(12) STANDARD PATENT (11) Application No. AU 2010226392 B9
(19) AUSTRALIAN PATENT OFFICE

(54) Title
Selective and potent peptide inhibitors of Kv1.3

(61) International Patent Classification(s)
AG61K 38/00 (2006.01)

(21)  Application No: 2010226392 (22)  Date of Filing:  2010.03.19
(87) WIPONo: WO10/108154

(30)  Priority Data

(31) Number (32) Date (33) Country
61/210,594 2009.03.20 us
(43) Publication Date: 2010.09.23

(44) Accepted Journal Date: 2014.04.03
(48) Corrigenda Journal Date:  2014.05.22

(71)  Applicant(s)
Amgen Inc.

(72)  Inventor(s)
Sullivan, John K_;Miranda, Leslie P.;Gegg, Colin V.;Hu, Shaw-Fen Sylvia;Belouski,
Edward J.;Murray, Justin K. Nguyen, Hung;Walker, Kenneth W.;Arora,
Taruna;Jacobsen, Frederick W.;Li, Yue-Sheng;Boone, Thomas C.

(74)  Agent/ Attorney
Shelston IP, L 21 60 Margaret St, Sydney, NSW, 2000

(56) Related Art
Gendeh et al (1997) Biochemistry, September, 36(38):11461-11471
US 6077680 A (Kem et al.) 20 June 2000
WO 2008/088422 A2 (Amgen Inc.) 24 July 2008
Pennington, et al (1999) Biochemistry, November, 38(44):14549-14558
US 2008/0221024 A1 (Chandy et al) 11 September 2008
US 2007/0071764 A1 (Sullivan et al) 29 March 2007




wO 20107108154 A3 I 00T 0100 T O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization

International Bureau

(43) International Publication Date
23 September 2010 (23.09.2010)

(10) International Publication Number

WO 2010/108154 A3

(51

1)

(22)

(25)
(26)
(30)

n

(72)
(75)

International Patent Classification:
A61K 38/00 (2006.01)

International Application Number:
PCT/US2010/028061

International Filing Date:
19 March 2010 (19.03.2010)

Filing Language: English
Publication Language: English
Priority Data:

61/210,594 20 March 2009 (20.03.2009) Us

Applicant (for all designated States except US): AM-
GEN INC. [US/US]; One Amgen Center Drive, Thou-
sand Oaks, California 91320-1799 (US).

Inventors; and

Inventors/Applicants (for US only): SULLIVAN, John
K. [US/US]; 1085 Rotella Street, Newbury Park, Califor-
nia 91320 (US). MIRANDA, Leslie P. [AU/US]; 3586
Mapleknoll Place, Thousand Oaks, California 91362
(US). GEGG, Colin V. [US/US]; 736 Kenmore Circle,
Newbury Park, California 91320 (US). HU, Shaw-Fen
Sylvia [US/US]; 986 Lynnmere Drive, Thousand Oaks,
California 91360 (US). BELOUSKI, Edward J.
[US/US]; 4541 La Tuna Court, Camarillo, California
93012 (US). MURRAY, Justin K. [US/US]; 6879 Pecan
Avenue, Moorpark, California 91321 (US). NGUYEN,
Hung [US/US]; 400 Paseo Camarillo, #212, Camarillo,
California 93010 (US). WALKER, Kenneth W.
[US/US]; 175 Mesa Avenue, Newbury Park, California
91320 (US). ARORA, Taruna [IN/US]; 5380 Via Pisa,
Thousand Oaks, California 91320 (US). JACOBSEN,
Frederick W. [US/US]; 1168 Homestake Place, Newbury
Park, California 91320 (US). LI, Yue-Sheng [US/US];
3025 Shadow Hill Circle, Thousand Oaks, California

(74)

1)

(84)

91360 (US). BOONE, Thomas C. [US/US]; 2715 Kelly
Knoll Lane, Newbury Park, California 91320 (US).

Agent: STEINBERG, Nisan A.; Patent Operations, M/S
28-2-C, One Amgen Center Drive, Thousand Oaks, Cali-
fornia 91320-1799 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(ii))

Published:

(88)

with international search report (Art. 21(3))
with sequence listing part of description (Rule 5.2(a))

Date of publication of the international search report:
3 March 2011

(54) Title: SELECTIVE AND POTENT PEPTIDE INHIBITORS OF Kv1.3

(57) Abstract: Disclosed are compositions of matter having an amino acid sequence of SEQ ID NO:4, or a pharmaceutically ac-
ceptable salt thereof, including embodiments comprising a toxin peptide analog related to ShK, HmK, and AETX-K and pharma-
ceutical compositions or medicaments containing them along with a pharmaceutically acceptable carrier. Some embodiments in-
clude a half-life extending moiety. Also disclosed are a method of preventing or mitigating a relapse of a symptom of multiple
sclerosis and a method of treating an autoimmune disorder using the compositions.



18 Nov 2013

2010226392

20

25

-1-

SELECTIVE AND POTENT PEPTIDE INHIBITORS OF Ky1.3
FIELD OF THE INVENTION

[0001] This application claims the benefit of U.S. Provisional Application No.
61/210,594, filed March 20, 2009, which is hereby incorporated by reference in its entirety.
[0002] The instant application contains an ASCII “txt” compliant sequence listing
submitted via EFS-WEB on March 19, 2010, which serves as both the computer readable form
(CRF) and the paper copy required by 37 C.F.R. Section 1.821(c) and 1.821(e), and is hereby
incorporated by reference in its entirety. The name of the “txt” file created on March 18, 2010,
is: A-1455-WO-PCT-SeqList031810-482_ST25.txt, and is 348 kb in size.

[0003] Throughout this application various publications are referenced within
parentheses or brackets. The disclosures of these publications in their entireties are hereby
incorporated by reference in this application in order to more fully describe the state of the art

to which this invention pertains.

BACKGROUND OF THE INVENTION

[0004] 1. Field of the Invention
[0005] The present invention is related to the biochemical arts, in particular to

therapeutic peptides and conjugates.

[0006] 2. Discussion of the Related Art
[0006a] Any discussion of the prior art throughout the specification should in no way be

considered as an admission that such prior art is widely known or forms part of common
general knowledge in the field.

[0007] Ion channels are a diverse group of molecules that permit the exchange of small
inorganic ions across membranes. All cells require ion channels for function, but this is
especially so for excitable cells such as those present in the nervous system and the heart. The
electrical signals orchestrated by ion channels control the thinking brain, the beating heart and
the contracting muscle. Ion channels play a role in regulating cell volume, and they control a

wide variety of signaling processes.
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[0008] The ion channel family includes Na+, K+, and Ca2+ cation and ClI-
anion channels. Collectively, ion channels are distinguished as either ligand-
gated or voltage-gated. Ligand-gated channels include both extracellular and
intracellular ligand-gated channels. The extracellular ligand-gated channels
include the nicotinic acetylcholine receptor (nAChR), the serotonin (5-
hydroxytryptamine, 5-HT) receptors, the glycine and y-butyric acid receptors
(GABA) and the glutamate-activated channels including kanate, a-amino-3-
hydroxy-5-methyl-4-isoxazole propionic acid (AMPA) and N-methyl-D-aspartate
receptors (NMDA) receptors. (Harte and Ouzounis (2002), FEBS Lett. 514: 129-
34). Intracellular ligand gated channels include those activated by cyclic
nucleotides (¢.g. cAMP, cGMP), Ca2+ and G-proteins. (Harte and Ouzounis
(2002), FEBS Lett. 514: 129-34). The voltage-gated ion channels are categorized
by their selectivity for inorganic ion species, including sodium, potassium,
calcium and chloride ion channels. (Harte and Ouzounis (2002), FEBS Lett. 514:
129-34).

[0009] A unified nomenclature for classification of voltage-gated channels
was recently presented. (Catterall et al. (2000), Pharmacol. Rev. 55: 573-4;
Gutman et al. (2000), Pharmacol. Rev. 55, 583-6; Catterall et al. (2000)
Pharmacol. Rev. 55: 579-81; Catterall et al. (2000), Pharmacol. Rev. 55: 575-8;
Hofmann et al. (2000), Pharmacol. Rev. 55: 587-9; Clapham et al. (2000),
Pharmacol Rev. 55: 591-6; Chandy (1991), Nature 352: 26; Goldin et al. (2000),
Neuron 28: 365-8; Ertel et al. (2000), Neuron 25: 533-5). The K+ channels
constitute the largest and best characterized family of ion channels described to
date. Potassium channels are subdivided into three general groups: the 6
transmembrane (6 TM) K+ channels, the 2TM-2TM/leak K+ channels and the
2TM/Kir inward rectifying channels. (Tang et al. (2004), Ann. Rev. Physiol. 66,
131-159). These three groups are further subdivided into families based on
sequence similarity. The voltage-gated K+ channels, including (Kv1-6, Kv8-9),
EAG (POTASSIUM CHANNEL, VOLTAGE-GATED, SUBFAMILY H,
MEMBER 1), KQT (Potassium voltage-gated channel subfamily KQT member
1), and Slo (BKCa; POTASSIUM CHANNEL, CALCIUM-ACTIVATED,
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LARGE CONDUCTANCE, SUBFAMILY M, ALPHA MEMBER 1), are family
members of the 6TM group. The 2TM-2TM group comprises TWIK
(POTASSIUM CHANNEL, SUBFAMILY K, MEMBER 1), TREK
(POTASSIUM CHANNEL, SUBFAMILY K, MEMBER 2), TASK
(POTASSIUM CHANNEL, SUBFAMILY K, MEMBER 3), TRAAK
(POTASSIUM CHANNEL, SUBFAMILY K, MEMBER 4), and THIK
(POTASSIUM CHANNEL, SUBFAMILY K, MEMBER 13, also known as
TANDEM PORE DOMAIN HALOTHANE-INHIBITED POTASSIUM
CHANNEL), whereas the 2TM/Kir group consists of Kirl-7. Two additional
classes of ion channels include the inward rectifier potassium (IRK) and ATP-
gated purinergic (P2X) channels. (Harte and Ouzounis (2002), FEBS Lett. 514:
129-34).

[0010] Toxin peptides produced by a variety of organisms have evolved to
target ion channels. Snakes, scorpions, spiders, bees, snails and sea anemone are a
few examples of organisms that produce venom that can serve as a rich source of
small bioactive toxin peptides or “toxins’ that potently and selectively target ion
channels and receptors. In most cases, these toxin peptides have evolved as potent
antagonists or inhibitors of ion channels, by binding to the channel pore and
physically blocking the ion conduction pathway. In some other cases, as with
some of the tarantula toxin peptides, the peptide is found to antagonize channel
function by binding to a region outside the pore (e.g., the voltage sensor domain).
[0011] Native toxin peptides are usually between about 20 and about 80
amino acids in length, contain 2-5 disulfide linkages and form a very compact
structure. Toxin peptides (e.g., from the venom of scorpions, sea anemones and
cone snails) have been isolated and characterized for their impact on ion channels.
Such peptides appear to have evolved from a relatively small number of structural
frameworks that are particularly well suited to addressing the critical issues of
potency, stability, and selectivity. (See, e.g., Dauplais et al., On the convergent
evolution of animal toxins: conservation of a diad of functional residues in
potassium channel-blocking toxins with unrelated structures, J. Biol. Chem.

272(7):4302-09 (1997); Alessandri-Haber et al., Mapping the functional anatomy
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of BgK on Kv1.1, Kv1.2, and Kv1.3, J. Biol. Chem. 274(50):35653-61 (1999)).
The majority of scorpion and Conus toxin peptides, for example, contain 10-40
amino acids and up to five disulfide bonds, forming extremely compact and
constrained structure (microproteins) often resistant to proteolysis. The conotoxin
and scorpion toxin peptides can be divided into a number of superfamilies based
on their disulfide connections and peptide folds. The solution structure of many
of these has been determined by Nuclear Magnetic Resonance (NMR)
spectroscopy, illustrating their compact structure and verifying conservation of
their family folding patterns. (E.g., Tudor et al., Ionisation behaviour and
solution properties of the potassium-channel blocker ShK toxin, Eur. J. Biochem.
251(1-2):133-41(1998); Pennington et al., Role of disulfide bonds in the structure
and potassium channel blocking activity of ShK toxin, Biochem. 38(44): 14549-
58 (1999); Jaravine et al., Three-dimensional structure of toxin OSK1 from

Orthochirus scrobiculosus scorpion venom, Biochem. 36(6):1223-32 (1997); del

Rio-Portillo et al.; NMR solution structure of Cn12, a novel peptide from the
Mexican scorpion Centruroides noxius with a typical beta-toxin sequence but with
alpha-like physiological activity, Eur. J. Biochem. 271(12): 2504-16 (2004),
Prochnicka-Chalufour et al., Solution structure of discrepin, a new K+-channel
blocking peptide from the alpha-KTx15 subfamily, Biochem. 45(6):1795-1804
(2006)). Conserved disulfide structures can also reflect the individual
pharmacological activity of the toxin family. (Nicke et al. (2004), Eur. J.
Biochem. 271: 2305-19, Table 1; Adams (1999), Drug Develop. Res.46: 219-34).
For example, a-conotoxins have well-defined four cysteine/two disulfide loop
structures (Loughnan, 2004) and inhibit nicotinic acetylcholine receptors. In
contrast, w-conotoxins have six cysteine/three disulfide loop consensus structures
(Nielsen, 2000) and block calcium channels. Structural subsets of toxins have
evolved to inhibit either voltage-gated or calcium-activated potassium channels.
[0012] Due to their potent and relatively selective blockade of specific ion
channels, toxin peptides have been used for many years as tools to investigate the
pharmacology of ion channels. Other than excitable cells and tissues such as

those present in heart, muscle and brain, ion channels are also important to non-
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excitable cells such as immune cells. Accordingly, the potential therapeutic utility
of toxin peptides has been considered for treating various immune disorders, in
particular by inhibition of potassium channels such as Kv1.3 and IKCal since
these channels indirectly control calcium signaling pathway in lymphocytes.
(E.g., Kem et al., ShK toxin compositions and methods of use, US Patent No.
6,077,680; Lebrun et al., Neuropeptides originating in scorpion, US Patent No.
6,689,749; Beeton et al., Targeting effector memory T cells with a selective
peptide inhibitor of Kv1.3 channnels for therapy of autoimmune diseases, Molec.
Pharmacol. 67(4):1369-81 (2005); Possani Postay et al., VM23 and VM24, two
scorpion peptides that block human T-lymphocyte potassium channels (subtype
kv1.3) with high selectivity and decrease the in vivo DTH-responses in rats, WO
2008/139243; Mouhat et al., K+ channel types targeted by synthetic OSK1, a
toxin from Orthochirus scrobiculosus scorpion venom, Biochem. J. 385:95-104
(2005); Mouhat et al., Pharmacological profiling of Orthochirus scrobiculosus
toxin 1 analogs with a trimmed N-terminal domain, Molec. Pharmacol. 69:354- 62
(2006); Moubhat et al., OsK 1 derivatives, WO 2006/002850 A2; B.S. Jensen et al.
The Ca2+-activated K+ Channel of Intermediate Conductance: A Molecular
Target for Novel Treatments?, Current Drug Targets 2:401-422 (2001); Rauer et
al., Structure-guided Transformation of Charybdotoxin Yields an Analog That
Selectively Targets Ca2+-activated over Voltage-gated K+ Channels, J. Biol.
Chem. 275: 1201-1208 (2000); Castle et al., Maurotoxin: A Potent Inhibitor of
Intermediate Conductance Ca2+-Activated Potassium Channels, Molecular
Pharmacol. 63: 409-418 (2003); Chandy et al., K+ channels as targets for specific
Immunomodulation, Trends in Pharmacol. Sciences 25: 280-289 (2004); Lewis &
Garcia, Therapeutic Potential of Venom Peptides, Nat. Rev. Drug Discov. 2: 790-
802 (2003); Han et al., Structural basis of a potent peptide inhibitor designed for
Kv1.3 channel, a therapeutic target of autoimmune disease, J. Biol. Chem.
283(27):19058-65 (2008)].

[0013] Calcium mobilization in lymphocytes is known to be a critical
pathway in activation of inflammatory responses [M.W. Winslow et al. (2003)

Current Opinion Immunol. 15, 299]. Compared to other cells, T cells show a
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unique sensitivity to increased levels of intracellular calcium and ion channels
both directly and indirectly control this process. Inositol triphosphate (IP3) is the
natural second messenger which activates the calcium signaling pathway. IP3 is
produced following ligand-induced activation of the T cell receptor (TCR) and
upon binding to its intracellular receptor (a channel) causes unloading of
intracellular calcium stores. The endoplasmic reticulum provides one key calcium
store. Thapsigargin, an inhibitor of the sarcoplasmic-endoplasmic reticulum
calcium ATPase (SERCA), also causes unloading of intracellular stores and
activation of the calcium signaling pathway in lymphocytes. Therefore,
thapsigargin can be used as a specific stimulus of the calcium signaling pathway
in T cells. The unloading of intracellular calcium stores in T cells is known to
cause activation of a calcium channel on the cell surface which allows for influx
of calcium from outside the cell. This store operated calcium channel (SOCC) on
T cells is referred to as “CRAC” (calcium release activated channel) and sustained
influx of calcium through this channel is known to be critical for full T cell
activation [S. Feske et al. (2005) J. Exp. Med. 202, 651 and N. Venkatesh et al.
(2004) PNAS 101, 8969]. For many years it has been appreciated that in order to
maintain continued calcium influx into T cells, the cell membrane must remain in
a hyperpolarized condition through efflux of potassium ions. In T cells, potassium
efflux is accomplished by the voltage-gated potassium channel Kv1.3 and the
calcium-activated potassium channel IKCal [K.G. Chandy et al. (2004) TIPS 25,
280]. These potassium channels therefore indirectly control the calcium signaling
pathway, by allowing for the necessary potassium efflux that allows for a
sustained influx of calcium through CRAC.

