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POTENT AND SELECTIVE INHIBITORS OF Nay!1.3 AND Nay1.7

[0661] 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

[6002] Field of the Invention

160683] The present invention relates to the biochemical arts, in particular to

therapeutic peptides and conjugates.

16004] Discussion of the Related Art

[0005] Voltage-gated sodium channels (VGSC) are glycoprotein complexes
responsible for initiation and propagation of action potentialg tn excitable cells such as
central and peripheral neurons, cardiac and skeletal muscle myocytes, and
neurcendocrine cells. Mammalian sodium channels are heterotrimers, composed of a
central, pore-forming alpha () subunit and auxiliary beta (B) subunits. Mutations in
alpha subunit genes have been linked to paroxysmal disorders such as epilepsy, long QT
syndrome, and hyperkalemic periodic paralysis in humans, and motor endplate disease
and cercbellar ataxia in mice. (Isom, Sodium channel beta subunits: anything but
auxiliary, Neuroscientist 7(1):42-54 (2001)). The B-subunit modulates the localization,
expression and functional properties of a-subunits in VGSCs.

10606] Voltage gated sodiuvm channcls comprise a farnily consisting of 9
different subtypes (Nayl.1-Nay1.9). Ag shown in Table 1, these subtypes show tissue
specific localization and functional differences (See, Goldin, A. L., Resurgence of
sodium channel research, Annu Rev Physiol 63: 871-94 (2001); Wilson et al.,
Compositions usefu] as inhibitors of voltage-gated ion channels, US 2005/0187217 Al).
Three members of the gene family (Nay1.8, 1.9, 1.5) are resistant to block by the well-
known sodium channel blocker tetrodotoxin (TTX), demonstrating subtype specificity

within this gene family. Mutational analysis has identified glutamate 387 as a critical

-1-



WG 2012/125973 PCT/US2012/029537

residue for TTX binding (See, Noda, M., H. Suzuki, et al., A single point mutation
confers tetrodotoxin and saxitoxin msensitivity on the sodium channel 1I” FEBS Lett

259(1): 213-6 (1989)).

nervous system, PNS = peripheral nervous system, DRG = dorsal root ganglion, TG =
Trigeminal ganglion, (See, Wilson ct al., Compositions useful as inhibitors of Voltage-
gated ion channels, US 2005/0187217 A1, Goldin, Resurgence of Sodium Channel
Research, Annu Rev Physiol 63:871-94 (2001)).

TTX
VGSC Tissue ICso Indication
isoform {(nh)
Nayl.l  CNS, PNS 10 Pain, Epilepsy,
soma of Neurodegeneration
neurons
Nayl.2  CNS 10 Neurodegeneration, Epilepsy
high in axons
Nayl3  ONS, 2-15 Pain, Epilepsy
embryonic,
mjured nerves
Nayl.4  Skeletal muscle 5 Myotonia
Nayl.5  heart 2000 Arrhythmia, long QT
Nayl.6  CNS 1 Pain, moverent disorders
widespread, most
abundant
. Nayl.7  PNS, DRG, 4 Pain, Neurcendocrine disorders,
terminals prostate cancer
euroendocrine

Nayl.8  PNS, small neuwrons >50,000 Pain
mDRG & TG

Nay1.9  PNS, small neurons 1000 Pain
in DRG & TG

[0807)] In general, voltage-gated sodium channels (Nays) are responsible for
initiating the rapid upstroke of action potentials in excitable tissue in the nervous
system, which transmit the electrical signals that compose and encode normal and
aberrant pain sensations. Antagonists of Nay channcls can attenuate these pain signals
and are uscful for treating a variety of pain conditions, including but not imited to
acute, chronic, inflammatory, and neuropathic pain. Known Nay antagonists, such as

-7



WO 2012/123973 PCT/US2012/029337

TTX, lidocaine, bupivacaine, phenytoin, lamotrigine, and carbamazepine, have been
shown to be useful for attenuating pain in humans and animal models. (See, Mao, J. and
L. L. Chen, Systemic lidocaine for neuropathic pain relief, Pain 87(1): 7-17 (2000);
Jensen, T. S., Anticonvulsants in neuropathic pain: rationale and clinical evidence, Eur J
Pain 6 (Suppl A): 61-68 (2002); Rozen, T. D., Antiepileptic drugs in the management of
cluster headache and trigeminal neuralgia, Headache 41 Suppl 1: §25-32 (2001);
Backonja, M. M., Use of anticonvulsants for treatment of neuropathic pain, Neurology
59(5 Suppl 2): S14-7 (2002)).

[0008] The o-subunits of TTX-sensitive, voltage-gated Nay1.7 channcls are
encoded by the SCN94 gene. The Nayl.7 channels are preferentially expressed in
peripheral sensory neurons of the dorsal root ganglia, some of which are involved in the
perception of pain. In humans, mutations in the SCN94 gene have shown a critical role
for this gene in pain pathways. For instance, a role for the Nay1.7 channel in pain
perception was established by recent clinical gene-linkage analyses that revealed gain-
of-function mutations in the SCN94 gene as the eticlogical basis of inherited pain
syndromes such as primary erythermalgia (PE), inberited erythromelalgia (IEM), and
paroxysmal extreme pain disorder (PEPD). {See, c.g., Yang et al., Mutations in SCN9A4,
encoding a sodium channel alpha subunit, in patients with primary erythermalgia, J.
Med. Genet. 41:171-174 (2004); Harty et al., Nay1.7 mutant A863P in erythromelalgia:
effects of altered activation and steady-state inactivation on excitability of nociceptive
dorsal root ganglion neurons, J. Neurosci. 26(48):12566-75 (2006); Estacion et al.,
Nayl.7 gain-of-function mutations as a continuum: A1632E displays physiological
changes associated with erythromelalgia and pdroxysmal extreme pain disorder
mutations and produces symptoms of both disorders, J. Neurosci. 28{(43):11079-88
(2008)). 1n addition, overexpression of Nay1.7 has been detected in strongly metastatic
prostate cancer cell lines. (Diss et al., A potential novel marker for human prostate
cancer: voltage-gated sodium channel expression in vivo, Prostate Cancer and Prostatic
Diseases 8:266-73 (2005); Uysal-Onganer et al., Epidermal growth factor potentiates in
vitro metastatic behavior human prostate cancer PC-3M cells: involvement of voltage-
gated sodium channel, Molec. Cancer 6:76 (2007)).

[8609] Loss-of-function mutations of the SCN94 gene result in a complete

inability of an otherwise healthy individual to sense any form of pain. (e.g., Ahmad et
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al., A stop codon mutation in SCN94 causes lack of pain sensation, Hum. Mol. Genet.
16(17):2114-21 (2007)).

[0616] A cell-specific deletion of the SCN94 gene in conditional knockout mice
reduces their ability to perceive mechanical, thermal or inflammatory pain. (Nassar et
al., Nociceptor-specific gene deletion reveals a major role for Nay1.7 (PN1) in acute
and inflammatory pain, Proc. Natl. Acad. Sci, U S A. 101(34): 1270612711 (2004)).
[6o11] Based on such evidence, decreasing Nay1.7 channel activity or
expression levels in peripheral sensory neurons of the dorsal root ganglia (DRG) has
been proposed as an effective pain treatment, e.g. for chronic pain, neuropathic pain,
and neuralgia. (E.g., Thakker et al., Suppression of SCN9A gene expression and/or
function for the treatment of pain, WO 2009/033027 A2; Yeomans el al., Decrease in
inflammatory hyperalgesia by herpes vector-mediated knockdown of Nay1.7 sodium
channels in primary afferents, Hum. Gene Ther. 16(2):271-7 (2005); Frascr et al.,
Potent and selective Nay1.7 sodium channel blockers, WO 2007/109324 A2; Hoyt et
al., Discovery of a novel class of benzazepinone Na(v)1.7 blockers: potential treatments
for neuropathic pain, Bicorg. Med. Chem. Lett. 17(16):4630-34 (2007); Hoyt ¢t al,
Benzazepinone Nay1.7 blockers: Potential treatments for neuropathic pain, Bioorg.
Med. Chem. Lett. 17(22):6172-77 (2007)).

16612] The a-subunits of TTX-sensitive, voltage-gated Nay1.3 channels are
encoded by the SCN34 gene. Four splice variants of human Nav1.3 were reported to
have different biophysical properties. (Thimmapaya et al., Distribution and functional
characterization of human Navy1.3 splice variants, Eur. J. Neurosci. 22:1-9 (2005)).
Expression of Nay1.3 has been shown to be upregulated within DRG neurons following
nerve injury and in thalamic neurons following spinal cord injury. (Hains et al.,
Changes in electrophysiological properties and sodiurn channel Nay1.3 expression in
thalamic neurons after spinal cord injury, Brain 128:2359-71 (2005)). A gain-in-
function mutation in Nav1.3 (K354Q) was reportedly linked to epilepsy. (Estacion ct
al., A sodium channel mutation linked to epilepsy increases ramp and persistent current
of Nay1.3 and induces hyperexcitability in hippocampal neurons, Experimental
Neurology 224(2):362-368 (2010)).

{6013} Toxin peptides produced by a variety of organisms have evolved to

target 1on channels. Snakes, scorpions, spiders, bees, snails and sea anemoncs are a few
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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 1s found to antagonize channel function by binding to a region
outside the pore {¢.g., the voltage sensor domain).

[6014] Native toxin peptides are usually between about 20 and about 80 amino
acids in length, contain 2-5 disulfide linkages and form o very compact structure. Toxin
peptides (e.g., from the venom of scorpions, sea ancmones 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 4 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 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 structures {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., lonisation 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 structare
of Cnl2, a novel peptide from the Mexican scorpion Centruroides noxius with a typical

beta-toxin sequence but with alpha-like physiological activity, Eur. J. Biochem.

S5



WO 2012/125973 . PCT/AIS2012/029537

271(12): 2504-16 (2004); Prochnicka-Chalufour et al., Solution structure of discrepin, a
new K-+-channel blocking peptide from the alpha-KTx 15 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; Adars {1999), Drug Develop. Res.46: 219-34). For example, o-
conotoxins have well-defined four cysteine/two disulfide loop structures (Loughnan,
2004) and mnhibit nicotinic acctylcholine reeeptors. In contrast, @-conotoxing have six
cysteie/three disulfide loop consensus structures (Niclsen, 2000) and block calcium
channels. Structural subsets of toxing have evolved to inhibit cither voltage-gated or
calcium-activated potassium channels,

[0015] Spider venoms contain many peptide toxins that target voltage-gated ion
channels, including Kv, Cav, and Nav channels. A number of thesc peptides are gating
modifiers that conform to the mhibitory cystine knot (ICK) structural motif. (See,
Norton et al., The cystine knot structure of ion channel toxins and related polypeptides,
Toxicon 36(11):1573-1583 (1998}, Pallaghy et al., A common structural motif
incorporating a cystine knot and a triple-stranded B-sheet in toxic and inhibitory
polypeptides, Prot. Sci. 3(10):1833-6, (1994)). In contrast to some scorpion and sea
anemone toxins, many spider toxing do not affect the rate of inactivation but inhibit
channel activity by restricting the movement of the voltage sensor into the open channel
conformation, shifting their voltage dependence of activation to a more positive
potential. Many of these spider toxins are promiscuous within and across voltage-gated
on channel families.

