. (1987)
Eur. J. Biochem; vol. 167(1): pp. 175-180].

A further example is provided by Blaustein R. (1987), which describes a simple
in vitro assay employing planar phospholipid bilayer membranes. The
membranes are challenged with a test molecule and the requisite translocation
function is confirmed by an increase in conductance across said membranes
[see Blaustein (1987) FEBS Letts; vol. 226, no. 1: pp. 115-120].

Additional methodology to enable assessment of membrane fusion and thus
identification of Translocation Domains suitable for use in the present invention
are provided by Methods in Enzymology Vol 220 and 221, Membrane Fusion
Techniques, Parts A and B, Academic Press 1993.
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The present invention also embraces variant translocation domains, so long as
the variant domains still demonstrate the requisite translocation activity. By way
of example, a variant may have at least 70%, preferably at least 80%, more
preferably at least 90%, and most preferably at least 95% or at least 98%
amino acid sequence homology with a reference translocation domain. The
term fragment, when used in relation to a translocation domain, means a
peptide having at least 20, preferably at least 40, more preferably at least 80,
and most preferably at least 100 amino acid residues of the reference
translocation domain. In the case of a clostridial translocation domain, the
fragment preferably has at least 100, preferably at least 150, more preferably
at least 200, and most preferably at least 250 amino acid residues of the
reference translocation domain (eg. Hy domain). As with the TM ‘fragment’
component (discussed above), translocation ‘fragments’ of the present
invention embrace fragments of variant translocation domains based on the

reference sequences.

The Translocation Domain is preferably capable of formation of ion-permeable
pores in lipid membranes under conditions of low pH. Preferably it has been
found to use only those portions of the protein molecule capable of pore-

formation within the endosomal membrane.

The Translocation Domain may be obtained from a microbial protein source, in
particular from a bacterial or viral protein source. Hence, in one embodiment,
the Translocation Domain is a translocating domain of an enzyme, such as a

bacterial toxin or viral protein.

It is well documented that certain domains of bacterial toxin molecules are
capable of forming such pores. It is also known that certain translocation
domains of virally expressed membrane fusion proteins are capable of forming

such pores. Such domains may be employed in the present invention.
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The Translocation Domain may be of a clostridial origin, such as the Hy
domain (or a functional component thereof). Hy means a portion or fragment
of the H-chain of a clostridial neurotoxin approximately equivalent to the amino-
terminal half of the H-chain, or the domain corresponding to that fragment in
the intact H-chain. The H-chain lacks the natural binding function of the H¢
component of the H-chain. In this regard, the Hc function may be removed by
deletion of the Hc amino acid sequence (either at the DNA synthesis level, or
at the post-synthesis level by nuclease or protease treatment). Alternatively,
the Hc function may be inactivated by chemical or biological treatment. Thus,
the H-chain is incapable of binding to the Binding Site on a target cell to which

native clostridial neurotoxin (i.e. holotoxin) binds.

Examples of suitable (reference) Translocation Domains include:

Botulinum type A neurotoxin - amino acid residues (449-871)
Botulinum type B neurotoxin - amino acid residues (441-858)
Botulinum type C neurotoxin - amino acid residues (442-866)
Botulinum type D neurotoxin - amino acid residues (446-862)
Botulinum type E neurotoxin - amino acid residues (423-845)
Botulinum type F neurotoxin - amino acid residues (440-864)
Botulinum type G neurotoxin - amino acid residues (442-863)
Tetanus neurotoxin - amino acid residues (458-879)

The above-identified reference sequence should be considered a guide as
slight variations may occur according to sub-serotypes. By way of example, US
2007/0166332 (hereby incorporated by reference thereto) cites slightly different

clostridial sequences:

Botulinum type A neurotoxin - amino acid residues (A449-K871)
Botulinum type B neurotoxin - amino acid residues (A442-S858)
Botulinum type C neurotoxin - amino acid residues (T450-N866)

Botulinum type D neurotoxin - amino acid residues (D446-N862)
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Botulinum type E neurotoxin - amino acid residues (K423-K845)
Botulinum type F neurotoxin - amino acid residues (A440-K864)
Botulinum type G neurotoxin - amino acid residues (S447-S863)
Tetanus neurotoxin - amino acid residues (S458-V879)

In the context of the present invention, a variety of Clostridial toxin Hy regions
comprising a translocation domain can be useful in aspects of the present
invention with the proviso that these active fragments can facilitate the release
of a non-cytotoxic protease (e.g. a clostridial L-chain) from intracellular vesicles
into the cytoplasm of the target cell and thus participate in executing the overall
cellular mechanism whereby a clostridial toxin proteolytically cleaves a
substrate. The Hy regions from the heavy chains of Clostridial toxins are
approximately 410-430 amino acids in length and comprise a translocation
domain. Research has shown that the entire length of a Hy region from a
Clostridial toxin heavy chain is not necessary for the translocating activity of the
translocation domain. Thus, aspects of this embodiment can include clostridial
toxin Hy regions comprising a translocation domain having a length of, for
example, at least 350 amino acids, at least 375 amino acids, at least 400
amino acids and at least 425 amino acids. Other aspects of this embodiment
can include clostridial toxin Hy regions comprising translocation domain having
a length of, for example, at most 350 amino acids, at most 375 amino acids, at

most 400 amino acids and at most 425 amino acids.

For further details on the genetic basis of toxin production in Clostridium
botulinum and C. tetani, we refer to Henderson et al (1997) in The Clostridia:

Molecular Biology and Pathogenesis, Academic press.

The term Hy embraces naturally-occurring neurotoxin Hy portions, and
modified Hy portions having amino acid sequences that do not occur in nature
and/ or synthetic amino acid residues, so long as the modified Hy portions still

demonstrate the above-mentioned translocation function.
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Alternatively, the Translocation Domain may be of a non-clostridial origin.
Examples of non-clostridial (reference) Translocation Domain origins include,
but not be restricted to, the translocation domain of diphtheria toxin [O=Keefe
et al., Proc. Natl. Acad. Sci. USA (1992) 89, 6202-6206; Silverman et al., J.
Biol. Chem. (1993) 269, 22524-22532; and London, E. (1992) Biochem.
Biophys. Acta., 1112, pp.25-51], the translocation domain of Pseudomonas
exotoxin type A [Prior et al. Biochemistry (1992) 31, 3555-3559], the
translocation domains of anthrax toxin [Blanke et al. Proc. Natl. Acad. Sci. USA
(1996) 93, 8437-8442], a variety of fusogenic or hydrophobic peptides of
translocating function [Plank et al. J. Biol. Chem. (1994) 269, 12918-12924;
and Wagner et al (1992) PNAS, 89, pp.7934-7938], and amphiphilic peptides
[Murata et al (1992) Biochem., 31, pp.1986-1992]. The Translocation Domain
may mirror the Translocation Domain present in a naturally-occurring protein,
or may include amino acid variations so long as the variations do not destroy

the translocating ability of the Translocation Domain.

Particular examples of viral (reference) Translocation Domains suitable for use
in the present invention include certain translocating domains of virally
expressed membrane fusion proteins. For example, Wagner et al. (1992) and
Murata et al. (1992) describe the translocation (i.e. membrane fusion and
vesiculation) function of a number of fusogenic and amphiphilic peptides
derived from the N-terminal region of influenza virus haemagglutinin. Other
virally expressed membrane fusion proteins known to have the desired
translocating activity are a translocating domain of a fusogenic peptide of
Semliki Forest Virus (SFV), a translocating domain of vesicular stomatitis virus
(VSV) glycoprotein G, a translocating domain of SER virus F protein and a
translocating domain of Foamy virus envelope glycoprotein. Virally encoded
Aspike proteins have particular application in the context of the present
invention, for example, the E1 protein of SFV and the G protein of the G
protein of VSV.

Use of the (reference) Translocation Domains listed in Table (below) includes
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use of sequence variants thereof. A variant may comprise one or more
conservative nucleic acid substitutions and/ or nucleic acid deletions or
insertions, with the proviso that the variant possesses the requisite
translocating function. A variant may also comprise one or more amino acid
substitutions and/ or amino acid deletions or insertions, so long as the variant

possesses the requisite translocating function.

Translocation Amino acid References
Domain source residues
Diphtheria toxin 194-380 Silverman et al., 1994, J. Biol.

Chem. 269, 22524-22532
London E., 1992, Biochem.
Biophys. Acta., 1113, 25-51

Domain Il of 405-613 Prior et al., 1992, Biochemistry

pseudomonas 31, 3555-3559

exotoxin Kihara & Pastan, 1994, Bioconj
Chem. 5, 532-538

Influenza virus GLFGAIAGFIENGWE | Plank et al., 1994, J. Biol. Chem.

haemagglutinin GMIDGWYG, and 269, 12918-12924

Variants thereof Wagner et al., 1992, PNAS, 89,

7934-7938

Murata et al., 1992, Biochemistry
31, 1986-1992

Semliki Forest virus | Translocation domain | Kielian et al., 1996, J Cell Biol.

fusogenic protein 134(4), 863-872

Vesicular Stomatitis | 118-139 Yao et al., 2003, Virology 310(2),

virus glycoprotein G 319-332

SER virus F protein | Translocation domain Seth et al., 2003, J Virol 77(11)
6520-6527

Foamy virus Translocation domain Picard-Maureau et al., 2003, J

envelope Virol. 77(8), 4722-4730

glycoprotein
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The polypeptides of the present invention may further comprise a translocation
facilitating domain. Said domain facilitates delivery of the non-cytotoxic
protease into the cytosol of the target cell and are described, for example, in
WO 08/008803 and WO 08/008805, each of which is herein incorporated by

reference thereto.

By way of example, suitable translocation facilitating domains include an
enveloped virus fusogenic peptide domain, for example, suitable fusogenic
peptide domains include influenzavirus fusogenic peptide domain (eg.
influenza A virus fusogenic peptide domain of 23 amino acids), alphavirus
fusogenic peptide domain (eg. Semliki Forest virus fusogenic peptide domain
of 26 amino acids), vesiculovirus fusogenic peptide domain (eg. vesicular
stomatitis virus fusogenic peptide domain of 21 amino acids), respirovirus
fusogenic peptide domain (eg. Sendai virus fusogenic peptide domain of 25
amino acids), morbiliivirus fusogenic peptide domain (eg. Canine distemper
virus fusogenic peptide domain of 25 amino acids), avulavirus fusogenic
peptide domain (eg. Newcastle disease virus fusogenic peptide domain of 25
amino acids), henipavirus fusogenic peptide domain (eg. Hendra virus
fusogenic peptide domain of 25 amino acids), metapneumovirus fusogenic
peptide domain (eg. Human metapneumovirus fusogenic peptide domain of 25
amino acids) or spumavirus fusogenic peptide domain such as simian foamy

virus fusogenic peptide domain; or fragments or variants thereof.

By way of further example, a translocation facilitating domain may comprise a
Clostridial toxin Hcy domain or a fragment or variant thereof. In more detail, a
Clostridial toxin Hcn translocation facilitating domain may have a length of at
least 200 amino acids, at least 225 amino acids, at least 250 amino acids, at
least 275 amino acids. In this regard, a Clostridial toxin Hcy translocation
facilitating domain preferably has a length of at most 200 amino acids, at most

225 amino acids, at most 250 amino acids, or at most 275 amino acids.
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Specific (reference) examples include:

Botulinum type A neurotoxin - amino acid residues (872-1110)
Botulinum type B neurotoxin - amino acid residues (859-1097)
Botulinum type C neurotoxin - amino acid residues (867-1111)
Botulinum type D neurotoxin - amino acid residues (863-1098)
Botulinum type E neurotoxin - amino acid residues (846-1085)
Botulinum type F neurotoxin - amino acid residues (865-1105)
Botulinum type G neurotoxin - amino acid residues (864-1105)
Tetanus neurotoxin - amino acid residues (880-1127)

The above sequence positions may vary a little according to serotype/ sub-

type, and further examples of suitable (reference) Clostridial toxin Hcn domains

include:
Botulinum type A neurotoxin - amino acid residues (874-1110)
Botulinum type B neurotoxin - amino acid residues (861-1097)
Botulinum type C neurotoxin - amino acid residues (869-1111)
Botulinum type D neurotoxin - amino acid residues (865-1098)
Botulinum type E neurotoxin - amino acid residues (848-1085)
Botulinum type F neurotoxin - amino acid residues (867-1105)
Botulinum type G neurotoxin - amino acid residues (866-1105)
Tetanus neurotoxin - amino acid residues (882-1127)

Any of the above-described facilitating domains may be combined with any of
the previously described translocation domain peptides that are suitable for
use in the present invention. Thus, by way of example, a non-clostridial
facilitating domain may be combined with non-clostridial translocation domain
peptide or with clostridial translocation domain peptide. Alternatively, a
Clostridial toxin Hcn translocation facilitating domain may be combined with a
non-clostridial translocation domain peptide. Alternatively, a Clostridial toxin
Hen facilitating domain may be combined or with a clostridial translocation
domain peptide, examples of which include:

Botulinum type A neurotoxin - amino acid residues (449-1110)
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Botulinum type B neurotoxin - amino acid residues (442-1097)
Botulinum type C neurotoxin - amino acid residues (450-1111)
Botulinum type D neurotoxin - amino acid residues (446-1098)
Botulinum type E neurotoxin - amino acid residues (423-1085)
Botulinum type F neurotoxin - amino acid residues (440-1105)
Botulinum type G neurotoxin - amino acid residues (447-1105)
Tetanus neurotoxin - amino acid residues (458-1127)

Sequence homology:

Any of a variety of sequence alignment methods can be used to determine
percent identity, including, without limitation, global methods, local methods
and hybrid methods, such as, e.g., segment approach methods. Protocols to
determine percent identity are routine procedures within the scope of one
skilled in the. Global methods align sequences from the beginning to the end of
the molecule and determine the best alignment by adding up scores of
individual residue pairs and by imposing gap penalties. Non-limiting methods
include, e.g., CLUSTAL W, see, e.qg., Julie D. Thompson et al., CLUSTAL W:
Improving the Sensitivity of Progressive Multiple Sequence Alignment Through
Sequence Weighting, Position- Specific Gap Penalties and Weight Matrix
Choice, 22(22) Nucleic Acids Research 4673-4680 (1994); and iterative
refinement, see, e.g., Osamu Gotoh, Significant Improvement in Accuracy of
Multiple Protein. Sequence Alignments by lterative Refinement as Assessed by
Reference to Structural Alignments, 264(4) J. Mol. Biol. 823-838 (1996). Local
methods align sequences by identifying one or more conserved motifs shared
by all of the input sequences. Non-limiting methods include, e.g., Match-box,
see, e.g., Eric Depiereux and Ernest Feytmans, Match-Box: A Fundamentally
New Algorithm for the Simultaneous Alignment of Several Protein Sequences,
8(5) CABIOS 501 -509 (1992); Gibbs sampling, see, e.g., C. E. Lawrence et
al., Detecting Subtle Sequence Signals: A Gibbs Sampling Strategy for Multiple
Alignment, 262(5131 ) Science 208-214 (1993); Align-M, see, e.g., Ivo Van
Walle et al., Align-M - A New Algorithm for Multiple Alignment of Highly
Divergent Sequences, 20(9) Bioinformatics:1428-1435 (2004).
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Thus, percent sequence identity is determined by conventional methods. See,
for example, Altschul et al., Bull. Math. Bio. 48: 603-16, 1986 and Henikoff and
Henikoff, Proc. Natl. Acad. Sci. USA 89:10915-19, 1992. Briefly, two amino

acid sequences are aligned to optimize the alignment scores using a gap

opening penalty of 10, a gap extension penalty of 1, and the "blosum 62"
scoring matrix of Henikoff and Henikoff (ibid.) as shown below (amino acids are

indicated by the standard one-letter codes).

Alignment scores for determining sequence identity

ARNDCQEGHILKMFPSTWYYV
A4
R-15
N-2 06
D-2-216
C0-3-3-39
Q-1100-35
E- 1002425
G0-20-1-3-2-26
H201-1-300-28
[-1-3-3-3-1-3-3-4-3 4
L-1-2-3-4-1-2-3-4-324
K120-1311-2-1-3-25
M-1-1-2-3-10-2-3-212-15
F-2-3-3-3-2-3-3-3-100-306"
P12-2-1-3-1-1-2-2-3-3-1-2-47
$11101000-1-2-20-1-2-14
T0-10111-1-2-2-1-1-11-2-115
W-3344-2-23-2-2-3-2-3-11-4-3-211
Y2-2-2-3-2-1-2-32-1-1-2-13-3-2-227
v0-3-3-3-1-2-2-3-331-211-2-20-314
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The percent identity is then calculated as:

Total number of identical matches
x 100

[length of the longer sequence plus the
number of gaps introduced into the longer

sequence in order to align the two sequences]

Substantially homologous polypeptides are characterized as having one or
more amino acid substitutions, deletions or additions. These changes are
preferably of a minor nature, that is conservative amino acid substitutions (see
below) and other substitutions that do not significantly affect the folding or
activity of the polypeptide; small deletions, typically of one to about 30 amino
acids; and small amino- or carboxyl-terminal extensions, such as an amino-
terminal methionine residue, a small linker peptide of up to about 20-25

residues, or an affinity tag.

Conservative amino acid substitutions

Basic: arginine
lysine
histidine

Acidic: glutamic acid
aspartic acid

Polar: glutamine
asparagine

Hydrophobic:leucine
isoleucine
valine

Aromatic: phenylalanine

tryptophan
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tyrosine
Small: glycine
alanine
serine
threonine

methionine

In addition to the 20 standard amino acids, non-standard amino acids (such as
4-hydroxyproline, 6-N-methyl lysine, 2-aminoisobutyric acid, isovaline and a -
methyl serine) may be substituted for amino acid residues of the polypeptides
of the present invention. A limited number of non-conservative amino acids,
amino acids that are not encoded by the genetic code, and unnatural amino
acids may be substituted for clostridial polypeptide amino acid residues. The
polypeptides of the present invention can also comprise non-naturally occurring

amino acid residues.

Non-naturally occurring amino acids include, without limitation, trans-3-
methylproline, 2,4-methano-proline, cis-4-hydroxyproline, trans-4-hydroxy-
proline,  N-methylglycine, allo-threonine,  methyl-threonine,  hydroxy-
ethylcysteine, hydroxyethylhomo-cysteine, nitro-glutamine, homoglutamine,
pipecolic acid, tert-leucine, norvaline, 2-azaphenylalanine, 3-azaphenyl-
alanine, 4-azaphenyl-alanine, and 4-fluorophenylalanine. Several methods are
known in the art for incorporating non-naturally occurring amino acid residues
into proteins. For example, an in vitro system can be employed wherein
nonsense mutations are suppressed using chemically aminoacylated
suppressor tRNAs. Methods for synthesizing amino acids and aminoacylating
tRNA are known in the art. Transcription and translation of plasmids containing
nonsense mutations is carried out in a cell free system comprising an E. coli
S30 extract and commercially available enzymes and other reagents. Proteins
are purified by chromatography. See, for example, Robertson et al., J. Am.
Chem. Soc. 113:2722, 1991; Ellman et al., Methods Enzymol. 202:301, 1991;
Chung et al., Science 259:806-9, 1993; and Chung et al., Proc. Natl. Acad. Sci.
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USA 90:10145-9, 1993). In a second method, translation is carried out in
Xenopus oocytes by microinjection of mutated mRNA and chemically

aminoacylated suppressor tRNAs (Turcatti et al., J. Biol. Chem. 271:19991-8,

1996). Within a third method, E. coli cells are cultured in the absence of a
natural amino acid that is to be replaced (e.g., phenylalanine) and in the
presence of the desired non-naturally occurring amino acid(s) (e.g., 2-
azaphenylalanine, 3-azaphenylalanine, 4-azaphenylalanine, or 4-
fluorophenylalanine). The non-naturally occurring amino acid is incorporated
into the polypeptide in place of its natural counterpart. See, Koide et al,
Biochem. 33:7470-6, 1994. Naturally occurring amino acid residues can be
converted to non-naturally occurring species by in vitro chemical modification.
Chemical modification can be combined with site-directed mutagenesis to
further expand the range of substitutions (Wynn and Richards, Protein Sci.
2:395-403, 1993).

A limited number of non-conservative amino acids, amino acids that are not
encoded by the genetic code, non-naturally occurring amino acids, and
unnatural amino acids may be substituted for amino acid residues of

polypeptides of the present invention.

Essential amino acids in the polypeptides of the present invention can be
identified according to procedures known in the art, such as site-directed
mutagenesis or alanine-scanning mutagenesis (Cunningham and Wells,
Science 244: 1081-5, 1989). Sites of biological interaction can also be
determined by physical analysis of structure, as determined by such
techniques as nuclear magnetic resonance, crystallography, electron diffraction
or photoaffinity labeling, in conjunction with mutation of putative contact site
amino acids. See, for example, de Vos et al.,, Science 255:306-12, 1992,
Smith et al., J. Mol. Biol. 224:899-904, 1992; Wilodaver et al., FEBS Lett.

309:59-64, 1992. The identities of essential amino acids can also be inferred

from analysis of homologies with related components (e.g. the translocation or

protease components) of the polypeptides of the present invention.
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Multiple amino acid substitutions can be made and tested using known
methods of mutagenesis and screening, such as those disclosed by Reidhaar-
Olson and Sauer (Science 241:53-7, 1988) or Bowie and Sauer (Proc. Natl.
Acad. Sci. USA 86:2152-6, 1989). Briefly, these authors disclose methods for

simultaneously randomizing two or more positions in a polypeptide, selecting

for functional polypeptide, and then sequencing the mutagenized polypeptides

to determine the spectrum of allowable substitutions at each position. Other

methods that can be used include phage display (e.g., Lowman et al, .
Biochem. 30:10832-7, 1991; Ladner et al., U.S. Patent No. 5,223,409; Huse,

WIPO Publication WO 92/06204) and region-directed mutagenesis (Derbyshire

et al., Gene 46:145, 1986; Ner et al., DNA 7:127, 1988).

Multiple amino acid substitutions can be made and tested using known
methods of mutagenesis and screening, such as those disclosed by Reidhaar-
Olson and Sauer (Science 241:53-7, 1988) or Bowie and Sauer (Proc. Natl.
Acad. Sci. USA 86:2152-6, 1989). Briefly, these authors disclose methods for

simultaneously randomizing two or more positions in a polypeptide, selecting

for functional polypeptide, and then sequencing the mutagenized polypeptides
to determine the spectrum of allowable substitutions at each position. Other
methods that can be used include phage display (e.g., Lowman et al,
Biochem. 30:10832-7, 1991; Ladner et al., U.S. Patent No. 5,223,409; Huse,
WIPO Publication WO 92/06204) and region-directed mutagenesis (Derbyshire
et al.,, Gene 46:145, 1986; Ner et al., DNA 7:127, 1988).

There now follows a brief description of the Figures, which illustrate aspects
and/ or embodiments of the present invention.

Fig. 1 - illustrates the surprising neurotoxin activity retained by a modified
clostridial neurotoxin (LHy). Said modified neurotoxin lacks a functional Hc
binding domain and is therefore equivalent to the modified clostridial
neurotoxins described by LIN, et al. (WO02/044199). In contrast, no neurotoxin

activity was detected for a modified clostridial neurotoxin (LC/C), which lacks a
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function Hy translocation domain.

Fig. 2 - illustrates a simply amino acid sequence homology alignment for the
various BoNT serotypes. From this alignment, amino acid residues or regions
from one serotype (eg. from serotype A) may be compared with corresponding

residues/ regions across the serotypes by way of simple vertical alignment.

Fig. 3 - SDS-PAGE analysis of the purification of a L(#FXa)HC-EGF chimaeric
protein. Lane 1 illustrates the clarified cell lysate; Lane 2 illustrates the column
flow through; Lane 3 illustrates the fraction eluted following washing the
column; Lanes 4, 6-12 are fractions eluted on addition of 250mM imidazole.

Lane 5 is molecular mass markers (Benchmark)

Fig. 4 - SDS-PAGE analysis of the proteolysis of a L(#FXa)HC-EGF
chimaeric protein by FXa. Lanes 1 & 2 illustrate the purified protein prior to
enterokinase activation at the LC-Hy junction, in the absence and presence of
DTT respectively; Lanes 384 illustrate the protein post enterokinase activation
at the LC-Hy junction, in the absence and presence of DTT respectively; Lane
5 is molecular mass markers (benchmark); Lanes 6 & 7 illustrate the
enterokinase activated protein treated with Factor Xa, in the absence and
presence of DTT respectively; Lanes 8 & 9 illustrate the result of FXa treatment
of the protein that has not been activated with enterokinase, in the absence
and presence of DTT respectively. Fragmentation of the protein following

treatment with Factor Xa is clearly seen in Lanes 6 and 8.

Fig. 5 - SDS-PAGE analysis of the purification of a LH(#FXa)C-EGF chimaeric
protein (as prepared in Example 20). Lane 1 illustrates the clarified cell lysate;
Lane 2 is molecular mass markers (Benchmark); Lane 3 illustrates the column
flow through; Lane 4 illustrates the fraction eluted following washing the

column; Lanes 5-12 are fractions eluted on addition of 250mM imidazole.

Fig. 6 - SDS-PAGE analysis of the purification of a LH(#FXa)C-EGF chimaeric
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protein (as prepared in Example 21). Lane 1 illustrates the clarified cell lysate;
Lane 2 illustrates the column flow through; Lane 3 is molecular mass markers
(Benchmark); Lane 4 illustrates the fraction eluted following washing the

column; Lanes 5-12 are fractions eluted on addition of 250mM imidazole.

Fig. 7 - SDS-PAGE analysis of the proteolysis of a LH(#FXa)C-EGF chimaeric
protein (as prepared in Example 20) by FXa. Lanes 1 & 3 illustrate the purified
protein prior to enterokinase activation at the LC-Hy junction, in the absence
and presence of DTT respectively; Lanes 4 & 5 illustrate the protein post
enterokinase activation at the LC-Hy junction, in the absence and presence of
DTT respectively; Lanes 6 & 7 illustrate the enterokinase activated protein
treated with Factor Xa, in the absence and presence of DTT respectively;
Lanes 8 & 9 illustrate the result of FXa treatment of the protein that has not
been activated with enterokinase, in the absence and presence of DTT
respectively. Fragmentation of the protein following treatment with Factor Xa is
clearly seen in Lanes 7 and 9. Lane 2 is molecular mass markers

(Benchmark).