[0014] Sustained increases in intracellular calcium activate a variety of
pathways in T cells, including those leading to activation of NFAT (Nuclear
Factor of Activated T cells), NF-kB (NUCLEAR FACTOR OF KAPPA LIGHT
CHAIN GENE ENHANCER IN B CELLS) and AP-1 [ACTIVATOR PROTEIN
1; Quintana-A (2005) Pflugers Arch. — Eur. J. Physiol. 450, 1]. These events lead
to various T cell responses including alteration of cell size and membrane

organization, activation of cell surface effector molecules, cytokine production
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and proliferation. Several calcium sensing molecules transmit the calcium signal
and orchestrate the cellular response. Calmodulin is one molecule that binds
calcium, but many others have been identified (M.J. Berridge et al. (2003) Nat.
Rev. Mol. Cell. Biol. 4,517). The calcium-calmodulin dependent phosphatase
calcineurin is activated upon sustained increases in intracellular calcium and
dephosphorylates cytosolic NFAT. Dephosphorylated NFAT quickly translocates
to the nucleus and is widely accepted as a critical transcription factor for T cell
activation (F. Macian (2005) Nat. Rev. Immunol. 5, 472 and N. Venkatesh et al.
(2004) PNAS 101, 8969). Inhibitors of calcineurin, such as cyclosporin A
(Neoral, SandImmune) and FK506 (Tacrolimus) are a main stay for treatment of
severe immune disorders such as those resulting in rejection following solid organ
transplant (I.M. Gonzalez-Pinto et al. (2005) Transplant. Proc. 37, 1713 and
D.R.J. Kuypers (2005) Transplant International 18, 140). Neoral has been
approved for the treatment of transplant rejection, severe rheumatoid arthritis
(D.E. Yocum et al. (2000) Rheumatol. 39, 156) and severe psoriasis (J. Koo
(1998) British J. Dermatol. 139, 88). Preclinical and clinical data has also been
provided suggesting calcineurin inhibitors may have utility in treatment of
inflammatory bowel disease (IBD; Baumgart DC (2006) Am. J. Gastroenterol.
Mar 30; Epub ahead of print), multiple sclerosis (Ann. Neurol. (1990) 27, 591)
and asthma (S. Rohatagi et al. (2000) J. Clin. Pharmacol. 40, 1211). Lupus
represents another disorder that may benefit from agents blocking activation of
helper T cells. Despite the importance of calcineurin in regulating NFAT in T
cells, calcineurin is also expressed in other tissues (e.g. kidney) and cyclosporine
A & FK506 have a narrow safety margin due to mechanism based toxicity. Renal
toxicity and hypertension are common side effects that have limited the promise
of cyclosporine & FK506. Due to concerns regarding toxicity, calcineurin
inhibitors are used mostly to treat only severe immune disease (Bissonnette-R et
al. (2006) J. Am. Acad. Dermatol. 54, 472). Kv1.3 inhibitors offer a safer
alternative to calcineurin inhibitors for the treatment of immune disorders. This is
because Kv1.3 also operates to control the calcium signaling pathway in T cells,

but does so through a distinct mechanism to that of calcineurin inhibitors, and
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evidence on Kv1.3 expression and function show that Kv1.3 has a more restricted
role in T cell biology relative to calcineurin, which functions also in a variety of
non-lymphoid cells and tissues.

[0015] Calcium mobilization in immune cells also activates production of
the cytokines interleukin 2 (IL-2) and interferon gamma (designated
interchangeably herein as IFNg, IFN-g or IFN-y) which are critical mediators of
inflammation. IL-2 induces a variety of biological responses ranging from
expansion and differentiation of CD4+ and CD8+ T cells, to enhancement of
proliferation and antibody secretion by B cells, to activation of NK cells [S.L.
Gaffen & K.D. Liu (2004) Cytokine 28, 109]. Secretion of IL-2 occurs quickly
following T cell activation and T cells represent the predominant source of this
cytokine. Shortly following activation, the high affinity IL-2 receptor (IL2-R) is
upregulated on T cells endowing them with an ability to proliferate in response to
IL-2. T cells, NK cells, B cells and professional antigen presenting cells (APCs)
can all secrete IFNg upon activation. T cells represent the principle source of
IFNg production in mediating adaptive immune responses, whereas natural killer
(NK) cells & APCs are likely an important source during host defense against
infection [K. Schroder et al. (2004) J. Leukoc. Biol. 75, 163]. 1IFNg, originally
called macrophage-activating factor, upregulates antigen processing and
presentation by monocytes, macrophages and dendritic cells. IFNg mediates a
diverse array of biological activities in many cell types [U. Bochm et al. (1997)
Annu. Rev. Immunol. 15, 749] including growth & differentiation, enhancement
of NK cell activity and regulation of B cell immunoglobulin production and class
switching.

[0016] CD40L (TUMOR NECROSIS FACTOR LIGAND
SUPERFAMILY, MEMBER 5) is another cytokine expressed on activated T cells
following calcium mobilization and upon binding to its receptor on B cells
provides critical help allowing for B cell germinal center formation, B cell
differentiation and antibody isotype switching. CD40L-mediated activation of
CD40 (B CELL-ASSOCIATED MOLECULE CD40; Also known as TUMOR
NECROSIS FACTOR RECEPTOR SUPERFAMILY, MEMBER 5) on B cells
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can induce profound differentiation and clonal expansion of immunoglobulin (Ig)
producing B cells [S. Quezada et al. (2004) Annu. Rev. Immunol. 22, 307]. The
CDA40 receptor can also be found on dendritic cells and CD40L signaling can
mediate dendritic cell activation and differentiation as well. The antigen
presenting capacity of B cells and dendritic cells is promoted by CD40L binding,
further illustrating the broad role of this cytokine in adaptive immunity. Given the
essential role of CDA40 signaling to B cell biology, neutralizing antibodies to
CD40L have been examined in preclinical and clinical studies for utility in
treatment of systemic lupus erythematosis (SLE), - a disorder characterized by
deposition of antibody complexes in tissues, inflammation and organ damage [J.
Yazdany and J Davis (2004) Lupus 13, 377].

[0017] Small molecule inhibitors of Kv1.3 and IKCal potassium channels
and the major calcium entry channel in T cells, CRAC, have also been developed
to treat immune disorders (A. Schmitz et al. (2005) Molecul. Pharmacol. 68, 1254;
K.G. Chandy et al. (2004) TIPS 25, 280; H. Wulff et al. (2001) J. Biol. Chem.
276, 32040; C. Zitt et al. (2004) J. Biol. Chem. 279, 12427), but obtaining small
molecules with selectivity toward some of these targets has been difficult.

[0018] The identification of selective and potent peptide Kv1.3 inhibitors
with prolonged in vivo activity has been a long standing challenge. Production of
toxin peptides is a complex process in venomous organisms, and is an even more
complex process synthetically. Due to their conserved disulfide structures and
need for efficient oxidative refolding, toxin peptides present challenges to
synthesis. Although toxin peptides have been used for years as highly selective
pharmacological inhibitors of ion channels, the high cost of synthesis and
refolding of the toxin peptides and their short half-life in vivo have impeded the
pursuit of these peptides as a therapeutic modality.

[0019] Much of the focus has been given to analogs of the 35-residue ShK
peptide, which has a short in vivo half-life of about 30 minutes, and which is a
potent inhibitor of both the Kv1.3 ion channel and the Kv1.1 ion channel, a
potassium channel expressed in the human nervous system. (E.g., Harvey et al., A

three-residue, continuous binding epitope peptidomimetic of ShK toxin as a Kv1.3
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inhibitor, Bioorganic & Medicinal Chem. Lett. 15:3193-96 (2005); Lanigan et al.,
Designed peptide analogues of the potassium channel blocker ShK toxin,
Biochem. 40:15528-37 (2001)). Position 22 of ShK has been identified as a key
residue which confers Kv1.3 selectivity, and ShK binding to Kv1.3 is sensitive to
substitution at Lys9 and Argl1. For example, [Dap22]ShK (SEQ ID NO:317;
also known as ShK-Dap22) is a picomolar range inhibitor of Kv1.3 with a
reported 35-fold selectivity for murine Kv1.3 over murine Kvl1.1. (See, e.g., Kem
et al., ShK toxin compositions and methods of use, US Patent No. 6,077,680).
[Dap22]ShK is reported to display about 20-fold selectivity for human K(v)1.3
over K(v)1.1, when measured by the whole-cell voltage clamp method but not in
equilibrium binding assays (Middleton RE, et al., Substitution of a single residue
in Stichodactyla helianthus peptide, ShK-Dap22, reveals a novel pharmacological
profile. Biochemistry. 2003 Nov 25 42(46):13698-707). The ShK-Dap22

molecule was reported to have similar potency to native ShK and to provide
potent blockade of Kv1.3 with an IC50 of about 23 pM as measured by whole cell
patch clamp electrophysiology. (Kalman et al., ShK-Dap22, a potent Kv1.3-
specific immunosuppressive polypeptide, J. Biol. Chem. 273(49):32697-707
(1998)).

[0020] Other ShK analogs with phosphotyrosine (“pY”), or other
anionically charged chemical entities, or fluorescein modifications at the N-
terminus have reportedly resulted in some improved selectivity for mKv1.3 over
mKvl.1. An example includes Shk-L5, which involves a phosphotyrosine-AEEA
modification at the N-terminus of the ShK peptide. (Beeton et al., Targeting
effector memory T cells with a selective peptide inhibitor of Kv1.3 channnels for
therapy of autoimmune diseases, Molec. Pharmacol. 67(4):1369-81 (2005);
Chandy et al., Analogs of ShK toxin and their uses in selective inhibition of Kv1.3
potassium channels, WO 2006/042151 A2; Pennington et al., Engineering a stable
and selective peptide blocker of the Kv1.3 channel in T lymphocytes, Molecular
Pharmacology Fast Forward, published January 2, 2009 as
doi:10.1124/mol.108.052704 (2009)). AEEA 1is 2-(2-(2-

aminocthoxy)ethoxy)acetic acid (also known as 8-Amino-3,6-Dioxaoctanoic
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Acid) and is used as a “linker” group in peptide chemistry in its N-Fmoc-protected form. In
ShK-L5, this AEEA hydrophilic bifunctional linker is use as a very short bridge between a
phosphotyrosine residue and the ShK peptide. However, from a biochemical perspective, the
phosphotyrosine group is not metabolically stable, and the phospho group can be cleaved under
physiological conditions. Beeton et al. (2005) indicated that ShK-L5 has an estimated
circulating half-life of about 50 min in rats following subcutaneous or intravascular injection,
which is comparable to that for the native ShK peptide. (See, e.g., Beeton et al., Selective
blockade of T lymphocyte K+ channels ameliorates experimental autoimmune
encephalomyelitis, a model for multiple sclerosis, Proc. Natl. Acad. Sci. USA 98(24):13942-47
(2001)). Thus phosphotyrosine-linked derivative of ShK with improved metabolic stability but
which also retain high potency have been sought. (Chaurdran, Tet. Letters, 28, 4051-4054
(2007). More recently, M.W. Pennington et al. described ShK-192, which incorporates
phosphonophenylalanine-AEEA- at the N-terminus instead of phosphotyrosine-AEEA.
(Pennington et al., Engineering a stable and selective peptide blocker of the Kv1.3 channel in T
lymphocytes, Molec. Pharmacol. 75(4):762-73 (2009)).

[0021] The present invention relates to compositions of matter including ShK peptide
analogs with improved Kv1.3 inhibition activity, in vivo stability and/or selectivity, which may
also be fused, or otherwise covalently conjugated to a vehicle.

[0021a] It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the prior art, or to provide a useful altemative.
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[0022] SUMMARY OF THE INVENTION

[0023] According to a first aspect, the present invention proides a composition of matter
comprising an amino acid sequence of the formula:

[0024] Xoa Xoe2Cys Xan AP X Xan X X Ko X Oy X a3 X X ' X 6Cys7

Koo X o!? X a2 Xor? X a2 X2 XX a2 X oK aa2 Cys XX P X o Cys°2X X 5 Cys™
Xaa Xaa® Xaa//SEQ ID NO:4

[0025] or a pharmaceutically acceptable salt thereof,

[0026] wherein:

[0027] Xaa' Xa” is absent; or X' is absent and X,,” is Glu, Ser, Ala, or Thr; or Xa,' is
Arg or Ala and Xaa2 is Glu, Ser, Ala, or Thr;

[0028] X.. is an alkyl, basic, or acidic amino acid residue;

[0029] X..! is Thr, Tyr, Ala, or Leu;

[0030] X..' is Leu, Ile, Ala, or Lys;

[0031] X.a' is Pro, Ala, Arg, Lys, 1-Nal, or Glu;

[0032] Xaa is Lys, Ala, Val or an acidic amino acid residue selected from Glu, Asp, and
a~aminoadipic acid;

[0033] Xaa'is Ser, Glu, Arg, or Ala;

[0034] Xaa' ' is Arg, Glu; or Ala;

[0035] Xaa'? is Thr, Ala, Arg, Lys, 1-Nal, or Glu;

[0036] Xaa'* is Gln, Ala or an acidic amino acid residue selected from Glu, Asp, and
o-aminoadipic acid;

[0037] Xaa" is an alkyl or aromatic amino acid residue;

[0038] Xaa'® is a basic, alkyl, or aromatic amino acid residue, other than Ala, Gln, Glu
or Arg;

[0039] X.a'? is Ala or an acidic or basic amino acid residue;

[0040] Xaa' is Thr, Ala or a basic amino acid residue selected from Lys, Arg, His, Om,

D-Om, Dab, Dap, 1Pip, 2Pal, 3Pal, N-Me-Lys, Nao Methyl-Arg; homoarginine, Cit,
Na-Methyl-Cit, Homocitrulline, Guf, and 4-Amino-Phe, and N-Me-Orm;

[0041] Xaa2 is Ser, Ala, or a basic amino acid residue selected from Lys, Arg, His, O,
D-Om, Dab, Dap, 1Pip, 2Pal, 3Pal, N-Me-Lys, Noo Methyl-Arg; homoarginine, Cit,
Na-Methyl-Cit, Homocitrulline, Guf, and 4-Amino-Phe, and N-Me-Ormn;

[0042] Xaa2! is an alkyl or aromatic amino acid residue, other than Ala or Met;

[0043] Xaa2 is Lys or Ala;



18 Nov 2013

2010226392

25

30

-13 -

[0044] Xaa? 1S Tyr or Ala;

[0045] Xaat is Arg, Lys, or Ala;

[0046] X is Tyr, Leu, or Ala;

[0047] Xaa® is Ser, Thr, Asn, Ala, or an aromatic amino acid residue selected from
1-Nal, 2-Nal, Phe, Trp, and Tyr;

[0048] Xaa’' is Leu, Ala, Asn, or an aromatic amino acid residue selected from 1 -Nal,
2-Nal, Phe, Trp, and Tyr;

[0049] Xaal is 1-Nal, 2-Nal, Ala, or a basic amino acid residue selected from Lys, Arg,

His, Om, D-Orm, Dab, Dap, 1Pip, 2Pal, 3Pal, N-Me-Lys, Na Methyl-Arg; homoarginine, Cit,
Noa-Methyl-Cit, Homocitrulline, Guf, and 4-Amino-Phe, and N-Me-Om;

[0050] Xaa3 % is Ala or an acidic or basic amino acid residue;

[0051] Xaa'' is Thr, Ala, or an aromatic amino acid residue selected from 1-Nal, 2-Nal,
Phe, Trp, and Tyr;

[0052] Xaa” 18 Gly, Ala, Arg, Lys, 1-Nal, or Glu;

[0053] Xaa! is Thr, Ser, Ala, Lys, or an aromatic amino acid residue selected from 1-
Nal, 2-Nal, Phe, Trp, and Tyr;

[0054] each of Xaa36 , Xaa3 7 , and Xaa3 8is independently absent or is independently a
neutral, basic, acidic, or N-alkylated amino acid residue;

[0055] and wherein:

[0056] there is a disulfide bond between residue Cys’ and residue Cys*’,

[0057] there is a disulfide bond between residue Cys'? and residue Cys®;

[0058] there is a disulfide bond between residue Cys'’ and residue Cys*?; and

[0059] the carboxy-terminal residue is optionally amidated.