(G616 A variety of toxin peptides that target VGSCs, in particular, have been
reported. (Sce, Billen et al., Animal peptides targeting voltage-activated sodium
channels, Cur. Pharm. Des. 14:2492-2502, (2008)). Three classes of peptide toxins
have been described: 1) site | toxins, the u-conotoxins, bind to the porce of the channel
and physically occlude the conduction pathway; 2) site 3 toxins, including the «-
scorpion toxins, some sea anemone toxing and d-conotoxins, bind to the $3-S4 linker of
domain IV and slow channel mactivation; and 3} site 4 toxins, including the B-scorpion
toxing, bind to the S3-S4 linker i domain I and facilitate channel activation. Both site
3 and site 4 families of peptides alter the open probability of Nay channels and affect
gating transitions and are therefore called “gating modifiers.”

-
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[6617] u-Conotoxin KIIA (SEQ ID NG:530), a site 1 toxin originally isolated
from Conus kinoshitai, is a C-termmally amidated peptide 16 amino acids in length that
contains 6 cysteine residucs engaged m 3 intramolecular disulfide bonds. It was
initially characterized as an inhibitor of tetrodotoxin (TTX)-resistant sodium channels in
amphibian dorsal root ganghon (DRG) neurons. (See, Bulaj et al., Novel conotoxing
from Conus striatus and Conus kinoshitui selectively block TTX-resistant sodium
channels, Biochem. 44(19):7259-7265, (2005)). Later it was found to more effectively
inhibit TTX-sensitive than TTX-resistant sodivm current in mouse DRG neurons. (Sce,
Zhang et al., Structure/function characterization of p-conotoxin KIIIA | an analgesic,
nearly irreversible blocker of mammalian neuronal sodium channels, J. Biol. Chem.
282(42):30699-30706, (2007)). KIIIA hag been found to block cloned mammalian
{rodent) channels expressed i Xenopus laevis oocytes with the following rank order
potency: Nayl.2 > Nay!.4 > Nayl.6 > Nay1.7 > Nay1.3 > Nay1.5. Intraperitoneal
injection of KITA has demonstrated analgesic activity in a formalin-induced pain assay
in mice with an EDsg of 1.6 nmol/mouse (0.1 mg/kg) without observed motor
impairment; some motor impairment but not paralytic acitity was observed at a higher
dose (10 nmol). (See, Zhang et al., 2007). Substitution of alanine for Lys7 and Argl0
modificd maximal biock, while substituion of His12 and Argl4 altered Nav isoform
specificity. (Sce, McArthur et al., Interactions of key charged residues contributing to
sclective block of neuronal sodium channels by p-conotoxin KIITA, Mol. Pharm. 80(4):
573-584, (2011)). “Alanine scan” analogs of KIITA have identified Lys7, Trp8, Arg10,
Aspll, His12, and Argl4 as being important for activity against tNay1.4. (See Zhang
et al.,, 2007). The NMR solution structure of KIITA places these residues within or
adjacent to an o-helix near the C-terminus of the molecule. (See, Khoo et al., Structure
of the analgesic p-conotoxin KIIIA and effects on the structure and function of disulfide
deletion, Biochem. 48(6):1210-1219, (2009)). The disulfide bond between Cysl and
Cys9 may be removed by substitution of alanine (KHIA[C1A,C9A]) without greatly
reducing the activity of the compound.  (Sce, Khoo et al., 2009; Han et al., Structurally
minimized g-conotoxin analogs as sodium channel blockers: implications for designing
conopeptide-based therapeutics, ChemMedChem 4(3):406-414, (2009)). Replacing a
second disulfide bond between Cys2 and Cys16 with a diselenide bond between

sclenocysteine residues has given rise to the disuifide-depleted selenoconopeptide
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analogs of KIITA. These compounds have retained the activity of KIIIA but are more
synthetically accessible. (See, Han et al., Disulfide-depleted selenoconopeptides:
simplified oxidative folding of cysteine-rich peptides, ACS Med. Chem. Lett. 1(4):140-
144, (2010)). The native structure has been further minimized to a lactam-stabilized
helical peptide scaffold with Nav inhibitory activity. (See, Khoo et al., Lactam-
stabilized helical analogues of the analgesic p-conotoxin KIIA, J. Med. Chem.
54:7558-7566 (2011)). KIIA binds to the ncurotoxin receptor site 1 in the outer
vestibule of the conducting pore of the VGSCs and blocks the channel in an all-or-none
maunner. Recent studics have shown that some analogs of KITIA only partially inhibit
the sodium current and may be able to bind simultancousty with TTX and saxitoxin
(STX). (See, Zhang et al., Cooccupancy of the outer vestibule of voltage-gated sodium
channels by p-conotoxin KIHA and saxitoxin or tetrodotoxin, J. Neurophys. 104(1):88-
97, (2010); French et al., The tetrodotoxin receptor of voltage-gated sodium channels -
perspectives from interactions with p-conotoxins, Marine Drugs 8:2153-2161, (2010);
Zhang et al., u-Conotoxin KIIA derivatives with divergent affinities versus efficacies
in blocking voltage-gated sodium channels. Biochem. 49(23):4804-4812, (2010); Zhang
et al., Synergistic and antagenistic interactions between tetrodotoxin and p-conotoxin in
blocking voltage-gated sodium channels, Channels 3(1):32-38, (2009)).

[6618] OD1 (SEQ ID NO:589) 1s an «-like toxin 1solated from the venom of the
Iranian yellow scorpion Odonthobuthus doriae. (See, Jalali et al., OD1, the first toxin
isolated from the venom of the scorpion Odonthobuthus doriae active on voltage-gated
Na+ channels, FEBS Lett. 579(?9):4] 81-4186, (2005)). This peptide is 65 amino acids
n length with an amidated C-terminus containing 6 cysteine residues that form 3
disulfide bonds. OD1 has been characterized as an Nay1.7 modulator that impairs fast
inactivation (ECs = 4.5 nM), increascs the peak current at all voltages, and induces a
persistent current, with selectivity against Nay 1.8 and Nay1.3. (Sce Maertens et al.,
Potent modulation of the voltage-gated sodium channel Nav1.7 by OD1, & toxin from
the scorpion Odonthobuthus doriae, Mol. Pharm, 70(1):405-414, (2006)).

[6a19] Huwentoxin-IV(HWTX-1V; SEQ 1D NO:528) is a 35 residue C-
terminal peptide amide with 3 disulfide bridges between 6 cysteine residues isolated
from the venom of the Chinese bird spider, Selenocosmia huwena. (See, Peng etal,,

Function and solution structure of huwentoxin - IV , a potent neuronal tetrodotoxin
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(TTX)-sensitive sodium channel antagonist from chinese bird spider Selenocosmia
huwena, J. Biol. Chem. 277(49):47564-47571, (2002)). The disulfide bonding pattern
(C1—C4, C2—C35, C3—C6) and NMR solution structure place HWTX-IV in the ICK
structural family since the C3—C6 disulfide bond passes through the 16-residue ring
formed by the other two disulfide bridges (C1—C4 and C2—C5). HWTX-1V inhibits
TTX-sensitive sodium currents in adult rat DRG neurons with an 1Cs; value of 30 oM
but has no effect on TTX-resistant V(GSCs at up to a 100 nM concentration. (See, Peng
ctal,, 2002). HWTX-IV was also 12-fold less potent against central neuronal sodium
channels in rat hippocampus neurons, suggcesting that it may be sclective toward
Nayl.7. (See, Xiao et al., Synthesis and characterization of huwentoxin-1V, a
neurotoxin mhibiting central neuronal sodium channels, Toxicon 51(2):230-239,
(2008)). Testing HWTX-IV against VGSC sub-types determined the relative sensitivity
to be hNav1.7 {ICso = 26 nM) > rNav].2 >> rNav1.3 > rNav1.4 > hNavl.5. (Sec Xiao
et al., Tarantula huwentoxin-IV inhibits neuronal sodium channels by binding to
receptor site 4 and trapping the domain 1T voltage sensor in the closed configuration, J.
Biol. Chem. 283(40):27300-27313, (2008)). Site directed protein mutagenesis mapped
the binding of HWTX-1V to neurotoxin site 4, the extraccllular $3-54 linker
betweendomain I1, and its behavior in respense to changes in voitage and channel
activation is consistent with binding to the voltage sensor of Nav1.7 and trapping it in
the resting configuration. (See, Xiao et al,, 2008). Huwentoxin-I (HWTX-I, SEQ ID
NO:529), a related family member Is less potent against VGSCs but is active against N-
Type Cay channels. (See, Wang et al., The cross channel activities of Spid.ernetirstoxin
huwentoxin 1 on rat dorsal root ganglion neurons, Biochem. Biophys. Res. Comm.
357(3y:579-583, (2007); Chen et al., Antinociceptive effects of intrathecally
administered huwentoxin-i, a selective N-type calcium channel blocker, in the formalin
est in conscious rats, Toxicon 45(1):15-20, (2005); Liang et al., Properties and amino
acid sequence of huwentoxin-I, a neurotoxin purified from the venom of the Chinese
bird spider Selenocosmia huwena, Toxicon 31(8):969-78, (1993)).

[8620] ProTx-I1 (SEQ 1D NO:531), isolated from the venom of the tarantula
Thixopelma pruriens, 18 a 30 amino acid polypeptide with a C-terminal frec acid and 6
cysteine residues that form 3 disulfide bonds. Tt differs from other members of the ICK

farnily because it contams only three residues between the fifth and sixth cysteine

-9.