Fig. 8 - Western blot analysis of the proteolysis of a LH(#FXa)C-EGF
chimaeric protein (as prepared in Example 20) by FXa. Lanes 1 & 3 illustrate
the purified protein prior to enterokinase activation at the LC-Hy junction, in the
absence and presence of DTT respectively; Lanes 4 & 5 illustrate the protein
post enterokinase activation at the LC-Hy junction, in the absence and
presence of DTT respectively; Lanes 6 & 7 illustrate the enterokinase activated
protein treated with Factor Xa, in the absence and presence of DTT
respectively; Lanes 8 & 9 illustrate the result of FXa treatment of the protein
that has not been activated with enterokinase, in the absence and presence of
DTT respectively. Fragmentation of the protein following treatment with Factor
Xa is clearly seen in Lanes 6, 7, 8 & 9 by the visualisation of a Histidine
immunoreactive band at the anticipated size. Lane 2 is molecular mass
markers suitable for detection by staining (Benchmark). Lane 10 is molecular

mass markers suitable for Western blot visualisation (Magic Markers).



10

15

20

25

30

WO 2010/094905 PCT/GB2009/002892

-57 -

Fig. 9 - SDS-PAGE analysis of the proteolysis of a LH@#FXa)C-EGF
chimaeric protein (as prepared in Example 21) by FXa. Lanes 1 & 2 illustrate
the purified protein prior to enterokinase activation at the LC-Hy junction, in the
absence and presence of DTT respectively; Lanes 4 & 5 illustrate the protein
post enterokinase activation at the LC-Hy junction, in the absence and
presence of DTT respectively; Lanes 6 & 7 illustrate the enterokinase activated
protein treated with Factor Xa, in the absence and presence of DTT
respectively; Lanes 8 & 9 illustrate the result of FXa treatment of the protein
that has not been activated with enterokinase, in the absence and presence of
DTT respectively. Fragmentation of the protein following treatment with Factor
Xa is clearly seen in Lanes 7 and 9. Lane 3 is molecular mass markers

(Benchmark).

Fig. 10 - SDS-PAGE analysis of the purification of a L(#Thr)HC-EGF
chimaeric protein (as prepared in Example 19). Lane 1 is molecular mass
markers (Benchmark); Lane 2 illustrates the clarified cell lysate; Lane 3
illustrates the column flow through; Lane 4 illustrates the fraction eluted
following washing the column; Lanes 5-12 are fractions eluted on addition of
250mM imidazole.

Fig. 11 - SDS-PAGE analysis of the proteolysis of a L#Thr)HC-EGF
chimaeric protein (as prepared in Example 19) by Thrombin. Lane 1 is
molecular mass markers (Benchmark). Lanes 2 & 3 illustrate the purified
protein prior to enterokinase activation at the LC-Hy junction, in the absence
and presence of DTT respectively, Lanes 4 & 5 illustrate the protein post
enterokinase activation at the LC-Hy junction, in the absence and presence of
DTT respectively; Lanes 6 & 7 illustrate the enterokinase activated protein
treated with Factor Xa, in the absence and presence of DTT respectively;
Lanes 8 & 9 illustrate the result of FXa treatment of the protein that has not
been activated with enterokinase, in the absence and presence of DTT

respectively. Fragmentation of the protein following treatment with Thrombin is
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clearly seen in Lanes 6, 7, 8 and 9.

Fig. 12 - Western blot analysis of the proteolysis of a L(#Thr)HC-EGF
chimaeric protein (as prepared in Example 19) by Thrombin. Lane 1 is
molecular mass markers (Benchmark), which are poorly visible by Western
blotting. Lanes 2 & 3 illustrate the purified protein prior to enterokinase
activation at the LC-Hy junction, in the absence and presence of DTT
respectively; Lanes 4 & 5 illustrate the protein post enterokinase activation at
the LC-Hy junction, in the absence and presence of DTT respectively; Lanes 6
& 7 illustrate the enterokinase activated protein treated with Factor Xa, in the
absence and presence of DTT respectively; Lanes 8 & 9 illustrate the result of
FXa treatment of the protein that has not been activated with enterokinase, in
the absence and presence of DTT respectively. Fragmentation of the protein
following treatment with Thrombin to release an ~85kDa fragment that retains
the EGF domain but lacks ~20Kda of the N-terminus of the LC is clearly seen

in Lanes 8 and 9.

Fig. 13 - SDS-PAGE analysis of the purification of a L#Thr)HA-EGF
chimaeric protein (as prepared in Example 24). Lane 1 illustrates the clarified
cell lysate; Lane 2 illustrates the column flow through; Lane 3 illustrates the
fraction eluted following washing the column; Lane 4 is molecular mass
markers (Benchmark); Lanes 5-11 are fractions eluted on addition of 250mM

imidazole

Fig. 14 - SDS-PAGE analysis of the proteolysis of a L(#Thr)HA-EGF
chimaeric protein (as prepared in Example 24) by Thrombin. Lane 4 is
molecular mass markers (Benchmark). Lanes 1 & 2 illustrate the purified
protein prior to enterokinase activation at the LC-Hy junction, in the absence
and presence of DTT respectively; Lanes 3 & 5 illustrate the protein post
enterokinase activation at the LC-Hy junction, in the absence and presence of
DTT respectively; Lanes 6 & 7 illustrate the enterokinase activated protein

treated with Thrombin in the absence and presence of DTT respectively; Lanes
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8 & 9 illustrate the result of Thrombin treatment of the protein that has not been
activated with enterokinase, in the absence and presence of DTT respectively.
Fragmentation of the protein following treatment with Thrombin is clearly seen
in Lanes 6, 7, 8and 9

Fig. 15 - Western blot analysis of the proteolysis of a L#Thr)HA-EGF
chimaeric protein (as prepared in Example 24) by Thrombin. Lane 4 is
molecular mass markers (Benchmark). Lanes 1 & 2 illustrate the purified
protein prior to enterokinase activation at the LC-Hy junction, in the absence
and presence of DTT respectively; Lanes 3 & 5 illustrate the protein post
enterokinase activation at the LC-Hy junction, in the absence and presence of
DTT respectively, Lanes 6 & 7 illustrate the enterokinase activated protein
treated with Thrombin in the absence and presence of DTT respectively; Lanes
8 & 9 illustrate the result of Thrombin treatment of the protein that has not been
activated with enterokinase, in the absence and presénce of DTT respectively.
Fragmentation of the protein following treatment with Thrombin is clearly seen

in Lanes 7 and 9.

Figure 16 - illustrates the result obtained following exposure of SCN with
FXa-treated L(FXa)HC-EGF compared to untreated L(FXa)HC-EGF. The
protein that had been treated with Factor Xa is clearly less effective at cleaving
Syntaxin than the protein that was not treated with FXa. The invention has

therefore enabled a reduction in the efficacy of the modified protein.

Fig. 17 - illustrates the result obtained following exposure of SCN with 10
nM Thrombin-treated L(Thr)HA-EGF compared to 10 nM untreated L(Thr)HA-
EGF. The protein that had been treated with thrombin is clearly less effective
at cleaving SNAP-25 than the protein that was not treated with thrombin. The
invention has therefore enabled a reduction in the efficacy of the modified

protein.
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As used herein, except where the context requires otherwise the term ‘comprise’ and
variations of the term, such as ‘comprising’, ‘comprises’ and ‘comprised’, are not

intended to exclude other additives, components, integers or steps.

Reference to any prior art in the specification is not an acknowledgment or suggestion
that this prior art forms part of the common general knowledge in any jurisdiction or that
this prior art could reasonably be expected to be understood, regarded as relevant,

and/or combined with other pieces of prior art by a person skilled in the art.



10

15

20

25

30

WO 2010/094905 PCT/GB2009/002892

-60 -

There now follows description of specific embodiments of the invention,
illustrated by the Examples.

Example 1 - Assessment of polypeptides of the invention when exposed to a
mammalian cell (muscle).

Example 2 - Assessment of polypeptides of the invention when exposed to a
mammalian cell having first exposed the polypeptide to circulatory proteases.
Example 3 - Assessment of the catalytic activity of polypeptides of the
invention.

Example 4 - Assessment of the translocation ability of polypeptides of the
invention.

Example 5 - Creation of an LHC-EGF chimaeric protein that incorporates a
Factor Xa recognition site into the LC.

Example 6 - Purification of an LHC-EGF chimaeric protein that incorporates
a Factor Xa recognition site into the LC.

Example 7 - Demonstration of enhanced protease sensitivity in an LHC-EGF
chimaeric protein that incorporates a Factor Xa recognition site into the LC.
Example 8 - Creation of an LHC-EGF chimaeric protein that incorporates a
Thrombin recognition site into the LC.

Example 9 - Creation of an LHA-EGF chimaeric protein that incorporates a
Thrombin recognition site into the LC.

Example 10 — Creation of an LHC-EGF chimaeric protein that incorporates a
furin recognition site into the LC.

Example 11 — Creation of an LHA-EGF chimaeric protein that incorporates a
Factor Xa recognition site into the Hy domain.

Example 12 — Creation of a LHA-EGF chimaeric protein that incorporates an
ADAM17 recognition site into the LC domain.

Example 13 — Creation of a recombinant BoNT/A protein that incorporates an
ADAM17 recognition site into the LC

Example 14 — Creation of a recombinant BoNT/A protein that incorporates a
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furin recognition site into the Hy.

Example 15 - Treatment of a patient suffering from dystonia (Spasmodic
Torticollis).

Example 16 - Treatment of a patient suffering from blepharospasm.

Example 17 - Creation of a LHC-EGF chimaeric protein that incorporates a
Factor Xa recognition site into the LC at position 210

Example 18 — Creation of a LHC-EGF chimaeric protein that incorporates a
Thrombin recognition site into the LC at position 195

Example 19 — Creation of a LHC-EGF chimaeric protein that incorporates a
Thrombin recognition site into the LC at position 210

Example 20 — Creation of a LHC-EGF chimaeric protein that incorporates a
Factor Xa recognition site into the Hy domain at position 742 of the Hy
Example 21 — Creation of a LHC-EGF chimaeric protein that incorporates a
Factor Xa recognition site into the Hy domain at position 750 of the Hy
Example 22 — Creation of a LHC-EGF chimaeric protein that incorporates a
Thrombin recognition site into the Hy domain at position 750 of the Hy
Example 23 — Creation of a LHD-VIPr chimaeric protein that incorporates a
Factor Xa recognition site into the Hy domain at position 798 of the Hy
Example 24 — Creation of an LHA-EGF chimaeric protein that incorporates a
Thrombin recognition site into the LC domain

Example 25 — Demonstration of specific cleavage of a purified LHC-EGF
chimaeric protein that is engineered to incorporate a Factor Xa recognition site
into the LC.

Example 26 — Demonstration of specific cleavage of a purified LHC-EGF
chimaeric protein that is engineered to incorporate a Factor Xa recognition site
into the Hy.

Example 27 — Demonstration of specific cleavage of a purified LHC-EGF
chimaeric protein that is engineered to incorporate a Thrombin recognition site
into the LC

Example 28 — Demonstration of specific cleavage of a purified LHA-EGF
chimaeric protein that is engineered to incorporate a Thrombin recognition site
into the LC
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Example 29 — Demonstration of reduced in vitro cellular activity of a protein
engineered to incorporate a Factor Xa protease cleavage site into the LC
domain of L(FXa)HC-EGF

Example 30 — Demonstration of reduced in vitro cellular activity of a protein
engineered to incorporate a Thrombin protease cleavage site into the LC
domain of L{Thr)HA-EGF

Example 31 — Creation of a recombinant BoNT/A protein that incorporates a
Thrombin recognition site into the LC

Example 32 — Creation of a recombinant BoNT/A protein that incorporates a
Factor Xa recognition site into the LC.

Example 33 — Creation of a recombinant BoNT/A protein that incorporates a
Factor Xa recognition site into the Hy

Example 34 — Creation of a recombinant BoNT/E protein that incorporates a
Thrombin recognition site into the LC

Example 35 — Creation of a recombinant BoNT/E protein that incorporates a
Factor Xa recognition site into the Hy.

Example 36 — Creation of an LHE-VIPr chimaeric protein that incorporates a
Thrombin recognition site into the LC.

Example 37 — Creation of an LHE-VIPr chimaeric protein that incorporates a
Factor Xa recognition site into the Hy.

Example 38 — Creation of an LHE-VIPr chimaeric protein that incorporates a
Factor Xa recognition site into the LC.

Example 39 — Cleavage of SNARE protein by a modified clostridial neurotoxin
(LHN) having the properties described by LIN, et al. (W002/044199)

Summary of SEQ ID NOs

SEQID 1 DNA sequence of LHC-EGF

SEQID 2 Protein sequence of LHC-EGF
SEQID 3 DNA sequence of L(#FXa)HC-EGF
SEQID 4 Praotein sequence of L(#FXa)HC-EGF
SEQID5 DNA sequence of L(#Thr)HC-EGF
SEQID6 Protein sequence of L(#Thr)HC-EGF
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SEQID7
SEQID 8
SEQID9
SEQID 10
SEQID 11
SEQID 12
SEQID 13
SEQID 14
SEQID 15
SEQID 16
SEQ ID 17
SEQID 18
SEQID 19
SEQID 20
SEQ ID 21
SEQID 22
SEQ ID 23
SEQ ID 24
SEQ ID 25
SEQ ID 26
SEQ ID 27
SEQID 28
SEQID 29
SEQ ID 30
SEQ ID 31
SEQ ID 32
SEQID 33
SEQ ID 34
SEQ ID 35
SEQ ID 36

SEQ ID 37
SEQID 38

-63-

DNA sequence of LHA-EGF

Protein sequence of LHA-EGF

DNA sequence of L#Thr)HA-EGF
Protein sequence of L(#Thr)HA-EGF

Protein sequence of L(#furin)HC-EGF

DNA sequence of LH(#FXa)A-EGF
Protein sequence of LH(#FXa)A-EGF

DNA sequence of L(#ADAM17)HA-EGF

Protein sequence of L#ADAM17)HA-EGF

DNA sequence of LHA-H/A
Protein sequence of LHA-H/A

DNA sequence of LEADAM17)HA-H/A

Protein sequence of L#ADAM17)HA-H/A

DNA sequence of L(#furin)HA-H/A
Protein sequence of L(#furin)HA-H- A
DNA sequence of L#FXa)HC-EGF
Protein sequence of L(#FXa)HC-EGF
Protein sequence of L(#Thr)HC-EGF
Protein sequence of L#Thr)HC-EGF
Protein sequence of LH(#FXa)C-EGF
Protein sequence of LH(#FXa)C-EGF
Protein sequence of LH#Thr)C-EGF
Protein sequence of LH(#FXa)D-VIPr
Protein sequence of L(#Thr)HA-EGF
Protein sequence of L(#Thr)HA-EGF
Protein sequence of L#Thr)HA-H A
Protein sequence of L(#FXa)HA-H/A
Protein sequence of LH(FXa)A-HgA
Protein sequence of L#Thr)HE-H.E
Protein sequence of LH(#FXa)E-H¢E

Protein sequence of L(#Thr)HE-VIPr
Protein sequence of LH(#FXa)E-VIPr

(SXN1975)
(SXN1975)
(SXN1931)
(SXN1932)
(SXN1937)
(SXN1938)
(SXN1939)
(SXN1930)
(SXN1974)
(SXN1974)
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SEQID 39 Protein sequence of L(#FXa)HE-VIPr (mutation at K228D)

Examples

Example 1 — Assessment of polypeptides of the invention when exposed
to a mammalian muscle cell

A purified protein created according to Example 13 is incubated in the
presence of a mammalian muscle cell (coronary smooth muscle primary
culture or HSKMC (150-05f) cell (available from ECACC)). In parallel, a second
polypeptide (identical to the first polypeptide other than for the fact that it lacks
the same destructive cleavage site) is incubated under identical conditions in

the presence of the same test cell-type.

Each of the two polypeptides is then assessed for cleavage by ADAM17
(inherent to the coronary smooth muscle primary culture/ HSKMC cell) by SDS-
PAGE and subsequent Western blot analysis. In this regard, a greater
observed cleavage for the first polypeptide versus that observed for the second

polypeptide confirms controllable inactivation of the present invention.

Example 2 — Assessment of polypeptides of the invention when exposed
to a mammalian cell having first exposed the polypeptide to a circulatory
protease

A first polypeptide (SEQ ID 4); prepared according to Example 5 of the present
invention) is taken and incubated in the presence of a target cell having first
exposed the polypeptide to circulatory proteases (for example, Factor Xa,
Thrombin) in vitro. In parallel, a second polypeptide (SEQ 1D2; identical to the
first polypeptide other than for the fact that it lacks the protease cleavage site)

is incubated in the same manner as for the first polypeptide.

Each of the two polypeptides is then assessed for cleavage of syntaxin in an
embryonic spinal cord neuron (eSCN). In this regard, a lesser observed
cleavage for the first polypeptide versus that observed for the second

polypeptide confirms controllable inactivation of the present invention.
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Example 3 — Assessment of the catalytic activity of polypeptides of the
invention

A first polypeptide (SEQ ID 10; prepared according to Example 9 of the present
invention) is incubated in vitro in the presence of a protease (thrombin) that
cleaves the polypeptide at a destructive cleavage site introduced into the
protease domain of the polypeptide. In parallel, a second polypeptide (SEQ ID
8. identical to the first polypeptide other than for the fact that it lacks the
protease cleavage site) is incubated in an identical manner in the presence of

the same protease.

Each of the two polypeptides is then challenged in an in vitro cell-free system
(as described by Hallis ef al 1996, J. Clin. Microbiol. 34 1934—-1938) containing
immobilised SNAP-25, and cleavage of SNAP-25 protein is measured by using
specific antisera raised to the cleavage product. In this regard, a lesser
observed SNARE protein cleavage for the first polypeptide versus that
observed for the second polypeptide confirms controllable inactivation of the

present invention.

Example 4 — Assessment of the translocation ability of polypeptides of
the invention

A first polypeptide (according to the present invention) is incubated in the
presence of a protease that cleaves the polypeptide at a destructive cleavage
site introduced into the translocation (e.g. Hy) domain. In parallel, a second
polypeptide (identical to the first polypeptide other than for the fact that it lacks
the protease cleavage site) is incubated in an identical manner in the presence

of the same protease.

Each of the two polypeptides is then challenged in an in vitro system containing
a lipid bilayer membrane, and transport across the membrane is measured.
For example, Shone C. (1987) describes an in vitro assay employing

liposomes, which are challenged with a test molecule. Presence of the
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requisite translocation function is confirmed by release from the liposomes of
K+ and/or labelled NAD, which may be readily monitored [see Shone C. (1987)
Eur. J. Biochem; vol. 167(1): pp. 175-180]. A further example is provided by
Blaustein R. (1987), which describes a simple in vitro assay employing planar
phospholipid bilayer membranes. The membranes are challenged with a test
molecule and the requisite translocation function is confirmed by an increase in
conductance across said membranes [see Blaustein (1987) FEBS Letts; vol.
226, no. 1: pp. 115-120].

This method is applied to study the protease inactivation of the Hy domain of
serotype D BoNT. The protein of Example 23 is expressed and purified and is
exposed to Factor Xa to result in cleavage of the protein within the Hy domain.
The cleaved protein is assessed in the in vitro system described above and
compared to the protein that has not been treated with Factor Xa. The
experiment determines that the transport across the membrane for the Factor
Xa-treated polypeptide is significantly less than that of the untreated
polypeptide.

Example 5 — Creation of an LHC-EGF chimaeric protein that incorporates
a Factor Xa recognition site into the LC.

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Factor Xa (IEGR). Simple
text character analysis of the primary sequence identified the sequence
210GEGR213 within the LC domain. The location of the peptide in the tertiary
structure of the LC/C is predicted from examination of the location of the
homologous peptide sequence in the LC/A using the X-ray crystal structure of
BoNT/A (pdb: 3BTA) as the guide. Freely available software (such as
FirstGlance in Jmol (http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to

identify that the LC/A equivalent peptide sequence is located on the surface of

the LC. The location is therefore a good region for accessibility by proteases.
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Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the codon for G210 (GGC) to one that encodes lle (ATC)
was achieved utilising standard molecular tools for performing mutagenesis (for
example, the Stratagene Quickchange mutagenesis methodology). E. coli
codon usage was assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
was incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA was checked by
sequencing. The final ORF incorporating the Factor Xa site is illustrated as
SEQ ID 3 and the amino acid sequence of the expression product is illustrated
in SEQ ID 4.

Example 6 - Purification of an LHC-EGF chimaeric protein that
incorporates a Factor Xa recognition site into the LC

The ORF created in Example 17 was cloned into an E. coli expression vector
(a pET (Novagen) vector that has been maodified to ensure mobilisation
deficiency) and transformed into an E. coli host strain, most commonly BL21.
The vector was modified to include expression of a Histidine tag at the N-
terminus of the LHC-EGF ORF.

Expression of the LHC-EGF fusion protein is achieved using the following
protocol. Inoculate 100 ml of modified TB containing 0.2% glucose and 100
ug/ml ampicillin in a 250 ml flask with a single colony from the LHC-EGF
expression strain. Grow the culture at 37°C, 225 rpm for 16 hours. Inoculate
1L of modified TB containing 0.2% glucose and 100 pg/ml ampicillin in a 2L
flask with 10ml of overnight culture. Grow cultures at 37°C until an approximate
OD600nm of 0.5 is reached at which point reduce the temperature to 16°C.
After 1 hour induce the cultures with 1 mM IPTG and grow at 16°C for a further
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16 hours.

Purification of the LHC-EGF fusion is achieved by affinity chromatography. In
detail, a falcon tube containing 25 ml 50 mM HEPES pH 7.2 200 mM NaCl and
approximately 10 g of E. coli BL21 cell paste is defrosted. Sonicate the cell
paste on ice 30 seconds on, 30 seconds off for 10 cycles at a power of 22
microns ensuring the sample remains cool. Spin the lysed cells at 18 000 rpm,
4°C for 30 minutes. Load the supernatant onto a 0.1 M NiSO4 charged
Chelating column (20-30 ml column is sufficient) equilibrated with 50 mM
HEPES pH 7.2 200 mM NaCl. Using a step gradient of 10 and 40 mM
imidazole, wash away the non-specific bound protein and elute the fusion
protein with 100 mM imidazole. Dialyse the eluted fusion protein against 5L of
50 mM HEPES pH 7.2 200 mM NaCl at 4°C overnight and measure the OD of
the dialysed fusion protein. Add 6.4ng enterokinase/mg fusion protein and
incubate at 25°C static overnight. Load onto a 0.1 M NiSO4 charged Chelating
column (20-30 ml column is sufficient) equilibrated with 50 mM HEPES pH 7.2
200 mM NaCl. Wash column to baseline with 50 mM HEPES pH 7.2 200 mM
NaCl. Using a step gradient of 10 and 40 mM imidazole, wash away the non-
specific bound protein and elute the fusion protein with 100 mM imidazole.
Dialyse the eluted fusion protein against 5L of 50 mM HEPES pH 7.2 200 mM
NaCl at 4°C overnight and concentrate the fusion to about 2 mg/ml, aliquot
sample and freeze at -20°C. Test purified protein using OD, BCA and purity

analysis.

Example 7 — Demonstration of enhanced protease sensitivity in an LHC-
EGF chimaeric protein that incorporates a Factor Xa recognition site into
the LC

The purified chimaeric protein of Example 6 is assessed for its stability in the
presence of protease using the methodology outlines in Example 2 and 3. In
summary, the LHC-EGF chimaeric protein is exposed to a range of
concentrations of Factor Xa protease (obtained, for example, from New

England Biolabs #P8010L) in vitro over a period of 1-120 minutes. The
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proteolysis is terminated by addition of a specific inhibitor of Factor Xa (for
example Dansyl-glu-gly-arg-chloromethyl ketone (CALBIOCHEM, #251700)).
A control protein chimaera of LHC-EGF that does not include the additional
Factor Xa site is used to compare the effect of the protease on LC activity
(using Example 3), and functionality of the chimaera when exposed to a target
cell (using Example 2 and measuring syntaxin cleavage in an embryonic spinal
cord neuron (eSCN)).

Example 8 — Creation of an LHC-EGF chimaeric protein that incorporates
a Thrombin recognition site into the LC

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Thrombin (LVPRGS).
Simple text character analysis of the primary sequence identified the sequence
104lSPRFM;gg within the LC domain. The location of the peptide in the tertiary
structure of the LC/C is predicted from examination of the location of the
homologous peptide sequence in the LC/A using the X-ray crystal structure of
BoNT/A (pdb: 3BTA) as the guide. Freely available software (such as

FirstGlance in Jmol (http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to

identify that the LC/A equivalent peptide sequence is located near the surface
of the LC. The location is therefore a good region for accessibility by

proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the codons for Sigs to Val (TCT to GTT) and Migs to Ser
(ATG to TCC) changes the region 1g4lSPRFMqg to IVPRFS to make it a
substrate for Thrombin cleavage. Mutagenesis was achieved utilising standard
molecular tools for performing mutagenesis (for example, the Stratagene
Quickchange mutagenesis methodology). E. coli codon usage is assessed by
reference to software programs such as Graphical Codon Usage Analyser

(Geneart), and the %GC content and codon usage ratio assessed by reference
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to published codon usage tables (for example GenBank Release 143,
September 13 2004) to ensure that the mutagenesis does not result in poor
codon utilisation. The mutagenised DNA is incorporated into a standard
cloning vector, for example pCR4, prior to transformation into E. coli host. The
integrity of the ORF DNA is checked by sequencing. The final ORF
incorporating the Thrombin site is illustrated as SEQ ID 5 and the amino acid

sequence of the expression product is illustrated in SEQ ID 6.

Example 9 — Creation of an LHA-EGF chimaeric protein that incorporates
a Thrombin recognition site into the LC

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/A and the EGF sequence (SEQ ID 8) is reviewed for
the presence of amino acid strings that bear resemblance to the prototypical
recognition site for Thrombin (GRG). Simple text character analysis of the
primary sequence identified the sequence 103GRM1os within the LC domain.
The location of the peptide in the tertiary structure of the LC/A is predicted from
the X-ray crystal structure of BoNT/A (pdb: 3BTA) as the guide. Freely
available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the LC/A

peptide sequence is located on the surface. The location is therefore a good

region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 7 (encoding the ORF of SEQ ID 8)
using a primer designed to switch the codon for Met105 (ATG) to one that
encodes Gly (GGT) was achieved utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisation. The

mutagenised DNA is incorporated into a standard cloning vector, for example
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pCRA4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Thrombin site is
illustrated as SEQ ID 9 and the amino acid sequence of the expression product
is illustrated in SEQ ID 10.