[0059a] According to a second aspect, the present invention provides a pharmaceutical

composition, comprising the composition of matter of the invention, and a pharmaceutically
acceptable carrier.

[0059b] According to a third aspect, the present invention provides a method of
preventing or mitigating a relapse of at least one symptom of multiple sclerosis, comprising
administering a prophylactically effective amount of a composition of matter of the invention,
or a pharmaceutical composition of the invention.

[0059c¢] According to a fourth aspect, the present invention provides a method of treating
an autoimmune disorder, comprising administering a therapeutically effective amount of a

composition of matter of the invention, or a pharmaceutical composition of the invention.
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[0059d] According to a fifth aspect, the present invention provides use of a composition
of matter of the invention in the preparation of a medicament for:

preventing or mitigating a relapse of at least one symptom of multiple sclerosis;

or treating an autoimmune disorder.
[0059¢] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including,
but not limited to”.
[0060] Encompassed within the present invention are embodiments of the composition
in which one or more additional amino acid residues are present at the N-terminal end to the left
of amino acid position 1, or at the C-terminal end to the right beyond amino acid position 38, or
both. For example, a composition of the invention containing a toxin peptide analog of the
invention up to about 100 amino acid residues long, can have one, two, three, four, five, six,
seven, eight, nine, ten, twenty, thirty, or more additional amino acid residues present at the N-
terminal end to the left of amino acid position 1, or at the C-terminal end to the right beyond
amino acid position 38, or at both the N-terminal and C-terminal ends.
[0061] In some embodiments, the inventive composition of matter comprises an amino
acid sequence selected from comprising an amino acid sequence selected from SEQ ID NOS:
10, 15, 155, 157, 164, 165, 167 through 172, 179, 194, 196, 203 through 206, 211, 214 through
225,231,232, 233, 236, 238, 239, 242 through 254, 260, 263, and 265 through 273 as set forth
in Tables 5 and 11-17, respectively.
[0062] In some embodiments, the inventive composition of matter comprises an amino
acid sequence selected from SEQ ID NOS: 10, 11, 12, 14, 15, 16, 19 through 29, 31 through 34,
36 through 50, 52, 54, 55, 56, 59, 60, 61, 63, 65 through 100, 130 through 140, 142 through
174, 176 through 254, and 257 through 274 as set forth in Tables 5-17, respectively.
[0063] Another embodiment of the invention is a composition of matter comprising a
toxin peptide analog of up to about 100 amino acid residues long comprising an amino acid

sequence of SEQ ID NO:13, wherein:

[0064] there is a disulfide bond between residue Cys® and residue Cys>> of SEQ
ID NO:13;
[0065] there is a disulfide bond between residue Cys'? and residue Cys® of SEQ

ID NO:13;
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[0066] there is a disulfide bond between residue Cys'’ and residue Cys*? of SEQ

ID NO:13; and

[0067] the carboxy-terminal residue is optionally amidated.

[0068] Embodiments of the inventive compositions of matter include toxin peptide
analogs as unconjugated “naked” peptides, or covalently linked or conjugated directly or
indirectly (i.e., through a linker moiety) to a half life-extending moiety.

[0069] Examples of useful half-life extending moieties include an immunoglobulin
(e.g., 1gG1, IgG2, IgG3 or IgG4), immunoglobulin Fc domain (e.g., a human immunoglobulin
Fc domain, including Fc of IgG1, 1gG2, IgG3 or IgG4) or a portion thereof, transthyretin,
human serum albumin (HSA), or poly(ethylene glycol) (PEG) of molecular weight of about
1000 Da to about 100000 Da. These and other half-life extending moieties described herein are
useful, either individually or in combination. The toxin peptide analogs of the present invention
are potent peptide inhibitors of Kv1.3 with improved potency, stability, and/or selectivity over
Kv1.1, relative to native ShK or HmK toxin peptides.

[0070] The invention also relates to a pharmaceutical composition comprising the
inventive composition of matter and a pharmaceutically acceptable carrier, and to use of the
composition of matter in the manufacture of a medicament.

[0071] The inventive composition of matter can be used for practising a method of
treating an autoimmune disorder. For example, the inventive composition of matter can be used
in treatment of an autoimmune disorder selected from multiple sclerosis, type 1 diabetes,
psoriasis, inflammatory bowel disease, contact-mediated dermatitis, rheumatoid arthritis,
psoriatic arthritis, asthma, allergy, restinosis, systemic sclerosis, fibrosis, scleroderma,
glomerulonephritis, Sjogren syndrome, inflammatory bone resorption, transplant rejection,
graft-versus-host disease, and lupus.

[0072] The inventive composition of matter can also be used for practicing a method of
preventing or mitigating a relapse of a symptom of multiple sclerosis.

[0073] Although mostly contemplated as therapeutic agents, compositions of this
invention can also be useful in screening for therapeutic or diagnostic agents. For example, one
can use an Fc-peptide in an assay employing anti-Fc coated plates. The half-life extending
moiety, such as Fc, can make insoluble peptides soluble and thus useful in a number of assays.
[0074] Numerous additional embodiments and advantages of the present invention will

become apparent upon consideration of the figures and detailed description of the invention.
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[0075] BRIEF DESCRIPTION OF THE DRAWINGS
[0076] Figure 1A shows the amino acid sequence of the mature ShK toxin

peptide (SEQ ID NO:1), which can be encoded for by a nucleic acid sequence

containing codons optimized for expression in mammalian cell, bacteria or yeast.

[0077] Figure 1B shows the three disulfide bonds (--S—S--) formed by the
six cysteines within the ShK peptide. (Kem et al., U.S. Patent No. 6,077,680).
[0078] Figure 1C shows a space filling stereo model of ShK toxin peptide.

Key residues (D5, 17, R11, S20, M21, K22, Y23, F27) important for Kv1.3
binding (based on analoging described herein) are lightly shaded.

[0079] Figure 1D shows a space filling stereo model of the ShK toxin
peptide. Amino acid residues that when changed to an analog result in improved
Kv1.3 versus Kvl1.1 selectivity, are lightly shaded and include 17, S10, Q16, S20,
S26, and R29.

[0080] Figure 2A-B shows an alignment of the voltage-gated potassium
channel inhibitor Stichodactyla helianthus (ShK) with other closely related

members of the sea anemone toxin family. The sequence of the 35 amino acid
mature ShK toxin (Swiss-Protein Accession #P29187) isolated from the venom of

Stichodactyla helianthus is shown aligned to other closely related members of the

sea anemone family. The consensus sequence and predicted disulfide linkages are
shown, with highly conserved residues being shaded. The HmK peptide toxin
sequence shown (Swiss-Protein Accession #016846) is of the immature precursor

from the Magnificent sea anemone (Radianthus magnifica; Heteractis magnifica).

The putative signal peptide and propeptide regions are single & double
underlined, respectively. The mature HmK peptide toxin would be predicted to be
35 amino acids in length and span residues 40 through 74. The immature AETX-

K toxin precursor (Swiss Protein Accession # QOEAES) from the sea anemone

Anemonia erythraea is also shown, with the mature peptide extending from
residues 49-83. The predicted signal peptide and propeptide regions are single
and double underlined, respectively. AeK is the mature peptide toxin, isolated
from the venom of the sea anemone Actinia equina (Swiss-Protein Accession

#P81897). The sequence of the mature peptide toxins AsKS (Swiss-Protein
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Accession #Q9TWG1) and BgK (Swiss-Protein Accession #P29186) isolated

from the venom of the sea anemones Anemonia sulcata and Bunodosoma

granulifera, respectively, are also shown. Figure 2A shows the amino acid
alignment of ShK (SEQ ID NO:1) to other members of the sea anemone family of
toxins, HmK (SEQ ID NO:2 (Mature Peptide) within the larger SEQ ID NO:276
(Signal, propeptide and Mature Peptide portions)), AeK (SEQ ID NO:5), AsKs
(SEQ ID NO:6), BgK (SEQ ID NO:7), and AETX-K (SEQ ID NO:3 (Mature
Peptide) within the larger SEQ ID NO:275 (Signal, propeptide and Mature Peptide
portions)). Amino acid residues that are conserved across all the sequences at a
given position are listed beneath the aligned sequences. Red shading or blocking
indicates conserved cysteine residues which are in bold text. Black shading
indicates residues identical to ShK in given position of aligned sequences. Figure
2B shows a disulfide linkage map for members of the family of mature toxin
peptides having 3 disulfide linkages (C1-C6, C2-C4, C3-C5), including ShK,
BgK, HmK, AeKS, AETX-K, AsK, and DTXI.

[0081] Figure 3 shows a summary of the ShK primary amino acid
sequence and the effect of a single amino acid substitutions at each position, based
on the analog data described herein. Positions where single substitution analogs
tend to reduce Kv1.3 activity (“#”) are at residues 5, 7, 11, 20-23, and 27.
Positions where single substitution analogs tend to improve Kv1.3 selectivity
(“$”) are at residues 7, 10, 16, 20, 22, 23, 26, 27, and 29. Positions where single
substitution analogs tend to improve Kv1.3 activity (“*”) are at residues 2, 4, 10,
15, 18, 30, 31, and 34.

[0082] Figure 4 shows pharmacokinetic data comparing in vivo half life in
rats for 20 kD-PEG-ShK (SEQ ID NO:8) at 0.3 and 2 mg/kg with ShK-L5 (SEQ
ID NO:17; Beeton et al., Targeting effector memory T cells with a selective
peptide inhibitor of Kv1.3 channnels for therapy of autoimmune diseases, Molec.
Pharmacol. 67(4):1369-81 (2005); Chandy et al., Analogs of ShK toxin and their
uses in selective inhibition of Kv1.3 potassium channels, WO 2006/042151 A2).
(See, Example 5 and Example 8).
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[0083] Figure SA shows Coomassie brilliant blue stained Tris-glycine 4-
20%, SDS-PAGE of the final pool of 20kDa PEG-[Lys16]Shk (SEQ ID NO:16)
product. Lanes 1 — 5 were loaded as follows: SeeBlue® Plus 2 molecular weight
protein standards (10 pL; lanes 1 and 4), 2.0 ug product non-reduced (lane 2),
blank (lane 3), 2.0 ug product reduced (lane 5).

[0084] Figure 5B shows RP-HPLC chromatograms on final PEG-peptide
pools to demonstrate purity of 20kDa PEG-[Lys16]Shk (SEQ ID NO:16) purity

>99%.

[0085] Figure 5C shows Coomassie brilliant blue stained Tris-glycine 4-

20%, SDS-PAGE of the final pool of 20kDa branched PEG-[Lys16]Shk (SEQ ID
NO:315) product. Lanes 1 — 3 were loaded as follows: 2.0 pug product non-
reduced (lane 1), SeeBlue® Plus 2 molecular weight protein standards (10 pL;
lane 2), 2.0 pg product reduced (lane 3).

[0086] Figure 5D shows RP-HPLC chromatograms on final PEG-peptide
pools to demonstrate purity of 20kDa branched PEG-[Lys16]Shk (SEQ ID
NO:315) purity >98%.

[0087] Figure SE shows Coomassie brilliant blue stained Tris-glycine 4-
20%, SDS-PAGE of the final pool of 20kDa PEG-[Lys16]Shk-Ala (SEQ ID
NO:316) product. Lanes 1 —3 were loaded as follows: 2.0 pug product non-
reduced (lane 1), SeeBlue® Plus 2 molecular weight protein standards (10 pL;

lane 2), 2.0 pg product reduced (lane 3).

[0088] Figure SF shows RP-HPLC chromatograms on final PEG-peptide
pools to demonstrate purity of 20kDa PEG-[Lys16]ShK-Ala (SEQ ID NO:316)
purity >99%.

[0089] Figure 6A-B demonstrates by PatchXpress® electrophysiology that

Na-20kDa-PEG [Lys16]ShK (SEQ ID NO:16) is more potent in blocking human
Kv1.3 current (Figure 6A) than human Kvl.1 current (Figure 6B), as described in
Example 5.

[0090] Figure 6C-D shows by PatchXpress® electrophysiology the impact
of various concentrations of ShK-L5 (SEQ ID NO:17) on human Kv1.3 current
(Figure 6C) or human Kvl.1 current (Figure 6D), as described in Example 5.
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[0091] Figure 6E-F demonstrates by PatchXpress® electrophysiology that
the monovalent aKLH HC-ShK(1-35 Q16K) Ab (SEQ ID NO:338, 339, 342) is
more potent in blocking human Kv1.3 current (Figure 6E) than human Kv1.1
current (Figure 6F), as described in Examples 11 and 12.

[0092] Figure 7 shows AT-EAE data comparing the activity in vivo in rats
of Kvl1.3-selective inhibitor 20kDa-PEG-[Lys16]ShK (SEQ ID NO:16) and the
less Kv1.3-selective 20kDa-PEG-ShK molecule (SEQ ID NO:8) as described in
Example 9.

[0093] Figure 8 A-D show the AT-EAE data for the individual rats
receiving vehicle or doses of 20kDa-PEG-[Lys16]ShK (SEQ ID NO:16) or
20kDa-PEG-ShK molecule (SEQ ID NO:8) as described in Example 9.

[0094] Figure 9A-B shows that in a 12-week pharmacology study in
cynomolgus monkeys, weekly dosing of cynomolgus monkeys with No-20kDa-
PEG-[Lys16]ShK (SEQ ID NO:16) provided sustained suppression of T cell
responses, as measured using the ex vivo cyno whole blood PD assay of
inflammation that measured production of IL-4 (Figure 9A) and IL-17 (Figure
9B). Arrows indicate the approximate time when weekly doses were delivered.
Further details on the study are provided in Example 10 and Table 4F.

[0095] Figure 9C shows predicted versus measured serum concentrations
of Na-20kDa-PEG-[Lys16]ShK (SEQ ID NO:16) in cynomolgus monkeys after
weekly subcutaneous (SC) dosing (0.5 mg/kg, n = 6), as described in Example 10.
The measured serum trough levels after weekly dosing (open squares), matched
closely those predicted based on repeat-dose modeling of the single-dose
pharmacokinetic data (solid line).

[0096] Figure 9D shows animal weight gain during the 12-week cyno
pharmacology study described in Example 10 and Figure 9A-C; arrows on x-axis
indicate SC dosing with Na-20kDa-PEG-[Lys16]ShK (SEQ ID NO:16).

[0097] Figure 10A-D shows the stability of 20kDa-PEG-[Lys16]ShK
(SEQ ID NO:16) in rat, cynomolgus monkey and human plasma, tested by spiking
the peptide conjugate into 100% plasma to a final concentration of 200 ng/mL and

incubating for various periods of time at 37°C as described in Example 7.
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[0098] Figure 11A-B shows representative PK profiles of a single
subcutaneous dose (mouse and rat, dose = 2 mg/kg; beagle and cyno, dose = 0.5
mg/kg) of 20kDa-PEG-[Lys16]ShK (SEQ ID NO:16), as described in Example 5
and Example 8.

[0099] Figure 11C shows a representative cyno PK profile of a single
subcutaneous dose (0.5 mg/kg) of 20kDa-PEG-[Lys16]ShK (SEQ ID NO:16) that
demonstrates drug levels are above 25 nM for one week, as described in Example
5 and Example 8.