WO 2012/3123973 PCT/USZ012/029537

residues instead of the normal 4-11. ProTx-11 is & potent inhibitor of several Nay
channel sub-types including Nay1.2, Nay1.7 (ICsy < 1 nM), Nay1.5, and Nay1.8, as well
ag Cav3.1 channels but not Ky channels. (See, Middleton et al., Two tarantula peptides
inhibit activation of multiple sodium channels, Biocherm. 41(50):14734-14747, (2002);
Priestct al,, ProTx-1 and ProTx-1l: gating modifiers of voltage-gated sodium channels,
Toxicon 49(2):194-201, (2007); Edgerion et al., Inhibition of the activation pathway of
the T-type calcium channel CaV3.1 by ProTxll, Toxicon 56(4):624-636, (2010)). The
“alanine scan’ analogs of ProTx-II were tested against Nav1.5, identifymg Met6, Trp7,
Argl3, Met19, Val20, Arg22, Leu23, Trp24, Lys27, Leu29, and Trp30 as being
important for activity. (Sec, Smith et al., Molecular interactions of the gating modifier
toxin ProTx-1 with Nav1.5: implied existence of a novel toxin binding site coupled to
activation, J. Biol. Chem. 282(17):12687-12697, (2007)). .Biophysical characterization
showed that ProTx-11 differs from HwTx-1V 1 its ability to interact with lipid
membranes. {See, Smith et al., Differential phospholipid binding by site 3 and site 4
toxins: implications for structural variability between voltage-sensitive sodium channel
comains, J. Biol. Chem. 280(12):11127-11133, (2005). Doses of 0.01 and 0.1 mg/kg
iv. of ProTx-H were well tolerated in rats, but 1 mg/kg doses were lethal. ProTx-{f was
not efficacious in a mechanical hyperalgesia study. (Sce, Schmalhofer et al., ProTx-11,
a selective inhibitor of NaV 1.7 sodium channels, blocks action potential propagation in
nociceptors, Mol. Pharm. 74(5):1476-1484, (2008)). Intrathecal administration was
lethal at 0.1 mg/kg and not effective in the hyperalgesia study at lower doses. ProTx-U
application to desheathed cutaneous nerves completely blocked the C-fiber compound
action potential but had little effect on action potential propagation of the intact nerve.
(See, Schmalhofer et al., 2008). ProTx-I1 is believed to bind to the §3-54 linker of
domain 11 of Nay 1.7 to inhibit channel activation but may also interact with the domain
1V voltage sensor and affect sodium channel activation at higher concentrations. (See,
Xiao et al., The tarantula toxins ProTx-I1 and huwentoxin-IV differentially interact
with human Nav1.7 voltage sensors to inhibit channel activation and inactivation, Mol
Pharm. 78(6):1124-1134, (2010);  Sokolov et al., Inhibition of sodium channel gating
by trapping the domain 1l voltage sensor with protoxin 1, Mol Pharm. 73(3):1020-
1628, (2008); Edgerton et al., Evidence for multiple effects of ProTxIl on activation

gating in NaV1.5, Toxicon 52(3):489-500, (2008)).
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(6021} Production of toxin peptides is a complex process in venomous organisms, and
is an even more complex process synthetically. Due to their conserved disulfide structores and
need for efficient oxidative refolding, toxin peptides present challenges to synthesis. (See,
Steiner and Bulaj, Optimization of oxidative folding methods for cysteine-rich peptides: a study
of conotoxins containing three disulfide bridges, 1. Pept. Sci. 17(1): 1-7, (2011); Géngora-
Benitez et al,, Optimized Fmoc solid-phase syathesis of the cysteine-tich peptide Linaclotide,
Biopolymers Pept. Sci. 96(1):69-80, (2011)). 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 n vivo have impeded the pursuit of these
peptides as a therapeutic modality. Far more effort has been expended to identify small
molecule inhibitors as therapeutic antagonists of lon channels, than has been given the toxin
peptides themselves. Onc exception is the approval of the small w-conotoxin MVIIA peptide
(Prialt®, ziconotide), an inhibitor of neuron-specific N-type voltage-sensitive calcium channels,
for treatment of intractable pain. The synthetic and refolding production process for ziconotide,

however, is costly and only results in a small peptide product with a very short haif-life in vivo

{about 4 hours). ‘

(60622} A small clinical trial in humans showed that local, non-systemic
yection of the non-peptide tetrodotoxin produced pain relief in paticnts suffering from
pain due to cancer and / or to chemotherapy (Hagen et al., J Pain Symp Manag 34:171-
182 (2007)). Tetrodotoxin is a non-CNS-penetrant inhibitor of sodium channels
mcluding Nayl.3 and Nay1.7; although it cannot be used systemically duc fo lack of
selectivity among sodium channel subtypes, its efficacy provides further validation for
treating chronic pain syndromes with inhibitors of Nay1.7 and / or Nay1.3 in peripheral
TIEUTONS.

[6023] Polypeptides typically exhibit the advantage of greater target selectivity
than 1s characteristic of small molecules. Non-CNS penetrant toxin peptides and
peptide analogs selective for Nav1.7 and/or Nav1.3 are desired, and are provided by the

present invention.



SUMMARY

[0024] The present disclosure includes a composition of matter comprising an
isolated polypeptide, which is a peripherally-restricted Nay1.7 inhibitor.
[0024a] In one aspect, there is provided an isolated polypeptide comprising the
amino acid sequence of the formula:
Xaalxaaz CyS axaa4xaasxaaGxaa7xaagxaagcysmxaauxaelzxaalsxaamAspls Xaals C\/Sﬂ
Cysmxaam Xaazo Xaauxaazzxaazs Cysza,xaazs Xaazsxaanxaazsxaazg-rrpso
Cy531Ly532Tyr33X3634Ph &3 Xaassxaawxaa:;s
or a pharmaceutically acceptable salt thereof,
wherein:
Xao" is absent and Xaa2 is any amino acid residue;
X,o" is an acidic, hydrophobic, basic, or neutral hydrophilic amino acid residue;
Xaa 15 2 Gly, Ala, hydrophobic, or basic amino acid residue;
Xs' is @ Gly, Ala, 2-Abu, 2-Aib, lle, Leu, Val, Nle, or Nva;
X.a' is @ Gly, Ala, aromatic, or hydrophobic amino acid residue;
X.." is a basic, acidic, or neutral hydrophilic amino acid residue, or an Ala residue;
X, is a basic or neutral hydrophilic amino acid residue;
X, is any amino acid residue;

s is a Pro, acidic, neutral, or hydrophobic amino acid residue;

o Is any amino acid residue;

s is any amino acid residue;

kS

aam is a basic, neutral hydrophilic, or acidic amino acid residue, or an Ala residue;

w is any amino acid residue;

. is a Pro, Gly, basic, or neutral hydrophilic residue;

w5 a hydrophobic or basic amino acid residue;

.- is a hydrophobic, basic, or neutral hydrophilic amino acid residue;

= is a Ser, Ala, or a neutral hydrophilic amino acid residue;

s is an Ala, acidic, basic, or neutral hydrophilic amino acid residue;

27

X
X
X
X
X
X
Xz is a basic, hydrophobic, or neutral hydrophilic amino acid residue;
X
X
X
X
Xaa s an acidic, basic, neutral hydrophilic or hydrophobic residue;

X

« is an aromatic or basic amino acid residue;
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X5 is an acidic, basic, or neutral hydrophilic amino acid residue;

Xeao" is any amino acid residue;

each of X, , Xa. , and Xa,>" is independently absent or is independently a neutral,

basic, or hydrophobic amino acid residue;

and wherein the isolated polypeptide selectively inhibits Nav1l.7 sodium channels
refative to Nav1.4 and Nav1.5 sodium channels.
[6024b] In one example, the isclated polypeptide is a dual inhibitor of Nay1.7
and Nay1.3 having the amino acid sequence
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY VFE-NH; (SEQ ID NO:1), which
is a peptide we have designated “GpTx-17, and which was isolated from the venom of
the tarantula Grammostola porteri, as described herein. Other examples of the present
disclosure comprise a peptide analog of GpTx-1. In other examples, the present
disclosure is directed to a composition of matter comprising an isolated polypeptide
comprising the amino acid sequence of the formula:

Xoa X X Ko Koo XKoo X Xor Xe Koo X XKa X P X oA spS

y LD TRED GRL GRLE T Gl aes Gl oy o Xa;i26Xaa27Xaa28Xaa29

Koo Koo LYS* X oo Koo Kaa> Xaa Kaa Kaa 7/ SEQ ID NO:475
or a pharmaceutically acceptable salt thereof,
wherein:

Xaa Xaa” is absent; or Xq,' is any amino acid residue and X,,” is any amino acid

residue; or Xq, is absent and Xgo is any amino acid residue;

X is Cys, if Koo't is Cys; or Kaa is SeCys, if Koo't is SeCys; or Xaa *isan

alkyl amino acid residue, if Xaa}8 is an alkyl amino acid residue;

Xaa' is an acidic, hydrophobic, basic, or neutral hydrophilic amino acid residue;

Xaa5 is a Gly, Ala, hydrophobic, or basic amino acid residue;

Xaa is a Gly, Ala, 2-Abu, Nle, Nva, or hydrophobic amino acid residue;

Xaa is @ Gly, Ala, aromatic, or hydrophobic amino acid residue;

Xaa is a basic, acidic, or neutral hydrophilic amino acid residue, or an Ala

residue;

Xaag is a basic or neutral hydrophilic amino acid residue;
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Xaa ' is Cys if Xaoo* is Cys; or Xao 7 is SeCys if Xaa* is SeCys;
Xaa ' is any amino acid residue;

Xaa'2is a Pro, acidic, neutral, or hydrophobic amino acid residue;
X' is any amino acid residue;

Xea'* is any amino acid residue;
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Koo' is a basic, neutral hydrophilic, or acidic amino acid residue, or an Ala

residue;

Ko is 2 Cys if Xy is Cys; or X 18 a SeCys if Xoo is SeCys;

Xt is a Cys, SeCys, or an alkyl amino acid residue:

X 18 any amino acid residue;

X2 is a Pro, Gly, basic, or neutral hydrophilic residue;

X't 18 a basic, hydrophobic, or neutral hydrophilic amino acid residue;

Koo' is 2 hydrophobic or basic amino acid residue;

X" is a hydrophobic, basic, or neutral hydrophilic amino acid residue;

Koo't is a Cys or SeCys residuc;

X is a Ser, Ala, or a neutral hydrophilic amino acid regidue;

K. is an Ala, acidic, basic, or neutral hydrophilic amino acid residue;

Kool is an acidic, basic, neutral hydrophilic or hydrophobic residue;

Keo M is an aromatic or basic amino acid residue;

Kot is acidic, basic, or neutral hydrophilic amino acid residuc;

Kol is & Trp, 5-bromoTrp, 6-bromoTrp, 5-chloroTrp, 6-chloroTrp, 1-Nal, 2-

Nal, or thioTrp residue;

Ko 18 a Cys or SeCys;

Ko is a hydrophobic or aromatic amino acid residuc;

Koo is any amino acid residue;

Nl isa hydrophobic amino acid residue;

each of X, Xuo ', and X" is independently absent or is independently a

neutral, basic, or hydrophobic amino acid residue;

and wherein:

i X, and X,,'" are both Cys residues, there is a disulfide bond between residue
X, and residue X't or if Xao® and Xa'® ave both 5eCys residues, there 18 a diselenide
bond between residue X and residue Xmlg;

if X..'" and X,,™* are both Cys residues, there is a disulfide bond between
residue X, " and residue Xm%; or if X' and Xa.f'ﬂ' are both SeCys residues, there is a