Example 10 — Creation of an LHC-EGF chimaeric protein that incorporates
a furin recognition site into the LC

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for furin (RXRVK/R). Simple
text character analysis of the primary sequence identified the sequence
210GEGR;13 within the LC domain. The location of the peptide in the tertiary
structure of the LC/C is predicted from examination of the location of the
homologous peptide sequence in the LC/A using the X-ray crystal structure of
BoNT/A (pdb: 3BTA) as the guide. Freely available software (such as

FirstGlance in Jmol (http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to

identify that the LC/A equivalent peptide sequence is located on the surface of

the LC. The location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the peptide region from GEGR to RSRR was achieved
utilising standard molecular tools for performing mutagenesis (for example, the
Stratagene Quickchange mutagenesis methodology). E. coli codon usage is
assessed by reference to software programs such as Graphical Codon Usage
Analyser (Geneart), and the %GC content and codon usage ratio assessed by
reference to published codon usage tables (for example GenBank Release
143, September 13 2004) to ensure that the mutagenesis does not result in
poor codon utilisation. The mutagenised DNA is incorporated into a standard
cloning vector, for example pCR4, prior to transformation into E. coli host. The
integrity of the ORF DNA is checked by sequencing. The final ORF

incorporating the furin site is illustrated as SEQ ID 11 and the amino acid
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sequence of the expression product is illustrated in SEQ ID 12.

Example 11 — Creation of an LHA-EGF chimaeric protein that incorporates
a Factor Xa recognition site into the Hy domain

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BONT/A and the human epidermal growth factor sequence
(SEQ ID 8) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Factor Xa (IEGR). Simple
text character analysis of the primary sequence identified the sequence
562GKSRsss within the Hy domain. The location of the peptide in the tertiary
structure of the Hy/A is predicted from the X-ray crystal structure of BoNT/A
(pdb: 3BTA) as the guide. Freely available software (such as FirstGlance in‘
Jmol (hitp://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the

Hn peptide sequence is located on the surface. The location is therefore a

good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 7 (encoding SEQ ID 8) using a primer
designed to switch the peptide region from GKSR to IEGR was achieved
utilising standard molecular tools for performing mutagenesis (for example, the
Stratagene Quickchange mutagenesis methodology). E. coli codon usage is
assessed by reference to software programs such as Graphical Codon Usage
Analyser (Geneart), and the %GC content and codon usage ratio assessed by
reference to published codon usage tables (for example GenBank Release
143, September 13 2004) to ensure that the mutagenesis does not result in
poor codon utilisation. The mutagenised DNA is incorporated into a standard
cloning vector, for example pCR4, prior to transformation into E. coli host. The
integrity of the ORF DNA is checked by sequencing. The final ORF
incorporating the Factor Xa site is illustrated as SEQ ID 13 and the amino acid

sequence of the expression product is illustrated in SEQ ID 14.

Example 12 — Creation of a LHA-EGF chimaeric protein that incorporates

an ADAM17 recognition site into the LC domain
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The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/A and the human epidermal growth factor sequence
(SEQ ID 8) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for ADAM17 (PLAQAVRSSS).
Simple text character analysis of the primary sequence identifies a region of
the structure (206PLLGAGKFAT>¢5 within the LC domain) that is amenable to
protein engineering. The location of the peptide in the tertiary structure of the
LC is predicted from the X-ray crystal structure of BoNT/A (pdb: 3BTA) as the
guide. Freely available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fqii/fg. htm?mol=3bta)) are used to identify that the LC

peptide sequence is located on the surface. The location is therefore good for

accessibility by proteases.

Site directed mutagenesis of the SEQ ID 7 (which encodes SEQ ID 8) was
achieved utilising standard molecular tools for performing mutagenesis (for
example, the Stratagene Quickchange mutagenesis methodology). The
mutagenesis of the LC was performed to modify the coding region from
206PLLGAGKFAT215 to PLAQAVRSSS.

E. coli codon usage is asse.ssed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final ORF incorporating the additional ADAM17 sites is
illustrated as SEQ ID 15 and the amino acid sequence of the expression
product is illustrated in SEQ ID 16.

Example 13 - Creation of a recombinant BoNT/A protein that incorporates

an ADAM17 recognition site into the LC domain
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The primary sequence of a recombinant endopeptidase active BoNT/A
containing an engineered activation protease site specific for enterokinase
(SEQ ID 18) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for ADAM17 (PLAQAVRSSS).
Simple text character analysis of the primary sequence identifies a region of
the BONT structure (206PLLGAGKFAT21s within the LC domain) that is
amenable to protein engineering. The location of the peptide in the tertiary
structure of the LC is predicted from the X-ray crystal structure of BoNT/A (pdb:
3BTA) as the guide. Freely available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fqij/fg.htm?mol=3bta)) are used to identify that the LC

peptide sequence is located on the surface. The location is therefore good for

accessibility by proteases.

Site directed mutagenesis of the SEQ ID 17 (which encodes SEQ ID 18) was
achieved utilising standard molecular tools for performing mutagenesis (for
example, the Stratagene Quickchange mutagenesis methodology). The
mutagenesis of the LC was performed' to modify the coding region from
206PLLGAGKFAT 215 to PLAQAVRSSS.

E. coli codon usage is assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final ORF incorporating the additional ADAM17 sites is
illustrated as SEQ ID 19 and the amino acid sequence of the expression
product is illustrated in SEQ ID 20.

Example 14 — Creation of a recombinant BoNT/A protein that incorporates

a furin recognition site into the Hy
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The primary sequence of a recombinant endopeptidase active BoNT/A
containing an engineered activation protease site specific for enterokinase
(SEQ ID 18) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for furin (RXRVK/R). Simple
text character analysis of the primary sequence identified the sequence
563KSRsgs within the Hy domain that is amenable to protein engineering. . The
location of the peptide in the tertiary structure of the Hy domain is predicted
from the X-ray crystal structure of BoNT/A (pdb: 3BTA) as the guide. Freely
available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgii/fg.htm?mol=3bta)) are used to identify that the Hy

peptide sequence is located on the surface. The location is therefore good for

accessibility by proteases.

Site directed mutagenesis of the SEQ ID 17 (which encodes SEQ ID 18) using
a primer designed to switch the codon for Ksg; (AAA) to Arg (CGT) and to insert
an Arg (CGC) after the existing Rsgs changes the sequence s53KSRsgs to RSRR
which is a substrate for cleavage by furin. Mutagenesis was achieved utilising
standard molecular tools for performing mutagenesis (for example, the

Stratagene Quickchange mutagenesis methodology).

E. coli codon usage is assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final ORF incorporating the additional ADAM17 sites is
illustrated as SEQ ID 21 and the amino acid sequence of the expression
product is illustrated in SEQ ID 22.

Example 15 - Treatment of a patient suffering from dystonia (Spasmodic
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Torticollis)

A male, suffering from spasmodic torticollis, as manifested by spasmodic or
tonic contractions of the neck musculature, producing stereotyped abnormal
deviations of the head, the chin being rotated to one side, and the shoulder
being elevated toward the side at which the head is rotated, had previously
been treated with a therapeutically effective amount of BoNT/A into the neck
muscles for torticollis, but developed dysphagia because of dispersal of the
protease into the oropharynx. The patient is subsequently treated by injection
with up to about 300 units, or more, of polypeptide of the present invention (eg.
a botulinum toxin type A neurotoxin modified to include a Factor Xa protease
sensitive site), in the dystonic neck muscles. After 3-7 days the symptoms are
substantially alleviated and the patient is able to hold his head and shoulder in
a normal position for at least 3 months. Following the treatment with the
modified neurotoxin the patient does not experience any dysphagia. By
utilising the modified botulinum toxin type A, the physician is able to inject more
product into the area requiring therapy without fear of an increase in side
effects. Enhanced dose leads to enhanced duration of action and therefore

improved therapy.

Example 16 - Treatment of a patient suffering from blepharospasm

A 58 year old female with blepharospasm is treated by injecting between about
1 to about 5 units of a polypeptide of the present invention (eg. a botulinum
toxin type A neurotoxin modified to include a ADAM17 protease sensitive site,
as described in Example 13) into the lateral pre-tarsal orbicularis oculi muscle
of the upper lid and the lateral pre-tarsal orbicularis oculi of the lower lid, the
amount injected varying based upon both the size of the muscle to be injected
and the extent of muscle paralysis desired. Alleviation of the blepharospasm
occurs in about 1 to about 7 days. By utilising the modified botulinum toxin
type A, the physician is able to inject more product into the area requiring
therapy without fear of an increase in side effects. Enhanced dose leads to

enhanced duration of action and therefore improved therapy.
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Example 17 — Creation of a LHC-EGF chimaeric protein that incorporates
a Factor Xa recognition site into the LC at position 210 [SXN101975]

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Factor Xa (IEGR). A site
for insertion of a Factor Xa site is identified in the primary sequence 21,GEGR
within the LC domain. The location of the peptide in the tertiary structure of the
LC/C is predicted from examination of the location of the homologous peptide
sequence in the LC/A using the X-ray crystal structure of BoNT/A (pdb: 3BTA)
as the guide. Freely available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the LC/A

equivalent peptide sequence is located near the surface of the LC. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) was achieved
using a primer designed to switch the codons for 210G to | to make it a
substrate for Factor Xa cleavage. Mutagenesis was achieved utilising standard
molecular tools for performing mutagenesis (for example, the Stratagene
Quickchange mutagenesis methodology). E. coli codon usage is assessed by
reference to software programs such as Graphical Codon Usage Analyser
(Geneart), and the %GC content and codon usage ratio assessed by reference
to published codon usage tables (for example GenBank Release 143,
September 13 2004) to ensure that the mutagenesis does not result in poor
codon utilisation. The mutagenised DNA is incorporated into a standard
cloning vector, for example pCR4, prior to transformation into E. coli host. The
integrity of the ORF DNA is checked by sequencing. The final ORF
incorporating the Factor Xa site is illustrated as SEQ ID 23 and the amino acid
sequence of the expression product is illustrated in SEQ ID 24.

Example 18 — Creation of a LHC-EGF chimaeric protein that incorporates
a Thrombin recognition site into the LC at position 195 [SXN101931]
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The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Thrombin. A site for
insertion of a Thrombin site is identified in the primary sequence 194lSPRFMjgg
within the LC domain. The location of the peptide in the tertiary structure of the
LC/C is predicted from examination of the location of the homologous peptide
sequence in the LC/A using the X-ray crystal structure of BoNT/A (pdb: 3BTA)
as the guide. Freely available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the LC/A

equivalent peptide sequence is located near the surface of the LC. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the codons for Sig5 to Val (TCT to GTT) and Mgs to Ser
(ATG to TCC) changes the region 154/SPRFMge to IVPRFS to make it a
substrate for Thrombin cleavage. Mutagenesis was achieved utilising standard
molecular tools for performing mutagenesis (for example, the Stratagene
Quickchange mutagenesis methodology). E. coli codon usage is assessed by
reference to software programs such as Graphical Codon Usage Analyser
(Geneart), and the %GC content and codon usage ratio assessed by reference
to published codon usage tables (for example GenBank Release 143,
September 13 2004) to ensure that the mutagenesis does not result in poor
codon utilisation. The mutagenised DNA is incorporated into a standard
cloning vector, for example pCR4, prior to transformation into E. coli host. The
integrity of the ORF DNA is checked by sequencing. The final ORF
incorporating the Thrombin site is used to encode the amino acid sequence of

the expression product is illustrated in SEQ ID 25.

Example 19 — Creation of a LHC-EGF chimaeric protein that incorporates
a Thrombin recognition site into the LC at position 210 [SXN101932]

The primary sequence of a chimaeric protein constructed by a genetic fusion of
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the LHy fragment of BoNT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Thrombin. A site for
insertion of a Thrombin site is identified in the primary sequence 21GEGRFS
within the LC domain. The location of the peptide in the tertiary structure of the
LC/C is predicted from examination of the location of the homologous peptide
sequence in the LC/A using the X-ray crystal structure of BoNT/A (pdb: 3BTA)
as the guide. Freely available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the LC/A

equivalent peptide sequence is located near the surface of the LC. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the codons 21/EGR to TPR to create a sequence GTPRFS
which is a substrate for Thrombin cleavage. Mutagenesis was achieved
utilising standard molecular tools for performing mutagenesis (for example, the
Stratagene Quickchange mutagenesis methodology). E. coli codon usage is
assessed by reference to software programs such as Graphical Codon Usage
Analyser (Geneart), and the %GC content and codon usage ratio assessed by
reference to published codon usage tables (for example GenBank Release
143, September 13 2004) to ensure that the mutagenesis does not result in
poor codon utilisation. The mutagenised DNA is incorporated into a standard
cloning vector, for example pCR4, prior to transformation into E. coli host. The
integrity of the ORF DNA is checked by sequencing. The final ORF
incorporating the Thrombin site is used to encode the amino acid sequence of

the expression product is illustrated in SEQ ID 26.

Example 20 - Creation of a LHC-EGF chimaeric protein that incorporates
a Factor Xa recognition site into the Hy domain at position 742 of the Hy
[SXN101937]

The primary sequence of a chimaeric protein constructed by a genetic fusion of

the LHy fragment of BONT/C and the human epidermal growth factor sequence
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(SEQ ID 2) is reviewed and a site for insertion of a Factor Xa site is identified in
the primary sequence 742IDLE7s5 within the Hy domain. The location of the
peptide in the tertiary structure of the Hn/C is predicted from examination of the
location of the homologous peptide sequence in the Hn/A using the X-ray
crystal structure of BoNT/A (pdb: 3BTA) as the guide. Freely available
software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the Hn/A
equivalent peptide sequence is located near the surface of the Hy. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the codons for 74;LE to GR to make it a substrate for Factor
Xa cleavage. Mutagenesis was achieved utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisation. The
mutagenised DNA is incorporated into a standard cloning vector, for example
pCR4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Thrombin site is used
to encode the amino acid sequence of the expression product is illustrated in
SEQ ID 27.

Example 21 — Creation of a LHC-EGF chimaeric protein that incorporates
a Factor Xa recognition site into the Hy domain at position 750 of the Hy
[SXN101938]

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed and a site for insertion of a Factor Xa site is identified in

the primary sequence 750SGSD7s3 within the Hy domain. The location of the
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peptide in the tertiary structure of the Hy/C is predicted from examination of the
location of the homologous peptide sequence in the Hn/A using the X-ray
crystal structure of BoNT/A (pdb: 3BTA) as the guide. Freely available
software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgii/fg.htm?mol=3bta)) are used to identify that the Hy/A

equivalent peptide sequence is located near the surface of the Hy. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the codons for 750SGSD to IDGR make it a substrate for
Factor Xa cleavage. Mutagenesis was achieved utilising standard molecular
tools for performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisafion. The
mutagenised DNA is incorporated into a standard cloning vector, for example
pCRA4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Factor Xa site is
used to encode the amino acid sequence of the expression product is
illustrated in SEQ ID 28.

Example 22 — Creation of a LHC-EGF chimaeric protein that incorporates
a Thrombin recognition site into the Hy domain at position 750 of the Hy
[SXN101939]

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BONT/C and the human epidermal growth factor sequence
(SEQ ID 2) is reviewed and a site for insertion of a Thrombin site is identified in
the primary sequence 750SGSDy7s3 within the Hy domain. The location of the
peptide in the tertiary structure of the H\/C is predicted from examination of the

location of the homologous peptide sequence in the Hn/A using the X-ray
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crystal structure of BoNT/A (pdb: 3BTA) as the guide. Freely available
software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgiji/fg.htm?mol=3bta)) are used to identify that the Hy/A

equivalent peptide sequence is located near the surface of the Hy. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the SEQ ID 1 (encoding SEQ ID 2) using a primer
designed to switch the codons for SGSD to GVPR to make it a substrate for
Thrombin cleavage. Mutagenesis was achieved utilising standard molecular
tools for performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisation. The
mutagenised DNA is incorporated into a standard cloning vector, for example
pCR4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Thrombin site is used
to encode the amino acid sequence of the expression product is illustrated in
SEQID 29.

Example 23 — Creation of a LHD-VIPr chimaeric protein that incorporates
a Factor Xa recognition site into the Hy domain at position 798 of the Hy
[SXN101930]

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/D and an analogue of the human vasoactive
intestinal peptide (VIPr) is reviewed and a site for insertion of a Factor Xa site
is identified in the primary sequence 7gsSGSD within the Hy domain. The
location of the peptide in the tertiary structure of the Hy/D is predicted from
examination of the location of the homologous peptide sequence in the Hv/A
using the X-ray crystal structure of BONT/A (pdb: 3BTA) as the guide. Freely

available software (such as FirstGlance in Jmol
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(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the Hn/A

equivalent peptide sequence is located near the surface of the Hy. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis of the gene using a primer designed to switch the
codons for 756SGSD to IDGR to make it a substrate for Factor Xa cleavage is
performed. Mutagenesis was achieved utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisation. The
mutagenised DNA is incorporated into a standard cloning vector, for example
pCR4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Factor Xa site is
used to encode the amino acid sequence of the expression product is
illustrated in SEQ ID 30.

Example 24 — Creation of an LHA-EGF chimaeric protein that incorporates
a Thrombin recognition site into the LC domain [SXN1974]

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/A and the human epidermal growth factor sequence
(SEQ ID 8) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Thrombin (GRG). Simple
text character analysis of the primary sequence identified the sequence
103GRM1gs within the LC domain. The location of the peptide in the tertiary
structure of the LC is predicted from the X-ray crystal structure of BONT/A (pdb:
3BTA) as the guide. Freely available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgii/fg.ntm?mol=3bta)) are used to identify that the LC

peptide sequence is located on the surface. The location is therefore a good

region for accessibility by proteases.
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Site directed mutagenesis of the SEQ ID 7 (encoding SEQ ID 8) using a primer
designed to switch the peptide region from GRM to GRG was achieved utilising
standard molecular tools for performing mutagenesis (for example, the
Stratagene Quickchange mutagenesis methodology). E. coli codon usage is
assessed by reference to software programs such as Graphical Codon Usage
Analyser (Geneart), and the %GC content and codon usage ratio assessed by
reference to published codon usage tables (for example GenBank Release
143, September 13 2004) to ensure that the mutagenesis does not result in
poor codon utilisation. The mutagenised DNA is incorporated into a standard
cloning vector, for example pCR4, prior to transformation into E. coli host. The
integrity of the ORF DNA is checked by sequencing. The final ORF
incorporating the Thrombin site is used to encode the amino acid sequence of

the expression product is illustrated in SEQ ID 31.

Example 25 — Demonstration of specific cleavage of a purified LHC-EGF
chimaeric protein that is engineered to incorporate a Factor Xa
recognition site into the LC [SXN1975]

A novel molecule incorporating a Factor Xa recognition site into the LC of LHC-
EGF is constructed according to Example 17. Using methodology similar to
that described in Example 6, the protein of Example 17 is expressed and
purified. ©The methodology was adapted for use on an AKTA Xpress
purification system. Essentially, the clarified E.coli lysates were applied to a
5ml HisTrap FF Crude column on the Xpress system. The program was set to
wash the columns with 10 column volumes of binding buffer (50mM Tris pH8.0,
200mM NacCl) and 10 col. vols. of 40mM imidazole in binding buffer (collected
together with the flow through). Elution was with 5 col. vols. of 260mM
imidazole in binding buffer. The protein was collected in a loop and held until
system was ready to desalt (in 50mM Tris pH8.0, 150mM NaCl). The desalted
protein was collected in a 2ml 96 well plate. Figure 3 illustrates purification of
LHC-EGF from E. col.
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Using methodology described in Example 7, the protein is treated with Factor
Xa protease and samples analysed by SDS-PAGE. Figure 4 illustrates the
cleavage of the protein in the presence of Factor Xa. Cleavage products are
observed in the non-reduced and reduced samples. The estimated mass of
the cleavage products is in agreement with the anticipated cleavage point of

the engineered protein

Example 26 — Demonstration of specific cleavage of a purified LHC-EGF
chimaeric protein that is engineered to incorporate a Factor Xa
recognition site into the Hy [SXN1937 & SXN1938]

A novel molecule incorporating a Factor Xa recognition site into the Hy of LHC-
EGF is constructed according to Example 20, and a second novel jmolecule
incorporating a Factor Xa recognition site into a different location within the Hy
of LHC-EGF is constructed according to Example 21. Using methodology
similar to that described in Example 24, the proteins of Example 20 and 21 are
expressed and purified. Figure 5 illustrates purification of LHC-EGF from
Example 20 from E. coli, and Figure 6 illustrates purification of LHC-EGF from

Example 21 from E. coli.

Using methodology described in Example 7, the protein of Example 20 is
treated with Factor Xa protease and samples analysed by SDS-PAGE. Figure
7 illustrates the cleavage of the protein in the presence of Factor Xa, as
assessed by staining of SDS-PAGE gels. Figure 8 illustrates the profile of the
samples when assessed by Western blotting using anti-His tag antibodies to
probe for the presence of the His tag. The estimated mass of the cleavage
products is in agreement with the anticipated cleavage point of the engineered

protein.

Using methodology described in Example 7, the protein of Example 21 is
treated with Factor Xa protease and samples analysed by SDS-PAGE. Figure
9 illustrates the cleavage of the protein in the presence of Factor Xa. The

estimated mass of the cleavage products is in agreement with the anticipated
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cleavage point of the engineered protein.

Example 27 — Demonstration of specific cleavage of a purified LHC-EGF
chimaeric protein that is engineered to incorporate a Thrombin
recognition site into the LC [SXN1932]

A novel molecule incorporating a Thrombin recognition site into the LC of LHC-
EGF is constructed according to Example 19. Using methodology similar to
that described in Example 25, the protein of Example 19 is expressed and

purified. Figure 10 illustrates purification of LHC-EGF from E. coli.

Using methodology described in Example 7, the protein is treated with
Thrombin protease and samples analysed by SDS-PAGE. Figure 11 illustrates
the cleavage of the protein in the presence of Thrombin, as assessed by SDS-
PAGE. Figure 12 illustrates the cleavage of the protein in the presence of
Thrombin, as assessed by Western blotting using anti-EGF antibodies. The
estimated mass of the cleavage products is in agreement with the anticipated

cleavage point of the engineered protein

Example 28 — Demonstration of specific cleavage of a purified LHA-EGF
chimaeric protein that is engineered to incorporate a Thrombin
recognition site into the LC [SXN1974]

A novel molecule incorporating a Factor Xa recognition site into the LC of LHA-
EGF is constructed according to Example 24. Using methodology similar to
that described in Example 25, the protein of Example 24 is expressed and

purified. Figure 13 illustrates purification of LHA-EGF from E. col.

Using methodology described in Example 7, the protein is treated with
Thrombin protease and samples analysed by SDS-PAGE. Figure 14 illustrates
the cleavage of the protein in the presence of Thrombin. Figure 15 illustrates
the Western blot profile of the same PAGE, using anti-EGF as primary
antibody. The estimated mass of the cleavage products is in agreement with

the anticipated cleavage point of the engineered protein
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Example 29 - Demonstration of reduced in vitro cellular activity of a
protein engineered to incorporate a FXa protease cleavage site into the
LC domain of LHC-EGF [SXN1975]

The protein product of Example 25 is expressed and purified. The purified
protein is exposed to FXa protease for prior to assessment in an in vitro spinal
cord neuron (SCN) assay. The preparation of SCN is a well established
technique and is described in the literature [B.R. Ransom, E. Neale, M.
Henkart, P.N. Bullock, P.G. Nelson, Mouse spinal cord in cell culture. L
Morphology and intrinsic neuronal electrophysiologic properties, J.
Neurophysiol. 40 (1977) 1132-1150; S.C. Fitzgerald, A Dissection and Tissue
Culture Manual of the Nervous System, Alan R. Liss Inc, New York, 1989].
Test protein is prepared at a variety of concentrations by dilution into culture
media. SCNs are exposed to the test proteins for 24hr prior to removal of
media and preparation of the cellular material for analysis by SDS-PAGE and
Western blotting. Following separation of cellular proteins on Novex 4-20%
Tris-glycine polyacrylamide gels, the proteins are transferred to nitrocellulose
and subsequently probed for the presence of the appropriate SNARE protein
using antibodies obtained from commercial sources. In this case, the

antibodies were specific for the SNARE syntaxin.

Referring to Figure 16, the protein that has been treated with Factor Xa is
clearly less effective at cleaving Syntaxin than the protein that was not treated
with FXa. The invention has therefore enabled a reduction in the efficacy of

the modified protein.

Example 30 - Demonstration of reduced in vitro cellular activity of a
protein engineered to incorporate a Thrombin protease cleavage site into
the LC domain of LHA-EGF [SXN1974]

The protein product of Example 24 is expressed and purified. The purified
protein is exposed to Thrombin protease for prior to assessment in an in vitro

spinal cord neuron (SCN) assay. The preparation of SCN is a well established
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technique and is described in the literature [B.R. Ransom, E. Neale, M.
Henkart, P.N. Bullock, P.G. Nelson, Mouse spinal cord in cell culture. I
Morphology and intrinsic neuronal electrophysiologic properties, J.
Neurophysiol. 40 (1977) 1132-1150; S.C. Fitzgerald, A Dissection and Tissue
Culture Manual of the Nervous System, Alan R. Liss Inc, New York, 1989].
Test protein is prepared at a variety of concentrations by dilution into culture
media. SCNs are exposed to the test proteins for 24hr prior to removal of
media and preparation of the cellular material for analysis by SDS-PAGE and
Western blotting. Following separation of cellular proteins on Novex 4-20%
Tris-glycine polyacrylamide gels, the proteins are transferred to nitrocellulose
and subsequently probed for the presence of the appropriate SNARE protein
using antibodies obtained from commercial sources. In this case, the
antibodies were specific for the SNARE SNAP-25. Figure 17 demonstrates
SNAP-25-cleavage by thrombin-treated L(Thr)HA-EGF compared to untreated
L(Thr)HA-EGF.