[00100] Figure 12A-N shows schematic structures of some embodiments of
a composition of the invention that include one or more units of a
pharmacologically active toxin peptide analog (squiggle) fused, via an optional
peptidyl linker moiety such as but not limited to LS or L10 described herein, with
one or more domains of an immunoglobulin. These schematics show a more
typical IgG1, although they are intended to apply as well to IgG2s, which will
have 4 disulfide bonds in the hinge and a different arrangement of the disulfide
bond linking the heavy and light chain, and IgG3s and IgG4s. Figure 12A
represents a monovalent heterodimeric Fc-toxin peptide analog fusion with the
toxin peptide analog fused to the C-terminal end of one of the immunoglobulin Fc
domain monomers. Figure 12B represents a bivalent homodimeric Fc-toxin
peptide analog fusion, with toxin peptide analogs fused to the C-terminal ends of
both of the immunoglobulin Fc domain monomers. Figure 12C represents a
monovalent heterodimeric toxin peptide analog-Fc fusion with the toxin peptide
analog fused to the N-terminal end of one of the immunoglobulin Fc domain
monomers. Figure 12D represents a bivalent homodimeric toxin peptide analog-
Fc fusion, with toxin peptide analogs fused to the N-terminal ends of both of the
immunoglobulin Fc domain monomers. Figure 12E represents a monovalent
heterotrimeric Fc-toxin peptide analog/Ab comprising an immunoglobulin heavy
chain (HC) + immunoglobulin light chain (LC) + an immunoglobulin Fc
monomer with a toxin peptide analog fused to its C-terminal end. Figure 12 F
represents a monovalent heterotetrameric (HT) antibody HC-toxin peptide analog

fusion, with a toxin peptide analog fused to the C-terminal end of one of the HC
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monomers. Figure 12G represents a bivalent HT antibody Ab HC-toxin peptide
analog fusion having toxin peptide analogs on the C-terminal ends of both HC
monomers. Figure 12H represents a monovalent HT toxin peptide analog-LC Ab,
with the toxin peptide analog fused to the N-terminal end of one of the LC
monomers. Figure 121 represents a monovalent HT toxin peptide analog-HC Ab,
with the toxin peptide analog fused to the N-terminal end of one of the HC
monomers. Figure 12] represents a monovalent HT Ab LC-toxin peptide analog
fusion (i.e., LC-toxin peptide analog fusion + LC + 2(HC)), with the toxin peptide
analog fused to the C-terminal end of one of the LC monomers. Figure 12K
represents a bivalent HT Ab LC-toxin peptide analog fusion (i.e., 2(LC-toxin
peptide analog fusion) + 2(HC)), with toxin peptide analogs fused to the C-
terminal end of both of the LC monomers. Figure 12 L represents a trivalent HT
Ab LC-toxin peptide analog/HC-toxin peptide analog (i.e., 2(LC-toxin peptide
analog fusion) + HC-toxin peptide analog fusion + HC), with the toxin peptide
analogs fused to the C-terminal ends of both of the LC monomers and one of the
HC monomers. Figure 12M represents a bivalent antibody with a toxin peptide
analog moiety inserted into an internal loop of the immunoglobulin Fc domain of
each HC monomer. Figure 12N represents a monovalent antibody with a toxin
peptide analog moiety inserted into an internal loop of the immunoglobulin Fc
domain of one of the HC monomers. Dimers or trimers will form spontanecously
in certain host cells upon expression of a deoxyribonucleic acid (DNA) construct
encoding a single chain. In other host cells, the cells can be placed in conditions
favoring formation of dimers/trimers or the dimers/trimers can be formed in vitro.
If more than one HC monomer, LC monomer, or immunoglobulin Fc domain
monomer is part of a single embodiment, the individual monomers can be, if
desired, identical or different from each other.

[00101] Figure 13A shows a Coomassie brilliant blue stained Tris-glycine
4-20% SDS-PAGE of the final monovalent Fc-L10-Shk[1-35, Q16K] product.
Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide range protein
standards (10 pl); lane 2: 0.5 pg product non-reduced; lane 3: blank; lane 4: 2.0 ng

product, non-reduced; lane 5: blank; lane 6: 10 pg product, non-reduced; lane 7:



WO 2010/108154 PCT/US2010/028061
-2

Novex Mark12 wide range protein standards (10 pl); lane 8: 0.5 pg product,
reduced; lane 9: blank; lane 10: 2.0 ug product, reduced; lane 11: blank; lane 12:
10 pg product, reduced.

[00102] Figure 13B shows size exclusion chromatography on 20 pg of the
final monovalent Fc-L10-Shk[1-35, Q16K] product injected onto a Phenomenex
BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,PO4, 250 mM NacCl,
and pH 6.9 at 1 ml/min observing the absorbance at 280 nm. The deflection
observed at 12.5 min is an injection-related artefact.

[00103] Figure 13C shows an LC-MS analysis of the final sample of
monovalent Fc-L10-Shk[1-35, Q16K]. The product was chromatographed through
a Waters MassPREP micro desalting column using a Waters ACQUITY UPLC
system. The column was set at 80°C and the protein eluted using a linear gradient
of increasing acetonitrile concentration in 0.1 % formic acid. Part of the column
effluent was diverted into a Waters LCT Premier ESI-TOF mass spectrometer for
mass analysis. The instrument was run in the positive V mode. The capillary
voltage was set at 3,200 V and the cone voltage at 80 V. The mass spectrum was
acquired from 800 to 3000 m/z and deconvoluted using the MaxEntl software
provided by the instrument manufacturer.

[00104] Figure 14A shows a Coomassie brilliant blue stained Tris-glycine
4-20% SDS-PAGE of the final bivalent Fc-L10-Shk[1-35, Q16K] product. Lanes
1-12 were loaded as follows: lane 1: Novex Mark12 wide range protein standards
(10 pl); lane 2: 0.5 pg product, non-reduced; lane 3: blank; lane 4: 2.0 ug product,
non-reduced; lane 5: blank; lane 6: 10 ug product, non-reduced; lane 7: Novex
Mark12 wide range protein standards (10 pl); lane 8: 0.5 pg product, reduced; lane
9: blank; lane 10: 2.0 pg product, reduced; lane 11: blank; lane 12: 10 pg product,
reduced.

[00105] Figure 14B shows size exclusion chromatography on 25 ug of the
final bivalent Fc-L10-Shk[1-35, Q16K] product injected onto a Phenomenex
BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,PO,, 500 mM NacCl,
and pH 6.9 at I mL/min observing the absorbance at 280 nm. The deflection

observed at 12 min is an injection-related artefact.
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[00106] Figure 14C shows a MALDI mass spectral analysis of the final
sample of bivalent Fc-L10-Shk[1-35, Q16K] analyzed using a Micromass MALDI
micro MX mass spectrometer equipped with a nitrogen laser. The sample was run
at positive linear mode. The instrument’s voltage was set at 12 kV and the high
mass detector was set at 5 kV. Each spectrum was produced by accumulating data
from about 200 laser shots. External mass calibration was achieved using purified
proteins of known molecular masses.

[00107] Figure 15A shows a Coomassie brilliant blue stained Tris-glycine
4-20% SDS-PAGE of the final monovalent Fc-L10-Shk[1-35, Q16K ]/anti-KLH
ADb product. Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide
range protein standards (10 pl); lane 2: 0.5 pg product, non-reduced; lane 3: blank;
lane 4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 pug product, non-
reduced; lane 7: Novex Mark12 wide range protein standards (10 ul); lane 8: 0.5
ng product, reduced; lane 9: blank; lane 10: 2.0 pug product, reduced; lane 11:
blank; lane 12: 10 pg product, reduced.

[00108] Figure 15B shows size exclusion chromatography on 50 pg of the
final monovalent Fc-L10-Shk[1-35, Q16K]/anti-KLH Ab product injected onto a
Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,POy, 250
mM NaCl, and pH 6.9 at 1 mL/min observing the absorbance at 280 nm.

[00109] Figure 15C shows an LC-MS analysis of the final sample of
monovalent Fc-L10-Shk[1-35, Q16K ]/anti-KLH Ab. The product was
chromatographed through a Waters MassPREP micro desalting column using a
Waters ACQUITY UPLC system. The column was set at 80°C and the protein
eluted using a linear gradient of increasing acetonitrile concentration in 0.1 %
formic acid. Part of the column effluent was diverted into a Waters LCT Premier
ESI-TOF mass spectrometer for mass analysis. The instrument was run in the
positive V mode. The capillary voltage was set at 3,200 V and the cone voltage at
80 V. The mass spectrum was acquired from 800 to 3000 m/z and deconvoluted
using the MaxEnt! software provided by the instrument manufacturer.

[00110] Figure 16A shows a Coomassie brilliant blue stained Tris-glycine
4-20% SDS-PAGE of the final monovalent anti-KLH HC-L10-Shk[1-35, Q16K]
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product. Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide range
protein standards (10 pl); lane 2: 0.5 pg product, non-reduced; lane 3: blank; lane
4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 pg product, non-reduced;
lane 7: Novex Mark12 wide range protein standards (10 pl); lane 8: 0.5 pg
product, reduced; lane 9: blank; lane 10: 2.0 ng product, reduced; lane 11: blank;
lane 12: 10 pg product, reduced.

[00111] Figure 16B shows size exclusion chromatography on 25 pg of the
final monovalent anti-KLH HC-L10-Shk[1-35, Q16K] Ab product injected onto a
Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,PO,, 250
mM NaCl, and pH 6.9 at 1 mL/min observing the absorbance at 280 nm. The
deflection observed at 11 min is an injection-related artefact.

[00112] Figure 16C shows a MALDI mass spectral analysis of the final
sample of monovalent anti-KLH HC-L10-Shk[1-35, Q16K] Ab analyzed using a
Micromass MALDI micro MX mass spectrometer equipped with a nitrogen laser.
The sample was run at positive linear mode. The instrument’s voltage was set at
12 kV and the high mass detector was set at 5 kV. Each spectrum was produced
by accumulating data from about 200 laser shots. External mass calibration was
achieved using purified proteins of known molecular masses.

[00113] Figure 17A shows a Coomassie brilliant blue stained Tris-glycine
4-20% SDS-PAGE of the final bivalent aKLH HC-L10-Shk[1-35 Q16K] Ab
product. Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide range
protein standards (10 pl); lane 2: 0.5 pg product, non-reduced; lane 3: blank; lane
4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 pg product, non-reduced;
lane 7: Novex Mark12 wide range protein standards (10 pl); lane 8: 0.5 g
product, reduced; lane 9: blank; lane 10: 2.0 ug product, reduced; lane 11: blank;
lane 12: 10 pg product, reduced.

[00114] Figure 17B shows size exclusion chromatography on 25 ug of the
final bivalent anti-KLH HC-L10-Shk[1-35, Q16K] Ab product injected onto a
Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,PO,, 500
mM NacCl, and pH 6.9 at 1 mL/min observing the absorbance at 280 nm. The

deflection observed at 11.5 min is an injection-related artefact.
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[00115] Figure 17C shows a MALDI mass spectral analysis of the final
sample of bivalent anti-KLH HC-L10-Shk[1-35, Q16K] Ab analyzed using a
Micromass MALDI micro MX mass spectrometer equipped with a nitrogen laser.
The sample was run at positive linear mode. The instrument’s voltage was set at
12 kV and the high mass detector was set at 5 kV. Each spectrum was produced
by accumulating data from about 200 laser shots. External mass calibration was
achieved using purified proteins of known molecular masses.

[00116] Figure 18A shows a Coomassie brilliant blue stained Tris-glycine
4-20% SDS-PAGE of the final monovalent aKLH HC-L10-Shk[2-35, Q16K] Ab
product. Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide range
protein standards (10 pl); lane 2: 0.5 ug product, non-reduced; lane 3: blank; lane
4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 pg product, non-reduced;
lane 7: Novex Mark12 wide range protein standards (10 pl); lane 8: 0.5 ug
product, reduced; lane 9: blank; lane 10: 2.0 ng product, reduced; lane 11: blank;
lane 12: 10 pg product, reduced.

[00117] Figure 18B shows size exclusion chromatography on 20 pg of the
final monovalent anti-KLH HC-L10-Shk[2-35, Q16K] Ab product injected onto a
Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,POy, 250
mM NaCl, and pH 6.9 at 1 mL/min observing the absorbance at 280 nm. The
deflection observed at 11 min is an injection-related artefact.

[00118] Figure 18C shows an LC-MS mass spectral analysis of the final
sample of monovalent anti-KLH HC-L10-Shk[2-35, Q16K] Ab. The product was
chromatographed through a Waters MassPREP micro desalting column using a
Waters ACQUITY UPLC system. The column was set at 80°C and the protein
eluted using a linear gradient of increasing acetonitrile concentration in 0.1 %
formic acid. Part of the column effluent was diverted into a Waters LCT Premier
ESI-TOF mass spectrometer for mass analysis. The instrument was run in the
positive V mode. The capillary voltage was set at 3,200 V and the cone voltage at
80 V. The mass spectrum was acquired from 800 to 3000 m/z and deconvoluted

using the MaxEnt! software provided by the instrument manufacturer.
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[00119] Figure 19A shows results of pharmacokinetic study in SD rats
comparing intravenous administration of CHO-Fc (solid circles; 4 mg/kg) versus
bivalent Fc-L10-ShK[2-35] (open squares; 2 mg/kg), described further in Example
12.

[00120] Figure 19B shows results from a pharmacokinetic study on the
bivalent dimeric Fc-L10-ShK(2-35) (here designated “FcShK”) in SD rats (see
Example 12). Serum samples were added to microtiter plates coated with an anti-
human Fc antibody to enable affinity capture. Plates were then washed, captured
samples were released by SDS and run on a polyacrylamide gel. Samples were
then visualized by western blot using an anti-human Fc-specific antibody and
secondary-HRP conjugate. At 0.25 hr after IV injection (lane 1), the molecular
weight of the band from the serum sample is roughly identical to the original
purified material (lanes 5 & 6), suggesting little, if any, degradation. Serum
collected at 1 hr (lane 2), 24 hr (lane 3) and 48 hr (lane 4) after injection of the
bivalent molecule showed two bands, one being consistent with full-length Fc-
L10-ShK(2-35) and the smaller being consistent with Fc alone, suggesting the
presence of a monovalent Fc/Fc-L10-ShK(2-35) heterodimer in the slow
elimination phase 2-48 hours after IV injection.

[00121] Figure 19C-D shows western blot analysis of serum samples from a
pharmacokinetic study on the bivalent Fc-L10-OSK1[K7S] homodimer (Figure
19C; single 2 mg/kg IV dose) and the monovalent Fc/Fc-L.10-ShK heterodimer
(Figure 19D; single 1mg/kg IV dose) in SD rats. Further details of this study are
provided in Example 12. Figure 19C or Figure 19D results are from a single
representative animal each. The bivalent Fc-L10-OSK1[K7S] homodimer (Fig.
19C) showed a rapid & extensive distribution phase, but a slow elimination phase
from 1-168 hours. During the slow elimination phase two bands were observed,
the molecular weight (MW) of the larger being consistent with the full-length Fc-
L10-OSK1[K7S] chain and the smaller being consistent with Fc alone. Therefore,
despite injection of a bivalent homodimer, a monovalent Fc/Fc-L10-OSK1[K7S]
heterodimer appeared to persist in the slow elimination phase. Figure 19D

indicates the monovalent Fc/Fc-L10-ShK heterodimer after a single IV dose
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remains intact as two chains, and has markedly less distribution compared to
bivalent forms, yet retains a slow elimination rate. Lanes labeled 5 ng or 20 ng
are the purified monovalent Fc/Fc-L10-ShK heterodimer standard.

[00122] Figure 20 shows results of pharmacokinetic studies (single-
subcutaneous dose = 6 mg/kg) performed in SD rats. Open squares represent data
for monovalent Fc/Fc-L10-ShK(1-35, Q16K) (heterodimer of SEQ ID NO: 337
and SEQ ID NO:348) closed circles represent data for monovalent anti-KLH
antibody-ShK(1-35, Q16K) (tetramer of SEQ ID NO: 338, SEQ ID NO:339, SEQ
ID NO:338, and SEQ ID NO:342); and closed triangles represent data for
monovalent anti-KLH antibody (loop)-ShK(1-35, Q16K) (tetramer of SEQ ID
NO: 338; SEQ ID NO:344; SEQ ID NO:338; and SEQ ID NO:343), described in
Example 12 and Table 4H.

[00123] Figure 21 shows results of pharmacokinetic studies (single-
subcutaneous dose = 6 mg/kg dose) performed in SD rats for bivalent (open
squares) and monovalent (closed circles) anti-KLH antibody-ShK(1-35, Q16K)
(respectively, tetramers of [SEQ ID NO: 338, SEQ ID NO:342, SEQ ID NO:338,
SEQ ID NO:342] and [SEQ ID NO: 338, SEQ ID NO:339, SEQ ID NO:338, SEQ
ID NO:342])), as further described in Example 8, Example 12, and Table 4J.
[00124] Figure 22 shows results of pharmacokinetic studies (single-
subcutaneous dose = 6 mg/kg) performed in SD rats for bivalent (open squares)
and monovalent (closed circles) anti-KLH antibody (loop)-ShK(1-35, Q16K)
(respectively, tetramers of [SEQ ID NO: 338, SEQ ID NO:344, SEQ ID NO:338,
SEQ ID NO:344] and [SEQ ID NO: 338, SEQ ID NO:343, SEQ ID NO:338, SEQ
ID NO:344)), as further described in Example 8, Example 12, and Table 4L.
[00125] Figure 23 shows the results of pharmacokinetic studies (single, 2
mg/kg subcutaneous dose) in SD rats of monovalent Fc-ShK/Fc heterodimer
(open squares), monovalent Fc-ShK/aKLH Ab (heterotrimer or hemibody)(open
triangle) and the bivalent ShK-Fc/ShK-Fc homodimer (closed circles). The
monovalent heterodimer and heterotrimer provided much greater exposure than
the bivalent homodimer. Further details on this study, are provided in

Example 12.
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[00126] Figure 24 shows a cartoon representation of three monovalent
scFc-Shk toxin peptide analog fusions showing the toxin peptide analog insertion
(crescent) in the first Fc domain with a 25-amino acid residue peptidyl linker
(FcLoop(ShK).L25.Fc; left) or a construct containing the insertion in the second
Fc domain with a 20-amino acid residue peptidyl linker (Fc.L20.FcLoop(ShK);
center) or a construct containing the toxin peptide analog at the C-terminal of the
scFc domain (Fc.L20.Fc.ShK; right). In each of these embodiments, a peptidyl
linker (represented as a wavy line) is shown extending from the C-terminal of the
first immunoglobulin Fc domain to the N-terminal of the second immunoglobulin
Fc domain as part of a single polypeptide chain.