L . 10 . 24
diselenide bond between residue X, - and residue Xaa™ ;



if X' and X! are both Cys residues, there is a disulfide bond between
residue X, | and residue Xa.fl; orif X,/ and Xafi are both SeCys residues, there is a
diselenide bond between residue Xo,' ' and residue Xa, '

the amino-terminal residue is optionally acetylated, biotinylated, 4-
pentynoylated, or PEGylated; and

the carboxy-terminal residue is optionally amidated.
In some examples the composition of matter comprises an amino acid sequence selected
from SEQ ID NOS: 3-30, 32-72, 74-134, 136-178, 180-211, 218-239, 241-305, 307-
363, 366-386, 388-432, 434-474, 515-527, 532-588, 590, 591, 593-775, 777, 778, 780-
788, 790-1049, and 1062-3086.
[0025] The present disclosure includes a composition of matter, comprising an
amino acid sequence selected from SEQ ID NOS: 3-134, 136-305, 307-386, 388-474,
515-527, 532-588, 590, 591, 593-1049, and 1062-3086.
[0026] The present disclosure also encompasses a nucleic acid (e.g., DNA or
RNA) encoding any of SEQ ID NOS: 3-134, 136-305, 307-386, 388-474, 515-527, 532~
588, 590, 591, 593-1049, and 1062-3086 that does not include a non-canonical amino
acid; an expression vector comprising the nucleic acid; and a recombinant host cell
comprising the expression vector. In one aspect, there is provided the use of a
prophylactically effective amount of the isolated polypeptide of the present invention in
the manufacture of a medicament for preventing pain. In another aspect, there is
provided the use of a therapeutically effective amount of the isolated polypeptide of the
present invention in the manufacture of a medicament for treating pain. The
compositions of the disclosure provide an effective method of treating, or preventing,
pain, for example acute, persistent, or chronic pain. For example, a dual inhibitor of
Navl.7 and Navl.3 can be effective in some forms of chronic pain, particularly in cases
where Nav1.7 inhibition alone is insufficient. Selectivity against off-target sodium
channels, particularly those governing cardiac excitability (Nav1.5) and skeletal muscle
excitability (NaV1.4), is cardinal for any systemically delivered therapeutic. This
selectivity is a particularly high hurdle for a dual mnhibitor. Compositions of the
present disclosure provide such selectivity against Nav1.5 and Navl.4. For example,
the GpTx-1 peptide (SEQ ID NO:1) is a weak inhibitor of Nav1.4. Moreover, the
inhibition of Nav1 .4 is strongly state dependent, such that GpTx-1 exerts negligible
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effects on the physiological, non-inactivated states of Nav1.4. (This is a key distinction
between GpTx-1 and tetrodotoxin, which has little selectivity against Nav1.4, and

which inhibits equally the inactivated and non-inactivated states of Nav1.4).
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[0027] In one aspect, there is provided a pharmaceutical composition,
comprising the isolated polypeptide of the present invention, and a pharmaceutically
acceptable carrier. The present disclosure also includes a pharmaceutical composition or
a medicament containing the composition of matter as described herein, and a
pharmaceutically acceptable carrier.

[6628] GpTx-1 and GpTx-1 peptide analogs are also useful as research tools.
Heretofore, there have not been available specific biochemical probes for Navl.7 or for
Navl.3, and particularly no probes for correctly folded, functional Nav1.7 in the plasma
membrane of live cells. As GpTx-1 and its congeners inhibit Nav1.7 / Navl.3, they
clearly bind to the channel molecule with high potency and selectivity. Labeling with
fluorescent or other tracer groups at the non-active sites of GpTx-1 as defined by NMR
and by residue substitution can provide research tools suitable for, but not limited to,
localizing sodium channels, sorting cells that express sodium channels, and screening or

panning for peptides that bind to Nav1.7 or Nav1.3.
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BRIEF DESCRIPTION OF THE DRAWINGS

16029] Figure 1 (top panel) shows the reversed phase (RP) HPLC separation of
crude venom extracted from Grammostola porteri. The tick marks along the x-axis
represent time shices of fractionation. Figure 1 (bottom panel} shows the activity of the
isolated venom fraction (percent of control, POC) in the Nay 1.7 JonWorks® Guatrro
(IWQ) assay. Fraction 31 {(indicated with rectangular box) contained a major peak in
the RP-HPLC chromatogram, cxhibited > 80% inhibition in the {on channel assay, and
was later deconvoluted to yield GpTx-1 (SEQ ID NO:1).

(86301 Figure 2 (insct) shows the high resolution clectrospray 1onization-mass
spectrometry (ES{-MS) analysis of the mdicated fraction (31) from the initial separation
of Grammostola porteri venom. The arrows indicate the {m/z) ratios observed {or the
diffcrent ionization states of a peptide with a molecular weight of 4071 Da that was
eventually identifed as GpTx-1. Additional peaks in the mass spectrum indicate that the
venom fraction is a mixture of at least four distinct peptides.

10631} Figure 3 shows the matrix-assisted laser desorption ionization tirme-of-
flight mass spectrometry (MALDETOF MS) analysis of fraction 31 from the scparation
of Grammostola porteri venom. The insct shows the low and mid mass ranges. The
peak with an m/z ratio of 4074.9 was eventually identificd as GpTx-1, but the fraction is
a mixture of at least four distinct peptides.

{08321 Figure 4 (top pancl) shows the RP-HPLC separation (sub-fractionation)
of the material in fraction 31 from the intial separation of Grammosiola porteri venom.
The tick marks along the x-axis represent time slices of the sub-fractionation. Figure 4
(bottom panel) shows the activity of the isolated sub-fractions (POC) in the Nay 1.7
TonWorks® Quatrro (W) assay. The major peak in the RP-HPLC chromatogram was
the most active in the May1.7 assay and was deconvoluted to identify GpTx-1.

(00331 Figure 5 shows LLC-MS analysis of synthetic GpT'x-1. The top pancl
shows the RP-HPLC chromatogram of UV absorbance at 214 nm. The bottom panel
shows the total 1on count (TIC) of the ESI-MS dctector.

{0634} Figure 6 shows the ESI-MS analysis of the peak with the retention time

1) of 6.75 minules in Figure 5. The peaks with m/z ratios of 1358.8 and 10194
£ I
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represent the [MA3HT" and [M+3H]" charge states, resepctively, of GpTx-1, which
has a monoisotopic molecular weight of 4071.9 Da.

[0035] Figure 7 shows the overlay of the peptide backbone for the 20 lowest
cnergy conformations (RMSD = 0.10.05A) from the structural determination of
GpTx-1 by NMR spectroscopy.

16036] Figure 8 shows the overlay of the peptide heavy atoms for the 20 lowest
cnergy conformations (RMSD = 0.74::0.12A) from the structural determination of
GpTx-1 by NMR spectroscopy.

{0037] Figure 9 shows a ribbon representation of the peptide backbone and
disulfide bonds (with the numbers corresponding to the cysteine residucs) from the
structural determination of GpTx-1 by NMR spectroscopy.

10638] Figure 10 shows GpTx-1 oriented with the hydrophobic and putative
binding face formed by the C-terminal B-strand and residues PheS and Met6 oriented
toward the reader. On the right, is a ribbon representation of the peptide backbone with
the side chains of key vesidues depicted, and the left shows a partially transparent
surface rendering of the molecule.

(6039 Figure 11 (left) shows the hydrophobic and putative binding face of
GpTx-1 with an opaque surface. On the right, the molccule has been rotated clockwisc
by 90° to show the topological contrast between the flat hydrophobic face and the
hydrophilic (solvent-exposed) face of the peptide.

160401 Figure 12A-N shows schematic structures of some embodiments of a
composition of the invention that include one or more units of & pharmacologically
active toxin, c.g., GpTx-1, or toxin {c.g., GpTx-1) peptide analog (squiggle) fused, via
an optional peptidyl inker moicty such as but not limited to L5 or L10 described herein,
with one or more dorains of an tmmunoglobulin. Thesc schematics show a more
typical 1gG1, although they are mtended to apply as well to 1gG2s, 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 1gG4s. Figure 12A represents a monovalent
heterodimeric Fe-toxin peptide analog fusion or conjugate with the toxin peptide analog
fused ot conjugated to the C-terminal end of one of the immunoglobulin Fe domain
monomers. Figure [2B represents a bivalent homodimeric Fe-toxin peptide analog

fusion or conjugate, with toxin peptide analogs fused to the C-terminal ends of both of
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the immunoglobulin Fc domain monomers. Figure 12C represents a monovalent
heterodimeric toxin peptide analog-Fc fusion or conjugate with the toxin peptide analog
fused or chemically conjugated to the N-terminal end of one of the immunoglobulin Fc
domain monomers., Figure 12D represents a bivalent homodimeric toxin peptide
analog-Fc fusion or conjugate, with toxin peptide analogs fused to the N-terminal ends
of both of the immunoglobulin Fe domain monomers. Figure [2E represents a
menovalent heterotrimeric Fe-toxin peptide analog/Ab comprising an immunoglobulin
hoavy chain (HC) + immunoglobulin light chain (LC) + an immunoglobulin Fe
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
fuston or conjugate, with a toxin peptide analog fused to the C-terminal end of onc of
the HC monomers. Figure 12G represents a bivalent HT antibody Ab HC-toxin peptide
analog fusion or conjugate having toxin peptide analogs on the C-terminal ends of both
HC monomers. Figure 12H represents a monovalent HT toxin peptide analog-1.C 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 or conjugate (i.c., LC-
toxin peptide analog fusion or conjugate + LC 4 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 or conjugate (i.e., 2{LC-toxin peptide
analog fusion or conjugate) + Z{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
1.C-toxin peptide analog/HC-toxin peptide analog (i.c., 2(LC-toxin peptide analog
fusion or conjugate) + HC-toxin peptide analog fusion or conjugate + HC), with the
toxin peptide analogs fused to the C-terrinal cnds of both of the LC monomers and onc
of the HC monomers. Figure 12M represents a bivalent antibody with a toxin peptide
analog moicty mscrted into an internal loop of the immunoglobulin Fe domain of cach
HC monomer. Figure 12N represents a monovalent antibody with a toxin peptide
analog moiety inserted into an internal loop of the immunoglobulin Fe domain of one of
the HC monomers. Dimers or trimers will form spontaneousiy in certain host cells

upon expression of a deoxyribonucleic acid (DNA) construct encoding a single chain,
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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. 1f more than one HC
monomer, LC monomer, or immunoglobulin Fe domain monomer is part of a single
crubodiment, the individual monomers can be, if desired, identical or different from

ach other.
(0641} Figure 13A-T illustrates in situ hybridization studies detecting expression
of Nay 1.7 message RNA in human trigeminal ganglia (Figure 13 A-B) and in human
dorsal root ganglia (Figurc 13C-F). Figurc 13A, Figure 13C, Figure [3E show
Hematoxylin and Eosin (H & E) stained cclls; Figurc 13B, Figure 13D, and Figure 13F
show cxpression of Nav1.7 via hybridization of “P-labeled antisense probe as bluc dots.
Nay1.7-specific staining also was detected in myenteric plexes of stomach and small
intestine. No Nay1.7-specific staining was detected in human cerebellum, cerebral
cortex, adrenal medulla, or pituitary, and only light staining was detected in
hypothalamic nuclei. Staining from spinal cord was restricted to light staining in
ventral motor areas and to spinal ependyma (epithelial cells lining the central canal).
Al staining was done under RNAse-free conditions on formalin-fixed, paraffin-
cmbedded tissue. Probe was verified specific for Nay1.7 by verifying a positive signal
on HEK-293T cell lines expressing cloned human Nay1.7 and a lack of signal on cell
lines cxprossing any of the following sodium channels: hNay .1 (HEK-293T), hNay1.2
(CHO), hNay1.3 (CHO), hNay 1.4 (HEK-293T), hNay1.5 (HEK-2937T), hNay1.6 (HEK-
2931y, rNay 1.3 (HEK-293T), and on the parental 2937 cell lines.
160427 Figure 14A-E shows that individual neurens acutely isolated from rat
sensory ganglia express a heterogeneous population of sodium currents. Individual
neurony expressed either fast, tetrodotoxin-sensitive sodiurm currents (likely Nay1.7 and
Nay 1.3}, slow, tetrodotoxin-resistant sedium currents {likely Nay 1.8}, or a mixed
population {no one current type encodes > 90% of the total sodium current). Figure
14A-C show examples of a ncuron cxpressing fast TTX-5 (Figure 14A), mixed (Figure
14B), or slow TTX-R (Figurc 14C) sodium currents. Figurc 145-E illustrate that
neurons isolated from sensory ganghia of rats that have undergone spinal nerve ligation
(“SNL”) surgery (Figure 14E) express a far greater proportion of fast TTX-S currents

than control rats (Figure 14D).
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(0043] Figure 15A-B shows scquence alignments of KITIA (SEQ ID NO:530),
GpTx-1(1-34) (SEQ 1D NO: 1), Huwentoxin-IV{SEQ 1D NO:528), Huwentoxin-1 (SEQ
1D NO:529), and ProTx 11 (SEQ ID NG:531).