Example 31 — Creation of a recombinant BoNT/A protein that incorporates
a Thrombin recognition site into the LC

The primary sequence of a recombinant endopeptidase active BoNT/A
containing an engineered activation protease site specific for enterokinase
(SEQ ID 18) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for thrombin (GRG). Simple
text character analysis of the primary sequence identified the sequence
103GRM; g5 within the LC domain that is amenable to protein engineering. The
location of the peptide in the tertiary structure of the Hy domain is predicted
from the X-ray crystal structure of BoNT/A (pdb: 3BTA) as the guide. Freely
available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fqii/fg.htm?mol=3bta)) are used to identify that the Hy

peptide sequence is located on the surface. The location is therefore good for

accessibility by proteases.

Site directed mutagenesis of the SEQ ID 17 (which encodes SEQ ID 18) using
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a primer designed to switch the codons for Mygs to G changes the sequence
103GRMy05 to GRG which is a substrate for cleavage by thrombin. Mutagenesis
was achieved utilising standard molecular tools for performing mutagenesis (for

example, the Stratagene Quickchange mutagenesis methodology).

E. coli codon usage is assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final amino acid sequence of the expression product is
illustrated in SEQ ID 32.

Example 32 — Creation of a recombinant BoNT/A protein that incorporates
a Factor Xa recognition site into the LC

The primary sequence of a recombinant endopeptidase active BoNT/A
containing an engineered activation protease site specific for enterokinase
(SEQ ID 18) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Factor Xa (IEGR). Simple
text character analysis of the primary sequence identified the sequence IDSL
within the LC domain that is amenable to protein engineering. The location of
the peptide in the tertiary structure of the LC domain is predicted from the X-
ray crystal structure of BoNT/A (pdb: 3BTA) as the guide. Freely available
software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the LC
peptide sequence is located on the surface. The location is therefore good for

accessibility by proteases.

Site directed mutagenesis of the SEQ ID 17 (which encodes SEQ ID 18) using

a primer designed to switch the codons for 276SL to GR changes the sequence
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IDSL to IDGR which is a substrate for cleavage by Factor Xa. Mutagenesis
was achieved utilising standard molecular tools for performing mutagenesis (for

example, the Stratagene Quickchange mutagenesis methodology).

E. coli codon usage is assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final amino acid sequence of the expression product is
illustrated in SEQ ID 33.

Example 33 — Creation of a recombinant BoNT/A protein that incorporates
a Factor Xa recognition site into the Hy

The primary sequence of a recombinant endopeptidase active BoNT/A
containing an engineered activation protease site specific for enterokinase
(SEQ ID 18) is reviewed for the presence of amino acid strings that bear
resemblance to the prototypical recognition site for Factor Xa (IEGR). Simple
text character analysis of the primary sequence identified the sequence
562GKSRses within the Hy domain that is amenable to protein engineering. The
location of the peptide in the tertiary structure of the Hy domain is predicted
from the X-ray crystal structure of BONT/A (pdb: 3BTA) as the guide. Freely
available software (such as FirstGlance in Jmol
(http://molvis.sdsc.edu/fgij/fg.htm?mol=3bta)) are used to identify that the LC

peptide sequence is located on the surface. The location is therefore good for

accessibility by proteases.

Site directed mutagenesis of the SEQ ID 17 (which encodes SEQ ID 18) using
a primer designed to switch the peptide region from GKSR to IEGR which is a

substrate for cleavage by Factor Xa. Mutagenesis was achieved utilising
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standard molecular tools for performing mutagenesis (for example, the

Stratagene Quickchange mutagenesis methodology).

E. coli codon usage is assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final amino acid sequence of the expression product is
illustrated in SEQ ID 34.

Example 34 — Creation of a recombinant BoNT/E protein that incorporates
a Thrombin recognition site into the LC

The primary sequence of a recombinant endopeptidase active BoNT/E
[nuclectide accession AM695755; Uniprot number A8Y867] is reviewed for the
presence of amino acid strings that bear resemblance to the prototypical
recognition site for Thrombin (LVPRGS). Simple text character analysis of the
primary sequence identified the sequence 1g6F SPEYS1g1 within the LC domain
that is amenable to protein engineering. The location of the peptide in the
tertiary structure of the Hy domain is predicted from the X-ray crystal structure
of BoNT/A (pdb: 3BTA) as the guide. Freely available software (such as

FirstGlance in Jmol (http://molvis.sdsc.edu/fgii/fg.htm?mol=3bta)) are used to

identify that the LC peptide sequence is located on the surface. The location is

therefore good for accessibility by proteases.

Site directed mutagenesis is achieved using a primer designed to switch the
peptide region from FSPEYS to IVPRFS which is a substrate for cleavage by
Thrombin. Mutagenesis was achieved utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange

mutagenesis methodology).
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E. coli codon usage is assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the
mutagenesis does not result in poor codon utilisation. The mutagenised DNA
is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final amino acid sequence of the expression product is
ilustrated in SEQ ID 35.

Example 35 — Creation of a recombinant BoNT/E protein that incorporates
a Factor Xa recognition site into the Hy

The primary sequence of BoNT/E [nucleotide accession AM695755; Uniprot
number ABYBG7] is reviewed for a potential insertion site for a Factor Xa
recognition peptide (IEGR). Comparison of the primary sequence of BoNT/E
with that of BONT/A and the corresponding location of the peptide in the tertiary
structure of the Hy domain predicted from the X-ray crystal structure of BoNT/A
(pdb: 3BTA), concludes that the region 7;TLEE is suitable for protein
engineering to IEGR.

Site directed mutagenesis is achieved using a primer designed to switch the
peptide region from TLEE to IEGR which is a substrate for cleavage by Factor
Xa. Mutagenesis was achieved utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange

mutagenesis methodology).

E. coli codon usage is assessed by reference to software programs such as
Graphical Codon Usage Analyser (Geneart), and the %GC content and codon
usage ratio assessed by reference to published codon usage tables (for
example GenBank Release 143, September 13 2004) to ensure that the

mutagenesis does not result in poor codon utilisation. The mutagenised DNA
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is incorporated into a standard cloning vector, for example pCR4, prior to
transformation into E. coli host. The integrity of the ORF DNA is checked by
sequencing. The final amino acid sequence of the expression product is
illustrated in SEQ ID 36.

Example 36 — Creation of an LHE-VIPr chimaeric protein that incorporates
a Thrombin recognition site into the LC

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BoNT/E and an analogue of the human vasoactive
intestinal peptide (VIPr) sequence is reviewed for the presence of amino acid
strings that bear resemblance to the prototypical recognition site for Thrombin
(GRG). Simple text character analysis of the primary sequence identified the
sequence 103GGl4ps within the LC domain of the chimaera. The location of the
peptide in the tertiary structure of the LC/E is predicted from the X-ray crystal
structure of LC/E (pdb: 1T3A) as the guide. Freely available software (such as
Jmol

(http://www.rcsb.org/pdb/explore/imol.do?structureld=1T3A&bionumber=1) are

used to identify that the LC peptide sequence is located on the surface. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis is achieved using a primer designed to switch the
peptide region from GGI| to GRG utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisation. The
mutagenised DNA is incorporated into a standard cloning vector, for example
pCR4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Thrombin site is used

to encode the amino acid sequence of the expression product is illustrated in
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SEQ ID 37.

Example 37 — Creation of an LHE-VIPr chimaeric protein that incorporates
a Factor Xa recognition site into the Hy

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BONT/E and an analogue of vasoactive intestinal peptide
(VIPr) sequence is reviewed for the presence of amino acid strings that bear

resemblance to the prototypical recognition site for Factor Xa (IEGR).

Simple text character analysis of the primary sequence identified the sequence
5ssGENN within the Hy domain. The location of the peptide in the tertiary
structure of the Hy/E is predicted from the X-ray crystal structure of BoNT/A
(pdb: 3BTA) as the guide. Freely available software (such as FirstGlance in
Jmol (http://molvis.sdsc.edu/fgii/fg.htm?mol=3bta)) are used to identify that the

LC peptide sequence is located on the surface. The location is therefore a

good region for accessibility by proteases.

Site directed mutagenesis is achieved using a primer designed to switch the
peptide region from GENN to IEGR utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisation. The
mutagenised DNA is incorporated into a standard cloning vector, for example
pCR4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Factor Xa site is
used to encode the amino acid sequence of the expression product is
illustrated in SEQ ID 38.

Example 38 — Creation of an LHE-VIPr chimaeric protein that incorporates
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a Factor Xa recognition site into the LC

The primary sequence of a chimaeric protein constructed by a genetic fusion of
the LHy fragment of BONT/E (incorporating a mutated substrate recognition
domain (K228D) and an analogues of the human vasoactive intestinal peptide
(VIPr) is reviewed for the presence of amino acid strings that are exposed on
the surface of the protein and can be engineered to resemble the prototypical

recognition site for Factor Xa (IEGR).

Analysis of the primary sequence identified the sequence 26VAQY within the
LC domain. The location of the peptide in the tertiary structure of the LC/E is
predicted from the X-ray crystal structure of BONT/E (pdb: 1T3A) as the guide.
Freely available software (such as Jmol

(http://www.rcsb.org/pdb/explore/imol.do?structureld=1T3A&bionumber=1) are

used to identify that the LC peptide sequence is located on the surface. The

location is therefore a good region for accessibility by proteases.

Site directed mutagenesis is achieved using a primer designed to switch the
peptide region from VAQY to IEGR utilising standard molecular tools for
performing mutagenesis (for example, the Stratagene Quickchange
mutagenesis methodology). E. coli codon usage is assessed by reference to
software programs such as Graphical Codon Usage Analyser (Geneart), and
the %GC content and codon usage ratio assessed by reference to published
codon usage tables (for example GenBank Release 143, September 13 2004)
to ensure that the mutagenesis does not result in poor codon utilisation. The
mutagenised DNA is incorporated into a standard cloning vector, for example
pCRA4, prior to transformation into E. coli host. The integrity of the ORF DNA is
checked by sequencing. The final ORF incorporating the Factor Xa site is
used to encode the amino acid sequence of the expression product is
illustrated in SEQ ID 39.

Example 39 — Cleavage of SNARE protein by a modified clostridial
neurotoxin (LHy) having the properties described by LIN, et al
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(WO02/044199)

Embryonic spinal cord neurons were prepared by dissection from E15 Sprague
Dawley rats and dissociated before plating onto Matrigel-coated 96 well plates
at 125,000 cells per well in medium (MEM buffered with sodium bicarbonate,
5% inactivated horse serum, 0.6% D-glucose, 2% N1 medium supplement,

40ng/ml corticosterone, 20ng/ml tri-iodothryronine).

After three weeks the cells were incubated with fresh medium containing either
recombinant light chain of serotype C (LC/C) or a modified clostridial
neurotoxin consisting of the translocation and light chains of serotype C
(LHNn/C) at half log concentrations between 180 nM and 0.18 nM) for 24hrs at
37°C in a humidified, 5% CO, atmosphere.

Cells were lysed with SDS PAGE loading buffer containing DTT. Proteins were
separated by SDS PAGE (12 % Tris-Bis), transferred to nitrocellulose
membrane and syntaxin detected using rabbit anti-syntaxin 2 antibody
(Synaptic Systems, cat#110022). Bound antibody was detected with anti-rabbit
IgG-peroxidase conjugate, followed by Westdura for fluorescent signal. Images
were scanned and quantitated using Syngene software (GeneTools). The
Figure 1 shows cleaved syntaxin as a percentage of total syntaxin, and
confirms a neurotoxin activity for the modified clostridial neurotoxin lacking a
functional Hc binding domain (LHn/C), but no detectable neurotoxin activity for
the modified clostridial neurotoxin lacking a functional Hy translocation domain
(LC/C).

SEQUENCE LISTING

SEQID NO: 1
ATGATTTCCGAATTTGGCTCGGAGTTCATGCCARTTACGAT TAACAATTTTAACTATAGTGATCCGGTGG

ATAATAAARAACATTTTATACCTGGATACCCACTTGAATACTCTTGCCAATGAGCCTGAAAAAGCCTTTCG
CATAACGGGTAACATTTGGGTCATTCCGGACCGTTTTAGCCGGAACTCTAACCCTAATCTGAATAAACCT
CCGCGTGTCACGTCTCCGARAAGTGGGTATTACGATCCAAATTATCTGAGTACCGATTCAGACAAGGATA
CGTTTCTGAAAGAAATCATAARAACTTTTCAAAAGAATCAACTCCCGTGAAATCGGTGAAGAGCTGATCTA
CCGTCTGTCGACGGACATTCCTTTTCCGGGAARACAATAACACTCCCATTAATACCTTCGACTTTGATGTC
GATTTCAACTCAGTCGATGTGAAAACCCGCCAGGGTAATAACTGGGTTAAAACTGGATCCATTAACCCGT
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CCGTTATTATCACAGGTCCTCGTGAAAATATTATAGATCCTGAGACCTCCACGTTCAAGCTGACGAATAA
CACTTTTGCGGCACAGGAAGGGTTTGGTGCCCTTTCAATTATCTCTATCTCTCCGCGCTTCATGTTAACG
TATTCTAACGCAACCAACGATGTTGGCGAGGGCCGCTTCAGCAARAGTGAATTCTGTATGGATCCCATTC
TGATCTTGATGCATGAGCTTAACCACGCTATGCATAATCTTTATGGTATTGCAATCCCAAACGATCAGAC
GATCTCCAGCGTTACATCTAACATATTCTACAGCCAATATAATGTGAAGCTCGAATATGCAGAGATTTAC
GCCTTCGGTGGGCCGACCATTGACCTCATTCCAAAGTCTGCCCGTAAGTACTTTGAGGRAAAAAGCGTTGG
ATTACTATCGTAGCATCGCGAAACGCCTGAATTCAATTACAACTGCAAACCCATCTAGCTTCAACAAATA
CATCGGAGAATATAAACAAAAGCTGATACGCAAATATCGCTTTGTGGTCGAATCGTCCGGGGAAGTGACA
GTTAATCGAAATAAATTTGTTGAACTCTATAATGAATTAACGCAGATCTTCACAGAATTTAATTATGCTA
AAATCTATAATGTACAGAACCGGAARATTTATCTCAGTAATGTATACACACCGGTGACTGCTAACATTCT
GGACGATAACGTCTACGATATTCAAAATGGCTTTAATATCCCGAAGAGCAACTTGAATGTCCTCTTCATG
GGGCAGARACTTGTCACGTAACCCAGCGCTGCGAAAAGTTAACCCAGAAAATATGTTGTACCTCTTTACAA
AATTCTGTGTAGACGCCGACGATGACGATAAACTGTACAACAAAACCCTGCAATGCCGTGAACTTCTGGT
TAAGAACACCGACCTGCCGTTCATTGGGGACATCAGTGATGTCAAARACGGATATTTTTCTTCGGAAGGAT
ATTAATGAGGAAACCGAAGTGATACCTGACAATGTGTCGGTAGATCAGGTAATCCTGAGTAAGAACACCA
GCGAGCATGGGCAGCTGGATCTGTTGTATCCGAGCATTGACAGCGAGTCGGARATACTGCCCGGCGAAAA
TCAAGTTTTTTATGACAATCGGACCCAGAATGTTGATTATCTGAATAGTTACTATTACT TGGAGAGCCAA
AAATTATCAGATAATGTGGAAGACTTTACCTTTACCCGGTCTATCGAAGAGGCGCTGGATAACAGCGCGA
AAGTTTACACTTATTTTCCCACGCTCGCAAACAAAGTTAATGCTGGCGTACAGGGTGGATTATTTCTTAT
GTGGGCGAATGATGTGGTAGAGGACTTTACAACCAACATCCTGCGCAAAGACACTTTAGACARAATTTCT
GACGTCTCGGCCATTATCCCGTATATAGGTCCGGCCTTAAACATAAGCAATTCGGTTCGCCGTGGCAACT
TCACAGARAGCCTTCGCTGTGACTGGTGTGACCATTCTGTTGGAAGCATTTCCTGAGTTTACGATCCCGGC
TCTGGGCGCATTTGTAATTTACTCTAAAGTTCAGGAACGAAATGAAATTATAARAAACTATCGATAATTGC
CTGGAACAGCGTATCAAGAGATGGAAGGATTCCTATGAGTGCGATGATGGGGACCTGGCTGTCAAGAATTA
TCACACAGTTTAATAACATATCCTATCAAATGTATGATAGCTTARACTATCAARGCAGGAGCGATAAAGGC
GAAAATTGACCTGGAATACAAGAAATATTCTGGTTCGGATAAAGAGAATATTAAAAGTCAGGTGGAARAT
CTGAAARATAGTTTAGATGTCAAAATTTCTGAGGCGATGAATAACATTAACAAATTCATCCGCGAGTGCA
GTGTARACTTATTTGTTTAAGAATATGTTACCCAAAGTTATCGACGAACTGAATGAATTTGATCGTAATAC
CAAAGCCAAATTGATCAACCTCATCGACTCTCATAACATCATTCTGCTGGGAGAAGTCGACAAACTGAAA
GCTAAGGTGAATAACAGCTTCCAGAATACAATTCCGTTTAATATTTTCTCATACACCAATAACTCGCTGC
TTAAAGATATTATCAACGAATATTTTAATCTGGAGGGTGGCGGTGGCAGTGGCGGTGGCGGATCCGGLGG
TGGCGGTAGCGCACTGGATAATTCAGATTCCGAATGTCCACTGTCACACGATGGTTATTGTCTTCATGAT
GGCGTGTGCATGTATATAGAAGCGTTAGATARAATACGCTTGCAACTGCGTGGTTGGCTATATCGGCGAAC
GTTGTCAGTATCGTGATTTAAAGTGGTGGGAATTACGCTAATGA

SEQ ID NO: 2

ISEFGSEFMPITINNENYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRFSRNSNPNLNKPP
RVTSPKSGYYDPNYLSTDSDKDTFLKEIIKLEKRINSREIGEELIYRLSTDIPFPGNNNTPINTFDEDVD
FNSVDVKTRQGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISISPRFMLTY
SNATNDVGEGRFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAEIYA
FGGPTIDLIPKSARKYFEEKALDYYRSIAKRLNSITTANPSSFNKYIGEYKQKLIRKYREFVVESSGEVTV
NRNKFVELYNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIQNGFNIPKSNLNVLEMG
ONLSRNPALRKVNPENMLYLFTKFCVDADDDDKLYNKTLQCRELLVKNTDLPFIGDISDVKTDIFLRKDI
NEETEVIPDNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVFYDNRTONVDYLNSYYYLESQK
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LSDNVEDFTFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLFLMWANDVVEDFTTNILRKDTLDKISD
VSAIIPYIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEIIKTIDNCL
EQRIKRWKDSYEWMMGTWLSRIITQENNISYQMYDSLNYQAGATIKAKIDLEYKKYSGSDKENIKSQVENL
KNSLDVKISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLKA
KVNNSFONTIPFNIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDG
VCMYIEALDKYACNCVVGYIGERCQYRDLKWWELR

SEQ ID NO: 3

ATGATTTCCGAATTTGGCTCGGAGTTCATGCCAATTACGATTAACAATTTTAACTATAGTGATCCGGTGG
ATAATAAAAACATTTTATACCTGGATACCCACTTGAATACTCTTGCCAATGAGCCTGAAARAGCCTTTCG
CATAACGGGTAACATTTGGGTCATTCCGGACCGTTTTAGCCGGAACTCTAACCCTAATCTGAATAAACCT
CCGCGTGTCACGTCTCCGAAAAGTGGGTATTACGATCCAAATTATCTGAGTACCGATTCAGACAAGGATA
CGTTTCTGAAAGAAATCATAAAACTTTTCAAAAGAATCAACTCCCGTGAAATCGGTGAAGAGCTGATCTA
CCGTCTGTCGACGGACATTCCTTTTCCGGGAAACAATAACACTCCCATTAATACCTTCGACTTTGATGTC
GATTTCAACTCAGTCGATGTGAAAACCCGCCAGGGTAATAACTGGGTTAARACTGGATCCATTAACCCGT
CCGTTATTATCACAGGTCCTCGTGAAAATATTATAGATCCTGAGACCTCCACGTTCAAGCTGACGAATAA
CACTTTTGCGGCACAGGAAGGGTTTGGTGCCCTTTCAATTATCTCTATCTCTCCGCGCTTCATGTTAACG
TATTCTAACGCAACCAACGATGTTATCGAGGGCCGCTTCAGCAAAAGTGAATTCTGTATGGATCCCATTC
TGATCTTGATGCATGAGCTTAACCACGCTATGCATAATCTTTATGGTATTGCAATCCCARACGATCAGAC
GATCTCCAGCGTTACATCTAACATATTCTACAGCCAATATAATGTGAAGCTCGAATATGCAGAGATTTAC
GCCTTCGGTGGGCCGACCATTGACCTCATTCCARAGTCTGCCCGTAAGTACTTTGAGGAARAAGCGTTGG
ATTACTATCGTAGCATCGCGAAACGCCTGAATTCAATTACAACTGCAAACCCATCTAGCTTCAACARATA
CATCGGAGAATATAAACAARAGCTGATACGCAAATATCGCTTTGTGGTCGAATCGTCCGGGGAAGTGACA
GTTAATCGAAATAAATTTGTTGAACTCTATAATGAATTAACGCAGATCTTCACAGAATTTAATTATGCTA
AAATCTATAATGTACAGAACCGGAAAATTTATCTCAGTAATGTATACACACCGGTGACTGCTAACATTCT
GGACGATAACGTCTACGATATTCAAARTGGCTTTAATATCCCGAAGAGCAACTTGAATGTCCTCTTCATG
GGGCAGAACTTGTCACGTAACCCAGCGCTGCGAAAAGTTAACCCAGAAAATATGTTGTACCTCTTTACAA
AATTCTGTGTAGACGCCGACGATGACGATAAACTGTACAACAAAACCCTGCAATGCCGTGAACTTCTGGT
TAAGAACACCGACCTGCCGTTCATTGGGGACATCAGTGATGTCAAAACGGATATTTTTCTTCGGAAGGAT
ATTAATGAGGAAACCGAAGTGATACCTGACAATGTGTCGGTAGATCAGGTAATCCTGAGTAAGAACACCA
GCGAGCATGGGCAGCTGGATCTGTTGTATCCGAGCATTGACAGCGAGTCGGARATACTGCCCGGCGARAA
TCAAGTTTTTTATGACAATCGGACCCAGAATGTTGATTATCTGAATAGTTACTATTACTTGGAGAGCCAA
AARATTATCAGATAATGTGGAAGACTTTACCTTTACCCGGTCTATCGAAGAGGCGCTGGATAACAGCGCGA
AAGTTTACACTTATTTTCCCACGCTCGCAAACARAGTTAATGCTGGCGTACAGGGTGGATTATTTCTTAT
GTGGGCGAATGATGTGGTAGAGGACTTTACAACCAACATCCTGCGCAAAGACACTTTAGACAARATTTCT
GACGTCTCGGCCATTATCCCGTATATAGGTCCGGCCTTAAACATAAGCAATTCGGTTCGCCGTGGCAACT
TCACAGAAGCCTTCGCTGTGACTGGTGTGACCATTCTGTTGGAAGCATTTCCTGAGTTTACGATCCCGGC
TCTGGGCGCATTTGTAATTTACTCTAAAGTTCAGGAACGAARATGARATTATARAAACTATCGATAATTGC
CTGGAACAGCGTATCAAGAGATGGAAGGATTCCTATGAGTGGATGATGGGGACCTGGCTGTCAAGAATTA
TCACACAGTTTAATAACATATCCTATCAAATGTATGATAGCTTAAACTATCAAGCAGGAGCGATAAARGGC
GAAAATTGACCTGGAATACAAGAAATATTCTGGTTCGGATAAAGAGAATATTAAAAGTCAGGTGGAARAT
CTGAARAATAGTTTAGATGTCAAAATTTCTGAGGCGATGAATAACATTAACARATTCATCCGCGAGTGCA
GTGTAACTTATTTGTTTRAGAATATGTTACCCAAAGTTATCGACGAACTGAATGAATTTGATCGTAATAC
CAAAGCCAAATTGATCAACCTCATCGACTCTCATAACATCATTCTGGTGGGAGAAGTCGACAAACTGARA
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GCTAAGGTGAATAACAGCTTCCAGAATACAATTCCGTTTAATATTTTCTCATACACCAATAACTCGCTGC
TTAAAGATATTATCAACGAATATTTTAATCTGGAGGGTGGCGGTGGCAGTGGCGGTGGCGGATCCGGCGG
TGGCGGTAGCGCACTGGATAATTCAGATTCCGAATGTCCACTGTCACACGATGGTTATTGTCTTCATGAT
GGCGTGTGCATGTATATAGAAGCGTTAGATARATACGCTTGCAACTGCGTGGTTGGCTATATCGGCGAAC
GTTGTCAGTATCGTGATTTAAAGTGGTGGGAATTACGCTAATGA

SEQ ID NO: 4
MISEFGSEFMPITINNFNYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRESRNSNPNLNKP
PRVTSPKSGYYDPNYLSTDSDKDTFLKEIIKLFKRINSREIGEELIYRLSTDIPFPGNNNTPINTEDFDV
DFNSVDVKTRQGNNWVKTGSINPSVIITGPRENI IDPETSTFKLTNNT FAAQEGFGALSIISISPRFMLT
YSNATNDVIEGRFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAETY
AFGGPTIDLIPKSARKYFEEKALDYYRSIAKRLNSITTANPSSFNKYIGEYKQKLIRKYRFVVESSGEVT
VNRNKFVELYNELTQIFTEFNYAKIYNVQNRKIYLSNVYTPVTANILDDNVYDIQNGFNIPKSNLNVLEM
GONLSRNPALRKVNPENMLYLFTKFCVDADDDDKLYNKTLQCRELLVKNTDLPFIGDISDVKTDIFLRKD
INEETEVIPDNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVFYDNRTONVDYLNSYYYLESQ
KLSDNVEDFTFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLFLMWANDVVEDFTTNTLRKDTLDKTS
DVSAIIPYIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEI IKTIDNC
LEQRIKRWKDS YEWMMGTWLSRIITQFNNISYQMYDSLNYQAGAIKAKIDLE YKKYSGSDKENIKSOVEN
LKNSLDVKISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLK
AKVNNSFQNTIPFNIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHED
GVCMYIEALDKYACNCVVGYIGERCQYRDLKWWELR