[00127] Figure 25A-C shows sequences of 3 different scFc-Shk constructs.
The amino acid sequence used to link the two Fc domains is underlined and the
bioactive Shk peptide is in boldface. Additional linker used to fuse Shk to the C-
terminus of the scFc in the construct of Figure 25C is also underlined. Figure 25A
- Fc.L20.FcLoop(ShK) (SEQ ID NO:411), Figure 25B - FcLoop(ShK).L25.Fc
(SEQ ID NO:412) and Figure 25C - Fc.L20.Fc.[Lys16]ShK (SEQ ID NO:410).
[00128] Figure 26A shows Coomassie brilliant blue stained Tris-glycine 4-
20% SDS-PAGE gel of purified FcLoop(ShK).L25.Fc (SEQ ID NO:412;
“16347”) and Fc.L20.FcLoop(ShK) (SEQ ID NO:411; “16369”).

[00129] Figure 26B shows RP-HPLC analyses of scFcLoop(Shk) constructs
FcLoop(Shk).L25.Fc (#16347; SEQ ID NO:412; upper panel) and
Fc.L20.FcLoop(Shk) (#16369; SEQ ID NO:411; lower panel).

[00130] Figure 27A-B shows exemplary nucleic acid and amino acid
sequences (SEQ ID NO:277 and SEQ ID NO:278, respectively) of human IgGl
Fc that is optimized for mammalian expression and can be used in this invention.
[00131] Figure 28 A-B shows exemplary nucleic acid and amino acid
sequences (SEQ ID NO:388 and SEQ ID NO:389, respectively) of human IgG1
Fc that is optimized for bacterial expression and can be used in this invention.
[00132] Figure 29A-B shows by whole cell patch clamp electrophysiology
the impact of various concentrations of ShK-192 (SEQ ID NO:438) on human
Kv1.3 current (Figure 29A) or human Kv1.1 current (Figure 29B), as described in
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Example 1 and Example 5. By whole cell patch clamp electrophysiology, ShK-
192 (SEQ ID NO:438) inhibited Kv1.3 currents with an ICso = 0.039+0.005 nM
(n=3), whereas it inhibited Kv1.1 currents with an ICsp = 3.39+1.61 nM (n=2).
The reduced potency on Kv1.1 was confirmed by PatchXpress planar patch clamp
electrophysiology where ShK-192 had an ICso = 3.26+0.36 nM (n=8).

[00133] Figure 30 shows representative dose-response curves for
cyclosporine A and three lots of 20kDa-PEG-ShK[Lys16] (SEQ ID NO:16) in
blocking IL-2 (Figure 30A) and IFNy (Figure 30B) secretion from T cells induced
by thapsigargin stimulation of human whole blood, as described in Examples 2
and 5. The ICso for PEG-ShK[Lys16] in blocking IL-2 and IFNy production was
0.109+0.081 nM (n=34) and 0.240+0.163 nM (n=34), respectively. Cyclosporin
A was about 2000-3000 times less active, with ICs values for IL-2 and IFNy that
were 334.8+172.2 nM (n=64) and 495.2+307.8 nM (n=64), respectively. The
curves shown in Figure 30 are normalized to 100 percent of control (POC).
[00134] Figure 31 shows that 20kDa-PEG-ShK[Lys16] (SEQ ID NO: 16)
provides potent (average ICso = 0.09 nM) inhibition of IL-17 secretion from T
cells in cynomolgus monkey whole blood induced by thapsigargin stimulation, as
described in Examples 5 and 8. The response of blood collected from seven
separate cynomolgus monkeys (labeled cyno 1 — cyno 7), is shown. Error bars
represent the standard error of the mean.

[00135] Figure 32 shows that the molecules 20kDa-PEG-ShK[Lys16] (SEQ
ID NO: 16), monovalent aKLH HC-ShK(1-35,Q16K) Ab (SEQ ID NO: 338; 339;
338; 342) and monovalent Fc-L10-ShK(1-35,Q16K) (SEQ ID NO: 337; 348) all
provide potent inhibition of antigen (myelin)-mediated proliferation (’H-
thymidine incorporation) of the rat T effector memory cell line, PAS, as described
in Examples 5, 9, 11 and 12. The ICs values for inhibition by each molecule are
shown. Error bars represent the standard error of the mean.

[00136] Figure 33 shows AT-EAE data comparing the activity in vivo of
rats treated with vehicle or the Kv1.3-selective inhibitors monovalent aKLH HC-
ShK(1-35,Q16K) Ab (SEQ ID NO: 338; 339; 338; 342) and 20kDa-PEG-
[Lys16]ShK (SEQ ID NO:16) as described in Examples 5,9, 11 and 12. The
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larger monovalent aK LH HC-ShK(1-35,Q16K) Ab molecule exhibited an EDs, of
2.4 nmol/kg (360 pg/kg) for inhibition of encephalomyelitis, which was similar to
the 2.47 nmol/ kg (10 pg/kg) EDsq of the smaller PEG-ShK[Lys16] molecule.
Each molecule was delivered by daily subcutaneous dosing from day -1 through
day 7. The figure legend shows the mg/kg (mpk) doses delivered.

[00137] Figure 34A-D show the AT-EAE data for the individual rats
receiving vehicle, 20kDa-PEG-[Lys16]ShK (SEQ ID NO:16) or various doses of
the monovalent aK LH HC-ShK(1-35,Q16K) Ab molecule (SEQ ID NO: 338; 339;
338; 342) as described in Examples 5,9, 11 and 12.

[00138] Figure 35 shows AT-EAE data comparing the activity in vivo of
rats treated with vehicle or the Kv1.3-selective inhibitor monovalent Fc-L10-
ShK(1-35,Q16K) (SEQ ID NO: 337; 348) as described in Example 9, Example
11, and Example 12. The Fc-L10-ShK(1-35,Q16K) molecule exhibited an EDsy <
2.5 nmol/kg (138 ng/kg) for inhibition of encephalomyelitis. The mg/kg (mpk)
doses are shown and involved daily subcutaneous dosing from day -1 through day
7.

[00139] Figure 36A-D show the AT-EAE data for the individual rats
receiving vehicle or various doses of the monovalent Fc-L10-ShK(1-35,Q16K)
molecule (SEQ ID NO: 337; 348) as described in Example 9, Example 11, and
Example 12.

[00140] Figure 37A-B shows levels of serum histamine observed 0.083,
0.25, 1.0 and 96 hours after a single bolus IV injection of 2.0 (Figure 37A, rat #1
- #3) or 5.0 mg/kg (Figure 37B, rat #4) PEG-[Lys16]ShK (SEQ ID NO:16) was
given to Sprague-Dawley rats, as described further in Example 10. Background
levels of serum histamine measured in benchmark Sprague-Dawley serum
reference controls of untreated animals, was 153 ng/ml.

[00141] Figure 38 shows levels of serum histamine observed 0.5, 2, 24 and
48 hours after a single subcutancous injection of 0.1 (rat #1 - #3), 2.0 (rat #7 - #8)
or 5.0 (rat #10 — 12) mg/kg PEG-[Lys16]ShK (SEQ ID NO:16) was given to
Sprague-Dawley rats, as described in Example 10. Each panel shows the response

at each dose for three separate animals.
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[00142] Figure 39 shows levels of histamine released from isolated
Sprague-Dawley rat peritoneal mast cells one hour after in vitro incubation with
mast cell degranulating peptide (MCDP), compound 48/80, substance P, the
calcium ionophore A23187, 20kDa-PEG-[Lys16]ShK (SEQ ID NO:16),
monovalent aKLH HC-ShK(1-35, Q16K) Ab, or monovalent Fc-L10-ShK(1-35,
Q16K) as described in Example 10.

[00143] Figure 40 shows levels of histamine released from human CD34-
derived mast cells one hour after in vitro incubation with mast cell degranulating
peptide (MCDP), compound 48/80, substance P, the calcium ionophore A23187,
PEG-[Lys16]ShK (SEQ ID NO:16), or monovalent Fc-L10-ShK(1-35, Q16K) as
described in Example 10. Total mast cell histamine content in this experiment
was 882 ng/ml.

[00144] Figure 41 shows that PEG-[Lys16]ShK (SEQ ID NO:16) induces
histamine release from Sprague-Dawley rat (Figure 41A) and Lewis rat (Figure
41B) peritoneal mast cells, but did not induce histamine release from mouse
peritoneal mast cells (Figure 41C) or human CD34-derived mast cells (Figure
41D), as described in Example 10. Despite not responding to PEG-[Lys16]ShK
(SEQ ID NO:16), mouse peritoneal mast cells and human mast cells did respond
to positive controls and other basic secretagogues (e.g. A23187, compound 48/80)
run at the same time (not shown). Shown in Figure 41 is the percent histamine
release, where level of total histamine is determined as described in Example 10.
[00145] Figure 42 shows a Coomassie brilliant blue stained Tris-glycine 4-
20% SDS-PAGE of the final monovalent aKLLH 120.6 LC-ShK[1-35, Q16K] Ab
product. Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide range
protein standards (10 pl); lane 2: 0.5 pg product, non-reduced; lane 3: blank; lane
4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 pg product, non-reduced;
lane 7: Novex Mark12 wide range protein standards (10 pl); lane 8: 0.5 ug
product, reduced; lane 9: blank; lane 10: 2.0 pg product, reduced; lanel 1: blank;
lane 12: 10 pg product, reduced.

[00146] Figure 43 shows size exclusion chromatography on 25 pg of the
final monovalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab product injected onto a
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Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,PO,, 250
mM NaCl, pH 6.9, at 1 mL/min detecting the absorbance at 280 nm.

[00147] Figure 44A-B shows MALDI-MS mass spectral analysis of the
final sample of monovalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab product (non-
reduced, Figure 44A; reduced, Figure 44B) using a Micromass MALDI micro MX
mass spectrometer equipped with a nitrogen laser. The sample was run at positive
linear mode. The instrument’s voltage was set at 12 kV and the high mass
detector was set at 5 kV. Each spectrum was produced by accumulating data from
about 200 laser shots. External mass calibration was achieved using purified
proteins of known molecular masses.

[00148] Figure 45 shows a Coomassie brilliant blue stained Tris-glycine 4-
20% SDS-PAGE of the final bivalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab
product. Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide range
protein standards (10 pl); lane 2: 0.5 ug product, non-reduced; lane 3: blank; lane
4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 pg product, non-reduced;
lane 7: Novex Mark12 wide range protein standards (10 pl); lane 8: 0.5 g
product, reduced; lane 9: blank; lane 10: 2.0 pg product, reduced; lanel1: blank;
lane 12: 10 pg product, reduced.

[00149] Figure 46 shows size exclusion chromatography on 25 g of the
final bivalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab product injected onto a
Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,POj, 250
mM NaCl, pH 6.9, at 1 mL/min detecting the absorbance at 280 nm.

[00150] Figure 47A-B shows MALDI-MS mass spectral analysis of the
final sample of bivalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab product (non-
reduced, Figure 47A; reduced, Figure 47B) using a Micromass MALDI micro MX
mass spectrometer equipped with a nitrogen laser. The sample was run at positive
linear mode. The instrument’s voltage was set at 12 kV and the high mass
detector was set at 5 kV. Each spectrum was produced by accumulating data from
about 200 laser shots. External mass calibration was achieved using purified

proteins of known molecular masses.
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[00151] Figure 48 shows a Coomassie brilliant blue stained Tris-glycine 4-
20% SDS-PAGE of the final trivalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab
product. Lanes 1-12 were loaded as follows: lane 1: Novex Mark12 wide range
protein standards (10 pl); lane 2: 0.5 pg product, non-reduced; lane 3: blank; lane
4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 pg product, non-reduced;
lane 7: Novex Mark12 wide range protein standards (10 pl); lane 8: 0.5 ug
product, reduced; lane 9: blank; lane 10: 2.0 pg product, reduced; lanel 1: blank;
lane 12: 10 pg product, reduced.

[00152] Figure 49 shows size exclusion chromatography on 25 pg of the
final trivalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab product injected onto a
Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM NaH,POj, 250
mM NaCl, pH 6.9, at | mL/min detecting the absorbance at 280 nm.

[00153] Figure 50A-B shows MALDI-MS mass spectral analysis of the
final sample of trivalent aKLH 120.6 LC-ShK[1-35, Q16K] Ab product (non-
reduced, Figure 50A; reduced, Figure 50B) using a Micromass MALDI micro MX
mass spectrometer equipped with a nitrogen laser. The sample was run at positive
linear mode. The instrument’s voltage was set at 12 kV and the high mass
detector was set at 5 kV. Each spectrum was produced by accumulating data from
about 200 laser shots. External mass calibration was achieved using purified
proteins of known molecular masses.

[00154] Figure 51 shows a Coomassie brilliant blue stained Tris-glycine 4-
20% SDS-PAGE of the final monovalent aKLH 120.6 1gG2 HC-Shk[1-35, R1A,
I4A, Q16K] Ab product. Lanes 1-12 were loaded as follows: lane 1: Novex

Mark 12 wide range protein standards (10 pl); lane 2: 0.5 pg product, non-reduced;
lane 3: blank; lane 4: 2.0 pg product, non-reduced; lane 5:blank; lane 6: 10 ug
product, non-reduced; lane 7: Novex Mark12 wide range protein standards (10
ul); lane 8: 0.5 pg product, reduced; lane 9: blank; lane 10: 2.0 pg product,
reduced; lanel1: blank; lane 12: 10 ug product, reduced.

[00155] Figure 52 shows size exclusion chromatography on 25 pg of the
final monovalent aKLLH 120.6 IgG2 HC-Shk[1-35, R1A, 14A, Q16K] Ab product
injected onto a Phenomenex BioSep SEC-3000 column (7.8 x 300 mm) in 50 mM
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NaH;POy4, 250 mM NaCl, pH 6.9, at 1 mL/min detecting the absorbance at 280
nm.

[00156] Figure 53 shows reduced LC-MS mass spectral analysis of the
heavy chain in the final sample of monovalent aKLH 120.6 IgG2 HC-ShK[1-35,
R1A, I4A, Q16K] Ab. The product was chromatographed through a Waters
MassPREP micro desalting column using a Waters ACQUITY UPLC system.
The column was set at 80°C and the protein eluted using a linear gradient of
increasing acetonitrile concentration in 0.1 % formic acid. Part of the column
effluent was diverted into a Waters LCT Premier ESI-TOF mass spectrometer for
mass analysis. The instrument was run in the positive V mode. The capillary
voltage was set at 3,200 V and the cone voltage at 80 V. The mass spectrum was
acquired from 800 to 3000 m/z and deconvoluted using the MaxEnt! software
provided by the instrument manufacturer.

[00157] Figure 54A-B shows the results of electrophysiology studies on rat
peritoneal mast cells indicating that the cells do not express a recognizable Kv1.3
current or a current sensitive to PEG-[Lys16]ShK as described in Example 10.
Figure 54A, shows a representative whole-cell current recorded from holding
potential of 0 mV to different potentials between -100 mV and +80 mV in 20 mV
increments for 100 milliseconds every 10 seconds. Similar profiles were observed
in recordings from three separate cells. Figure 54B shows the current-voltage
profile evoked at holding potential of 0 mV and different ramp potentials from -
120 mV to +100 mV for 400 milliseconds. An excess amount (100 nM) of the
Kv1.3 inhibitors PEG-[Lys16]ShK and charybdotoxin (ChTx), showed no
significant effect on the current. For electrophysiology studies on rat peritoneal
mast cells, the cells were bathed in 135 mM NaCl, 5 mM KCl, 1.8 mM CacCl,, 5
mM Glucose and 10 mM HEPES buffer (pH 7.4). Cells were patched with an
internal solution containing 10 mM NaCl, 90 mM KCl, 40 mM KF, 10 mM
EGTA and 10 mM HEPES (pH 7.2).
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DETAILED DESCRIPTION

[00158] As used in this specification and the appended claims, the singular
forms “a”, “an” and “the” include plural referents unless the context clearly

indicates otherwise. Thus, for example, reference to “a protein” includes a
plurality of proteins; reference to “a cell” includes populations of a plurality of
cells.