[0044] Figure 16 shows the concentration—time profilc of GpTx-1 in mouse
plasma following a | mg/kg subcutancous (“s.c.”) administration.. The GpTx-1
concentration was below the lower limit of quantitation in two of the thrce animals, and
the profile could not be obtained.

[0045] Figurc 17A shows the concentration—time profile of [Ala5]CpTx-1 (SEQ
1D NO:22) in plasma from two mice following a 1 mg/kg intravenous (“1.v.”)
administration. {(Exposurcs from a third mouse were lower than the quantitation limit,
and the profile could not be obtained.)

[G046] Figure 178 shows the average plasma concentration-time profiles of

[AlaS]GpTx-1 (BEQ 1D NO:22) in plasma from mice following a 5 mg/kg s.c. dosc (n

mg/kg dose, peptide concentrations in the plasma were sustained at about 0.6 pM,
approximately 40-fold over the in vitro Nav1.7 [Cs by PatchXpress® (PX), for 3 h.

166471 Figure 18 shows the dose response relationship for GpTx-1 (SEQ 1D

hERG. "The 1Csg value for both compounds was > 10 pM.
[6048] Figure 19A shows the dose response relationship for GpTx-1 (SEQ 1D

NO:1; n=7) tested agatnst hNav1.5. The ICq value for GpTx-1 was 9.8 uM.

[6049] Frgure 198 shows the dosce response relationship for [AlaS]GpTx-1
(BEQ 1D NO:22, n=9) {ested against hiNav1.5. The ICsq valuc for [Ala3]GpTx~1 wag >
30 nM.

168501 Figurc 20 shows the effect of GpTx-1 (SEQ 1D NO:1) on hNav1.7

channels. Cells were held at -140 mV and peak inward hNav1.7 currents were

I L

measured at -10 mV. “Baseline” trace shows hiNav1.7 carrent before GpTx-1, and <100
aM GpTx-17 trace shows hNav1.7 current after GpTx-1 addition.

(6511 Figure 21 shows a dose-response curve of GpTx~-1 (SEQ 1D NO: 1)
against hNav1.7 channels. Peak mward hNav1.7 currents werc measured at -10 mV in
the presence of increasing coneentrations of GpTx-1; cells were held at -140 mV.

Currents were normalized with 100 representing Nav1.7 current with no peptide
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addition and 0 representing Nav1.7 current following complete block. The 1Csq of
GpTx-1 against hNav1.7 channels was 7.40 nM.

[0652] Figure 22 shows a time course of increasing concentrations of GpTx-1
(SEQ ID NGO:1) agamst hNav1.7 channels. Peak inward hNav1.7 currents were
measured at -10 mV every 10 seconds in the prescence of increasing concentrations of
GpTx-1; cells were held at a -140 mV. “Bascline” indicates hiNav1.7 current in the
absence of GpTx-1 and “Wash” indicates hNav1.7 current following removal of GpTx-
1.

{6053} Figurc 23 shows the effect of GpTx-1 (SEQ 1D NO:1) on hNavl.3
channels. Cells were held at -140 mV and peak inward hNav 1.3 currents were measurcd
at -10 mV. “Baseline” trace shows hNav1.3 current before GpTx-1, and 360 nM
GpTx-1" trace shows hNav1.3 current after GpTx-1 addition.

[0054] Figure 24 shows a dose-response curve of GpTx-1 (SEQ 1D NO:1)
against hNav1.3 channels. Peak inward hNav1.3 currents were measured at -10 mV in
the presence of increasing concentrations of GpTx-1; cells were held at -140 mV,
Currents were normalized with 100 representing Nav 1.3 current with no peptide
addition and 0 representing Nav1.3 current following complete block. The ICs, of
GpTx-1 against hNav1.3 channcls was 16.8 nM.

[0055] Flgure 25 shows a time course of increasing concentrations of Gp'Tx-1
(SEQ ID NO:1) against hNav1.3 channels. Pcak inward hNav1.3 currents were
measured at -10 mV every 10 seconds in the presence of increasing concentrations of
GpTx-1; cells were held at a -140 mV. “Baseline” indicates hiNav1.3 current in the
absence of GpTx-1 and “Wash” indicatcs hNav1.3 current following removal of GpTx-
1.

[0056] Figure 26 shows the effect of GpTx-1 (SEQ 1D NO:1) on hNavl .4
channels. Cells were held at -140 mV and peak inward hNav1.4 currents were measurced
at -10 mV. “Baseline” trace shows hNavl.4 current before GpTx-1, and 3 uM GpTx-
1" trace shows hNav 1.4 current after GpTx-1 addition.

[0657] Figure 27 shows a dose-response curve of GpTx-1 (SEQ ID NG:1)
against hiNavl.4 channcls. Peak inward hNavl.4 currents were measured at -10 mV in
the presence of increasing concentrations of GpTx-1; cells were held at -140 mV.

Currents were normahized with 100 representing Navt.4 current with no peptide
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addition and 0 representing Navl .4 current following complete block. The ICsy of
GpTx-1 against hNav1.4 channcls was 2.9 pM.

[6058] Figure 28 shows a dose-response curve of GpTx-1 (SEQ ID NO:1)
against hiNav1.4 channels. Peak inward hNavl .4 currents were measured at -10 mV in
the presence of ncreasing concentrations of GpTx-1; cclls were held at a potential
yiclding approximately 20% inactivation. Note that GpTx-1 is more potent against
hNav1.4 when channcls arc partially inactivated. Currents were normalized with 100
representing Nav .4 current with no peptide addition and 0 representing Nav1.4 current
following complete block. The ICs of GpTx-1 against partially mactivated hiNav1.4
channels was 0.26 uM.

[6659] Figure 29 shows a time course of incrcasing concentrations of GpTx-1
(SEQ 1D NO: 1) against hNav1.4 channels. Peoak inward hNav| 4 currents were
measured at <10 mV every 10 seconds in the presence of increasing concentrations of
GpTx-1; cells were held at a -140 mV. “Bascline” indicates hiNav1.4 current in the
absence of GpTx-1 and “Wash” indicates hiNav1.4 current following removal of GpTx-
1.

[0666] Figurc 30 shows a time course of increasing concentrations of GpTx-1
(SEQ 1D NO:T) against hNav ! 4 channels. Pcak inward hNav].4 currents were
measured at -10 mVY every 10 seconds in the presence of increasing concentrations of
GpTx-1; cells were held at -140 mV (squares) or a potential yielding approximately
20% inactivation (circles). “Baseline” indicates hNavi.4 current in the absence of
GpTx-1 and “Wash” indicates hNavl.4 current following removal of GpTx-1. Note
that GpTx-1 is more potent against hiNavl.4 when channels are partially inactivated.
[0061] Figure 31 shows the effect of GpTx-1 (SEQ 1D NO: 1) on hNav1.5
channels. Cells were held at -140 mV and peak inward hMav1.5 currents were measured
at-10 mV. “Bascline” trace shows hNav .5 current before GpTx-1, and ‘3 uM GpTx-
I’ trace shows hNav1.5 current after GpTx-1 addition.

160621 Figure 32 shows a dose-response curve of GpTx-1 (SEQ 1D NO:1)
against hNav1.5 channels. Peak inward hNav 1.5 currents were measured at -10 mV in
the presence of increasing concentrations of GpTx-1; cells were held at -140 mV.

Currents were normalized with 100 representing Nav1.5 current with no peptide
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addition and 0 represcenting Nav1.5 current following complete block. The 1Csq of
GpTx-1 against hNav1.5 channels was 8.9 uM.

[0063] Figure 33 shows a time course of increasing concentrations of GpTx-1
(SEQ ID NO:1) against hNav1.5 channcls. Peak inward hNav1.5 currents were
measured at -10 mV every 10 seconds in the presence of increasing concentrations of
GpTx-1; cells were held at a -140 mV. “Baseline” indicates hNav1.5 curcent in the
abscnce of GpTx-1 and “Wash™ indicates hNav1.5 current following removal of GpTx-
1.

[0064] Figure 34 shows the effect of [Ala5]GpTx-1 (SEQ 1D NO:22) on
hNav1.7 channcls. Cells were held at -140 mV and peak inward hiNav 1.7 currents were
measurcd at -10 mV. ‘Baseline” trace shows hNav1.7 current before [AlaS]1GpTx-]
addition, and “300 nM [AlaS]GpTx-17 trace shows hNav1.7 current after [AlaS]GpTx-1
addition. Cells were held at a potential yielding approximately 20% inactivation.
[6065] Figure 35 shows a dose-response curve of [Ala5]GpTx-1 (SEQ ID
NG:22) against hNav1.7 channels. Peak inward hNav1.7 currents were measured at ~10
mV i the presence of increasing concentrations of [Ala5]GpTx-1; cells were held at a
potential yielding approximately 20% inactivation. Currents were normalized with 100
representing Nav1.7 current with no peptide addition and 0 representing Navi.7 current
following complete block. The ICso of [AlaS]GpTx-~1 against partially inactivated
hNav1.7 channels was 13.2 oM.

[6066] Figure 36 shows a time course of incrcasing concentrations of
[AlaS]GpTx-1 (SEQ 1D NO:22) against hNav1.7 channels. Peak inward hNav 1.7
currents were measured at <10 mV cvery 10 seconds in the presence of increasing
concentrations of [AlaS]GpTx-1; cells were held at -140 mV (squares) or a potential
yielding approximately 20% mactivation {circles). “Bascline” indicates hNav1.7
current in the absence of [Ala5)GpTx-1 and “Wash” indicates hNav1.7 current
following removal of [AlaS]GpTx-1.

{6067] Figure 37 shows a tume course of increasing concentrations of GpTx-1
(SEQ 1D NO:1) agamst TTX-sensitive Nav channels in mouse dorsal root ganglion
(DRG) neurons. Peak inward Nav currents were measured at -10 mV every 10 seconds
in the presence of increasing concentrations of GpTx-1; cells were held at -140 mV.

or

“Control” indicates Nav current in the absence of GpTx-1, “TTX’ indicates Nav current
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in the presence of 300 nM TTX, and “Wash” indicates Nav current following removal
of GpTx-1 and TTX. Note that GpTx-1 blocked nearly all TTX-scnsitive Nav current.
Currents measured in this study were almost all TTX-sensitive currents, identificd at the
start of the record on the basis of fast kinetics of inactivation.