SEQ ID NO: 5

ATGATTTCCGAATTTGGCTCGGAGTTCATGCCAATTACGATTAACAATTTTAACTATAGTGATCCGGTGG
ATAATAARAACATTTTATACCTGGATACCCACTTGAATACTCTTGCCAATGAGCCTGARAAAGCCTTTCG
CATAACGGGTAACATTTGGGTCATTCCGGACCGTTTTAGCCGGAACTCTAACCCTAATCTGAATAAACCT
CCGCGTGTCACGTCTCCGAAAAGTGGGTATTACGATCCAAATTATCTGAGTACCGATTCAGACAAGGATA
CGTTTCTGAAAGAAATCATAAAACTTTTCRARAGAATCAACTCCCGTGAAATCGGTGAAGAGCTGATCTA
CCGTCTGTCGACGGACATTCCTTTTCCGGGAAACAATAACACTCCCATTAATACCTTCGACTTTGATGTC
GATTTCAACTCAGTCGATGTGAAAACCCGCCAGGGTAATAACTGGGTTAARACTGGATCCATTAACCCGT
CCGTTATTATCACAGGTCCTCGTGAAAATATTATAGATCCTGAGACCTCCACGTTCAAGCTGACGAATAA
CACTTTTGCGGCACAGGAAGGGTTTGGTGCCCTTTCAATTATCTCTATCGTTCCGCGCTTCTCCTTAACG
TATTCTAACGCAACCAACGATGTTGGCGAGGGCCGCTTCAGCAAAAGTGAATTCTGTATGGATCCCATTC
TGATCTTGATGCATGAGCTTAACCACGCTATGCATAATCTTTATGGTATTGCAATCCCAARACGATCAGAC
GATCTCCAGCGTTACATCTAACATATTCTACAGCCAATATAATCTGAAGCTCGAATATGCAGAGATTTAC
GCCTTCGGTGGGCCGACCATTGACCTCATTCCAAAGTCTGCCCGTAAGTACT TTGAGGAAAAAGCGTTGG
ATTACTATCGTAGCATCGCGAAACGCCTGAATTCAATTACAACTGCAAACCCATCTAGCTTCAACAAATA
CATCGGAGAATATAAACAAAAGCTGATACGCAAATATCGCTTTGTGGTCGRATCGTCCGGGGAAGTGACA
GTTAATCGARATAAATTTGTTGAACTCTATAATGAATTAACGCAGATCTTCACAGAATTTAATTATGCTA
AAATCTATAATGTACAGAACCGGAAAATTTATCTCAGTAATGTATACACACCGGTGACTGCTAACATTCT
GGACGATAACGTCTACGATATTCAAAATGGCTTTAATATCCCGAAGAGCAACTTGAATGTCCTCTTCATG
GGGCAGAACTTGTCACGTAACCCAGCGCTGCGAAAAGTTAACCCAGAAAATATGTTGTACCTCTTTACAA
AATTCTGTGTAGACGCCGACGATGACGATAARACTGTACAACAARACCCTGCAATGCCGTGAACTTCTGGT
TAAGAACACCGACCTGCCGTTCATTGGGGACATCAGTGATGTCARAACGGATATTTTTCTTCGGAAGGAT
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ATTAATGAGGAAACCGAAGTGATACCTGACAATGTGTCGGTAGATCAGGTAATCCTGAGTAAGAACACCA
GCGAGCATGGGCAGCTGGATCTGTTGTATCCGAGCATTGACAGCGAGTCGGAAATACTGCCCGGCGAAAA
TCAAGTTTTTTATGACAATCGGACCCAGAATGTTGATTATCTGAATAGTTACTATTACTTGGAGAGCCAA
AAATTATCAGATAATGTGGAAGACTTTACCTTTACCCGGTCTATCGAAGAGGCGCTGCGATAACAGCGCGA
AAGTTTACACTTATTTTCCCACGCTCGCAAACAAAGTTAATGCTGGCGTACAGGGTGGATTATTTCTTAT
GTGGGCGAATGATGTGGTAGAGGACTTTACAACCAACATCCTGCGCAAAGACACTTTAGACAAAATTTCT
GACGTCTCGGCCATTATCCCGTATATAGGTCCGGCCTTAAACATAAGCAATTCGGTTCGCCGTGGCAACT
TCACAGAAGCCTTCGCTGTGACTGGTGTGACCATTCTGTTGGAAGCATTTCCTGAGTTTACGATCCCGGC
TCTGGGCGCATTTGTAATTTACTCTAAAGTTCAGGAACGAAATGAAATTATAAAAACTATCGATAATTGC
CTGGAACAGCGTATCAAGAGATGGAAGGATTCCTATGAGTGGATGATGGGGACCTGGCTGTCAAGAATTA
TCACACAGTTTAATAACATATCCTATCAAATGTATGATAGCTTAAACTATCAAGCAGGAGCGATARAGGC
GAAAATTGACCTGGAATACAAGAAATATTCTGGTTCGGATAAAGAGAATATTAAAAGTCAGGTGGAAAAT
CTGAAAAATAGTTTAGATGTCAAAATTTCTGAGGCGATGAATAACATTAACAAATTCATCCGCGAGTGCA
GTGTAACTTATTTGTTTAAGAATATGTTACCCARAGTTATCGACGAACTGAATGAATTTGATCGTAATAC
CAAAGCCAAATTGATCAACCTCATCGACTCTCATAACATCATTCTGGTGGCAGAAGTCGACAAACTGAAA
GCTAAGGTGAATAACAGCTTCCAGAATACAATTCCGTTTAATATTTTCTCATACACCAATAACTCGCTGC
TTAAAGATATTATCAACGAATATTTTAATCTGGAGGGTGGCGGTGGCAGTGGCGGTGGCGGATCCGGCGG
TGGCGGTAGCGCACTGGATAATTCAGATTCCGAATGTCCACTGTCACACGATGGTTATTGTCTTCATGAT
GGCGTGTGCATGTATATAGAAGCGTTAGATARATACGCTTGCAACTGCGTGGTTGGCTATATCGGCGAAC
GTTGTCAGTATCGTGATTTAAAGTGGTGGGAATTACGCTAATGA

SEQ ID NO: 6
MISEFGSEFMPITINNENYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRFSRNSNPNLNKP
PRVTSPKSGYYDPNYLSTDSDKDTFLKEITKLFKRINSREIGEELIYRLSTDIPFPGNNNTPINTEDEDV
DENSVDVKTRQGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFARQEGFGALSIISIVPREFSLT
YSNATNDVGEGRFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAETY
AFGGPTIDLIPKSARKYFEEKALDYYRSTAKRLNSITTANPSSFNKYIGEYKQOKLIRKYREFVVESSGEVT
VNRNKFVELYNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIQNGFNIPKSNLNVLEM
GONLSRNPALRKVNPENMLYLFTKFCVDADDDDKLYNKTLQCRELLVKNTDLPFIGDISDVKTDIFLRKD
INEETEVIPDNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVEFYDNRTOQNVDYLNSYYYLESQ
KLSDNVEDFTFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLELMWANDVVEDFTTNILRKDTLDKIS
DVSAIIPYIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEIIKTIDNC
LEQRIKRWKDSYEWMMGTWLSRIITQENNISYOMYDSLNYQAGATKAKIDLEYKKYSGSDKENIKSQVEN
LKNSLDVKISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLK
AKVNNSFONTIPFNIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHD
GVCMYIEALDKYACNCVVGYIGERCQYRDLKWWELR

SEQ ID NO: 7

atgggatccatggagttcgttaacaaacagttcaactataaagacccagttaacggtgttgacattgctt
acatcaaaatcccgaacgctggccagatgcagccggtaaaggcattcaaaatccacaacaaaatctgggt
tatcccggaacgtgatacctttactaacccggaagaaggtgacctgaacccgccaccggaagcgaaacag
gtgccggtatcttactatgactccacctacctgtctaccgataacgaaaaggacaactacctgaaaggtg
ttactaaactgttcgagcgtatttacteccaccgacctgggecgtatgetgetgactagecatecgttcgegg
tatccecgttctggggeggttctaccatcgataccgaactgaaagtaatcgacactaactgcatcaacgtt
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attcagccggacggttcectatcgtteccgaagaactgaacctggtgatcatecggeccgtetgectgatatcea
tccagttcgagtgtaagagctttggtcacgaagttctgaacctcacccgtaacggctacggttccactca
gtacatccgtttctctcecggacttcaccttecggttttgaagaatccctggaagtagacacgaacccactg
ctgggcgctggtaaattcgcaactgatectgecggttaccctggetcacgaactgattcatgcaggecace
gcctgtacggtatcgeccatcaatccgaacecgtgtcttcaaagttaacaccaacgegtattacgagatgte
cggtctggaagttagcttcgaagaactgecgtacttttggcggtcacgacgctaaattcatcgactctctg
caagaaaacgagttccgtctgtactactataacaagttcaaagatatcgcatccaccctgaacaaagcga
aatccatcgtgggtaccactgecttctctccagtacatgaagaacgtttttaaagaaaaatacctgectcag
cgaagacacctccggcaaattctctgtagacaagttgaaattcgataaactttacaaaatgectgactgaa
atttacaccgaagacaacttcgttaagttctttaaagttctgaaccgcaaaacctatctgaacttcgaca
aggcagtattcaaaatcaacatcgtgccgaaagttaactacactatctacgatggtttcaacctgegtaa
caccaacctggctgctaattttaacggccagaacacggaaatcaacaacatgaacttcacaaaactgaaa
aacttcactggtctgttcgagttttacaagctgetgtgecGTCGACGGCATCATTACCTCCAAAACTAAAT
CTGACGATGACGATAAAAACARAAGCGCTGAACCTGCAGtgtatcaaggttaacaactgggatttattctt
cagcccgagtgaagacaacttcaccaacgacctgaacaaaggtgaagaaatcacctcagatactaacate
gaagcagccgaagaaaacatctcgcectggacctgatccagcagtactacctgacctttaatttcgacaacg
agccggaaaacatttctatcgaaaacctgagcectctgatatcatcggeccagectggaactgatgeccgaacat
cgaacgtttcccaaacggtaaaaagtacgagctggacaaatataccatgttccactacctgegegegeag
gaatttgaacacggcaaatcccgtatcgecactgactaactccgttaacgaagctcectgctcaaccegtece
gtgtatacaccttcttctctagcgactacgtgaaaaaggtcaacaaagcgactgaagctgcaatgttett
gggttgggttgaacagcttgtttatgattttaccgacgagacgtccgaagtatctactaccgacaaaatt
gcggatatcactatcatcatcccgtacatcggtccggectectgaacattggcaacatgectgtacaaagacg
acttcgttggcgcactgatcttctececggtgeggtgatcctgetggagttcatcccggaaatcgecatece
ggtactgggcacctttgctctggtttcttacattgcaaacaaggttctgactgtacaaaccatcgacaac
gcgctgagcaaacgtaacgaaaaatgggatgaagtttacaaatatatcgtgaccaactggetggetaagg
ttaatactcagatcgacctcatccgcaaaaaaatgaaagaagcactggaaaaccaggcggaagctaccaa
ggcaatcattaactaccagtacaaccagtacaccgaggaagaaaaaaacaacatcaacttcaacatcgac
gatctgtcctctaaactgaacgaatccatcaacaaagctatgatcaacatcaacaagttectgaaccagt
gctctgtaagctatctgatgaactccatgatcccgtacggtgttaaacgtcectggaggacttegatgegtce
tctgaaagacgecectgctgaaatacatttacgacaaccgtggecactctgatecggtcaggttgategtetyg
aaggacaaagtgaacaataccttatcgaccgacatcccttttcagctcagtaaatatgtcgataaccaac
geccttttgtceccactctagaaggtggcggtgggteccggtggecggtggctcaggegggggcggtagegeact
agacaactctgactctgaatgcccgectgtctcacgacggttactgecctgcacgacggtgtttgecatgtac
atcgaagctctggacaaatacgcttgecaactgegttgttggttacatcggtgaacgttgecagtacegtyg
acctgaaatggtgggaactgcgtgcgctagaagcaCACCATCATCACcaccatcaccatcaccattaatg

a

SEQ ID NO: 8

MGSMEFVNKQFNYKDPVNGVDIAYIKIPNAGOMOPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAKQ
VPVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCINV
IQPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPL
LGAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVEKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSL
QENEFRLYYYNKFKDIASTLNKAKSIVGTTASLOQYMKNVFKEKYLLSEDTSGKESVDKLKEFDKLYKMLTE
IYTEDNFVKFFRVLNRKTYLNFDKAVEKINIVPKVNYTIYDGEFNLRNTNLAANENGONTEINNMNFTKLK
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NETGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLOCIKVNNWDLFFSPSEDNEFTNDLNKGEEITSDTNI
EAAEENISLDLIQQYYLTEFNFDNEPENISTENLSSDIIGQLELMPNIERFPNGKKYELDKY TMFHYLRAQ
EFEHGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKI
ADITIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIATPVLGTFALVSYIANKVLTVQTIDN
ALSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINEFNID
DLSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQOVDRL
KDKVNNTLSTDIPFQLSKYVDNQRLLSTLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMY
IEALDKYACNCVVGYIGERCQYRDLKWWELRALEAHHHHHHHHHH

SEQ ID NO: 9

atgggatccatggagttcgttaacaaacagttcaactataaagacccagttaacggtgttgacattgett
acatcaaaatcccgaacgctggccagatgcagccggtaaaggcattcaaaatccacaacaaaatctgggt
tatcccggaacgtgatacctttactaacccggaagaaggtgacctgaacccgccaccggaagcgaaacag
gtgccggtatcttactatgactccacctacctgtctaccgataacgaaaaggacaactacctgaaaggtyg
ttactaaactgttcgagcgtatttactccaccgacctgggeecgtggtctgetgactagcatcgttegegg
tatcccgttctggggecggttctaccatcgataccgaactgaaagtaatcgacactaactgcatcaacgtt
attcagccggacggttcctatcgttccgaagaactgaacctggtgatcatecggeccgtcectgetgatatca
tccagttcgagtgtaagagectttggtcacgaagttctgaacctcaccecgtaacggctacggttccactca
gtacatccgtttctctcececggacttcacctteggttttgaagaatccctggaagtagacacgaacccactg
ctgggcgctggtaaattcecgcaactgatcctgeggttaccctggctcacgaactgattcatgcaggecacc
gcctgtacggtatcgeccatcaatccgaacegtgtcttcaaagttaacaccaacgcgtattacgagatgtce
cggtctggaagttagcttcgaagaactgcgtacttttggecggtcacgacgctaaattcatcgactetetg
caagaaaacgagttccgtctgtactactataacaagttcaaagatatcgecatccaccctgaacaaagcecga
aatccatcgtgggtaccactgcttctctccagtacatgaagaacgtttttaaagaaaaatacctgcectcag
cgaagacacctccggcaaattctctgtagacaagttgaaattcgataaactttacaaaatgctgactgaa
atttacaccgaagacaacttcgttaagttctttaaagttctgaaccgcaaaacctatctgaacttcgaca
aggcagtattcaaaatcaacatcgtgccgaaagttaactacactatctacgatggtttcaacctgcgtaa
caccaacctggctgctaattttaacggccagaacacggaaatcaacaacatgaacttcacaaaactgaaa
aacttcactggtctgttcgagttttacaagctgctgtgcGTCCGACGCCATCATTACCTCCAARACTAAAT
CTGACGATGACGATAAAAACAAAGCGCTGAACCTGCAGtgtatcaaggttaacaactgggatttattett
cagcccgagtgaagacaacttcaccaacgacctgaacaaaggtgaagaaatcacctcagatactaacate
gaagcagccgaagaaaacatctcgctggacctgatccagcagtactacctgacctttaatttcgacaacy
agccggaaaacatttctatcgaaaacctgagctctgatatcatcggeccagectggaactgatgecgaacat
cgaacgtttcccaaacggtaaaaagtacgagctggacaaatataccatgttccactacctgecgecgegeag
gaatttgaacacggcaaatcccgtatcgcactgactaactccgttaacgaagectctgctcaaccecgtcecece
gtgtatacaccttcttctctagecgactacgtgaaaaaggtcaacaaagecgactgaagctgcaatgttcett
gggttgggttgaacagcttgtttatgattttaccgacgagacgtccgaagtatctactaccgacaaaatt
gcggatatcactatcatcatcccgtacatcecggtccggectctgaacattggcaacatgectgtacaaagacg
acttcgttggcgcactgatcttctccggtgeggtgatcctgectggagttcatcecceggaaatcgecateee
ggtactgggcacctttgctctggtttcttacattgcaaacaaggttctgactgtacaaaccatcgacaac
gcgctgagcaaacgtaacgaaaaatgggatgaagtttacaaatatatcgtgaccaactggetggctaagg
ttaatactcagatcgacctcatccgcaaaaaaatgaaagaagcactggaaaaccaggcggaagctaccaa
ggcaatcattaactaccagtacaaccagtacaccgaggaagaaaaaaacaacatcaacttcaacatcgac

gatctgtcctctaaactgaacgaatccatcaacaaagctatgatcaacatcaacaagttcctgaaccagt
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gctctgtaagctatctgatgaactccatgatccecgtacggtgttaaacgtctggaggacttecgatgegte
tctgaaagacgccctgctgaaatacatttacgacaaccgtggecactctgateggtcaggttgatcecgtetg
aaggacaaagtgaacaataccttatcgaccgacatcccttttcagctcagtaaatatgtcgataaccaac
gcecttttgtccactctagaaggtggeggtgggtecggtggcggtggctcaggecgggggecggtagegeact
agacaactctgactctgaatgccecgetgtectcacgacggttactgectgecacgacggtgtttgcatgtac
atcgaagctctggacaaatacgcttgcaactgegttgttggttacatcggtgaacgttgccagtacegtyg
acctgaaatggtgggaactgcgtgegectagaagcaCACCATCATCACcaccatcaccatcaccattaatg

a

SEQ ID NO: 10

MGSMEFVNKQFNYKDPVNGVDIAY IKIPNAGOMOPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAKQ
VPVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRGLLTSIVRGIPFWGGSTIDTELKVIDTNCINV
IQPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPL
LGAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSL
QENEFRLYYYNKFKDIASTLNKAKSIVGTTASLQYMKNVFKEKYLLSEDTSGKFSVDKLKFDKLYKMLTE
IYTEDNFVKFFKVLNRKTYLNFDKAVFKINIVPKVNYTIYDGENLRNTNLAANFNGONTEINNMNETKLK
NFTGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLOQCIKVNNWDLEFFSPSEDNFTNDLNKGEEITSDTNI
EAAEENISLDLIQQYYLTENFDNEPENISIENLSSDIIGQLELMPNIEREPNGKKYELDKYTMEHYLRAQ
EFEHGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKI
ADITIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTIDN
ALSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINENID
DLSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRL
KDKVNNTLSTDIPFQLSKYVDNQRLLSTLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMY
IEALDKYACNCVVGYIGERCQYRDLKWWELRALEAHHHHHHHHHH

SEQID 11
ISEFGSEFMPITINNFNYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDREFSRNSNPNLNKEP
RVTSPKSGYYDPNYLSTDSDKDTFLKEIIKLFKRINSREIGEELIYRLSTDIPFPGNNNTPINTFDFDVD
FNSVDVKTROGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISISPRFMLTY
SNATNDVRSRRFSKSEFCMDPILILMHELNHAMHNLYGIATIPNDQTISSVTSNIFYSQYNVKLEYAETIYA
FGGPTIDLIPKSARKYFEEKALDYYRSIAKRLNSITTANPSSFNKYIGEYKQKLIRKYRFVVESSGEVTV
NRNKFVELYNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIQONGENIPKSNLNVLEMG
ONLSRNPALRKVNPENMLYLEFTKFCVDADDDDKLYNKTLQCRELLVKNTDLPFIGDISDVKTDIFLRKDI
NEETEVIPDNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVFYDNRTQNVDYLNSYYYLESQK
LSDNVEDFTFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLEFLMWANDVVEDFTTNILRKDTLDKISD
VSAIIPYIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEIIKTIDNCL
EQRIKRWKDSYEWMMGTWLSRIITQFNNISYQMYDSLNYQAGAIKAKIDLEYKKYSGSDKENIKSQVENL
KNSLDVKISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLKA
KVNNSFONTIPFNIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDG
VCMYIEALDKYACNCVVGYIGERCQYRDLKWWELR

SEQID 12
atgggatccatggagttcgttaacaaacagttcaactataaagacccagttaacggtgttgacattgett

acatcaaaatcccgaacgcectggceccagatgcageccggtaaaggcattcaaaatccacaacaaaatctgggt
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tatcccggaacgtgatacctttactaacccggaagaaggtgacctgaacccgccaccggaagcgaaacag
gtgccggtatcttactatgactccacctacctgtctaccgataacgaaaaggacaactacctgaaaggtyg
ttactaaactgttcgagcgtatttactccaccgacctgggeccgtatgectgetgactagecatecgttegegg
tatcccgttctggggeggttctaccatcgataccgaactgaaagtaatcgacactaactgecatcaacgtt
attcagccggacggttecctatcecgttccgaagaactgaacctggtgatcatcggececgtetgetgatatca
tccagttcgagtgtaagagctttggtcacgaagttctgaacctcaccecgtaacggctacggttccactcea
gtacatccgtttctctcecggacttcacctteggttttgaagaatccctggaagtagacacgaacccactyg
ctgggcgctggtaaattcgcaactgatcctgeggttaccctggetcacgaactgattcatgcaggecace
gcctgtacggtatcgeccatcaatccgaaccgtgtcettcaaagttaacaccaacgegtattacgagatgtce
cggtctggaagttagcttcgaagaactgegtacttttggeggtcacgacgctaaattcatcgactctetg
caagaaaacgagttccgtctgtactactataacaagttcaaagatatcgcatccaccctgaacaaagega
aatccatcgtgggtaccactgcttctctccagtacatgaagaacgtttttaaagaaaaatacctgectcag
cgaagacacctccggcaaattctctgtagacaagttgaaattcgataaactttacaaaatgctgactgaa
atttacaccgaagacaacttcgttaagttctttaaagttctgaaccgcaaaacctatctgaacttcgaca
aggcagtattcaaaatcaacatcgtgccgaaagttaactacactatctacgatggtttcaacctgecgtaa
caccaacctggctgctaattttaacggccagaacacggaaatcaacaacatgaacttcacaaaactgaaa
aacttcactggtctgttcgagttttacaagetgetgtgeGTCGACGGCATCATTACCTCCARAAACTAAAT
CTGACGATGACGATARAAACAAAGCGCTGAACCTGCAGtgtatcaaggttaacaactgggatttattctt
cagcccgagtgaagacaacttcaccaacgacctgaacaaaggtgaagaaatcacctcagatactaacatce
gaagcagccgaagaaaacatctcgctggacctgatccagcagtactacctgacctttaatttcgacaacyg
agccggaaaacatttctatcgaaaacctgagctctgatatcatcggecagctggaactgatgccgaacat
cgaacgtttcccaaacggtaaaaagtacgagctggacaaatataccatgttccactacctgcgegegeag
gaatttgaacacATcGaaGGecegtatcgcactgactaactcecgttaacgaagctctgetcaaccegteec
gtgtatacaccttcttctctagcgactacgtgaaaaaggtcaacaaagcgactgaagcectgcaatgttett
gggttgggttgaacagcttgtttatgattttaccgacgagacgtccgaagtatctactaccgacaaaatt
gcggatatcactatcatcatccecgtacatcggteccggectctgaacattyggcaacatgectgtacaaagacg
acttcgttggcgcactgatcecttcteccggtgegagtgatcctgetggagttcatecccggaaatcgecatece
ggtactgggcacctttgectctggtttcttacattgcaaacaaggttctgactgtacaaaccatcgacaac
gcgctgagcaaacgtaacgaaaaatgggatgaagtttacaaatatatcgtgaccaactggetggctaagg
ttaatactcagatcgacctcatccgcaaaaaaatgaaagaagcactggaaaaccaggcggaagctaccaa
ggcaatcattaactaccagtacaaccagtacaccgaggaagaaaaaaacaacatcaacttcaacatcgac
gatctgtcctctaaactgaacgaatccatcaacaaagctatgatcaacatcaacaagttcctgaaccagt
gctctgtaagctatctgatgaactccatgatceccgtacggtgttaaacgtctggaggacttecgatgegte
tctgaaagacgccctgctgaaatacatttacgacaaccgtggcactctgateggtcaggttgategtetyg
aaggacaaagtgaacaataccttatcgaccgacatcccttttcagctcagtaaatatgtcgataaccaac
gcecttttgtccactctagaaggtggeggtgggteccggtggeggtggetcaggegggggcggtagegeact
agacaactctgactctgaatgcccgectgtctcacgacggttactgectgecacgacggtgtttgecatgtac
atcgaagctctggacaaatacgcttgcaactgegttgttggttacatcggtgaacgttgecagtacegtyg
acctgaaatggtgggaactgcgtgcgctagaagcaCACCATCATCACcaccatcaccatcaccattaatyg

a

SEQID 13
GSMEFVNKQFNYKDPVNGVDIAYIKIPNAGQMQPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAKQV
PVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCINVI
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QOPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPLL
GAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSLQ
ENEFRLYYYNKFKDIASTLNKAKSIVGTTASLOYMKNVFKEKYLLSEDTSGKESVDKLKFDKLYKMLTET
YTEDNEVKFFKVLNRKTYLNFDKAVEKINIVPKVNYTIYDGFNLRNTNLAANEFNGONTEINNMNETKLKN
FTGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLEFFSPSEDNFTNDLNKGEEITSDTNIE
AAEENISLDLIQQYYLTEFNEFDNEPENISIENLSSDIIGOLELMPNIERFPNGKKYELDKYTMFHYLRAQE
FEHIEGRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKIA
DITITIIPYIGPALNIGNMLYKDDEFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTIDNA
LSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKATIINYQYNQYTEEEKNNINENIDD
LSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRLK
DKVNNTLSTDIPFQLSKYVDNQRLLSTLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMY T
EALDKYACNCVVGYIGERCQYRDLKWWELRALEAHHHHHHHHHH