[00159] "Polypeptide” and "protein" are used interchangeably herein and
include a molecular chain of two or more amino acids linked covalently through
peptide bonds. The terms do not refer to a specific length of the product. Thus,
"peptides," and "oligopeptides,"” are included within the definition of polypeptide.
The terms include post-translational modifications of the polypeptide, for
example, glycosylations, acetylations, phosphorylations and the like. In addition,
protein fragments, analogs, mutated or variant proteins, fusion proteins and the
like are included within the meaning of polypeptide. The terms also include
molecules in which one or more amino acid analogs or non-canonical or unnatural
amino acids are included as can be expressed recombinantly using known protein
engineering techniques. In addition, inventive toxin peptide analogs can be
derivatized as described herein by well-known organic chemistry techniques.
[00160] “Toxin peptides” include peptides and polypeptides having the
same amino acid sequence of a naturally occurring pharmacologically active
peptide or polypeptide that can be isolated from a venom, and also include
modified peptide analogs of such naturally occurring molecules. (See, e.g.,
Kalman et al., ShK-Dap22, a potent Kv1.3-specific immunosuppressive
polypeptide, J. Biol. Chem. 273(49):32697-707 (1998); Kem et al., US Patent No.
6,077,680; Mouhat et al., OsK1 derivatives, WO 2006/002850 A2; Chandy et al.,
Analogs of SHK toxin and their uses in selective inhibition of Kv1.3 potassium
channels, WO 2006/042151; Sullivan et al., Toxin Peptide therapeutic agents,
WO 2006/116156 A2, all of which are incorporated herein by reference in their
entirety). Snakes, scorpions, spiders, bees, snails and sea anemone are a few

examples of organisms that produce venom that can serve as a rich source of small
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bioactive toxin peptides or “toxins” that potently and selectively target ion
channels and receptors. An example of a toxin peptide is OSK1 (also known as

OsK1), a toxin peptide isolated from Orthochirus scrobiculosus scorpion venom.

(e.g., Mouhat et al., K+ channel types targeted by synthetic OSK1, a toxin from
Orthochirus scrobiculosus scorpion venom, Biochem. J. 385:95-104 (2005);

Moubhat et al., Pharmacological profiling of Orthochirus scrobiculosus toxin 1
analogs with a trimmed N-terminal domain, Molec. Pharmacol. 69:354- 62
(2006); Mouhat et al., OsK 1 derivatives, WO 2006/002850 A2). Another
example is ShK, isolated from the venom of the sea anemone Stichodactyla
helianthus. (E.g., Tudor et al., Ionisation behaviour and solution properties of the
potassium-channel blocker ShK toxin, Eur. J. Biochem. 251(1-2):133-41(1998);
Pennington et al., Role of disulfide bonds in the structure and potassium channel
blocking activity of ShK toxin, Biochem. 38(44): 14549-58 (1999); Kem et al.,
ShK toxin compositions and methods of use, US Patent No. 6,077,680; Lebrun et
al., Neuropeptides originating in scorpion, US Patent No. 6,689,749; Beeton et al.,
Targeting effector memory T cells with a selective peptide inhibitor of Kv1.3
channnels for therapy of autoimmune diseases, Molec. Pharmacol. 67(4):1369-81
(2005)).

[00161] The toxin peptides are usually between about 20 and about 80
amino acids in length, contain 2-5 disulfide linkages and form a very compact
structure. Toxin peptides (e.g., from the venom of scorpions, sca anemones and
cone snails) have been isolated and characterized for their impact on ion channels.
Such peptides appear to have evolved from a relatively small number of structural
frameworks that are particularly well suited to addressing the critical issues of
potency and stability. The majority of scorpion and Conus toxin peptides, for
example, contain 10-40 amino acids and up to five disulfide bonds, forming
extremely compact and constrained structure (microproteins) often resistant to
proteolysis. The conotoxin and scorpion toxin peptides can be divided into a
number of superfamilies based on their disulfide connections and peptide folds.
The solution structure of many toxin peptides has been determined by NMR

spectroscopy, illustrating their compact structure and verifying conservation of
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family folding patterns. (E.g., Tudor et al., Ionisation behaviour and solution
properties of the potassium-channel blocker ShK toxin, Eur. J. Biochem. 251(1-
2):133-41(1998); Pennington et al., Role of disulfide bonds in the structure and
potassium channel blocking activity of ShK toxin, Biochem. 38(44): 14549-58
(1999); Jaravine et al., Three-dimensional structure of toxin OSK1 from

Orthochirus scrobiculosus scorpion venom, Biochem. 36(6):1223-32 (1997); del

Rio-Portillo et al.; NMR solution structure of Cnl12, a novel peptide from the
Mexican scorpion Centruroides noxius with a typical beta-toxin sequence but with
alpha-like physiological activity, Eur. J. Biochem. 271(12): 2504-16 (2004);
Prochnicka-Chalufour et al., Solution structure of discrepin, a new K+-channel
blocking peptide from the alpha-KTx15 subfamily, Biochem. 45(6):1795-1804
(2006)). Other examples are known in the art, or can be found in Sullivan et al.,
WO06116156 A2 or U.S. Patent Application No. 11/406,454 (titled: Toxin
Peptide Therapeutic Agents, published as US 2007/0071764); Mouhat et al.,
OsK1 derivatives, WO 2006/002850 A2; Sullivan et al., U.S. Patent Application
No. 11/978,076 (titled: Conjugated Toxin Peptide Therapeutic Agents, filed 25
October 2007), Lebrun et al., U.S. Patent No. 6,689,749, which are each
incorporated by reference in their entireties. Another example, the HmK toxin

peptide is from the Magnificent sea anemone (Radianthus magnifica; Heteractis

magnifica). Other examples include members of the family of sea anemone toxins
HmK, ShK, BgK, AsKs, AcK, and AETX-K, as described above. AETX-K is
1solated from the sea anemone Anemonia erythraea, and has the amino acid

sequence RACKDYLPKSECTQFRCRTSMKYKYTNCKKTCGTC//SEQ ID

NO:3 within the larger amino acid sequence (including putative signal sequence)
MKGQMIICLVLIALCMSVVVMAQNLRAEELEKANPKDERVRSFERNQKR
ACKDYLPKSECTQFRCRTSMKYKYTNCKKTCGTC// SEQ ID NO: 275.
(See, Hasegawa et al., Isolation and DNA cloning of a potassium channel peptide
toxin from the sea anemone Anemonia erythraca, Toxicon 48(5):536-42 (2006)).
HmK has SEQ ID NO: 2 ((Table 5; mature peptide) within the larger
MKSQMIAAVLLIAFCLCVVVTARMELQDVEDMENGFQKRRTCKDLIPVS
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ECTDIRCRTSMKYRLNLCRKTCGSC// SEQ ID NO: 276 (including signal and
mature peptide portions)).

[00162] The term “peptide analog” refers to a peptide having a sequence
that differs from a peptide sequence existing in nature by at least one amino acid
residue substitution, internal addition, or internal deletion of at least one amino
acid, and/or amino- or carboxy- terminal end truncations or additions, and/or
carboxy-terminal amidation. An “internal deletion” refers to absence of an amino
acid from a sequence existing in nature at a position other than the N- or C-
terminus. Likewise, an “internal addition” refers to presence of an amino acid in a
sequence existing in nature at a position other than the N- or C-terminus.

[00163] Embodiments of the inventive composition of matter includes a
toxin peptide analog, or a pharmaceutically acceptable salt thereof. “Toxin
peptide analogs”, such as, but not limited to, an AETX-K peptide analog, an ShK
peptide analog, or a HmK peptide analog, contain modifications of a native toxin
peptide sequence of interest (e.g., amino acid residue substitutions, internal
additions or insertions, internal deletions, and/or amino- or carboxy- terminal end
truncations, or additions as previously described above) relative to a native toxin
peptide sequence of interest, such as ShK, HmK, or AETX-K. Toxin peptide
analogs of the present invention are 33 to about 100 amino acid residues long and,
in relation to SEQ ID NO:4, have C'-C%, C?-C* and C*-C° disulfide bonding in
which, C', C%, C?, C*, C° and C° represent the order of cysteine residues appearing
in the primary sequence of the toxin peptide stated conventionally with the N-
terminus of the peptide(s) on the left, with the first and sixth cysteines in the
amino acid sequence forming a disulfide bond, the second and fourth cysteines
forming a disulfide bond, and the third and fifth cysteines forming a disulfide
bond. Examples of toxin peptides with such a C'-C%, C>-C*, C*-C’ disulfide
bonding pattern include, but are not limited to, ShK, BgK, HmK, AeKS, AsK,
AETX-K and DTX1, and analogs of any of the foregoing. As described herein,
the toxin peptide analogs of the present invention can also have additional amino
acid residues at the N-terminal and/or C-terminal ends, in relation to SEQ ID

NO:4.
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[00164] By “physiologically acceptable salt” of the composition of matter,
for example a salt of the toxin peptide analog, is meant any salt or salts that are
known or later discovered to be pharmaceutically acceptable. Some non-limiting
examples of pharmaceutically acceptable salts are: acetate; trifluoroacetate;
hydrohalides, such as hydrochloride and hydrobromide; sulfate; citrate; maleate;
tartrate; glycolate; gluconate; succinate; mesylate; besylate; salts of gallic acid
esters (gallic acid is also known as 3,4, 5 trihydroxybenzoic acid) such as
PentaGalloylGlucose (PGG) and epigallocatechin gallate (EGCG), salts of
cholesteryl sulfate, pamoate, tannate and oxalate salts.

[00165] The term “fusion protein” indicates that the protein includes
polypeptide components derived from more than one parental protein or
polypeptide. Typically, a fusion protein is expressed from a fusion gene in which
a nucleotide sequence encoding a polypeptide sequence from one protein is
appended in frame with, and optionally separated by a linker from, a nucleotide
sequence encoding a polypeptide sequence from a different protein. The fusion
gene can then be expressed by a recombinant host cell as a single protein.
[00166] The terms “-mimetic peptide,” “peptide mimetic,” and “-agonist
peptide” refer to a peptide or protein having biological activity comparable to a
naturally occurring protein of interest, for example, but not limited to, a toxin
peptide molecule, e.g., naturally occurring ShK, HmK, AETX-K, or OSK1 toxin
peptide. These terms further include peptides that indirectly mimic the activity of
a naturally occurring peptide molecule, such as by potentiating the effects of the
naturally occurring molecule.

[00167] The term “-antagonist peptide,” “peptide antagonist,” and
"inhibitor peptide" refer to a peptide that blocks or in some way interferes with the
biological activity of a receptor of interest, or has biological activity comparable
to a known antagonist or inhibitor of a receptor of interest, such as, but not limited
to, an ion channel (e.g., Kv1.3) or a G-Protein Coupled Receptor (GPCR).
[00168] A “domain” of a protein is any portion of the entire protein, up to
and including the complete protein, but typically comprising less than the

complete protein. A domain can, but need not, fold independently of the rest of
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the protein chain and/or be correlated with a particular biological, biochemical, or
structural function or location (e.g., a ligand binding domain, or a cytosolic,
transmembrane or extracellular domain).

[00169] As used herein "soluble" when in reference to a protein produced
by recombinant DNA technology in a host cell is a protein that exists in aqueous
solution; if the protein contains a twin-arginine signal amino acid sequence the
soluble protein is exported to the periplasmic space in gram negative bacterial
hosts, or is secreted into the culture medium by eukaryotic host cells capable of
secretion, or by bacterial host possessing the appropriate genes (e.g., the kil gene).
Thus, a soluble protein is a protein which is not found in an inclusion body inside
the host cell. Alternatively, depending on the context, a soluble protein is a
protein which is not found integrated in cellular membranes. In contrast, an
insoluble protein is one which exists in denatured form inside cytoplasmic
granules (called an inclusion body) in the host cell, or again depending on the
context, an insoluble protein is one which is present in cell membranes, including
but not limited to, cytoplasmic membranes, mitochondrial membranes, chloroplast
membranes, endoplasmic reticulum membranes, etc.

[00170] A distinction is also drawn between proteins which are “soluble”
(i.e., dissolved or capable of being dissolved) in an aqueous solution devoid of
significant amounts of ionic detergents (e.g., SDS) or denaturants (e.g., urea,
guanidine hydrochloride) and proteins which exist as a suspension of insoluble
protein molecules dispersed within the solution. A “soluble” protein will not be
removed from a solution containing the protein by centrifugation using conditions
sufficient to remove cells present in a liquid medium (e.g., centrifugation at
5,000xg for 4-5 minutes). In some embodiments of the inventive composition, the
toxin peptide analog is synthesized by the host cell and segregated in an insoluble
form within cellular inclusion bodies, which can then be purified from other
cellular components in a cell extract with relative ease, and the toxin peptide
analog can in turn be solubilized, refolded and/or further purified.

[00171] A distinction is drawn between a “soluble” protein (i.e., a protein

which when expressed in a host cell is produced in a soluble form) and a
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"solubilized" protein. An insoluble recombinant protein found inside an inclusion
body or found integrated in a cell membrane may be solubilized (i.e., rendered
into a soluble form) by treating purified inclusion bodies or cell membranes with
denaturants such as guanidine hydrochloride, urea or sodium dodecyl sulfate
(SDS). These denaturants must then be removed from the solubilized protein
preparation to allow the recovered protein to renature (refold). Although the
inventive compositions can be refolded in active form, not all proteins will refold
into an active conformation after solubilization in a denaturant and removal of the
denaturant. Many proteins precipitate upon removal of the denaturant. SDS may
be used to solubilize inclusion bodies and cell membranes and will maintain the
proteins in solution at low concentration. However, dialysis will not always
remove all of the SDS (SDS can form micelles which do not dialyze out);
therefore, SDS-solubilized inclusion body protein and SDS-solubilized cell
membrane protein is soluble but not refolded.

[00172] A “secreted” protein refers to those proteins capable of being
directed to the ER, secretory vesicles, or the extracellular space as a result of a
secretory signal peptide sequence, as well as those proteins released into the
extracellular space without necessarily containing a signal sequence. If the
secreted protein is released into the extracellular space, the secreted protein can
undergo extracellular processing to produce a “mature” protein. Release into the
extracellular space can occur by many mechanisms, including exocytosis and
proteolytic cleavage. In some other embodiments of the inventive composition,
the toxin peptide analog can be synthesized by the host cell as a secreted protein,
which can then be further purified from the extracellular space and/or medium.
[00173] The term “recombinant” indicates that the material (e.g., a nucleic
acid or a polypeptide) has been artificially or synthetically (i.e., non-naturally)
altered by human intervention. The alteration can be performed on the material
within, or removed from, its natural environment or state. For example, a
“recombinant nucleic acid” is one that is made by recombining nucleic acids, e.g.,
during cloning, DNA shuffling or other well known molecular biological

procedures. A "recombinant DNA molecule," is comprised of segments of DNA



WO 2010/108154 PCT/US2010/028061
-42 -

joined together by means of such molecular biological techniques. The term
"recombinant protein" or "recombinant polypeptide" as used herein refers to a
protein molecule which is expressed using a recombinant DNA molecule. A
“recombinant host cell” is a cell that contains and/or expresses a recombinant
nucleic acid.

[00174] A “polynucleotide sequence” or “nucleotide sequence” or "nucleic
acid sequence," as used interchangeably herein, is a polymer of nucleotides,
including an oligonucleotide, a DNA, and RNA, a nucleic acid, or a character
string representing a nucleotide polymer, depending on context. From any
specified polynucleotide sequence, either the given nucleic acid or the
complementary polynucleotide sequence can be determined. Included are DNA
or RNA of genomic or synthetic origin which may be single- or double-stranded,
and represent the sense or antisense strand.

[00175] As used herein, the terms "nucleic acid molecule encoding,”" "DNA
sequence encoding," and "DNA encoding” refer to the order or sequence of
deoxyribonucleotides along a strand of deoxyribonucleic acid. The order of these
deoxyribonucleotides determines the order of ribonucleotides along the mRNA
chain, and also determines the order of amino acids along the polypeptide
(protein) chain. The DNA sequence thus codes for the RNA sequence and for the
amino acid sequence.

[00176] “Expression of a gene” or “expression of a nucleic acid” means
transcription of DNA into RNA (optionally including modification of the RNA,
e.g., splicing), translation of RNA into a polypeptide (possibly including
subsequent post-translational modification of the polypeptide), or both
transcription and translation, as indicated by the context.

[00177] The term “gene” is used broadly to refer to any nucleic acid
associated with a biological function. Genes typically include coding sequences
and/or the regulatory sequences required for expression of such coding sequences.
The term “gene” applies to a specific genomic or recombinant sequence, as well
as to a cDNA or mRNA encoded by that sequence. A “fusion gene” contains a

coding region that encodes a toxin peptide analog. Genes also include non-
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expressed nucleic acid segments that, for example, form recognition sequences for
other proteins. Non-expressed regulatory sequences including transcriptional
control elements to which regulatory proteins, such as transcription factors, bind,
resulting in transcription of adjacent or nearby sequences.

[00178] As used herein the term "coding region" or “coding sequence”
when used in reference to a structural gene refers to the nucleotide sequences
which encode the amino acids found in the nascent polypeptide as a result of
translation of an mRNA molecule. The coding region is bounded, in eukaryotes,
on the 5' side by the nucleotide triplet "ATG" which encodes the initiator
methionine and on the 3' side by one of the three triplets which specify stop
codons (i.e., TAA, TAG, TGA).