[6068] Figure 38 shows a representative dosc-response curve of GpTx-1 (SEQ
ID NO:1) against TTX-scngsitive Nav channels in mouse DRG neurons. Peak inward
Nav currents were measured at -10 mV in the presence of increasing concentrations of
GpTx-1; eells were held at -140 mV. The 1Cs) value of GpTx-1 against TTX-sensitive
sodium channels in mBRG neurons was measured to be 7.1 nM. Currents were
normalized with 100 representing T1TX-scusitive current with no peptide addition and 0
representing TT X -sensitive current following complete block.

{0669] Figurc 39 shows the effect of a single concentration of GpTx-1 (SEQ ID
NO: 1) on T1TX-sensitive Nav channels in mouse DRG neurons. Cells were held at -140
mV and peak inward Nav currents were measured at -10 mV. “Baseline” trace shows
Nav current before GpTx-1 addition, and “200 nM GpTx-17 trace shows Nav current
after GpTx-1 addition. Note that inactivation of control currents was complete in a
couple milliseconds, which distinguishes TTX-sensitive current from TTX-resistant
current.

{6876} Figure 40 shows the time course of increasing concentrations of GpTx-1
(5EQ ID NO:T) against TTX-scnsitive Nav channels in mouse DRG neurons. Peak
inward Nav currents were measured at -10 mV every 10 seconds in the presence of
increasing concentrations of GpTx-1; cells were held at a potential vielding
approximately 20% inactivation. “Control” indicates Nav current in the absence of
GpTx-1, “TTX” indicates Nav current in the presence of 300 oM TTX, and “Wash”
indicatcs Nav current following removal of GpTx-1 and TTX. Notec that GpTx-1
blocked all TTX-sensitive Nav current, since 300 nM TTX gave no additional current
block.

166711 Figure 41 shows a representative dose-response curve of Gpix-1 (SEQ
15 NO: 1) agamst TTX-sensitive Nav channels i mouse DRG neurons, as defined by
fast inactivation kinetics. Pecak inward Nav currents were measured at -10 mV in the
presence of increasing concentrations of GpTx-1; cells were held at a potential yielding

approximately 20% inactivation. The ICsy value of GpTx-1 against TTX-sensitive
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sodium channels in mDRG neurons was mcasured to be 4.7 nM. Currents were
normalized with 100 representing TTX-sensitive current with no peptide addition and 0
representing TTX-sensitive current following complete block.

[6072] Figure 42 shows the effect of GpTx-1 (SEQ 1D NO:1) on TTX-sensitive
Nav channels in mouse DRG neurons. Cells were held at a potential yielding
approximately 20% inactivation and peak inward Nav currents were measurcd at -10
mV. “Bascline” trace shows Nav current before GpTx-1 addition, and “200 nM GpTx-
17 trace shows Nav current after GpTx-1 addition.

(8073} Figurce 43 shows the time course of increasing concentrations of
[Ala5]GpTx-1{1-34) (SEQ 11D NO:22) against TTX-sensitive Nav channels in mouse
DRG neurons. Peak inward Nav currents were measured at -10 mV every 10 seconds in
the presence of increasing concentrations of [AlaS1GpTx-1(1-34) (SEQ 1D NO:22);
cells were held at -140 mV. “Control” indicates Nav current in the absence of
[AlaS5]GpTx-1(1-34) (SEQ 1D NO:22), “TTX"” indicates Nav current in the prescnce of
300 nM TTX, and “Wash” indicates Nav current following removal of [Ala5}GpTx-
1(1-34) (SEQ ID NO:22) and TTX. Note that [Ala5]GpTx-1(1-34) (SEQ 1D ND:22)
blocked nearly all TTX-sensitive Nav current.

[8074] Figure 44 shows a representative dose-responsc curve of [AlaS]GpTx-
1{1-34) (SEQ 1D NO:22) against TTX-sensitive Nav channels in mouse DRG neurons.
Peak inward Nav currents were measurcd at -10 mV in the presence of increasing
concenirations of [AlaS]GpTx-1(1-34); cclls were held at -140 mV. The ICsy valuc of
[AlaS1GpTx-1(1-34) against TTX-sensitive sodium channels in mDRG neurons was
meagsured to be 17.0 nM. Currents were normalized with 100 representing TTX-
sensitive current with no peptide addition and 0 representing TTX-sensitive current
following complete block.

[B075] Figure 45 shows the cffect of [AlaS]GpTx-1{1-34) (SEQ 1D NO:22) ov
TTX-sensitive Nav channels in mouse DRG neurons. Cclls were held at -140 mV and
peak inward Nav currents were measured at -10 mV. “Baseline” trace shows Nav
current before addition of [Ala51GpTx-1(1-34) (SEQ ID NG:22), “300 nM SEQ ID
NO:227 trace shows Nav current after SEQ ID NO:22 addition, and “300 nM SEQ 1D
NO:22 + 300 nM TTX” trace shows Nav current after SEQ 1D NG:22 and TTX
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addition. Note that [Ala51GpTx-1(1-34) selectively blocked TTX-sensitive Nav current
but not TTX-resistant Nav current.

16676} Figurce 46 shows a time course of increasing concentrations of a
homodimeric conjugate {Homodimeric Conjugate 1) of peptide monomer
[Phe6,Atz]13]GpTx-1(1-34) (SEQ 1D NG:591) against hNav1.7 channels. Peak mward
hNav1.7 currents were measured at -10 mV every 10 seconds in the presence of
increasing concentrations of Homodimeric Conjugate 1; cells were held at -140 mV.
“Control” indicates human Nav1.7 (hNav1.7) current in the absence of Homedimeric
Conjugate land “Wash” indicates hNav1.7 current fellowing removal of Homodimeric
Conjugate 1.

16077} Figure 47 shows a representative dosc-response curve of Homodimeric
Conjugate 1 against human Nav1.7 channels. Peak inward hNav 1.7 currents were
measured at -10 mV in the presence of increasing concentrations of Homodimeric
Conjugate 1; cells were held at -140 m¥V. The 1Cs value of Homodimeric Conjugate |
against iNav1.7 sodium channels was measured to be 1.2 nM. Currents were
normalized with 100 representing Nav 1.7 current with no peptide addition and 0
representing Navi.7 current following complete block.

[0678) Figure 48 shows the recovery of hNav 1.7 currents following washout of
Homodimeric Conjugate 1. Peak inward hNav1.7 currents were measured at -10 mV
cvery 10 seconds in the presence of 3 nM or 300 nM Homodimeric Conjugate 1; cells
were held at a -140 mV. “Control” indicates hNav1.7 current in the absence of
Homodimeric Conjugate | and “Wash™ indicates hiNav 1.7 current following removal of
Homodimeric Conjugate 1. Note that hNav1.7 currents partially recover following
washout of 3 oM Homodimeric Conjugate 1 but do not recover following washout of
300 nM of Homodimeric Conjugate 1.

{0079} Figure 49 shows the cffect of Homodimeric Conjugate | on hMNav1.7
channels. Cells were held at -140 mV and peak inward hNav 1.7 currents were measured
at ~10 mV. “Baseline” trace shows hiNav1.7 current before Homedimeric Conjugate 1
addition, and ‘10 nM Homodimeric Conjugate 17 trace shows hiNav1.7 current after
Homodimeric Conjugate 1 addition.

[6088] Figure 50 shows a time course of increasing concentrations of

Homodimeric Conjugate 1 against AiMav1.7 channels. Peak inward hiNav1.7 currenis
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were measured at -10 mV every 10 scconds in the presence of increasing concentrations
of Homodimeric Conjugate 1; cells were held at a potential yielding approximately 20%
inactivation. “Control” indicates hNav1.7 current in the absence of Homodimeric
Conjugate 1 and “Wash” indicates hiNav1.7 current following removal of Homodimeric
Conjugate 1.

{6881 Figure 51 shows a representative dose-response curve of Homodimeric
Conjugate | against hNav1.7 channcls, Peak mward hNav1.7 currents were measurcd
at -10 mV in the presence of increasing concentrations of Homodimeric Conjugate 1,
cells were held at a potential yiclding approxumately 20% inactivation. The 1Cso value
of Homodimeric Conjugate 1 against TTX-scnsitive sodium channcels in mDRG neurons
was measured to be 0.66 nM. Currents were normalized with 100 representing Navl.7
current with no peptide addition and 0 representing Nav1.7 current following complete
block.

16082] Figure 52 shows the effect of Homodimeric Conjugate 1 on hNavli.7
channels. Cells were held at a potential yicldimg approximately 20% inactivation and
peak inward hiNav1.7 currents were measured at -10 mV. “Bascline” trace shows
hNav1.7 current before Homodimeric Conjugate 1 addition, and “3 aM Homodimeric
Conjugate 17 trace shows hNav1.7 current after Homodimeric Conjugate 1 addition.
f6083] Figure 53 shows a time course of increasing concentrations of
Homodimeric Conjugate | against hNav1.5 channels. Peak inward hiNav1.5 currents
were measured at -10 mV every 10 scconds in the presence of increasing concentrations
of Homedimeric Conjugate |; cells were held at a -140 mV. “Control” indicates
hNav1.5 current in the absence of Homodimeric Conjugate | and “Wash” indicates
hiav1.5 current following removal of Homodimeric Conjugate 1. Note that hNav1.5
currents partially recover following washout of Homedimeric Conjugate 1.

16684] Figure 54 shows a representative dose-response curve of Homodimeric
Conjugate 1 against hNav1.5 channels. Peak inward hNav1.5 currents werce measurcd
at -10 mV 1in the presence of increasing concentrations of Homodimeric Conjugate 1;
cells were hield at -140 mV. The 1Csy value of Homodimeric Conjugate 1 against
hNav1.5 sodium channels was measured to be 75.5 nM. Currents were normalized with
100 representing Nav1.5 current with no peptide addition and 0 representing Nav1.5