SEQID 14

atgggatccatggagttcgttaacaaacagttcaactataaagacccagttaacggtgttgacattgett
acatcaaaatcccgaacgcectggceccagatgcageccggtaaaggcattcaaaatccacaacaaaatctgggt
tatcccggaacgtgatacctttactaacccggaagaaggtgacctgaacccgeccaccggaagcgaaacag
gtgccggtatcttactatgactccacctacctgtctaccgataacgaaaaggacaactacctgaaaggtg
ttactaaactgttcgagcgtatttactccaccgacctgggeccgtatgectgectgactagecatecgttegegg
tatcccgttcectggggeggttctaccatcgataccgaactgaaagtaatcgacactaactgecatcaacgtt
attcagccggacggttcectatcecgttccgaagaactgaacctggtgatcatcggeccgtctgectgatatca
tccagttcgagtgtaagagcectttggtcacgaagttctgaacctcaccecgtaacggectacggttccactcea
gtacatccgtttctctccggacttcacctteggttttgaagaatcecctggaagtagacacgaacccactg
GCGCAGgctGTTCGTTCCTCTTCTgatcctgeggttaccctggctcacgaactgattcatgcaggccacce
gcctgtacggtatcgccatcaatccgaaccgtgtettcaaagttaacaccaacgecgtattacgagatgte
cggtctggaagttagcttcgaagaactgcgtacttttggeggtcacgacgctaaattcatcgactctctyg
caagaaaacgagttccgtctgtactactataacaagttcaaagatatcgcatccaccctgaacaaagcga
aatccatcgtgggtaccactgcttctctccagtacatgaagaacgtttttaaagaaaaatacctgectcag
cgaagacacctccggcaaattctctgtagacaagttgaaattcgataaactttacaaaatgctgactgaa
atttacaccgaagacaacttcgttaagttctttaaagttctgaaccgcaaaacctatctgaacttcgaca
aggcagtattcaaaatcaacatcgtgccgaaagttaactacactatctacgatggtttcaacctgegtaa
caccaacctggctgctaattttaacggccagaacacggaaatcaacaacatgaacttcacaaaactgaaa
aacttcactggtctgttcgagttttacaagectgectgtgecGTCGACGGCATCATTACCTCCAAAACTAAAT
CTGACGATGACGATAAAAACAAAGCGCTGAACCTGCAGtgtatcaaggttaacaactgggatttattctt
cagcccgagtgaagacaacttcaccaacgacctgaacaaaggtgaagaaatcacctcagatactaacate
gaagcagccgaagaaaacatctcgctggacctgatccagecagtactacctgacctttaatttcgacaacg
agccggaaaacatttctatcgaaaacctgagctctgatatcatcggeccagctggaactgatgceccgaacat
cgaacgtttcccaaacggtaaaaagtacgagctggacaaatataccatgttccactacctgecgcgecgcag
gaatttgaacacggcaaatcccgtatcgcactgactaactccgttaacgaagctctgectcaaccecgtecce
gtgtatacaccttcttctctagcgactacgtgaaaaaggtcaacaaagcgactgaagctgcaatgttctt
gggttgggttgaacagcttgtttatgattttaccgacgagacgtccgaagtatctactaccgacaaaatt
gcggatatcactatcatcatcccgtacatcggtccggctctgaacattggcaacatgectgtacaaagacg
acttcgttggcgcactgatcttctceggtgeggtgatcctgetggagttcatececcggaaatcgecatece
ggtactgggcacctttgctctggtttcttacattgcaaacaaggttctgactgtacaaaccatcgacaac
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gcgctgagcaaacgtaacgaaaaatgggatgaagtttacaaatatatcgtgaccaactggctggetaagg
ttaatactcagatcgacctcatccgcaaaaaaatgaaagaagcactggaaaaccaggcggaagctaccaa
ggcaatcattaactaccagtacaaccagtacaccgaggaagaaaaaaacaacatcaacttcaacatcgac
gatctgtcctctaaactgaacgaatccatcaacaaagctatgatcaacatcaacaagttcctgaaccagt
gctctgtaagcetatctgatgaactccatgatccecgtacggtgttaaacgtctggaggacttcgatgegtce
tctgaaagacgccctgctgaaatacatttacgacaaccgtggcactctgatcggtcaggttgategtetg
aaggacaaagtgaacaataccttatcgaccgacatcccttttcagectcagtaaatatgtcgataaccaac
gccttttgteccactctagaaggtggeggtgggtcececggtggeggtggetcaggecgggggeggtagegeact
agacaactctgactctgaatgcccgctgtctcacgacggttactgectgcacgacggtgtttgecatgtac
atcgaagctctggacaaatacgcttgcaactgegttgttggttacatcggtgaacgttgeccagtaccgtg
acctgaaatggtgggaactgcgtgcgctagaagcaCACCATCATCACcaccatcaccatcaccattaatyg

a

SEQID 15
GSMEFVNKQFNYKDPVYNGVDIAYIKIPNAGOMQPVKAFKIHNKIWVIPERDTETNPEEGDLNPPPEAKQV
PVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCINVT
QPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPLA
QAVRSSSDPAVTLAHELTHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSLO
ENEFRLYYYNKFKDIASTLNKAKSIVGTTASLQYMKNVFKEKYLLSEDTSGKEFSVDKLKFDKLYKMLTEL
YTEDNFVKFFKVLNRKTYLNFDKAVEKINIVPKVNYTIYDGEFNLRNTNLAANENGONTEINNMNETKLKN
FTGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLFFSPSEDNETNDLNKGEEITSDTNIE
AAEENISIDLIQQYYLTFNFDNEPENISIENLSSDIIGQLELMPNIERFPNGKKYELDKYTMEFHYLRAQE
FEHGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKIA
DITITIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTIDNA
LSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINENIDD
LSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGOVDRLK
DKVNNTLSTDIPFQLSKYVDNQRLLSTLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMY I
EALDKYACNCVVGYIGERCQYRDLKWWELRALEAHHHHHHHHHH

SEQID 16

atgggatccatggagticgttaacaaacagttcaactataaagacccagttaacggtgttgacattgcttacatcaaaatcccgaacgce
tggccagatgcagecggtaaaggcattcaaaatccacaacaaaatetgggttatcccggaacgtgatacctitactaacccggaag
aaggtgacctgaacccgccaccggaagegaaacaggtgecggtatettactatgactccacctacetgtctaccgataacgaaaag
gacaactacctgaaaggtgttactaaactgticgagcgtatttactccaccgacctgggcecgtatgctgctgactagcategtticgeggt
atcccgttctggggeggttctaccatcgataccgaactgaaagtaatcgacactaactgeatcaacgttaticagccggacggttcctat
cgticcgaagaactgaacctggtgatcatcggcccgtetgctgatatcatccagttcgagtgtaagagcetitggtcacgaagttctgaac
ctcacccgtaacggetacggttccactcagtacatecegtttctctccggacttcacctteggttitgaagaatcectggaagtagacacga
acccactgctgggegetggtaaattcgcaactgatcctgeggttaccctggetcacgaactgattcatgcaggecaccgcectgtacggt
atcgccatcaatccgaaccgtgtcttcaaagttaacaccaacgcgtattacgagatgtccggtctggaagttagettcgaagaactgeg
tacttttggcggtcacgacgctaaattcatcgactctctgcaagaaaacgagttccgtctgtactactataacaagttcaaagatatcge

atccaccctgaacaaagcgaaatccatcgtgggtaccactgcettctctccagtacatgaagaacgtttitaaagaaaaatacctgctca
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gcgaagacacctccggcaaattetetgtagacaagttgaaattcgataaactttacaaaatgctgactgaaatttacaccgaagacaa
cticgttaagttctttaaagtictgaaccgcaaaacctatctgaacticgacaaggcagtattcaaaatcaacatcgtgccgaaagttaa
ctacactatctacgatggtttcaacctgcgtaacaccaacctggctgctaattttaacggccagaacacggaaatcaacaacatgaac
ttcacaaaactgaaaaacttcactggtctgticgagttttacaagctgctgtgcGTCGACGGCATCATTACCTCCAAAA
CTAAATCTGACGATGACGATAAAAACAAAGCGCTGAACCTGCAGtgtatcaaggttaacaactgggattt
attcttcagcccgagtgaagacaacttcaccaacgacctgaacaaaggtgaagaaatcacctcagatactaacatcgaagcagec
gaagaaaacatctcgctggacctgatccagcagtactacctgacctttaatitcgacaacgagccggaaaacatttctatcgaaaacc
tgagctctgatatcatcggccagcetggaactgatgeccgaacatcgaacgtttcccaaacggtaaaaagtacgagcetggacaaatata
ccatgticcactacctgcgecgegcaggaatttgaacacggcaaatcecgtatcgecactgactaactcegttaacgaagcetcetgetcaa
cccgtececcgtgtatacaccticttctctagcgactacgtgaaaaaggtcaacaaagcgactgaagcetgcaatgttettgggttggattga
acagctigtttatgattttaccgacgagacgtccgaagtatctactaccgacaaaattgcggatatcactatcatcatcccgtacatcggt
ccggctctgaacattggcaacatgcetgtacaaagacgacttcgttggegeactgatcettctccggtgeggtgatectgetggagttcate
ccggaaatcgccatcceggtactgggcacctttgetetggtttcttacattgcaaacaaggttctgactgtacaaaccatcgacaacge
gctgagcaaacgtaacgaaaaatgggatgaagtttacaaatatatcgtgaccaactggetggctaaggttaatactcagatcgaccte
atccgcaaaaaaatgaaagaagcactggaaaaccaggcggaagctaccaaggcaatcattaactaccagtacaaccagtacac
cgaggaagaaaaaaacaacatcaacttcaacatcgacgatctgtcctctaaactgaacgaatccatcaacaaagctatgatcaac
atcaacaagttcctgaaccagtgctctgtaagctatctgatgaactccatgatcecgtacggtgttaaacgtectggaggacttcgatgeg
tctetgaaagacgecctgetgaaatacatttacgacaaccgtggeactctgatcggtcaggttgatcgtctgaaggacaaagtgaaca
ataccttatcgaccgacatcccttttcagctcagtaaatatgtcgataaccaacgccttttgtccactttcaccgaatacatcaaaaacat
catcaacaccagtctagaaATCCTGAACCTGCGTTACGAATCTAACCACCTGATCGACCTGTCTCG
TTACGCTTCTAAAATCAACATCGGTTCTAAAGTTAACTTCGACCCGATCGACAAAAACCAG
ATCCAGCTGTTCAACCTGGAATCTTCTAAAATCGAAGTTATCCTGAAAAACGCTATCGTTTA
CAACTCTATGTACGAAAACTTCTCTACCTCTTTCTGGATTCGTATCCCGAAATACTTTAACT
CTATCTCTCTGAACAACGAATACACCATCATCAACTGCATGGAAAACAACTCTGGTTGGAA
AGTTTCTCTGAACTACGGTGAAATCATCTGGACCCTGCAAGACACCCAGGAAATCAAACAG
CGTGTTGTTTTCAAATACTCTCAGATGATCAACATCTCTGACTACATCAACCGTTGGATCTT
CGTTACCATCACCAACAACCGTCTGAACAACTCTAAAATCTACATCAACGGTCGTCTGATC
GACCAGAAACCGATCTCTAACCTGGGTAACATCCACGCTTCTAACAACATCATGTTCAAAC
TGGACGGTTGCCGTGACACCCACCGTTACATCTGGATCAAATACTTCAACCTGTTCGACAA
AGAACTGAACGAAAAAGAAATCAAAGACCTGTACGACAACCAGTCTAACTCTGGTgcactagtg
ATTTTGAAGGACTTTTGGGGCGACTATCTCCAGTACGACAAACCTTACTATATGCTGAATT
TGTATGATCCCAACAAATATGTGGATGTGAATAACGTTGGTATTAGGGGTTACATGTATTT
GAAGGGTCCAAGGGGGTCAGTCATGACAACCAATATCTACTTAAATTCCTCTCTTTACCGA
GGGACAAAATTCATTATCAAAAAGTATGCTAGTGGAAATAAAGATAATATAGTCAGAAACAA
TGATCGCGTTTACATTAACGTGGTAGTCAAAAATAAGGAGTATAGACTAGCTACGAATGCA
TCGCAGGCGGGAGTGGAGAAGATACTGAGCGCACTAGAAATACCTGACGTAGGAAACTTA
AGCCAGGTTGTCGTTATGAAATCAAAGAACGATCAAGGAATTACTAATAAGTGTAAGATGA
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ACTTACAAGATAACAATGGCAATGATATAGGCTTCATCGGGTTTCATCAATTTAACAACATA
GCGAAACTCGTAGCCTCTAACTGGTACAACCGTCAAATCGAACGAAGTTCCCGTACTCTA
GGTTGCTCGTGGGAGTTCATCCCAGTAGACGACGGGTGGGGCGAACGGCCGCTTgegcetag
caCACCATCATCACcaccatcaccatcaccattaatga

SEQID 17
HMGSMEFVNKQFNYKDPVNGVDIAYIKIPNAGQMQPVKAFKIHNKIWVIPERDTFTNPEEGDLN
PPPEAKQVPVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDT
ELKVIDTNCINVIQPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDF
TFGFEESLEVDTNPLLGAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLE
VSFEELRTFGGHDAKFIDSLQENEFRLYYYNKFKDIASTLNKAKSIVGTTASLQYMKNVFKEKYL
LSEDTSGKFSVDKLKFDKLYKMLTEIYTEDNFVKFFKVLNRKTYLNFDKAVFKINIVPKVNYTIYD
GFNLRNTNLAANFNGQNTEINNMNFTKLKNFTGLFEFYKLLCVDGIITSKTKSDDDDKNKALNL
QCIKVNNWDLFFSPSEDNFTNDLNKGEEITSDTNIEAAEENISLDLIQQYYLTFNFDNEPENISIE
NLSSDIIGQLELMPNIERFPNGKKYELDKYTMFHYLRAQEFEHGKSRIALTNSVNEALLNPSRVY
TFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKIADITHIPYIGPALNIGNMLYK
DDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTIDNALSKRNEKWDEVYKYIVTN
WLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINFNIDDLSSKLNESINKAMI
NINKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRLKDKVNNTLST
DIPFQLSKYVDNQRLLSTFTEYIKNIINTSLEILNLRYESNHLIDLSRYASKINIGSKVNFDPIDKNQI
QLFNLESSKIEVILKNAIVYNSMYENFSTSFWIRIPKYFNSISLNNEYTIINCMENNSGWKVSLNY
GEIIWTLQDTQEIKQRVVFKYSQMINISDYINRWIFVTITNNRLNNSKIYINGRLIDQKPISNLGNIH
ASNNIMFKLDGCRDTHRYIWIKYFNLFDKELNEKEIKDLYDNQSNSGALVILKDFWGDYLQYDK
PYYMLNLYDPNKYVDVNNVGIRGYMYLKGPRGSVMTTNIYLNSSLYRGTKFIIKKYASGNKDNIV
RNNDRVYINVVVKNKEYRLATNASQAGVEKILSALEIPDVGNLSQVVVMKSKNDQGITNKCKMN
LQDNNGNDIGFIGFHQFNNIAKLVASNWYNRQIERSSRTLGCSWEFIPVYDDGWGERPLALAHH
HHHHHHHH

SEQID 18

atgggatccatggagttcgttaacaaacagttcaactataaagacccagttaacggtgttgacattgett
acatcaaaatcccgaacgctggccagatgcagccggtaaaggcattcaaaatccacaacaaaatctgggt
tatcccggaacgtgatacctttactaacccggaagaaggtgacctgaacccocgecaccggaagcgaaacag
gtgccggtatcttactatgactccacctacctgtctaccgataacgaaaaggacaactacctgaaaggtyg
ttactaaactgttcgagegtatttactccaccgacctgggecgtatgetgetgactagcatcecgttcecgegg
tatcccgttctggggecggttctaccatcgataccgaactgaaagtaatcgacactaactgcatcaacgtt
attcagccggacggttcctatcgttccgaagaactgaacctggtgatcatcggeccecgtectgctgatatca
tccagttcgagtgtaagagctttggtcacgaagttctgaacctcaccecgtaacggetacggttccacteca
gtacatccgtttctctcecggacttcaccttecggttttgaagaatcecctggaagtagacacgaacccactyg
GCGCAGgctGTTCGTTCCTCTTCTgatecctgeggttaccctggetcacgaactgattcatgcaggcecace
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gcctgtacggtatcgccatcaatccgaaccgtgtcttcaaagttaacaccaacgcgtattacgagatgtce
cggtctggaagttagcttcgaagaactgegtacttttggecggtcacgacgctaaattcatcgactctetg
caagaaaacgagttccgtctgtactactataacaagttcaaagatatcgcatccaccctgaacaaagega
aatccatcgtgggtaccactgcttctctccagtacatgaagaacgtttttaaagaaaaatacctgctcag
cgaagacacctccggcaaattctctgtagacaagttgaaattcgataaactttacaaaatgctgactgaa
atttacaccgaagacaacttcgttaagttctttaaagttctgaaccgcaaaacctatctgaacttcgaca
aggcagtattcaaaatcaacatcgtgccgaaagttaactacactatctacgatggtttcaacctgegtaa
caccaacctggctgctaattttaacggccagaacacggaaatcaacaacatgaacttcacaaaactgaaa
aacttcactggtctgttcgagttttacaagctgctgtgcGTCGACGGCATCATTACCTCCAAAACTAAAT
CTGACGATGACGATAAARACAAAGCGCTGAACCTGCAGtgtatcaaggttaacaactgggatttattctt
cagcccgagtgaagacaacttcaccaacgacctgaacaaaggtgaagaaatcacctcagatactaacatce
gaagcagccgaagaaaacatctcecgcectggacctgatccagcagtactacctgacctttaatttcgacaacg
agccggaaaacatttctatcgaaaacctgagctctgatatcatcggccagcetggaactgatgecgaacat
cgaacgtttcccaaacggtaaaaagtacgagctggacaaatataccatgttccactacctgegegecgeag
gaatttgaacacggcaaatcccgtatcgcactgactaactccgttaacgaagectctgectcaaccegtcece
gtgtatacaccttcttctctagecgactacgtgaaaaaggtcaacaaagcgactgaagctgcaatgttctt
gggttgggttgaacagcttgtttatgattttaccgacgagacgtccgaagtatctactaccgacaaaatt
gcggatatcactatcatcatccegtacatcggtccggectctgaacattggcaacatgcectgtacaaagacg
acttcgttggcgcactgatcttctcecggtgecggtgatcctgetggagttcatceccggaaatecgecatcece
ggtactgggcacctttgctctggtttcttacattgcaaacaaggttctgactgtacaaaccatcgacaac
gcgctgagcaaacgtaacgaaaaatgggatgaagtttacaaatatatcgtgaccaactggetggectaagg
ttaatactcagatcgacctcatccgcaaaaaaatgaaagaagcactggaaaaccaggcggaagctaccaa
ggcaatcattaactaccagtacaaccagtacaccgaggaagaaaaaaacaacatcaacttcaacatcgac
gatctgtcctctaaactgaacgaatccatcaacaaagctatgatcaacatcaacaagttcctgaaccagt
gctctgtaagctatctgatgaactccatgatcccgtacggtgttaaacgtctggaggacttcecgatgegte
tctgaaagacgccctgctgaaatacatttacgacaaccgtggecactctgatcggtcaggttgategtcetg
aaggacaaagtgaacaataccttatcgaccgacatcccttttcagctcagtaaatatgtcgataaccaac
gccttttgtccactttcaccgaatacatcaaaaacatcatcaacaccagtctagaaATCCTGAACCTGCG
TTACGAATCTAACCACCTGATCGACCTGTCTCGTTACGCTTCTAAARATCAACATCGGTTCTAAAGTTAAC
TTCGACCCGATCGACAARAACCAGATCCAGCTGTTCAACCTGGAATCTTCTAAAATCCAAGTTATCCTGA
AAAACGCTATCGTTTACAACTCTATGTACGAAAACTTCTCTACCTCTTTCTGGATTCGTATCCCGAAATA
CTTTAACTCTATCTCTCTGAACAACGAATACACCATCATCAACTGCATGGAAAACAACTCTGGTTGGARAA
GTTTCTCTGAACTACGGTGAAATCATCTGGACCCTGCAAGACACCCAGGARATCAAACAGCGTGTTGTTT
TCAAATACTCTCAGATGATCAACATCTCTGACTACATCAACCGTTGGATCTTCGTTACCATCACCAACAA
CCGTCTGAACAACTCTAAAATCTACATCAACGGTCGTCTGATCGACCAGARACCGATCTCTAACCTGGGT
AACATCCACGCTTCTAACAACATCATGTTCAAACTGGACGGTTGCCGTGACACCCACCGTTACATCTGGA
TCAAATACTTCAACCTGTTCGACAAAGAACTGAACGAAAAAGAAATCARAGACCTGTACGACAACCAGTC
TAACTCTGGTgcactagtgATTTTGAAGGACTTTTGGGGCGACTATCTCCAGTACGACAAACCTTACTAT
ATGCTGAATTTGTATGATCCCAACAAATATGTGGATGTGAATAACGTTGGTATTAGGGGTTACATGTATT
TGAAGGGTCCAAGGGGGTCAGTCATGACAACCAATATCTACTTAAATTCCTCTCTTTACCGAGGGACARAA
ATTCATTATCAAAAAGTATGCTAGTGCAAATAAAGATAATATAGT CAGARAACAATGATCGCGTTTACATT
AACGTGGTAGTCAAAAATAAGGAGTATAGACTAGCTACGAATGCATCGCAGGCGGGAGTGGAGARAGATAC
TGAGCGCACTAGAAATACCTGACGTAGGAAACTTAAGCCAGGTTGTCGTTATGAAATCAAAGAACGATCA
AGGAATTACTRAATAAGTGTAAGATGAACTTACAAGATAACAATGGCAATGATATAGGCTTCATCGGGTTT
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CATCAATTTAACAACATAGCGAAACTCGTAGCCTCTAACTGGTACAACCGTCARATCGAACGAAGTTCCC
GTACTCTAGGTTGCTCGTGGGAGTTCATCCCAGTAGACGACGGGTGGGGCGAACGGCCGCTTgegetage
aCACCATCATCACcaccatcaccatcaccattaatga

SEQ D 19
GSMEFVNKQFNYKDPVNGVDIAYIKIPNAGOMOPVKAFKIHNKIWVIPERDTEFTNPEEGDLNPPPEAKQV
PVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCINVI
QPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPLA
QAVRSSSDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSLQ
ENEFRLYYYNKFKDIASTLNKAKSIVGTTASLOYMKNVFXEKYLLSEDTSGKFSVDKLKEDKLYKMLTEL
YTEDNFVKFFKVLNRKTYLNEDKAVEFKINIVPKVNYTIYDGFNLRNTNLAANFNGONTEINNMNETKLKN
FTGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLEFSPSEDNETNDLNKGEEITSDTNIE
AAEENISLDLIQQYYLTENFDNEPENISIENLSSDIIGQLELMPNIERFPNGKKYELDKYTMFHYLRAQE
FEHGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMELGWVEQLVYDETDETSEVSTTDKIA
DITITIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTIDNA
LSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNOQYTEEEKNNINENIDD
LSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRLK
DKVNNTLSTDIPFQLSKYVDNQRLLSTFTEYIKNIINTSLEILNLRYESNHLIDLSRYASKINIGSKVNF
DPIDKNQIQLFNLESSKIEVILKNAIVYNSMYENFSTSFWIRIPKYFNSISLNNEYTIINCMENNSGWKV
SLNYCGEIIWTLODTQEIKQRVVFKYSQMINISDYINRWIFVTITNNRLNNSKIYINGRLIDQKPISNLGN
IHASNNIMFKLDGCRDTHRYIWIKYEFNLFDKELNEKEIKDLYDNQSNSGALVILKDFWGDYLQYDKPYYM
LNLYDPNKYVDVNNVGIRGYMYLKGPRGSVMTTNIYLNSSLYRGTKEFIIKKYASGNKDNIVRNNDRVYIN
VVVKNKEYRLATNASQAGVEKILSALEIPDVGNLSQVVVMKSKNDQGI TNKCKMNLODNNGNDIGEIGFH
QFNNIAKLVASNWYNRQIERSSRTLGCSWEFIPVDDGWGERPLALAHHHHHHHHHH