[00179] Transcriptional control signals in eukaryotes comprise "promoter”
and "enhancer" elements. Promoters and enhancers consist of short arrays of DNA
sequences that interact specifically with cellular proteins involved in transcription
(Maniatis, et al., Science 236:1237 (1987)). Promoter and enhancer elements
have been isolated from a variety of eukaryotic sources including genes in yeast,
insect and mammalian cells and viruses (analogous control elements, i.c.,
promoters, are also found in prokaryotes). The selection of a particular promoter
and enhancer depends on what cell type is to be used to express the protein of
interest. Some eukaryotic promoters and enhancers have a broad host range while
others are functional in a limited subset of cell types (for review see Voss, et al.,
Trends Biochem. Sci., 11:287 (1986) and Maniatis, et al., Science 236:1237
(1987)).

[00180] The term "expression vector" as used herein refers to a
recombinant DNA molecule containing a desired coding sequence and appropriate
nucleic acid sequences necessary for the expression of the operably linked coding
sequence in a particular host cell. Nucleic acid sequences necessary for
expression in prokaryotes include a promoter, optionally an operator sequence, a
ribosome binding site and possibly other sequences. Eukaryotic cells are known
to utilize promoters, enhancers, and termination and polyadenylation signals. A

secretory signal peptide sequence can also, optionally, be encoded by the
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expression vector, operably linked to the coding sequence for the inventive toxin
peptide analog, so that the expressed toxin peptide analog can be secreted by the
recombinant host cell, for more facile isolation of the toxin peptide analog from
the cell, if desired. Such techniques are well known in the art. (E.g., Goodey,
Andrew R.; et al., Peptide and DNA sequences, U.S. Patent No. 5,302,697,
Weiner et al., Compositions and methods for protein secretion, U.S. Patent No.
6,022,952 and U.S. Patent No. 6,335,178; Uemura et al., Protein expression vector
and utilization thereof, U.S. Patent No. 7,029,909; Ruben et al., 27 human
secreted proteins, US 2003/0104400 A1).

[00181] The terms "in operable combination”, "in operable order" and
"operably linked" as used herein refer to the linkage of nucleic acid sequences in
such a manner that a nucleic acid molecule capable of directing the transcription
of a given gene and/or the synthesis of a desired protein molecule is produced.
The term also refers to the linkage of amino acid sequences in such a manner so
that a functional protein is produced.

[00182] Peptides. Recombinant DNA- and/or RNA-mediated protein
expression and protein engineering techniques, or any other methods of preparing
peptides, are applicable to the making of the inventive toxin peptide analogs and
fusion protein conjugates thereof (e.g., fusion proteins containing a toxin peptide
analog and an immunoglobulin Fc domain, transthyretin, or human serum
albumin). For example, the peptides can be made in transformed host cells.
Briefly, a recombinant DNA molecule, or construct, coding for the peptide is
prepared. Methods of preparing such DNA molecules are well known in the art.
For instance, sequences encoding the peptides can be excised from DNA using
suitable restriction enzymes. Any of a large number of available and well-known
host cells may be used in the practice of this invention. The selection of a
particular host is dependent upon a number of factors recognized by the art.
These include, for example, compatibility with the chosen expression vector,
toxicity of the peptides encoded by the DNA molecule, rate of transformation,
ease of recovery of the peptides, expression characteristics, bio-safety and costs.

A balance of these factors must be struck with the understanding that not all hosts
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may be equally effective for the expression of a particular DNA sequence. Within
these general guidelines, useful microbial host cells in culture include bacteria

(such as Escherichia coli sp.), yeast (such as Saccharomyces sp.) and other fungal

cells, insect cells, plant cells, mammalian (including human) cells, e.g., CHO cells
and HEK293 cells. Modifications can be made at the DNA level, as well. The
peptide-encoding DNA sequence may be changed to codons more compatible
with the chosen host cell. For E. coli, optimized codons are known in the art.
Codons can be substituted to eliminate restriction sites or to include silent
restriction sites, which may aid in processing of the DNA in the selected host cell.
Next, the transformed host is cultured and purified. Host cells may be cultured
under conventional fermentation conditions so that the desired compounds are
expressed. Such fermentation conditions are well known in the art. In addition,
the DNA optionally further encodes, 5’ to the coding region of a fusion protein, a
signal peptide sequence (e.g., a secretory signal peptide) operably linked to the
expressed toxin peptide analog. For further examples of appropriate recombinant
methods and exemplary DNA constructs useful for recombinant expression of the
inventive compositions by mammalian cells, including dimeric Fc fusion proteins
(“peptibodies”) or chimeric immunoglobulin(light chain + heavy chain)-Fc
heterotrimers (“hemibodies”), conjugated to pharmacologically active toxin
peptide analogs of the invention, see, e.g., Sullivan et al., Toxin Peptide
Therapeutic Agents, US2007/0071764 and Sullivan et al., Toxin Peptide
Therapeutic Agents, PCT/US2007/022831, published as WO 2008/088422, which
are both incorporated herein by reference in their entireties.

[00183] Peptide compositions of the present invention can also be made by
synthetic methods. Solid phase synthesis is the preferred technique of making
individual peptides since it is the most cost-effective method of making small
peptides. For example, well known solid phase synthesis techniques include the
use of protecting groups, linkers, and solid phase supports, as well as specific
protection and deprotection reaction conditions, linker cleavage conditions, use of
scavengers, and other aspects of solid phase peptide synthesis. Suitable

techniques are well known in the art. (E.g., Merrifield (1973), Chem.
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Polypeptides, pp. 335-61 (Katsoyannis and Panayotis eds.); Merrifield (1963), J.
Am. Chem. Soc. 85: 2149; Davis et al. (1985), Biochem. Intl. 10: 394-414;
Stewart and Young (1969), Solid Phase Peptide Synthesis; U.S. Pat. No.
3,941,763; Finn et al. (1976), The Proteins (3rd ed.) 2: 105-253; and Erickson et
al. (1976), The Proteins (3rd ed.) 2: 257-527; "Protecting Groups in Organic
Synthesis," 3rd Edition, T. W. Greene and P. G. M. Wuts, Eds., John Wiley &
Sons, Inc., 1999; NovaBiochem Catalog, 2000; "Synthetic Peptides, A User's
Guide," G. A. Grant, Ed., W.H. Freeman & Company, New York, N.Y., 1992;
"Advanced Chemtech Handbook of Combinatorial & Solid Phase Organic
Chemistry," W. D. Bennet, J. W. Christensen, L. K. Hamaker, M. L. Peterson, M.
R. Rhodes, and H. H. Saneii, Eds., Advanced Chemtech, 1998; "Principles of
Peptide Synthesis, 2nd ed.," M. Bodanszky, Ed., Springer-Verlag, 1993; "The
Practice of Peptide Synthesis, 2nd ed.," M. Bodanszky and A. Bodanszky, Eds.,
Springer-Verlag, 1994; "Protecting Groups," P. J. Kocienski, Ed., Georg Thieme
Verlag, Stuttgart, Germany, 1994; "Fmoc Solid Phase Peptide Synthesis, A
Practical Approach,” W. C. Chan and P. D. White, Eds., Oxford Press, 2000, G.
B. Fields et al., Synthetic Peptides: A User's Guide, 1990, 77-183). For further
examples of synthetic and purification methods known in the art, which are
applicable to making the inventive compositions of matter, see, ¢.g., Sullivan et
al., Toxin Peptide Therapeutic Agents, US2007/0071764 and Sullivan et al.,
Toxin Peptide Therapeutic Agents, PCT/US2007/02283 1, published as WO
2008/088422 A2, which are both incorporated herein by reference in their
entireties.

[00184] In further describing the toxin peptide analogs herein, a one-letter
abbreviation system is frequently applied to designate the identities of the twenty
“canonical” amino acid residues generally incorporated into naturally occurring
peptides and proteins (Table 1). Such one-letter abbreviations are entirely
interchangeable in meaning with three-letter abbreviations, or non-abbreviated
amino acid names. Within the one-letter abbreviation system used herein, an

upper case letter indicates a L-amino acid, and a lower case letter indicates a
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D-amino acid. For example, the abbreviation “R” designates L-arginine and the

abbreviation “r” designates D-arginine.

Table 1. One-letter abbreviations for the canonical amino acids.
Three-letter abbreviations are in parentheses.

Alanine (Ala)
Glutamine (Gln)
Leucine (Leu)
Serine (Ser)
Arginine (Arg)
Glutamic Acid (Glu)
Lysine (Lys)
Threonine (Thr)
Asparagine (Asn)
Glycine (Gly)
Methionine (Met)
Tryptophan (Trp)
Aspartic Acid (Asp)
Histidine (His)
Phenylalanine (Phe)
Tyrosine (Tyr)

QO ™" IUsgZ20O0ZzZ-3AODOC0 >

Cysteine (Cys)

[—

Isoleucine (Ile)
Proline (Pro)
Valine (Val)

v}

[00185] An amino acid substitution in an amino acid sequence is typically
designated herein with a one-letter abbreviation for the amino acid residue in a
particular position, followed by the numerical amino acid position relative to a
native sequence of interest, which is then followed by the one-letter symbol for

the amino acid residue substituted in. For example, “T30D” symbolizes a
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substitution of a threonine residue by an aspartate residue at amino acid position
30, relative to the native sequence of interest.

[00186] Non-canonical amino acid residues can be incorporated into a
peptide within the scope of the invention by employing known techniques of
protein engineering that use recombinantly expressing cells. (See, e.g., Link et al.,
Non-canonical amino acids in protein engineering, Current Opinion in
Biotechnology, 14(6):603-609 (2003)). The term "non-canonical amino acid
residue" refers to amino acid residues in D- or L-form that are not among the 20
canonical amino acids generally incorporated into naturally occurring proteins, for
example, B-amino acids, homoamino acids, cyclic amino acids and amino acids
with derivatized side chains. Examples include (in the L-form or D-form)
f-alanine, B-aminopropionic acid, piperidinic acid, aminocaprioic acid,
aminoheptanoic acid, aminopimelic acid, desmosine, diaminopimelic acid,
N“ethylglycine, N*ethylaspargine, hydroxylysine, allo-hydroxylysine,
isodesmosine, allo-isoleucine, w-methylarginine, N“-methylglycine,
N“methylisoleucine, N“-methylvaline, , y-carboxyglutamate, &-N,N,N-
trimethyllysine, e-N-acetyllysine, O-phosphoserine, N“-acetylserine,
N“formylmethionine, 3-methylhistidine, 5-hydroxylysine, and other similar
amino acids, and those listed in Table 2 below, and derivatized forms of any of
these as described herein. Table 2 contains some exemplary non-canonical amino
acid residues that are useful in accordance with the present invention and
associated abbreviations as typically used herein, although the skilled practitioner
will understand that different abbreviations and nomenclatures may be applicable

to the same substance and appear interchangeably herein.
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Table 2. Useful non-canonical amino acids for amino acid addition, insertion,
or substitution into peptide sequences in accordance with the present
invention. In the event an abbreviation listed in Table 2 differs from another
abbreviation for the same substance disclosed elsewhere herein, both
abbreviations are understood to be applicable. The amino acids listed in Table

2 can be in the L-form or D-form.

Amino Acid Abbreviation(s)
Acetamidomethyl Acm
Acetylarginine acetylarg
a-aminoadipic acid Aad
aminobutyric acid Abu
6-aminohexanoic acid Ahx; eAhx
3-amino-6-hydroxy-2-piperidone Ahp
2-aminoindane-2-carboxylic acid Aic
a-amino-isobutyric acid Aib
3-amino-2-naphthoic acid Anc
2-aminotetraline-2-carboxylic acid Atc

aminophenylalanine

Aminophe; Amino-Phe

4-amino-phenylalanine 4AmP
4-amidino-phenylalanine 4AmPhe
2-amino-2-(1-carbamimidoylpiperidin-4-
ylacetic acid 4AmPig
Arg y(CH,NH) -reduced amide bond rArg
-homoarginine

bhArg
B-homolysine bhomoK
B-homo Tic BhTic
B-homophenylalanine BhPhe
B-homoproline BhPro
B-homotryptophan BhTrp
4,4'-biphenylalanine Bip
B, B-diphenyl-alanine BiPhA
B-phenylalanine BPhe
p-carboxyl-phenylalanine Cpa
citrulline Cit
cyclohexylalanine Cha
cyclohexylglycine Chg
cyclopentylglycine Cpg
2-amino-3-guanidinopropanoic acid 3G-Dpr
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a,, y-diaminobutyric acid Dab
2,4-diaminobutyric acid Dbu
diaminopropionic acid Dap
a, B-diaminopropionoic acid (or 2,3- Dpr
diaminopropionic acid
3,3-diphenylalanine Dip
4-guanidino phenylalanine Guf
4-guanidino proline 4GuaPr
homoarginine hArg; hR
homocitrulline hCit
homoglutamine hQ
homolysine hLys; hK; homoLys
homophenylalanine hPhe; homoPhe
4-hydroxyproline (or hydroxyproline) Hyp
2-indanylglycine (or indanylglycine) Igl
indoline-2-carboxylic acid Idc
Iodotyrosine [-Tyr
Lys w(CH,NH)-reduced amide bond rLys
methionine oxide Met[O]
methionine sulfone Met[O],
N “-methylarginine NMeR
No-[(CH,)sNHCH(NH)NH,] substituted | N-Arg
glycine
N“methylcitrulline NMeCit
N “-methylglutamine NMeQ
N*-methylhomocitrulline N “-MeHoCit
N “-methylhomolysine NMeHoK
N “-methylleucine N“*MeL; NMeL; NMeLeu;

NMe-Leu
N“-methyllysine NMe-Lys
Ne-methyl-lysine N-eMe-K
Ne-ethyl-lysine N-eEt-K
Ne-isopropyl-lysine N-elPr-K

N’-methylnorleucine

NMeNle; NMe-Nle

N “-methylornithine

N “MeOrn; NMeOm
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N’-methylphenylalanine NMe-Phe
4-methyl-phenylalanine MePhe
a-methylphenyalanine AMeF

N*-methylthreonine

NMe-Thr; NMeThr

N*-methylvaline

NMeVal; NMe-Val

2-pyridinylalanine

Ne-(O-(aminoethyl)-O'-(2-propanoyl)- K(NPegll)
undecaethyleneglycol)-Lysine
Ne-(O-(aminoethyl)-O'-(2-propanoyl)- K(NPeg27)
(ethyleneglycol)27-Lysine
3-(1-naphthyl)alanine 1-Nal; 1Nal
3-(2-naphthyl)alanine 2-Nal; 2Nal
nipecotic acid Nip
nitrophenylalanine nitrophe
norleucine Nle
norvaline Nva or Nvl
O-methyltyrosine Ome-Tyr
octahydroindole-2-carboxylic acid Oic
ornithine Orn
Orn y(CH2NH)-reduced amide bond rOm
4-piperidinylalanine 4PipA
4-pyridinylalanine 4Pal
3-pyridinylalanine 3pal

2Pal

para-aminophenylalanine

4AmP; 4-Amino-Phe

para-iodophenylalanine (or 4-

pl-Phe

carboxylic acid

iodophenylalanine)

phenylglycine Phg
4-phenyl-phenylalanine (or 4Bip
biphenylalanine)

4,4'-biphenyl alanine Bip
pipecolic acid Pip
4-amino- 1-piperidine-4-carboxylic acid 4Pip
sarcosine Sar
1,2,3,4-tetrahydroisoquinoline Tic
1,2,3,4-tetrahydroisoquinoline-1- Tiq
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1,2,3,4-tetrahydroisoquinoline-7- Hydroxyl-Tic
hydroxy-3-carboxylic acid
1,2,3,4-tetrahydronorharman-3- Tpi
carboxylic acid
thiazolidine-4-carboxylic acid Thz
3-thienylalanine Thi
[00187] Nomenclature and Symbolism for Amino Acids and Peptides by

the UPAC-IUB Joint Commission on Biochemical Nomenclature (JCBN) have
been published in the following documents: Biochem. J., 1984, 219, 345-373; Eur.
J. Biochem., 1984, 138, 9-37; 1985, 152, 1; 1993, 213, 2; Internat. J. Pept. Prot.
Res., 1984, 24, following p 84; J. Biol. Chem., 1985, 260, 14-42; Pure Appl.
Chem., 1984, 56, 595-624; Amino Acids and Peptides, 1985, 16, 387-410;
Biochemical Nomenclature and Related Documents, 2nd edition, Portland Press,
1992, pages 39-69.

[00188] The one or more useful modifications to peptide domains of the
inventive compositions can include amino acid additions or insertions, amino acid
deletions, peptide truncations, amino acid substitutions, and/or chemical
derivatization of amino acid residues, accomplished by known chemical
techniques. For example, the thusly modified amino acid sequence includes at
least one amino acid residue inserted or substituted therein, relative to the amino
acid sequence of the native sequence of interest, in which the inserted or
substituted amino acid residue has a side chain comprising a nucleophilic or
electrophilic reactive functional group by which the peptide is conjugated to a
linker and/or half-life extending moiety. In accordance with the invention, useful
examples of such a nucleophilic or electrophilic reactive functional group include,
but are not limited to, a thiol, a primary amine, a seleno, a hydrazide, an aldehyde,
a carboxylic acid, a ketone, an aminooxy, a masked (protected) aldehyde, or a
masked (protected) keto functional group. Examples of amino acid residues
having a side chain comprising a nucleophilic reactive functional group include,
but are not limited to, a lysine residue, a homolysine, an a,3-diaminopropionic

acid residue, an o.,y-diaminobutyric acid residue, an ornithine residue, a cysteine,
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a homocysteine, a glutamic acid residue, an aspartic acid residue, or a
selenocysteine residue.