current following complete block.
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[0085] Figure 55 shows the cffect of Homodimeric Conjugate 1 on hNav1.5
channels. Cells were held at -140 mV and peak inward hNav1.5 currents were measured
at -10 mV. “Baseline” trace shows hNav1.5 current before Homodimeric Conjugate 1
addition, and “2 pM Homodimeric Conjugate 17" trace shows hMav1.5 current after
Homodimeric Conjugate 1 addition.
13086 Figure 56 shows the time course of increasing concentrations of
Homodimeric Conjugate | against hNav 1.5 channels. Peak inward hiNav 1.5 currents
were measured at -10 mV every 10 seconds in the presence of increasing concentrations
of Homodimeric Conjugate 1; cells were held at a potential yiclding approximuately 20%
mactivation. “Control” indicates hNav 1.5 current in the absence of Homodimeric
Conjugate 1 and “Wash” indicates hNav 1.5 current following removal of Homodimeric
Conjugate 1.
{0087} Figure 57 shows a representative dose-response corve of Homodimeric
Conjugate | against hNav1.5 channcls. Peak inward hNav1.5 currents were measured
at -10 mV in the presence of increasing coneentrations of Homedimeric Conjugate |
cells were held at a potential yielding approximately 20% inactivation. The [Csq value
of Homodimeric Conjugate 1 against hNav1.5 sodium channels was measured to be 57
oM. Currents were normalized with 100 representing Nav1.5 current with no peptide
addition and 0 representing Nav 1.5 current following complete block.
[0088] Figure 58 shows the effect of Homodimeric Conjugate 1 on hNav1.5
channels. Cells were held at a potential yielding approximately 20% inactivation and
peak inward hNav 1.5 currents were measured at -10 mV. “Bascline” frace shows
hNavl.5 carrent before Homodimeric Conjugate 1 addition, and "2 uM Homodimeric
Conjugate 17 trace shows hNav1.5 current after Homodimeric Conjugate | addition.
{00891 Figure 59 shows the timecourse of the effect of [AlaS1GpTx-1(1-34)
SEQ 1D NO:22) in the formalin pain model in male CD-1 mice with a 1-hour pre-
treatment dosc of 5 mg/kg s.c. The peptide had no effect m the frst or acute phage (0-5
minutes post formalin injection). The peptide significantly reduced the time spent
lifting and/or licking the affected paw during the second phase (5-40 minutes post
formalin injection, associated with spinal sensitization) compared to vehicle (PRS). In
this experiment the 1 mg/kg s.¢. dose of morphine usced as a positive control was

insufficient to significantly reduce pain response in the animals, and it was increased to
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3 mg/kg in the following studies. The terminal plasma exposure (peptide plasma
concentrations at 45 min post formalin injection) for the peptide was 0.80 £ 0.21 uM.
[0090] Figure 60 shows the cffect of [AlaS]GpTx-1(1-34) (SEQ ID NO:22) in
the formalin pain model in male CD-1 mice with a 1-hout pre-treatment dose of 5
mg/kg s.c. during the first phasc (0-5 minutes post formalin injection). Neither the
peptide nor the morphine positive control significantly reduced the time spent lifting
and/or licking the affected paw during the first phase. Pharmacological reductions m
flinching during this first phase gencrally reflect nonspecific effects on animal
movement, consciousncss, or health rather than an actual reduction in pain.

{00911 Figure 61 shows the effect of [AlaS]GpTx-1(1-34) (SEQ 1D NO:22) in
the formalin pain model in male CD-1 mice with a 1-hour pre-treatment dosc of 5
mg/kg s.c. during the second phase (5-40 minutes post formalin injection). The peptide
but not the morphine control significantly reduced the time spent lifting and/or licking
the affected paw during the second phase. Again, the lack of effect of the morphine
positive control does not reflect a “failed” assay, but the variabilily of mouse responses
to this concentration of morphine. Morphine doses for future cxperiments were
increased to 3 mg/kg.

(0892} Figure 62 shows the effect of [Ala5]GpTx-1(1-34) (SEQ 1D NG:22) on
paw cdema in the formalin pain model in male CD-1 mice with a I-hour pre-treatment
dose of 5 mg/kg s.c. Neither the peptide nor the morphine positive control significantly
reduced the paw edema caused by formalin injection relative to the vehicle (PBS).
(0693} Figure 63 shows the timecourse of the effect of [AlaS1GpTx-1(1-34)
(SEQ 1D NO:22) in a repeat of the formalin pain model in male CD-~1 mice with I-hour
pre-treatment doses of 5, 1.67, and 0.5 mg/kg s.c. The peptide had no effect at any dosc
in the first phase (0-5 minutes post formalin injection). The positive control, a 3 mg/kg
s.c. dose of morphine, did significantly reduce the time spent lifting/ticking the affected
paw in the first phase. The 5 mg/kg s.c. dose of [AlaS]GpTx-1(1-34) (SEQ ID NO:22)
demonstrated a significant reduction of the time spent tifting/licking in the sccond phase
of the study, as did the morphine positive control. The lower peptide doses (1.67 and
0.5 mg/ kg s.c.) had no effect relative to the vehicle in the sccond phase. Terminal

exposures {peptide plasma concentrations at 45 min post formalin injection) were 0.58
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respectively.

[6094] Figure 64 shows the offect of [Ala5]GpTx-1(1-34) (SEQ 1D NO:22) in
the first phase of the formalin pain model in male CD-1 mice with [-hour pre-treatment
doses of 5, 1.67, and 0.5 mg/kg s.c. The peptide had no effect at any dose in the first
phase (0-5 minutes post formalin injection) relative to the vehicle, but the positive
control, a 3 mg/kg s.c. dose of morphine, did significantly reduce the time spent
lifting/licking the affected paw in the first phase.

(0095} Figure 65 shows the cffect of [AlaS1GpTx-1(1-34) (SEQ 1D NO:22) in
the second phasc of the formalin pain model in male CD-1 mice with 1-hour pre-
treatment doses of 5, 1.67, and 0.5 mg/kg s.c. The 5 mg/kyg s.c. dose of peptide
demonstrated a significant reduction of the time spent lifting/licking in the sccond phase
of the study, as did the morphine positive control. The lower peptide doses (1.67 and
0.5 mg/ kg s.c.) had no effect relative to the vehicle in the second phase.

[0896] Figure 66 shows the effect of [AlaS]GpTx-1(1-34) (SEQ 1D N(:22) on
paw edema in the formalin pain model in male CD-1 mice with a I-hour pre-treatment
doscs of 5, 1.67, and 0.5 mg/kg s.c. Neither the peptide nor the morphine control
significantly reduced the paw edema caused by formalin injection relative fo the vehicle
(PBS).

[6057] Figure 67 shows the timceourse of the effect of [AlaS1GpTx-1(1-34)
(SEQ 11D NO:22) in a third repetition of the formalin pain model in male CD-1 mice
with -hour pre-treatment doses of 5, 3, and | mg/kg s.c. The 5 mg/kg peptide dose and
the 3 mg/kg s.c. dose of morphine (30 minutes pretreatrnent) had no cffect in the first
phasc (0-5 minutes post formalin injection). However, the lower peptide dosces (1 and 3
mg/kg s.¢.) appeared to increase the time spent Lifting/licking relative to the vehicle
control. The 5 mg/kg s.c. dose of [AlaS]GpTx-1(1-34) (SEQ 1D NO:22) demonstrated a
significant reduction of the time spent lifting/licking in the sccond phase of the study, as
did the morphine positive control. However, the lower peptide doses did not show a
reduction in lifting/licking behavior relative to the vehicle control in the second phase.
The 1 mg/kg s.c. group was not significantly different from the vehicle control, whercas
the 3 mg/ kg s.c. group appeared to significantly increase time spent lifting/licking in

the second phase. Terminal exposures (peptide plasma concentrations at 45 min post
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formalin injection) were 1.84 £ 0.18 uM, 0.53 £ 0.23 uM, and 0.20 + 0.05 uM for the
5.0, 3, and 1 mg/kg doses, respectively.

[6098] Figure 68 shows the effect of [AlaS1GpTx-1(1-34) (SEQ ID NO:22) in
the first phase of the formalin pain model in male CD-1 mice with 1-hour pre-treatment
doses of 5, 3, and 1 mg/kg s.c. The 5 mg/kg peptide dose and the 3 mg/kg s.c. dose of
morphine had no cffect in the first phase (0-5 minutes post formalin injection).
However, the lower peptide doses (1 and 3 mg/kg s.¢.) appeared to increase the time
spent hifting/licking relative to the control.

[6699] Figure 69 shows the effect of [AlaS]GpTx~1(1-34) (SEQ ID NO:22) in
the second phase of the formalin pain model in male CD-1 mice with 1 hour pre-

a significant reduction of the time spent lifting/licking in the second phase of the study,
as did the morphine positive control. However, the lower peptide doses did not show a
reduction in lifting/licking behavior relative to the vehicle control in the second phase.
The 1 mg/kg s.c. group was not significantly different from the vehicle control, whereas
the 3 mg/kg s.c. group appeared to significantly increase the time spent lifting/licking in
the second phase.

[06160] Figure 70 shows the effect of [Ala5]GpTx-1(1-34) (SEQ ID NO:22) on
paw edema in the formalin pain model in male CD-1 mice with a 1-hour pre-treatment
doses of 5, 3, and 1 mg/kg s.c. Neither the peptide nor the morphine control
significantly reduced the paw edema caused by formalin injection relative to the vehicle
(PBS).

(60161} Figure 71 shows the effects of [AlaS1GpTx-1(1-34) (SEQ 1D NO:22) at
3 and 5 mg/kg s.c. doses with a 1-hour pre-treatment time on the total basic movement
component of locomotor activity in male CD-1 mice. No doses of peptide significantly
decreascd cxploratory behavior in relation to the vehicle control. Terminal exposures
{peptide plasma concentrations at 2 h post peptide injection) were 1.79 = 0.38 and 0.89
4 0.33 uM for the 5 and 3 mg/kg s.c. doscs, respectively.

[G0102] Figure 72 shows the effects of [AlaS]1GpTx-1(1-34) (SEQ 1D N(O:22) at
3 and 5 mg/kg s.c. doses with a 1-hour pre-treatment time on fine movement component

of locomotor activity in male CD-1 mice. Atthe 3 mg/kg dose, fine movement was not
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significantly affected. At the Smg/kg dose, peptide significantly reduced the total fine
movement relative to the vehicle,

{00103} Figure 73 shows the effects of [AlaS5]GpTx-1(1-34) (SEQ ID NO:22) at
3 and 5 mg/kg s.c. doses with a 1-hour pre-treatment time on the total rearing
component of locomotor activity in male CD-1 mice. No doses of peptide significantly
decreased cxploratory behavior in relation to the vehicle control.

100164 Figure 74 shows the effects of [AlaS|GpTx~1(1-34) (SEQ 1D NO:22) at
3 and 5 mg/kg s.c. doses with a I-hour pre-treatment time on the total time rearing
component of locomotor activity in male CD-1 mice. At the 3 mg/kg dosc, total time
rearing was not significanily affected. At the 5§ mg/kg dose, peptide significantly
reduced the total time rearing relative to the vehicle.

1601865] Figure 75 shows the cffect of [AlaS]GpTx-1(1-34) (SEQ 1D NO:22) at a
5 mg/kg s.c. dose with a I-hour pre-treatment time and mexiletine at a 30 mg/kg
intraperitoncal (“i.p.”) dose with a 30 minute pre-trealment time on the veratridine-
induced (I ug injection in the dorsal paw) spontancous nociceptive behaviors in male
CD-1 mice measured for 20 minutes after veratridine injection. Overall there was a
good paw lifting response from the vehicle group that was significantly reversed with
mexiletine. At 5 mg/kg, [Ala5]GpTx-1(1-34) (SEQ 1D NQO:22) did not significantly
reduce the lifting behavior. There is no reduction of paw edema across all groups.
[00106] Figure 76 shows the effect of [AlaS]GpTx-1(1-34) (SEQ ID NO:22) at a
5 mg/kg s.c. dose with a 1-hour pre-treatment time and mexilctine at & 30 mg/kg 1.p.
dose with a 30 minute pre-treatment time on the veratridine-induced (1 ug injection in
the dorsal paw) paw edema in male CD-1 mice. There 18 no reduction of paw edema
across all groups.