SEQ ID 20

atgggatccatggagttcgttaacaaacagttcaactataaagacccagttaacggtgttgacattgcett
acatcaaaatcccgaacgctggccagatgcageccggtaaaggcattcaaaatccacaacaaaatctgggt
tatcccggaacgtgatacctttactaacccggaagaaggtgacctgaacccgccaccggaagcgaaacag
gtgccggtatcttactatgactccacctacctgtctaccgataacgaaaaggacaactacctgaaaggtg
ttactaaactgttcgagecgtatttactccaccgacctgggecgtatgetgcetgactageategttegeyyg
tatcccgttctggggcggttctaccatcgataccgaactgaaagtaatcgacactaactgecatcaacgtt
attcagccggacggttcectatcgtteccgaagaactgaacctggtgatcatecggeceegtctgectgatatcea
tccagttcgagtgtaagagctttggtcacgaagttctgaacctcacccgtaacggctaéggttccactca
gtacatccgtttctctcecggacttcacctteggttttgaagaatcecctggaagtagacacgaacccactg
ctgggcgctggtaaattcgcaactgatcectgeggttaccctggetcacgaactgattcatgcaggecacce
gcctgtacggtatcgceccatcaatccgaaccgtgtcttcaaagttaacaccaacgegtattacgagatgte
cggtctggaagttagcttcgaagaactgegtacttttggeggtcacgacgctaaattcategactetetyg
caagaaaacgagttccgtctgtactactataacaagttcaaagatatcgcatccaccctgaacaaagcga
aatccatcgtgggtaccactgcecttctctccagtacatgaagaacgtttttaaagaaaaatacctgectcag
cgaagacacctccggcaaattctctgtagacaagttgaaattcgataaactttacaaaatgctgactgaa
atttacaccgaagacaacttcgttaagttctttaaagttctgaaccgcaaaacctatctgaacttcgaca
aggcagtattcaaaatcaacatcgtgccgaaagttaactacactatctacgatggtttcaacctgegtaa

caccaacctggctgctaattttaacggccagaacacggaaatcaacaacatgaacttcacaaaactqgaaa
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aacttcactggtctgttcgagttttacaagctgectgtgcGTCGACGGCATCATTACCTCCAAAACTAAAT
CTGACGATGACGATAAARACARAGCGCTGAACCTGCAGtgtatcaaggttaacaactgggatttattett
cagcccgagtgaagacaacttcaccaacgacctgaacaaaggtgaagaaatcacctcagatactaacatce
gaagcagccgaagaaaacatctcgctggacctgatccagcagtactacctgacctttaatttcgacaacg
agccggaaaacatttctatcgaaaacctgagctctgatatcatcggecagetggaactgatgecgaacat
cgaacgtttcccaaacggtaaaaagtacgagctggacaaatataccatgttccactacctgcgegegeag
gaatttgaacacggcCGTtcececgtCGCatcgcactgactaactceccgttaacgaagectctgetcaaccegt
cccgtgtatacaccttcttcectcectagecgactacgtgaaaaaggtcaacaaagcgactgaagctgcaatgtt
cttgggttgggttgaacagcttgtttatgattttaccgacgagacgtccgaagtatctactaccgacaaa
attgcggatatcactatcatcatcccgtacatcggtceccggctctgaacattggcaacatgctgtacaaag
acgacttcgttggecgecactgatcttcteecggtgeggtgatectgetggagttcatecccggaaatecgecat
cccggtactgggecacctttgetcetggtttcttacattgecaaacaaggttctgactgtacaaaccatcegac
aacgcgctgagcaaacgtaacgaaaaatgggatgaagtttacaaatatatcgtgaccaactggetgeccta
aggttaatactcagatcgacctcatccgcaaaaaaatgaaagaagcactggaaaaccaggcggaagcetac
caaggcaatcattaactaccagtacaaccagtacaccgaggaagaaaaaaacaacatcaacttcaacatc
gacgatctgtcctctaaactgaacgaatccatcaacaaagctatgatcaacatcaacaagttcctgaacce
agtgctctgtaagctatctgatgaactccatgatccecgtacggtgttaaacgtctggaggacttegatge
gtctctgaaagacgccctgectgaaatacatttacgacaaccgtggcecactctgatcggtcaggttgategt
ctgaaggacaaagtgaacaataccttatcgaccgacatcccttttcagectcagtaaatatgtcgataacce
aacgccttttgtccactttcaccgaatacatcaaaaacatcatcaacaccagtctagaaATCCTGAACCT
GCGTTACGAATCTAACCACCTGATCGACCTGTCTCGTTACGCTTCTAAAATCAACATCGGTTCTAAAGTT
AACTTCGACCCGATCGACAAAAACCAGATCCAGCTGTTCAACCTGGAATCTTCTAAAATCGAAGTTATCC
TGAAAAACGCTATCGTTTACAACTCTATGTACGAARACTTCTCTACCTCTTTCTGGATTCGTATCCCGRA
ATACTTTAACTCTATCTCTCTGAACAACGAATACACCATCATCAACTGCATGGAARACAACTCTGGTTGG
ARAGTTTCTCTGAACTACGGTGAAATCATCTGGACCCTGCARGACACCCAGGAAATCAAACAGCGTGTTG
TTTTCAAATACTCTCAGATGATCAACATCTCTGACTACATCAACCGTTGGATCTTCGTTACCATCACCAA
CAACCGTCTGAACAACTCTAAAATCTACATCRAACGGTCGTCTGATCGACCAGAAACCGATCTCTAACCTG
GGTAACATCCACGCTTCTAACAACATCATGTTCAARCTGGACGGTTGCCGTGACACCCACCGTTACATCT
GGATCAAATACTTCAACCTGTTCGACARAGAACTGAACGAAAAAGAAATCAAAGACCTGTACGACARCCA
GTCTRACTCTGGTgcactagtgATTTTGARGGACTTTTGGGGCGACTATCTCCAGTACGACAAACCTTAC
TATATGCTGAATTTGTATGATCCCAACAAATATGTGGATGTGAATAACGTTGGTATTAGGGGTTACATGT
ATTTGAAGGGTCCRAGGGGGTCAGTCATGACAACCAATATCTACTTAARTTCCTCTCTTTACCGAGGGAC
AABATTCATTATCAAAAAGTATGCTAGT GGAAATAAAGATAATATAGTCAGAAACAATGATCGCGTTTAC
ATTAACGTGGTAGTCAARAATAAGGAGTATAGACTAGCTACGAATGCATCGCAGGCGGGAGTGGAGAAGA
TACTGAGCGCACTAGAAATACCTGACGTAGGAAACTTAAGCCAGGTTGTCGT TATGAAATCAAAGARCGA
TCAAGGAATTACTAATAAGTGTAAGATGAACT TACRAGATAACAATGGCAATGATATAGGCTTCATCGGG
TTTCATCAATTTAACAACATAGCGAAACTCGTAGCCTCTAACTGGTACAACCGTCAAATCGAACGAAGTT
CCCGTACTCTAGGTTGCTCGTGGGAGTTCATCCCAGTAGACGACGGGTGGGGCGAACGGLCGCTTgeget
agcaCACCATCATCACcaccatcaccatcaccattaatga

SEQ ID 21

GSMEFVNKQFNYKDPVNGVDIAYIKIPNAGOMQPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAKQV
PVSYYDSTYLSTDNEKDNYLKGVTKLEFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCINVI
QPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPLL
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GAGKFATDPAVTLAHELTHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSLQ
ENEFRLYYYNKEFKDIASTLNKAKSIVGTTASLOQYMKNVFKEKYLLSEDTSGKEFSVDKLKEDKLYKMLTET
YTEDNFVKFFKVLNRKTYLNFDKAVEKINIVPKVNYTIYDGENLRNTNLAANENGONTEINNMNEFTKLKN
FTIGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLFFSPSEDNEFTNDLNKGEEITSDTNIE
AAEENISLDLIQQYYLTFNEDNEPENISIENLSSDITIGQLELMPNIERFPNGKKYELDKYTMFHYLRAQE
FEHGRSRRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKI
ADITIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIATIPVLGTFALVSYIANKVLTVQTIDN
ALSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAFATKAIINYQYNQYTEEEKNNINENID
DLSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRL
KDKVNNTLSTDIPFQLSKYVDNQRLLSTFTEYIKNIINTSLEILNLRYESNHLIDLSRYASKINIGSKVN
FDPIDKNQIQLFNLESSKIEVILKNAIVYNSMYENEFSTSFWIRIPKYENSISLNNEYTIINCMENNSGWK
VSLNYGEITIWTLODTQEIKQRVVFKYSOMINISDY INRWIFVTITNNRLNNSKIYINGRLIDQKPISNLG
NIHASNNIMFKLDGCRDTHRYIWIKYFNLFDKELNEKEIKDLYDNQSNSGALVILKDFWGDYLQYDKPYY
MLNLYDPNKYVDVNNVGIRGYMYLKGPRGSVMTTNIYLNSSLYRGTKFIIKKYASGNKDNIVRNNDRVYI
NVVVKNKEYRLATNASQAGVEKILSALEIPDVGNLSQVVVMKSKNDQGI TNKCKMNLODNNGNDIGFIGE
HOFNNIAKLVASNWYNRQIERSSRTLGCSWEFIPVDDGWGERPLALARHHHHHHHHH

SEQID 22

atgccgatcaccatcaacaacttcaactacagcgatccggtggataacaaaaacatcctgtacctggata
cccatctgaataccctggcgaacgaaccggaaaaagcegtttegtatcaccggcaacatttgggttattce
ggatcgttttagccgtaacagcaacccgaatctgaataaaccgecgegtgttaccageccgaaaageggt
tattacgatccgaactatctgagcaccgatagcgataaagataccttcecctgaaagaaatcatcaaactgt
tcaaacgcatcaacagccgtgaaattggcgaagaactgatctatcgecctgagcaccgatattccgtttee
gggcaacaacaacaccccgatcaacacctttgatttcgatgtggatttcaacagecgttgatgttaaaacc
cgccagggtaacaattgggtgaaaaccggcagcattaacccgagecgtgattattaccggtcecgegegaaa
acattattgatccggaaaccagcacctttaaactgaccaacaacacctttgcggecgcaggaaggttttgg
cgcgctgagcattattagcattagecccgecgetttatgectgacctatagcaacgecgaccaacgatgttatt
gaaggccgtttcagcaaaagcgaattttgcatggacccgatcctgatcecctgatgecatgaactgaaccatg
cgatgcataacctgtatggcatcgcgattccgaacgatcagaccattagcagcgtgaccagcaacatcett
ttacagccagtacaacgtgaaactggaatatgcggaaatctatgegtttggcggtceccgaccattgatetyg
attccgaaaagcgcgegcaaatacttcgaagaaaaagcgctggattactatcgecagcattgcgaaacgte
tgaacagcattaccaccgcgaatccgagcagcttcaacaaatatatcggcgaatataaacagaaactgat
ccgcaaatatcgectttgtggtggaaagcagecggcgaagttacecgttaaccgcaataaattcecgtggaactyg
tacaacgaactgacccagatcttcaccgaatttaactatgcgaaaatctataacgtgcagaaccgtaaaa
tctacctgagcaacgtgtataccccggtgaccgegaatattctggatgataacgtgtacgatatccagaa
cggctttaacatcccgaaaagcaacctgaacgttctgtttatgggccagaacctgageccgtaatcecggeg
ctgcgtaaagtgaacccggaaaacatgctgtacctgttcaccaaattttgecGTCGACGCGGACGATGACG
ATAAACTGTACAACAAAACCCTGCAGtgtcgtgaactgctggtgaaaaacaccgatctgeecgtttattgg
cgatatcagcgatgtgaaaaccgatatcttcctgecgcaaagatatcaacgaagaaaccgaagtgatcccg
gataacgtgagcgttgatcaggtgatcctgagcaaaaacaccagcgaacatggtcagctggatcectgetgt
atccgagcattgatagcgaaagcgaaattctgeccgggcgaaaaccaggtgttttacgataaccgtaccca
gaacgtggattacctgaacagctattactacctggaaagccagaaactgagcgataacgtggaagatttt
acctttacccgcagcattgaagaagcgctggataacagcgcgaaagtttacacctattttecgaccectgg
cgaacaaagttaatgcgggtgttcagggcggtctgtttctgatgtgggecgaacgatgtggtggaagattt



10

15

20

25

30

35

40

WO 2010/094905 PCT/GB2009/002892

-113-

caccaccaacatcctgcgtaaagataccctggataaaatcagecgatgttagcgecgattattcecgtatatt
ggtccggecgcetgaacattagcaatagegtgegtcgtggcaattttaccgaagegtttgecggttaccggtyg
tgaccattctgctggaagcgtttccggaatttaccattcecggegetgggtgegtttgtgatctatagecaa
agtgcaggaacgcaacgaaatcatcaaaaccatcgataactgcctggaacagecgtattaaacgctggaaa
gatagctatgaatggatgatgggcacctggctgagceccgtattatcacccagttcaacaacatcagcetace
agatgtacgatagcctgaactatcaggcgggtgcgattaaagcgaaaatcgatctggaatacaaaaaata
cagcggcagcgataaagaaaacatcaaaagccaggttgaaaacctgaaaaacagcctggatgtgaaaatt
agcgaagcgatgaataacatcaacaaattcatccgcgaatgcagecgtgacctacctgttcaaaaacatge
tgccgaaagtgatcgatgaactgaacgaatttgatcgcaacaccaaagcgaaactgatcaacctgatcga
tagccacaacattattctggtgggcgaagtggataaactgaaagcgaaagttaacaacagcecttccagaac
accatcccgtttaacatcttcagctataccaacaacagecctgectgaaagatatcatcaacgaatacttca
atctagaaggtggcggtgggtccggtggecggtggetcaggecgggggcggtagecgecactagacaactctga
ctctgaatgccegetgtcectcacgacggttactgectgecacgacggtgtttgecatgtacatcgaagetcectyg
gacaaatacgcttgcaactgcgttgttggttacatcggtgaacgttgccagtaccgtgacctgaaatggt
gggaactgcgt

SEQ D 23
MPITINNFNYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRESRNSNPNLNKPPRVTSPKSG
YYDPNYLSTDSDKDTFLKEIIKLFKRINSREIGEELIYRLSTDIPFPGNNNTPINTEDFDVDENSVDVKT
ROGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISISPRFMLTYSNATNDVI
EGRFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVISNIFYSQYNVKLEYAETIYAFGGPTIDL
IPKSARKYFEEKALDYYRSTAKRLNSITTANPSSENKYIGEYKQKLIRKYRFVVESSGEVTVNRNKEFVEL
YNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIQNGEFNIPKSNLNVLFMGONLSRNPA
LRKVNPENMLYLFTKFCVDADDDDKLYNKTLQCRELLVKNTDLPFIGDISDVKTDIFLRKDINEETEVIP
DNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVEYDNRTONVDYLNSYYYLESQKLSDNVEDE
TETRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLFLMWANDVVEDFTTNILRKDTLDKISDVSAIIPYI
GPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEIIKTIDNCLEQRIKRWK
DSYEWMMGTWLSRIITQFNNISYQMYDSLNYQAGAIKAKIDLEYKKYSGSDKENIKSQVENLKNSLDVKI
SEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLKAKVNNSFQON
TIPFNIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMYIEAL
DKYACNCVVGYIGERCQYRDLKWWELR

SEQ D 24

MPITINNENYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRFSRNSNPNLNKPPRVTSPKSG
YYDPNYLSTDSDKDTFLKEIIKLFKRINSREIGEELIYRLSTDIPFPGNNNTPINTFDFDVDENSVDVKT
RQGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISIVPRFSLTYSNATNDVG
EGRFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAEIYAFGGPTIDL
IPKSARKYFEEKALDYYRSIAKRLNSITTANPSSENKYIGEYKQKLIRKYRFVVESSGEVTVNRNKEVEL
YNELTQIFTEFNYAKIYNVQONRKIYLSNVYTPVTANILDDNVYDIQNGENIPKSNLNVLEMGQNLSRNPA
LRKVNPENMLYLFTKFCVDADDDDKLYNKTLQCRELLVKNTDLPFIGDISDVKTDIFLRKDINEETEVIY
YPDNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVEFYDNRTONVDYLNSYYYLESQKLSDNVE
DFTFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLFLMWANDVVEDFTTNILRKDTLDKISDVSAIIP
YIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEIIKTIDNCLEQRIKR
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WKDSYEWMMGTWLSRIITQFNNISYQOMYDSLNYQAGAIKAKIDLEYKKYSGSDKENIKSQVENLKNSLDV
KISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNITILVGEVDKLKAKVNNSF
ONTIPFNIFSYTNNSLLKDIINEYEFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMYIE
ALDKYACNCVVGYIGERCOYRDLKWWELR

SEQID 25
MPITINNFNYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRESRNSNPNLNKPPRVTSPKSG
YYDPNYLSTDSDKDTFLKEIIKLEKRINSREIGEELIYRLSTDIPFPGNNNTPINTEFDEFDVDFNSVDVKT
ROGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISISPRFMLTYSNATNDVG
TPRESKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAEIYAFGGPTIDL
IPKSARKYFEEKALDYYRSIAKRLNSITTANPSSFNKYIGEYKQKLIRKYRFVVESSGEVTVNRNKFVEL
YNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIONGENIPKSNLNVLFMGONLSRNPA
LRKVNPENMLYLFTKFCVDADDDDKLYNKTLQCRELLVKNTDLPFIGDISDVKTDIFLRKDINEETEVIY
YPDNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVEYDNRTONVDYLNSYYYLESQKLSDNVE
DFTFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLELMWANDVVEDFTTNILRKDTLDKISDVSATIIP
YIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEITIKTIDNCLEQRIKR
WKDSYEWMMGTWLSRIITQFNNISYOMYDSLNYQAGAIKAKIDLEYKKYSGSDKENIKSQVENLKNSLDV
KISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLKAKVNNSEF
ONTIPENIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMYIE
ALDKYACNCVVGYIGERCQYRDLKWWELR

SEQID 26
MPITINNENYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRESRNSNPNLNKPPRVTSPKSG
YYDPNYLSTDSDKDTFLKEIIKLFKRINSREIGEELIYRLSTDIPFPGNNNTPINTFDEDVDEFNSVDVKT
ROGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISISPRFMLTYSNATNDVG
EGRFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAEIYAFGGPTIDL
IPKSARKYFEEKALDYYRSIAKRLNSITTANPSSFNKYIGEYKQKLIRKYREVVESSGEVTVNRNKEVEL
YNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIQNGEFNIPKSNLNVLEMGONLSRNPA
LRKVNPENMLYLFTKFCVDADDDDKLYNKTLOCRELLVKNTDLPFIGDISDVKTDIFLRKDINEETEVIY
YPDNVSVDQVILSKNTSEHGOLDLLYPSIDSESEILPGENQVEYDNRTONVDYLNSYYYLESQKLSDNVE
DFTEFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLFLMWANDVVEDFTTNILRKDTLDKISDVSAIIP
YIGPALNISNSVRRGNFTEAFAVIGVTILLEAFPEFTIPALGAFVIYSKVQERNEIIKTIDNCLEQRIKR
WKDSYEWMMGTWLSRIITQENNISYOMYDSLNYQAGAIKAKIDGRYKKYSGSDKENIKSQVENLKNSLDV
KISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLKAKVNNSEF
ONTIPEFNIEFSYTNNSLLKDIINEYEFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMYIE
ALDKYACNCVVGYIGERCQYRDLKWWELR

SEQ ID 27

MPITINNFNYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRFSRNSNPNLNKPPRVTSPKSG
YYDPNYLSTDSDKDTFLKEIIKLEKRINSREIGEELIYRLSTDIPFPGNNNTPINTFDEDVDENSVDVKT
ROGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISISPRFMLTYSNATNDVG
EGRFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAEIYAFGGPTIDL
IPKSARKYFEEKALDYYRSIAKRLNSITTANPSSENKYIGEYKOKLIRKYREVVESSGEVTVNRNKEVEL
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YNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIQNGENIPKSNLNVLFMGONLSRNPA
LRKVNPENMLYLEFTKFCVDADDDDKLYNKTLOCRELLVKNTDLPFIGDISDVKTDIFLRKDINEETEVIY
YPDNVSVDQVILSKNTSEHGQLDLLYPSIDSESEILPGENQVEFYDNRTONVDYLNSYYYLESQKLSDNVE
DFTEFTRSIEEALDNSAKVYTYFPTLANKVNAGVOGGLFLMWANDVVEDFTTNILRKDTLDKISDVSAIIP
YIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEITKTIDNCLEQRIKR
WKDSYEWMMGTWLSRIITQENNISYQMYDSLNYQAGAIKAKIDLEYKKYIDGRKENIKSQVENLKNSLDV
KISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLKAKVNNSE
ONTIPEFNIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHDGVCMYTIE
ALDKYACNCVVGYIGERCQYRDLKWWELR

SEQ ID 28
MPITINNENYSDPVDNKNILYLDTHLNTLANEPEKAFRITGNIWVIPDRESRNSNPNLNKPPRVTSPKSG
YYDPNYLSTDSDKDTFLKEITKLFKRINSREIGEELIYRLSTDIPFPGNNNTPINTEDFDVDENSVDVKT
ROGNNWVKTGSINPSVIITGPRENIIDPETSTFKLTNNTFAAQEGFGALSIISISPRFMLTYSNATNDVG
EGREFSKSEFCMDPILILMHELNHAMHNLYGIAIPNDQTISSVTSNIFYSQYNVKLEYAEIYAFGGPTIDL
IPKSARKYFEEKALDYYRSIAKRLNSITTANPSSFNKYIGEYKQKLIRKYREFVVESSGEVTVNRNKEVEL
YNELTQIFTEFNYAKIYNVONRKIYLSNVYTPVTANILDDNVYDIQNGENIPKSNLNVLEFMGONLSRNPA
LRKVNPENMLYLFTKFCVDADDDDKLYNKTLOCRELLVKNTDLPFIGDISDVKTDIFLRKDINEETEVIY
YPDNVSVDQVILSKNTSEHGOLDLLYPSIDSESEILPGENQVEYDNRTQNVDYLNSYYYLESQKLSDNVE
DFTFTRSIEEALDNSAKVYTYFPTLANKVNAGVQGGLFLMWANDVVEDFTTNILRKDTLDKISDVSATIIP
YIGPALNISNSVRRGNFTEAFAVTGVTILLEAFPEFTIPALGAFVIYSKVQERNEIIKTIDNCLEQRIKR
WKDSYEWMMGTWLSRIITQFNNISYOMYDSLNYQAGAIKAKIDLEYKKYGVPRKENIKSQVENLKNSLDV
KISEAMNNINKFIRECSVTYLFKNMLPKVIDELNEFDRNTKAKLINLIDSHNIILVGEVDKLKAKVNNSFE
ONTIPFNIFSYTNNSLLKDIINEYFNLEGGGGSGGGGSGGGGSALDNSDSECPLSHDGYCLHEDGVCMYIE
ALDKYACNCVVGYIGERCQYRDLKWWELR

SEQID 29

MTWPVKDFNYSDPVNDNDILYLRIPONKLITTPVKAFMITONIWVIPERFSSDTNPSLSKPPRPTSKYQS
YYDPSYLSTDEQKDTFLKGIIKLFKRINERDIGKKLINYLVVGSPFMGDSSTPEDTFDFTRHTTNIAVEK
FENGSWKVTNIITPSVLIFGPLPNILDYTASLTLQGQOSNPSFEGFGTLSILKVAPEFLLTFSDVTSNQS
SAVLGKSIFCMDPVIALMHELTHSLHQLYGINIPSDKRIRPQVSEGFFSQDGPNVQFEELYTFGGLDVET
IPQIERSQLREKALGHYKDIAKRLNNINKTIPSSWISNIDKYKKIFSEKYNFDKDNTGNFVVNIDKENSL
YSDLTNVMSEVVYSSQYNVKNRTHYFSRHYLPVFANILDDNIYTIRDGENLTNKGENIENSGONIERNPA
LOKLSSESVVDLFTKVCVDGGGGSADDDDKHSDAVETDNYTRLRRQLAVRRYLNSILNALAGGGGSGGGG
SGGGGSALALQCIKVKNNRLPYVADKDSISQEIFENKIITDETNVONYSDKFSLDESILDGOQVPINPEIV
DPLLPNVNMEPLNLPGEEIVEFYDDITKYVDYLNSYYYLESQKLSNNVENITLTTSVEEALGYSNKIYTFL
PSLAEKVNKGVQAGLFLNWANEVVEDFTTNIMKKDTLDKISDVSVIIPYIGPALNIGNSALRGNEFNQAFA
TAGVAFLLEGFPEFTIPALGVETFYSSIQEREKIIKTIENCLEQRVKRWKDSYQWMVSNWLSRITTQENH
INYOMYDSLSYQADAIKAKIDLEYKKYIDGRKENIKSQVENLKNSLDVKISEAMNNINKFIRECSVTYLE
KNMLPKVIDELNKFDLRTKTELINLIDSHNIILVGEVDRLKAKVNESFENTMPFNIFSYTNNSLLKDIIN
EYFNLEA

SEQ ID 30
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MEFVNKQFNYKDPVNGVDIAYIKIPNAGOMOPVKAFKIHNKIWVIPERDTEFTNPEEGDLNPPPEAKQVPV
SYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRGLLTSIVRGIPFWGGSTIDTELKVIDTNCINVIQP
DGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNPLLGA
GKFATDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSLOEN
EFRLYYYNKFKDIASTLNKAKSIVGTTASLOYMKNVFKEKYLLSEDTSGKFSVDKLKFDKLYKMLTEIYT
EDNFVKFFKVLNRKTYLNFDKAVEFKINIVPKVNYTIYDGFNLRNTNLAANENGONTE INNMNETKLKNET
GLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLFFSPSEDNFTNDLNKGEEITSDTNIEAA
EENISLDLIQQYYLTENEFDNEPENISIENLSSDIIGOLELMPNIERFPNGKKYELDKYTMFHYLRAQEFE
HGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDKIADI
TIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPETAIPVLGTFALVSYIANKVLTVQTIDNALS
KRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINENIDDLS
SKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRLKDK
VNNTLSTDIPFQLSKYVDNQRLLSTLEGGGGSGGGGSGGGGSALDNSDSECPLSHDQYCLHDGVCMYIEA
LDKYACNCVVGYIGERCQYRDLKWWELR

SEQ ID 31

MEFVNKQFNYKDPVNGVDIAYIKIPNAGOMOPVKAFKIHNKIWVIPERDT FTNPEEGDLNPPPEAKQVPV
SYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRGLLTSIVRGIPFWGGSTIDTELKVIDTNCINVIQP
DGSYRSEELNLVIIGPSADIIQFECKSEFGHEVLNLTRNGYGSTQYIRFSPDFTEFGFEESLEVDTNPLLGA
GKFATDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDSLQEN
EFRLYYYNKFKDIASTLNKAKSIVGTTASLQYMKNVEFKEKYLLSEDTSGKEFSVDKLKEDKLYKMLTEIYT
EDNFVKFFKVLNRKTYLNEDKAVEKINIVPKVNYTIYDGFNLRNTNLAANENGONTE INNMNETKLKNET
GLFEFYKLLCVDGIITSKTKSDDDDKNKALNLOCIKVNNWDLEFSPSEDNEFTNDLNKGEEITSDTNIEAA
EENISLDLIQOYYLTFNEFDNEPENISIENLSSDIIGQLELMPNIERFPNGKKYELDKYTMFHYLRAQEFE
HGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDEFTDETSEVSTTDKIADI
TIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTIDNALS
KRNEKWDEVYKY IVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINENIDDLS
SKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDRLKDK
VNNTLSTDIPFOLSKYVDNQRLLSTLEGGGGSGGGGSGGGGSALDNSDSECPLSHDOYCLHDGVCMYIEA
LDKYACNCVVGYIGERCQYRDLKWWELR

SEQID 32

HMGSMEFVNKQFNYKDPVNGVDIAYIKIPNAGOMQPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAK
QVPVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRGLLTSIVRGIPFWGGSTIDTELKVIDTNCIN
VIQPDGSYRSEELNLVIIGPSADIIQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNP
LLGAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVEFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDS
LOENEFRLYYYNKFKDIASTLNKAKSIVGTTASLOQYMKNVFKEKYLLSEDTSGKFSVDKLKFDKLYKMLT
EIYTEDNFVKFFKVLNRKTYLNFDKAVFKINIVPKVNYTIYDGENLRNTNLAANEFNGONTEINNMNETKL
KNFTGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLFFSPSEDNFTNDLNKGEEITSDTN
IEAAEENISLDLIQQYYLTFNEFDNEPENISIENLSSDITIGOLELMPNIERFPNGKKYELDKYTMFHYLRA
QEFEHGKSRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDK
IADITIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTID
NALSKRNEKWDEVYKYIVITNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINEFNI
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DDLSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDR
LKDKVNNTLSTDIPFQLSKYVDNQRLLSTFTEYIKNIINTSLEILNLRYESNHLIDLSRYASKINIGSKV
NEDPIDKNQIQLFNLESSKIEVILKNAIVYNSMYENFSTSFWIRIPKYEFNSISLNNEYTIINCMENNSGW
KVSLNYGEIIWTLODTQEIKQRVVFKYSOMINISDYINRWIEFVTITNNRLNNSKIYINGRLIDQKPISNL
GNIHASNNIMFKLDGCRDTHRYIWIKYENLEFDKELNEKEIKDLYDNQSNSGALVILKDEFWGDYLQYDKPY
YMLNLYDPNKYVDVNNVGIRGYMYLKGPRGSVMTTNIYLNSSLYRGTKFIIKKYASGNKDNIVRNNDRVY
INVVVKNKEYRLATNASQAGVEKILSALEIPDVGNLSQVVVMKSKNDQGITNKCKMNLODNNGNDIGFIG
FHOFNNIAKLVASNWYNRQIERSSRTLGCSWEFIPVDDGWGERPLALAHHHHHHHHHH