[00189] Amino acid residues are commonly categorized according to
different chemical and/or physical characteristics. The term "acidic amino acid
residue” refers to amino acid residues in D- or L-form having side chains
comprising acidic groups. Exemplary acidic residues include aspartatic acid and
glutamatic acid residues. The term “alkyl amino acid residue” refers to amino
acid residues in D- or L-form having C, salkyl side chains which may be linear,
branched, or cyclized, including to the amino acid amine as in proline, wherein the
Ciealkyl is substituted by 0, 1, 2 or 3 substituents selected from C; shaloalkyl,
halo, cyano, nitro, -C(=0)R", -C(=0)OR?, -C(=0)NRR?, -C(=NR*)NR’R?,
-NR*C(=NR*NRR?, -OR?, -OC(=0)R", -OC(=0)NRR?, -OC,_galkyINR*R?,
-0C,.6alkylOR?, -SR?, -S(=0)R®, -S(=0),R", -S(=0),NR"R? -NR’R",
-N(R*)C(=0)R", -N(R*)C(=0)OR", -N(R*)C(=0)NRR?, -N(R*)C(=NR*)NR’R®,
-N(RYS(=0),R", -N(R*)S(=0),NR*R?, -NR*C;.galkyINR*R* and
-NR*C,.alkylOR®; wherein R* is independently, at each instance, H or R”; and R®
is independently, at each instance C)salkyl substituted by 0, 1, 2 or 3 substituents
selected from halo, C.jalk, C,.shaloalk, -OC)_salk, -NH,, -NHC,_salk, and
-N(Cj.4alk)C,_salk; or any protonated form thereof, including alanine, valine,
leucine, isoleucine, proline, serine, threonine, lysine, arginine, histidine, aspartate,
glutamate, asparagine, glutamine, cysteine, methionine, hydroxyproline, but
which residues do not contain an aryl or aromatic group. The term "aromatic
amino acid residue" refers to amino acid residues in D- or L-form having side
chains comprising aromatic groups. Exemplary aromatic residues include
tryptophan, tyrosine, 3-(1-naphthyl)alanine, or phenylalanine residues. The term
"basic amino acid residue"” refers to amino acid residues in D- or L-form having
side chains comprising basic groups. Exemplary basic amino acid residues
include histidine, lysine, homolysine, ornithine, arginine, N-methyl-arginine, o-
aminoarginine, w-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, and
homoarginine (hR) residues. The term "hydrophilic amino acid residue” refers to

amino acid residues in D- or L-form having side chains comprising polar groups.
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Exemplary hydrophilic residues include cysteine, serine, threonine, histidine,
lysine, asparagine, aspartate, glutamate, glutamine, and citrulline (Cit) residues.
The terms "lipophilic amino acid residue" refers to amino acid residues in D- or L-
form having sidechains comprising uncharged, aliphatic or aromatic groups.
Exemplary lipophilic sidechains include phenylalanine, isoleucine, leucine,
methionine, valine, tryptophan, and tyrosine. Alanine (A) is amphiphilic—it is
capable of acting as a hydrophilic or lipophilic residue. Alanine, therefore, is
included within the definition of both "lipophilic residue" and "hydrophilic
residue." The term "nonfunctional amino acid residue" refers to amino acid
residues in D- or L-form having side chains that lack acidic, basic, or aromatic
groups. Exemplary neutral amino acid residues include methionine, glycine,
alanine, valine, isoleucine, leucine, and norleucine (Nle) residues.

[00190] Additional useful embodiments of toxin peptide analogs can result
from conservative modifications of the amino acid sequences of the toxin
polypeptides disclosed herein. Conservative modifications will produce half-life
extending moiety-conjugated peptides having functional, physical, and chemical
characteristics similar to those of the conjugated (¢.g., PEG-conjugated) peptide
from which such modifications are made. Such conservatively modified forms of
the conjugated toxin peptide analogs disclosed herein are also contemplated as
being an embodiment of the present invention.

[00191] In contrast, substantial modifications in the functional and/or
chemical characteristics of peptides may be accomplished by selecting
substitutions in the amino acid sequence that differ significantly in their effect on
maintaining (a) the structure of the molecular backbone in the region of the
substitution, for example, as an a-helical conformation, (b) the charge or
hydrophobicity of the molecule at the target site, or (c) the size of the molecule.
[00192] For example, a "conservative amino acid substitution" may involve
a substitution of a native amino acid residue with a nonnative residue such that
there is little or no effect on the polarity or charge of the amino acid residue at that
position. Furthermore, any native residue in the polypeptide may also be

substituted with alanine, as has been previously described for "alanine scanning
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mutagenesis" (see, for example, MacLennan et al., Acta Physiol. Scand. Suppl.,
643:55-67 (1998); Sasaki et al., 1998, Adv. Biophys. 35:1-24 (1998), which
discuss alanine scanning mutagenesis).
[00193] Desired amino acid substitutions (whether conservative or non-
conservative) can be determined by those skilled in the art at the time such
substitutions are desired. For example, amino acid substitutions can be used to
identify important residues of the peptide sequence, or to increase or decrease the
affinity of the peptide or vehicle-conjugated peptide molecules described herein.
[00194] Naturally occurring residues may be divided into classes based on
common side chain properties:

1) hydrophobic: norleucine (Nor or Nle), Met, Ala, Val, Leu, lle;

2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;

3) acidic: Asp, Glu;

4) basic: His, Lys, Arg;

5) residues that influence chain orientation: Gly, Pro; and

6) aromatic: Trp, Tyr, Phe.
[00195] Conservative amino acid substitutions may involve exchange of a
member of one of these classes with another member of the same class.
Conservative amino acid substitutions may encompass non-naturally occurring
amino acid residues, which are typically incorporated by chemical peptide
synthesis rather than by synthesis in biological systems. These include
peptidomimetics and other reversed or inverted forms of amino acid moieties.
[00196] Non-conservative substitutions may involve the exchange of a
member of one of these classes for a member from another class. Such substituted
residues may be introduced into regions of the toxin peptide analog.
[00197] In making such changes, according to certain embodiments, the
hydropathic index of amino acids may be considered. Each amino acid has been
assigned a hydropathic index on the basis of its hydrophobicity and charge
characteristics. They are: isoleucine (+4.5); valine (+4.2); leucine (+3.8);
phenylalanine (+2.8); cysteine/cystine (+2.5); methionine (+1.9); alanine (+1.8);

glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3);
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proline (-1.6); histidine (-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5);
asparagine (-3.5); lysine (-3.9); and arginine (-4.5).

[00198] The importance of the hydropathic amino acid index in conferring
interactive biological function on a protein is understood in the art (see, for
example, Kyte et al., 1982, J. Mol. Biol. 157:105-131). It is known that certain
amino acids may be substituted for other amino acids having a similar hydropathic
index or score and still retain a similar biological activity. In making changes
based upon the hydropathic index, in certain embodiments, the substitution of
amino acids whose hydropathic indices are within £2 is included. In certain
embodiments, those that are within +1 are included, and in certain embodiments,
those within £0.5 are included.

[00199] It is also understood in the art that the substitution of like amino
acids can be made effectively on the basis of hydrophilicity, particularly where the
biologically functional protein or peptide thereby created is intended for use in
immunological embodiments, as disclosed herein. In certain embodiments, the
greatest local average hydrophilicity of a protein, as governed by the
hydrophilicity of its adjacent amino acids, correlates with its immunogenicity and
antigenicity, i.e., with a biological property of the protein.

[00200] The following hydrophilicity values have been assigned to these
amino acid residues: arginine (+3.0); lysine (+3.0); aspartate (+3.0 + 1); glutamate
(+3.0 £ 1); serine (+0.3); asparagine (+0.2); glutamine (+0.2); glycine (0);
threonine (-0.4); proline (-0.5 + 1); alanine (-0.5); histidine (-0.5); cysteine (-1.0);
methionine (-1.3); valine (-1.5); leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3);
phenylalanine (-2.5) and tryptophan (-3.4). In making changes based upon similar
hydrophilicity values, in certain embodiments, the substitution of amino acids
whose hydrophilicity values are within +2 is included, in certain embodiments,
those that are within £1 are included, and in certain embodiments, those within
+0.5 are included. One may also identify epitopes from primary amino acid
sequences on the basis of hydrophilicity. These regions are also referred to as

"epitopic core regions."
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[00201] Examples of conservative substitutions include the substitution of
one non-polar (hydrophobic) amino acid residue such as isoleucine, valine,
leucine norleucine, alanine, or methionine for another, the substitution of one
polar (hydrophilic) amino acid residue for another such as between arginine and
lysine, between glutamine and asparagine, between glycine and serine, the
substitution of one basic amino acid residue such as lysine, arginine or histidine
for another, or the substitution of one acidic residue, such as aspartic acid or
glutamic acid for another. The phrase “conservative amino acid substitution” also
includes the use of a chemically derivatized residue in place of a non-derivatized
residue, provided that such polypeptide displays the requisite bioactivity. Other
exemplary amino acid substitutions that can be useful in accordance with the

present invention are set forth in Table 3 below.

Table 3. Some Useful Amino Acid Substitutions.

Original Exemplary

Residues Substitutions

Ala Val, Leu, Ile

Arg Lys, Gln, Asn

Asn Gln

Asp Glu

Cys Ser, Ala

Gln Asn

Glu Asp

Gly Pro, Ala

His Asn, Gln, Lys, Arg

Ile Leu, Val, Met, Ala,
Phe, Norleucine

Leu Norleucine, Ile,
Val, Met, Ala, Phe

Lys Arg, 1,4-Diamino-
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butyric Acid, Gln,
Asn

Met Leu, Phe, Ile

Phe Leu, Val, lle, Ala,
Tyr

Pro Ala

Ser Thr, Ala, Cys

Thr Ser

Trp Tyr, Phe

Tyr Trp, Phe, Thr, Ser

Val Ile, Met, Leu, Phe,
Ala, Norleucine

[00202] In exemplary embodiments of the inventive composition, in
relation to SEQ ID NO: 4:
[00203] The alkyl, basic, or acidic amino acid residue of X' is selected

from Ser, Thr, Ala, Gly, Leu, Ile, Val, Met, Cit, Homocitrulline, Oic, Pro, Hyp,
Tic, D-Tic, D-Pro, Guf, and 4-Amino-Phe,Thz, Aib, Sar, Pip, Bip, Phe, Tyr, Lys,
His, Trp, Arg, N* Methyl-Arg; homoarginine, 1-Nal, 2-Nal, Orn, D-Orn, Asn,
Gln, Glu, Asp, a-aminoadipic acid, and para-carboxyl-phenylalanine ; or more
particularly X is selected from Ala, Ile, Lys, Orn, Glu and Asp;

[00204] and/or

[00205] The acidic amino acid residue of Xq,~ and X' is each
independently selected from Glu, Asp, and o-aminoadipic acid,;

[00206] and/or

[00207] the alkyl or aromatic amino acid residue of Xaa' is selected from
Ala, 1-Nal, 2-Nal, Phe, Tyr, Val, Ile, and Leu, or more particularly the amino acid
residue of Xa.'” is selected from Phe, Ala, and lle;

[00208] and/or

[00209] the basic, alkyl, or aromatic amino acid residue of X' is selected
from Lys, Orn, Dab, Dap 1-Nal, 2-Nal, Tyr, Phe, Pip, 2Pal, 3Pal, N-Me-Lys, N-



WO 2010/108154 PCT/US2010/028061
-59.

Me-Orn, alpha-methyl-lysine, Lys(N°-Me), Lys(N°-Me),, Lys(N°-Me);, para-
Methyl-Phe, AMeF (alpha-methyl-phenylalanine), and homoPhe;

[00210] and/or

[00211] the basic or acidic amino acid residue of X,,'® and X,,"" is each
independently selected from Lys, Arg, Orn, Glu, Asp, His, Trp, and 2-
phenylacetic acid (Pac);

[00212] and/or

[00213] the basic amino acid residue of Xa,', Xa and X,.> is each
independently selected from Lys, Arg, His, Orn, D-Orn, Dab, Dap, 1Pip, 2Pal,
3Pal, N-Me-Lys, Na Methyl-Arg; homoarginine, Cit, Na-Methyl-Cit,
Homocitrulline, Guf, and 4-Amino-Phe, and N-Me-Orn; and/or

[00214] the alkyl or aromatic amino acid residue of X,,>' is selected from
Nle, Nva, Abu, Phe,Tyr, Asn, Gln, Met[O], Val, Ile, Leu, Met[O,], Cha, Chg,
Asn, Trp, para-Methyl-Phe, alpha-methyl-Phe, and homoPhe;

[00215] and/or

[00216] the aromatic amino acid residue of XM26, XM”, Xm“, and XM34 18
each independently selected from 1-Nal, 2-Nal, Phe, Trp, and Tyr.

[00217] and/or

[00218] the amino acid residue of Xaa36, XM37, and Xaa38, if present, is each
independently selected from Ala, Leu, Lys, Glu, Asp, Phe, Arg, Phe, Asp-amide,
Aib-amide, Tyr, Ser-amide, Thr-amide, Glu, Glu-amide, beta-Ala, and N-Me-Ala.
[00219] In some embodiments the carboxy-terminal residue is amidated.
For example, some C-terminally amidated embodiments are set forth in Table 11,
Table 12, Table 14, Table 16, and Table 17.

[00220] Some embodiments of the composition of matter include C-
terminal extensions beyond position X,,>. Some examples are set forth in Table
15 and Table 16.

[00221] Certain embodiments of the inventive composition of matter that
have particular utility in improving the potency, stability, selectivity, and/or ease
of synthesis of the toxin peptide analogs involve substitutions as summarized in

Table 4 below, relative to SEQ ID NO: 4 and the native ShK sequence.



WO 2010/108154

- 60 -

PCT/US2010/028061

Table 4. Toxin Peptide Analogs with Improved Therapeutic Potential

SEQ ID Native ShK Improved Description of
NO:4 Amino Acid Analog Improvement
Residue #
2 Ser Glu Potency
4 Ile Glu, Lys, Ala Potency
7 Ile Lys Selectivity
10 Ser Glu, Arg, Ala Potency, selectivity
15 Phe Ala Potency
16 Gln Lys, Nal Selectivity
18 Lys Arg, Ala Potency
20 Ser Lys, Arg Selectivity
21 Met Gln, Nva Limit oxidation
22 Lys Ala Selectivity
23 Tyr Ala Selectivity
26 Ser Nal Selectivity
27 Phe Nal Selectivity
29 Arg Lys, Nal Potency, selectivity
30 Lys Glu, Arg Potency
31 Thr Nal Potency
34 Thr Nal Potency
C-terminus carboxy Amide, Ala added | Potency, selectivity, &
synthesis
[00222] In some embodiments, the inventive composition of matter

comprises a toxin peptide analog comprising an amino acid sequence selected
from SEQ ID NOS: 10, 11, 12, 14, 15, 16, 19 through 29, 31 through 34, 36
through 50, 52, 54, 55, 56, 59, 60, 61, 63, 65 through 100, 130 through 140, 142
through 174, 176 through 254, and 257 through 274.

[00223]

As stated herein above, in accordance with the present invention,

the peptide portions of the inventive composition of matter can also be chemically

derivatized at one or more amino acid residues by known organic chemistry

techniques. “Chemical derivative” or “chemically derivatized” refers to a subject

peptide having one or more residues chemically derivatized by reaction of a

functional side group. Such derivatized molecules include, for example, those

molecules in which free amino groups have been derivatized to form amine
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hydrochlorides, p-toluene sulfonyl groups, carbobenzoxy groups, t-
butyloxycarbonyl groups, chloroacetyl groups or formyl groups. Free carboxyl
groups may be derivatized to form salts, methyl and ethyl esters or other types of
esters or hydrazides. Free hydroxyl groups may be derivatized to form O-acyl or
O-alkyl derivatives. The imidazole nitrogen of histidine may be derivatized to
form N-im-benzylhistidine. Also included as chemical derivatives are those
peptides which contain one or more naturally occurring amino acid derivatives of
the twenty canonical amino acids, whether in L- or D- form. For example, 4-
hydroxyproline may be substituted for proline; 5-hydroxylysine maybe substituted
for lysine; 3-methylhistidine may be substituted for histidine; homoserine may be
substituted for serine; and ornithine may be substituted for lysine.

[00224] Useful derivatizations include, in some embodiments, those in
which the amino terminal of the peptide is chemically blocked so that conjugation
with the vehicle will be prevented from taking place at an N-terminal free amino
group. There may also be other beneficial effects of such a modification, for
example a reduction in the toxin peptide analog’s susceptibility to enzymatic
proteo<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>