SEQID 33
HMGSMEFVNKQFNYKDPVNGVDIAYIKIPNAGOMOPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAK
QVPVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCIN
VIQPDGSYRSEELNLVIIGPSADIIQFECKSEFGHEVLNLTRNGYGSTQYIRFSPDEFTFGFEESLEVDTNP
LLGAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVEFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDG
ROENEFRLYYYNKFKDIASTLNKAKSIVGTTASLOYMKNVFKEKYLLSEDTSGKFSVDKLKEDKLYKMLT
EIYTEDNFVKFFKVLNRKTYLNFDKAVFKINIVPKVNYTIYDGEFNLRNTNLAANFNGONTEINNMNETKL
KNETGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLEFFSPSEDNFTNDLNKGEEITSDTN
IEAAEENISLDLIQQYYLTFNFDNEPENISIENLSSDIIGQLELMPNIERFPNGKKYELDKYTMFHYLRA
QEFEHGKSRIALTNSVNEALLNPSRVYTFEFSSDYVKKVNKATEAAMFLGWVEQLVYDETDETSEVSTTDK
IADITIIIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPEIAIPVLGTFALVSYIANKVLTVQTID
NALSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINENI
DDLSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDEDASLKDALLKYIYDNRGTLIGQVDR
LKDKVNNTLSTDIPFQLSKYVDNQRLLSTFTEYIKNIINTSLEILNLRYESNHLIDLSRYASKINIGSKV
NFDPIDKNQIQLEFNLESSKIEVILKNAIVYNSMYENFSTSEWIRIPKYFNSISLNNEYTIINCMENNSGW
KVSLNYGEITIWTLODTQEIKQRVVEFKYSQMINISDYINRWIFVTITNNRLNNSKIYINGRLIDQKPISNL
GNIHASNNIMFKLDGCRDTHRYIWIKYFNLFDKELNEKEIKDLYDNQSNSGALVILKDFWGDYLQYDKPY
YMLNLYDPNKYVDVNNVGIRGYMYLKGPRGSVMTTNIYLNSSLYRGTKFIIKKYASGNKDNIVRNNDRVY
INVVVKNKEYRLATNASQAGVEKILSALEIPDVGNLSQVVVMKSKNDQGI TNKCKMNLODNNGNDIGETIG
FHOFNNIAKLVASNWYNRQIERSSRTLGCSWEFIPVDDGWGERPLALAHHHHHHHHHHE

SEQID 34

HMGSMEFVNKQFNYKDPVNGVDIAYIKIPNAGOMOPVKAFKIHNKIWVIPERDTFTNPEEGDLNPPPEAK
QVPVSYYDSTYLSTDNEKDNYLKGVTKLFERIYSTDLGRMLLTSIVRGIPFWGGSTIDTELKVIDTNCIN
VIQPDGSYRSEELNLVIIGPSADI IQFECKSFGHEVLNLTRNGYGSTQYIRFSPDFTFGFEESLEVDTNP
LLGAGKFATDPAVTLAHELIHAGHRLYGIAINPNRVFKVNTNAYYEMSGLEVSFEELRTFGGHDAKFIDS
LOENEFRLYYYNKFKDIASTLNKAKSIVGTTASLQYMKNVFKEKYLLSEDTSGKFSVDKLKFDKLYKMLT
EIYTEDNFVKFFKVLNRKTYLNFDKAVFKINIVPKVNYTIYDGENLRNTNLAANENGONTEINNMNFTKL
KNEFTGLFEFYKLLCVDGIITSKTKSDDDDKNKALNLQCIKVNNWDLFEFSPSEDNETNDLNKGEEITSDTN
IEAAEENISLDLIQQYYLTFNFDNEPENISIENLSSDITGQLELMPNIERFPNGKKYELDKYTMFHYLRA
QEFEHIEGRIALTNSVNEALLNPSRVYTFFSSDYVKKVNKATEAAMFLGWVEQLVYDFTDETSEVSTTDK
IADITITIPYIGPALNIGNMLYKDDFVGALIFSGAVILLEFIPETAIPVLGTFALVSYIANKVLTVQTID
NALSKRNEKWDEVYKYIVTNWLAKVNTQIDLIRKKMKEALENQAEATKAIINYQYNQYTEEEKNNINEFNI
DDLSSKLNESINKAMININKFLNQCSVSYLMNSMIPYGVKRLEDFDASLKDALLKYIYDNRGTLIGQVDR
LKDKVNNTLSTDIPFQLSKYVDNQRLLSTFTEYIKNIINTSLEILNLRYESNHLIDLSRYASKINIGSKV
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NFDPIDKNQIQLEFNLESSKIEVILKNAIVYNSMYENFSTSEFWIRIPKYFNSISLNNEYTIINCMENNSGW
KVSLNYGEIIWTLODTQEIKORVVFKYSOMINISDYINRWIFVTITNNRLNNSKIYINGRLIDQKPISNL
GNTHASNNIMFKLDGCRDTHRYIWIKYEFNLEDKELNEKEIKDLYDNQSNSGALVILKDFWGDYLQYDKPY
YMLNLYDPNKYVDVNNVGIRGYMYLKGPRGSVMTTNIYLNSSLYRGTKFITKKYASGNKDNIVRNNDRVY
INVVVKNKEYRLATNASQAGVEKILSALEIPDVGNLSQVVVMKSKNDQGITNKCKMNLODNNGNDIGFEIG
FHOFNNIAKLVASNWYNRQIERSSRTLGCSWEFIPVDDGWGERPLALAHHHHHHHHHH

SEQID 35
MPKINSFNYNDPVNDRTILYIKPGGCQEFYKSEFNIMKNIWIIPERNVIGTTPODFHPPTSLKNGDSSYYD
PNYLQSDEEKDRFLKIVTKIFNRINNNLSGGILLEELSKANPYLGNDNTPDNQFHIGDASAVEIKEFSNGS
OHILLPNVIIMGAEPDLFETNSSNISLRNNYMPSNHGFGSTIAIVTIVPREFSFRENDNSINEFIQDPALTL
MHELIHSLHGLYGAKGITTTCIITQQOONPLITNRKGINIEEFLTFGGNDLNIITVAQYNDIYTNLLNDYR
KIASKLSKVQVSNPQLNPYKDIFQEKYGLDKDASGIYSVNINKFDDILKKLYSFTEFDLATKFQVKCRET
YIGOYKYFKLSNLLNDSIYNISEGYNINNLKVNFRGONANLNPRITKPITGRGLVKKIIRFCKNIVSVKG
IRKSICIEINNGELFFVASENSYNDDNINTPKEIDDTVTSNNNYENDLDQVILNFNSESAPGLSDEKLNL
TIQNDAYIPKYDSNGTSDIEQHDVNELNVFFYLDAQKVPEGENNVNLTSSIDTALLEQPKIYTFFSSEFI
NNVNKPVQAALFVSWIQQVLVDFTTEANQKSTVDKIADISIVVPYIGLALNIGNEAQKGNEFKDALELLGA
GILLEFEPELLIPTILVFTIKSFLGSSDNKNKVIKAINNALKERDEKWKEVYSFIVSNWMTKINTQFNKR
KEOMYQALONQVNAIKTIIESKYNSYTLEEKNELTNKYDIKQIENELNQKVSIAMNNIDRFLTESSISYL
MKLINEVKINKLREYDENVKTYLLNYIIQHGSILGESQQELNSMVTDTLNNSIPFKLSSYTDDKILISYF
NKFFKRIKSSSVLNMRYKNDKYVDTSGYDSNININGDVYKYPTNKNQFGIYNDKLSEVNISQNDYIIYDN
KYKNFSISFWVRIPNYDNKIVNVNNEYTIINCMRDNNSGWKVSLNHNEIIWTLODNAGINQKLAFNYGNA
NGISDYINKWIFVTITNDRLGDSKLYINGNLIDQKSILNLGNIHVSDNILFKIVNCSYTRYIGIRYENIF
DKELDETEIQTLYSNEPNTNILKDEWGNYLLYDKEYYLLNVLKPNNEIDRRKDSTLSINNIRSTILLANR
LYSGIKVKIQRVNNSSTNDNLVRKNDQVYINFVASKTHLFPLYADTATTNKEKTIKISSSGNRENQVVVM
NSVGNNCTMNEFKNNNGNNIGLLGFKADTVVASTWYYTHMRDHTNSNGCEWNFISEEHGWQEK

SEQID 36

MPKINSENYNDPVNDRTILYIKPGGCQEFYKSENIMKNIWIIPERNVIGTTPQDFHPPTSLKNGDSSYYD
PNYLOSDEEKDRFLKIVTKIFNRINNNLSGGILLEELSKANPYLGNDNTPDNQFHIGDASAVEIKEFSNGS
QHILLPNVIIMGAEPDLFETNSSNISLRNNYMPSNHGFGSIAIVTFSPEYSFRENDNSINEFIQDPALTL
MHELIHSLHGLYGAKGITTTCIITQQOONPLITNRKGINIEEFLTFGGNDLNIITVAQYNDIYTNLLNDYR
KIASKLSKVQVSNPOQLNPYKDIFQEKYGLDKDASGIYSVNINKEFDDILKKLYSETEFDLATKFQVKCRET
YIGQYKYFKLSNLLNDSIYNISEGYNINNLKVNFRGONANLNPRITIKPITGRGLVKKITIRFCKNIVSVKG
IRKSICIEINNGELFFVASENSYNDDNINTPKEIDDTVTSNNNYENDLDQVILNFNSESAPGLSDEKLNL
TIQNDAYIPKYDSNGTSDIEQHDVNELNVEFYLDAQKVPEGENNVNLTSSIDTALLEQPKIYTFFSSEFI
NNVNKPVQAALFVSWIQQVLVDFTTEANQKSTVDKIADISIVVPYIGLALNIGNEAQKGNFKDALELLGA
GILLEFEPELLIPTILVFTIKSFLGSSDNKNKVIKAINNALKERDEKWKEVYSFIVSNWMTKINTQEFNKR
KEQMYQALONQVNAIKTIIESKYNSYIEGRKNELTNKYDIKQTENELNQKVSIAMNNIDRFLTESSISYL
MKLINEVKINKLREYDENVKTYLLNYIIQHGSILGESQQELNSMVTDTLNNSIPFKLSSYTDDKILISYF
NKFFKRIKSSSVLNMRYKNDKYVDTSGYDSNININGDVYKYPTNKNQFGIYNDKLSEVNISONDYIIYDN
KYKNFSISFWVRIPNYDNKIVNVNNEYTITINCMRDNNSGWKVSLNHNETI ITWTLODNAGINQKLAEFNYGNA
NGISDYINKWIFVTITNDRLGDSKLYINGNLIDQKSILNLGNIHVSDNILFKIVNCSYTRYIGIRYFNIF
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DKELDETEIQTLYSNEPNTNILKDFWGNYLLYDKEYYLLNVLKPNNFIDRRKDSTLSINNIRSTILLANR
LYSGIKVKIQRVNNSSTNDNLVRKNDQVYINEFVASKTHLEPLYADTATTNKEKTIKISSSGNRENQVVVM
NSVGNNCTMNFKNNNGNNIGLLGFKADTVVASTWYYTHMRDHTNSNGCFWNEISEEHGWQEK

SEQID 37
MGSMPKINSENYNDPVNDRTILYIKPGGCQEFYKSEFNIMKNIWIIPERNVIGTTPQDFHPPTSLKNGDSS
YYDPNYLQSDEEKDRFLKIVTKIFNRINNNLSGRGLLEELSKANPYLGNDNTPDNQFHIGDASAVEIKES
NGSQHILLPNVIIMGAEPDLFETNSSNISLRNNYMPSNHGFGSIAIVTFSPEYSFRENDNSINEFIQDPA
LTLMHELIHSLHGLYGAKGITTTCIITQOONPLITNRKGINIEEFLTFGGNDLNIITVAQYNDIYTNLLN
DYRKIASKLSKVQVSNPQLNPYKDIFQEKYGLDKDASGIYSVNINKFDDILKKLYSFTEFDLATKFQVKC
RETYIGQYKYFKLSNLLNDSIYNISEGYNINNLKVNFRGONANLNPRIIKPITGRGLVKKIIRFCVDGGG
GSADDDDKHSDAVFTDNYTRLRROLAVRRYLNSILNALAGGGGSGGGGSGGGGSALVLOCIEINNGELFF
VASENSYNDDNINTPKEIDDTVTSNNNYENDLDQVILNENSESAPGLSDEKLNLTIQNDAYIPKYDSNGT
SDIEQHDVNELNVFFYLDAQKVPEGENNVNLTSSIDTALLEQPKIYTFEFSSEFINNVNKPVQAALFVSWI
QOVLVDFTTEANQKSTVDKIADISIVVPYIGLALNIGNEAQKGNFKDALELLGAGILLEFEPELLIPTIL
VFTIKSFLGSSDNKNKVIKAINNALKERDEKWKEVYSFIVSNWMTKINTQFNKRKEQMYQALONQVNATIK
TIIESKYNSYTLEEKNELTNKYDIKQIENELNQKVSIAMNNIDRFLTESSISYLMKIINEVKINKLREYD
ENVKTYLLNYIIQHGSILGESQQELNSMVTDTLNNSIPFKLSSYTDDKILISYEFNKFFKG

SEQID 38
MGSMPKINSFNYNDPVNDRTILYIKPGGCOEFYKSEFNIMKNIWIIPERNVIGTTPQDFHPPTSLKNGDSS
YYDPNYLOSDEEKDRFLKIVTKIFNRINNNLSGGILLEELSKANPYLGNDNTPDNQFHIGDASAVEIKES
NGSQHILLPNVIIMGAEPDLFETNSSNISLRNNYMPSNHGEFGSIAIVTFSPEYSFRENDNSINEFIQDPA
LTLMHELIHSLHGLYGAKGITTTCIITQQONPLITNRKGINIEEFLTFGGNDLNIITVAQYNDIYTNLLN
DYRKIASKLSKVQVSNPQLNPYKDIFQEKYGLDKDASGIYSVNINKEFDDILKKLYSFTEFDLATKEFQVKC
RETYIGOYKYFKLSNLLNDSIYNISEGYNINNLKVNFRGONANLNPRITIKPITGRGLVKKIIRFCVDGGG
GSADDDDKHSDAVFTDNYTRLRRQLAVRRYLNSILNALAGGGGSGGGGSGGGGSALVLOQCIEINNGELEFE
VASENSYNDDNINTPKEIDDTVTSNNNYENDLDQVILNENSESAPGLSDEKLNLTIQNDAYIPKYDSNGT
SDIEQHDVNELNVEFFYLDAQKVPEIEGRVNLTSSIDTALLEQPKIYTFFSSEFINNVNKPVOAALEFVSWI
QQVLVDFTTEANQKSTVDKIADISIVVPYIGLALNIGNEAQKGNEFKDALELLGAGILLEFEPELLIPTIL
VFTIKSFLGSSDNKNKVIKAINNALKERDEKWKEVYSFIVSNWMTKINTQFNKRKEQMYQALONQVNATK
TITESKYNSYTLEEKNELTNKYDIKQIENELNOKVSIAMNNIDRFLTESSISYLMKIINEVKINKLREYD
ENVKTYLLNYIIQHGSILGESQQELNSMVTDTLNNSIPFKLSSYTDDKILISYFNKFFKG

SEQID 39

MGSMPKINSFNYNDPVNDRTILYIKPGGCQEFYKSFNIMKNIWIIPERNVIGTTPQDFHPPTSLKNGDSS
YYDPNYLOSDEEKDRFLKIVTKIFNRINNNLSGGILLEELSKANPYLGNDNTPDNQFHIGDASAVEIKES
NGSQHILLPNVIIMGAEPDLFETNSSNISLRNNYMPSNHGFGSIAIVTFSPEYSFRENDNSINEFIQDPA
LTLMHELIHSLHGLYGADGITTTCIITQQOONPLITNRKGINIEEFLTFGGNDLNIITIEGRNDIYTNLLN
DYRKIASKLSKVQVSNPOLNPYKDIFQEKYGLDKDASGIYSVNINKFDDILKKLYSFTEFDLATKFQVKC
RETYIGQYKYFKLSNLLNDSIYNISEGYNINNLKVNFRGONANLNPRIIKPITGRGLVKKIIRFCVDGGG
GSADDDDKHSDAVFTDNYTRLRRQLAVRRYLNSILNALAGGGGSGGGGSGGGGSALVLQCIEINNGELEF
VASENSYNDDNINTPKEIDDTVTSNNNYENDLDQVILNFNSESAPGLSDEKLNLTIQNDAYIPKYDSNGT
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SDIEQHDVNELNVFFEYLDAQKVPEGENNVNLTSSIDTALLEQPKIYTFEFSSEFINNVNKPVOAALFVSWI
QQVLVDEFTTEANQKSTVDKIADISIVVPYIGLALNIGNEAQKGNFKDALELLGAGILLEFEPELLIPTIL
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CLAIMS:
1. A polypeptide, comprising:

a. a non-cytotoxic protease that is capable of cleaving a SNARE protein;

b. a translocation domain that is capable of translocating the non-cytotoxic
protease from within an endosome of a mammalian cell, across the
endosomal membrane thereof and into the cytosol of the mammalian
cell;

C. a first destructive cleavage site that is cleavable by a second protease
and not by the non-cytotoxic protease, and wherein after cleavage
thereof by the second protease the polypeptide has reduced potency;

d. a Targeting Moiety (TM) that binds to a Binding Site on a nerve cell of
the neuromuscular junction, which Binding Site is capable of
undergoing endocytosis to be incorporated into an endosome within the
nerve cell; and

e. with the proviso that said first destructive cleavage site is not located
within said TM.

2. A polypeptide according to Claim 1, wherein the reduced potency is as

measurable by a reduced ability to cleave said SNARE protein and/ or a

reduced ability to transiocate said non-cytotoxic protease.

3. A polypeptide according to Claim 1 or 2, wherein the destructive cleavage site is

cleaved by a protease selected from a circulating protease; a tissue-associated

protease; or an intracellular protease.

4. A polypeptide according to Claim 3, wherein the circulating protease is an

extracellular protease and the tissue-associated protease is a matrix

metalloprotease (MMP).
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5. A polypeptide according to claim 5, wherein the extracellular protease is a
serum protease or a protease of the blood clotting cascade and the matrix

metalloprotease (MMP) is a muscle MMP.

6. A polypeptide according to Claim 3, wherein the intracellular protease is a

protease that is absent from the target cell.

7. A polypeptide according to any one of Claims 3 to 6, wherein the protease is
Thrombin, Factor Xa, ADAM17, Human airway trypsin-like protease (HAT), ACE
(peptidyl-dipeptidase A), Elastase, Furin, Granzyme, Caspase, a Matrix
metalloprotease (MMP), a TACE, an adamalysin, a serralysin, a astacin,
Coagulation Factor Vlla, Coagulation Factor IXa, Coagulation Factor Xla,

Coagulation Factor Xlla, Kallikrein, Protein C, or MBP-associated serine

protease.

8. A polypeptide according to Claim 7, wherein the caspase is one of Caspase 1-
10.

9. A polypeptide according to any preceding claim, wherein the non- cytotoxic

protease comprises a clostridial neurotoxin L-chain or a fragment thereof that is
capable of cleaving a SNARE protein; or wherein the non-cytotoxic protease
comprises an IgA protease or a fragment thereof that is capable of cleaving a
SNARE protein.

10. A polypeptide according to any of Claims 1 to 9, wherein the polypeptide
comprises at least one first destructive cleavage site present in the non-
cytotoxic protease component and/ or at least one first destructive cleavage site

present in the translocation domain.

11. A polypeptide according to any preceding claim, wherein the translocation

domain comprises a clostridial neurotoxin translocation domain.

12. A polypeptide according to any preceding Claim, wherein the TM comprises a
clostridial neurotoxin Hc or Hec domain or a fragment thereof that is capable of
binding to a neuronal cell; or wherein the TM comprises a peptide selected from

a glucagon like hormone, a neurohormone, a neuroregulatory cytokine, a
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neurotrophin, a growth factor, an axon guidance signaling molecule, a sugar
binding protein, a ligand that selectively binds a neurexin, a ligand for neurexin-
2a, a ligand for neurexin-2B, a ligand for neurexin-3a, a ligand for neurexin-3B,
a WNT, Ng-CAM(LI), NCAM, N-cadherin, a PACAP peptide such as a VIP
peptide, Agrin-MUSK, a basement membrane polypeptide, and a variant of any
of the foregoing polypeptides; a neuroregulatory cytokine such as a ciliary
neurotrophic factor (CNTF), a glycophorin-A (GPA), a leukemia inhibitory factor
(LIF), an interleukin (IL), an onostatin M, a cardiotrophin-1 (CT-1), a
cardiotrophin-like cytokine (CLC), a neuroleukin, VEGF, an insulin-like growth
factor (IGF), an epidermal growth factor (EGF), and a variant of any of the

foregoing neuroregulatory cytokines.

A polypeptide according to any preceding claim, wherein after cleavage at the
destructive cleavage site, the polypeptide has a reduced ability to cleave a
SNARE protein.

A polypeptide according to Claim 1, wherein said polypeptide comprises an
amino acid sequence having at least 80% sequence identity with an amino acid
sequence selected from: SEQ ID NO: 4, 6, 8, 10, 11, 13, 15, 19, 21, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, or 39.

A polypeptide according to claim 1, wherein said polypeptide comprises an
amino acid sequence having at least 90% sequence identity with an amino acid
sequence selected from SEQ ID NO: 4, 6, 8, 10, 11, 13, 15, 19, 21, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, or 39.

A polypeptide according to claim 1, wherein said polypeptide comprises an
amino acid sequence having at least 95% sequence identity with an amino acid
sequence selected from SEQ ID NO: 4, 6, 8, 10, 11, 13, 15, 19, 21, 23, 24, 25,
26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, or 39.

A nucleic acid encoding a polypeptide according to any preceding claim.

A nucleic acid according to Claim 17, wherein the nucleic acid comprises a
nucleic acid sequence having at least 80% sequence identity to a nucleic acid
sequence selected from SEQ ID NO: 3, 5,7, 9, 12, 14, 18, 20, or 22.
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A nucleic acid according to Claim 17, wherein the nucleic acid comprises a
nucleic acid sequence having at least 90% sequence identity to a nucleic acid
sequence selected from SEQ ID NO: 3, 5,7, 9, 12, 14, 18, 20, or 22.

A nucleic acid according to Claim 17, wherein the nucleic acid comprises a
nucleic acid sequence having at least 95% sequence identity to a nucleic acid
sequence selected from SEQ ID NO: 3, 5,7, 9, 12, 14, 18, 20, or 22.

A polypeptide according to any of Claims 1 to 16 for use in suppressing a
condition or disease selected from strabismus, blepharospasm, squint,
dystonia, beauty therapy (cosmetic) applications benefiting from cell/ muscle
incapacitation (via SNARE down-regulation or inactivation), neuromuscular
disorder or condition of ocular motility, writer's cramp, blepharospasm, bruxism,
Wilson's disease, tremor, tics, segmental myoclonus; spasms, spasticity due to
chronic multiple sclerosis, spasticity resulting in abnormal bladder control,
animus, back spasm, Charley horse, tension headaches, levator pelvic

syndrome, spina bifida, tardive dyskinesia, Parkinson's and stuttering.

A method for suppressing a condition or disease selected from strabismus,
blepharospasm, squint, dystonia, torticollis, beauty therapy (cosmetic)
applications benefiting from cell/ muscle incapacitation (via SNARE down-
regulation or inactivation), neuromuscular disorder or condition of ocular
motility, writer's cramp, blepharospasm, bruxism, Wilson's disease, tremor, tics,
segmental myoclonus; spasms, spasticity due to chronic multiple sclerosis,
spasticity resulting in abnormal bladder control, animus, back spasm, Charley
horse, tension headaches, levator pelvic syndrome, spina bifida, tardive

dyskinesia, Parkinson's and stuttering;

said method comprising administering to a patient an effective amount of a

polypeptide according to any of Claims 1 to 16.

Use of a polypeptide according to any one of claims 1 to 16 in the manufacture
of a medicament for use in suppressing a condition or disease selected from
strabismus, blepharospasm, squint, dystonia, beauty therapy (cosmetic)

applications benefiting from cell/ muscle incapacitation (via SNARE down-
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regulation or inactivation), neuromuscular disorder or condition of ocular
motility, writer's cramp, blepharospasm, bruxism, Wilson's disease, tremor, tics,
segmental myoclonus; spasms, spasticity due to chronic multiple sclerosis,
spasticity resulting in abnormal bladder control, animus, back spasm, Charley
horse, tension headaches, levator pelvic syndrome, spina bifida, tardive

dyskinesia, Parkinson's and stuttering.

A polypeptide according to Claim 21, method according to Claim 22 or use
according to claim 23, wherein the dystonia is selected from the group
consisting of spasmodic dystonia, oromandibular dystonia, focal dystonia,

tardive dystonia, laryngeal dystonia and limb dystonia.

A polypeptide according to Claim 21, method according to Claim 22 or use

according to claim 23, wherein the torticollis is spasmodic torticollis.

A polypeptide according to Claim 21, method according to Claim 22 or use
according to claim 23, wherein the neuromuscular disorder or condition of
ocular motility is selected from the group consisting of concomitant strabismus,

vertical strabismus, lateral rectus palsy and nystagmus dysthyroid myopathy.
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Figure 4
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Figure 5
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Figure 6
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Figure 8
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Figure 10
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Figure 11
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Figure 12
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Figure 13

T e SV

e




WO 2010/094905 - PCT/GB2009/002892

18/21

Figure 14




WO 2010/094905 PCT/GB2009/002892

19/21

Figure 15
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Figure 16
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