[06107] Figure 77 shows the time course of the effect of [AlaS1GpTx-1(1-34)
(SEQ IDNG:22) at a 5 mg/kg s.c. dose with a 1-hour pre-treatment time and mexiletine
at a 30 mg/kg 1.p. dose with a 30 minute pre-treatment time on the veratridine-induced
{1 pginjection i the dorsal paw) spontaneous nociceptive behaviors in male C-1
mice. Overall there was a good paw lifting response from the vehicle group that was
significantly reversed with mexiletine throughout the course of the experiment. At 5
mg/kg, [Ala5]GpTx-1(1-34) (SEQ 11 NO:22) was unable to significantly reduce the

lifting behavior during the course of the entire experiment, though it did trend toward a
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reduction in paw lifting and licking during the 10-15 and 15-20 minute time bins.
Terminal exposure (peptide plasma concentration at 1.5 h post peptide injection) was
0.70 £ 0.10 uM for the 5 mg/kg dose.

[66108] Figure 78 shows repeat testing of [Ala51GpTx-1(1-34) (SEQ 1D NO:22)

ata 1 and 5 mg/kg s.c. doses with a [-hour pre-treatment time (n = 9-10) and mexiletine

induced (1 pg injection in the dorsal paw) spontancous nociceptive behaviors in male
CD-1 mice. Overall there was a good paw lifting response from the vehicle group that
was significantly reversed with mexiletine. At 1 and 5 mg/kg, [AlaS]GpTx-1(1-34)
(SEQ ID NO:22) did not significantly reduce the fifting behavior,

[60109] Figure 79 shows the cffect of [AlaS]GpTx-1(1-34) (SEQ 1D NO:22) at |
and 5 mg/kg s.c. doses with a -hour pre-treatment time and mexiletine at a 30 mg/kg
i.p. dose with a 30 mmute pre-treatment time on the veratridine-induced (I pg injection
in the dorsal paw) paw cdema in male CD-1 mice. There was no reduction of paw
edema in any group.

[60110] Figure 80 shows the time coursc of the effects of [Ala5]GpTx-1(1-34)
(SEQ ID NO:22) at 1 and 5 mg/kg s.c. doses with a 1 hour pre-treatment time and
mexiletine at a 30 mg/kg 1.p. dose with a 30 minute pre-treatment time on the
veratridine-induced (1 pg injection in the dorsal paw) spontaneous nociceptive
behaviors in male CD-1 mice. Overall there was a good paw lifting response from the
vehicle group that was significantly reversed with mexiletine throughout the course of
the experiment. At 1 and 5 mg/kg, [AlaS1GpTx-1(1-34 (SEQ 1D NG:22) did not
significantly reduce the lifting behavior at any point during the course of the
experiment. Terminal exposures (peptide plasma concentration at 1.5 h post peptide
mjection) were 0.72 4 0.13 and 0.09 £ 0.05 uM for the 5 and 1 mg/kg doscs,
respectively.

[60111] Figure §1A shows the reaction of alkyne-containing peptide [Phe6;
Pral3]GpTx-1(1-34) (SEQ 1D NO:1049) with a 2 kDa PEG bis-azide via a copper
catalyzed 1,3-dipolar cycloaddition reaction to obtain the site-specific homodimeric
peptide with two triazole linkages by converting the propargylglycine or Pra residues in

the sequences to 3-(1,2,3-triazol-4-yljalanine or Atz residucs.
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[80112] Figure 1B shows the two step sequence of first reacting an alkyne-
containing peptide [Ala5,Phe6,Pral3,Lou26,Arg28]1GpTx-1{1-34) (SEQ ID NO:640)
with an azido-PEG} I-bromoacetamide linker via a copper catalyzed 1,3-dipolar
cycloaddition reaction to ebtain the site-specifically PEGylated peptide-linker construct
(SEQ 1D NO:1062) with a triazole linkage by converting the propargylglycine or Pra
residuc in the peptide scquence to a 3-(1,2,3+triazol-4-ylalanine or Atz residue.
Second, the engineered free cysteines in the anti-DNP mAb (E273C) higGl
(comprising immunogiobulin monomers SEQ D NO:3087; SEQ 1D NO:3088; SEQ 1D
NG:3087; SEQ ID NO:3088) react with the bromoacetamide functionality in peptide-
iimker to form a site-specific immunoglobulin-peptide conjugate with a stable
thivacetamide linkage (Immunoglobulin-peptide Conjugate 1), 1f one cysteine reacts,
then the resalt 1s a monovalent immunoglobulin-peptide conjugate as represented, but if
both cysteines react, then the result 15 a bivalent immunoglobulin-peptide conjugate
(68113 Figure 82 shows a reducing SDS-PAGE gel of the site specific
conjugation reaction mizture of peptide-linker construct (SEQ 1D NG:1062) with anti-
DNP mAb (E273C) hlgGl {comprising immunoglobulin monomers SEQ 11D NO:3087:
SEQ 1D NO:3088; SEQ 1D NG:3087; SEQ 1D NO:3088) prior to purification on the SP-
column. Approximately 75% of mAD heavy chain (HC) shows a 5-kD shift, indicating
conjugation of a single GpTX-1 peptide analog. The higher molecular weight band
indicates higher order conjugate duc to over reduction,
(66114} Figure 83 shows the results from the purification of the site specific
conjugation reaction mixture of peptide-linker construct (SEQ 1D NO:1062) with anti-
DNP mADb (E273C) higGl (comprising immanogiobualin monomers SEQ 1D NO:3087;
SEQ 1D NO:3088:, SEQ 1D NO3087; SEQ TD NG:3088). The left panel shows the
cation exchange chromatogram of UV absorbance at 280 nm of the conjugation reaction
using a S-mL HiTrap SP-HP colummn. The right pancl shows the non-reducing 5DS-
PAGE gel (Ieft) of the peaks from the cation exchange chromatogram indicating that the
mnternal disulfide bonds of the antibody-peptide conjugates are intact and the reducing
SDS-PAGE gel (right) of the peaks from the cation exchange chromatogram. Peak |
shows the heavy cham (HC) of the non-reacted antibody. Peak 2 shows approximatcly

50% of the HC shifted indicating a monovalent antibody- GpTx-1 peptide analog
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conjugatc. Peak 3 shows nearly 100% HC shifted indicating bivalent antibody- GpTx-1
peptide analog conjugate.
[66115] Figure 84 shows the results from the purification of the site specific
conjugation reaction rmixture of peptide-linker construct (SEQ 1D NO:1062) with anti-
DNP mAb (E273C) higG1 Fe domain (homodimer of SEQ 1D NO:3089). The left
pancl shows the cation exchange chromatogram of UV absorbance at 280 nm of the
conjugation reaction using a 5 mL HiTrap SP-HP column. The right pancl shows the
non-reducing SHS-PAGE gel (Ieft) of the peaks from the cation cxchange
chromatogram indicating that the internal disuifide bonds of the antibody-peptide
conjugates arc intact and the reducing SIIS-PAGE gel (right) of the peaks from the
cation exchange chromatogram. Peak 1 shows approximately 50% of the HC shifted
indicating a monovalent antibody-peptide conjugate. Peak 2 shows near 100% HC
shifted indicating bivalent antibody-peptide conjugate.
[60116] Figure 85 shows the analytical size cxclusion chromatogram of UV
absorbance at 280 nm for the (top pancl) unmodificd anti-DNP mAb (E273C) higGl
{comprising SEQ 1D NO:3087; SEQ 1D NO:3088, SEQ 1D NG:3087, SEG 1D
NO:3088) and the (bottom panel) bivalent antibody- GpTx-1 peptide analog conjugate
(Immunoglobulin-peptide Conjugate 2) run on a Tosoh Bioscience Super SW3000, 4
M, 250A, 4.6 mm x 30 cra coluran in 100 mM sodium phosphate, 250 mM NaCli, pH
6.8 with isocratic clution of 0.35 mL/min for 20 min. The chromatogram indicates no
aggregation in the peptide conjugate sample.
1001171 Figure 86 shows the resulls from the deconvoluted LC-MS TOF of the
bivalent peptide conjugate of peptide-linker construct (SEQ 1D NO:1062) with anti-
DNP mADb (E273C) higGl (comprising immuneoglobulin raonomers SEQ 1D NO:3087;
SEGID NO:3088; SEQ HD NO:3087, SEQ 1D NO:3088), which is immunoglobulin-
neptide Conjugate 2. The presence of multiple peaks indicates different glycosylation
isoforms.
[60118] Figurc 87 shows the results from the deconvoluted LC-MS TOF of the
bivalent peptide conjugate of peptide-linker construct (SEQ 1D NO:10662) with anti-
DNP mAb (E52C) higGl Fe domamn (homodimer of SEQ 1D NO:3089), which is Fe-
peptide Conjugate 2. The presence of multiple peaks indicates different glycosylation

isoforms.
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[08119] Figure 88 shows a schematic representation of Fe-peptide Conjugate 1
for illustrative purposcs only. A homology model of the immunoglobulin anti-DNP
mAD (E52C) higGl Fe domain (homodimer of SEQ ID NG:3089) was constructed from
an immunogiobulin crystal structure (1HZH.pdb) and 1s depicted as a solid ribbon.
Cys52 of SEQ 1D 3089, the site of conjugation, is rendered in CPK format. The PEG1I
linker is depicted as a solid tube, in an arbitrary conformation in this embeodiment,
connecting the €52 residue in the immunoglobulin Fe domain to the Atz13 residuc in
the peptide. A homology model of the peptide (SEQ 1D NO:1046) was constructed
from the NMR structure of GpTx-1 and 1s dispiayed as a solid ribbon and shown in this
embodiment in an arbitrary relative orientation to the irmmunoglobulin Fe domain.
(60120} Figure 89 shows a schematic representation of Fe-peptide Conjugate 2
for Nustrative purposes only. A homology model of the anti-DNP mAb (E52C) higGl
Fe domain (homodimer of SEQ 1D NO:3089) was constructed from an immunoglobulin
crystal structure (1HZH.pdb) and is depicted as a solid ribbon. Cys52 residucs of both
Fe domain monomers (SEQ 1D 3089), were the sifes of conjugation, and are rendered in
CPK format. The PEGI1T linkers are depicted as solid tubes in this cmbodiment in an
arbitrary conformation connecting the €52 residues in the immunoglobulin Fc¢ domain
to the Atz13 residucs in the peptides. Homology models of the peptide (SEQ 1D
NG:1046) were constructed from the NMR structure of GpTx-1 and are displayed as a
solid ribbon and shown in arbitrary relative orientations fo the immunoglobulin Fe
domain. Tweo peptides are shown to reflect the bivalent nature of Fe-peptide Conjugate
2.

{60121} Figure 90 shows a schematic representation of Immunoglobulin-peptide
Conjugate | for illustrative purposcs only. A homology model of the anti-DINP mADb
{(E273C) hlgG1 (comprising immunoglobulin monomers SEQ 1D NO:3087; SEQ 1D
NO:3088; SEG 1D NO:3087; SEQ 1D NO:3088) was constructed from an
immunoglobulin crystal structure (1HZH. pdb) and is depicted as a solid ribbon.
Cys273, the site of conjugation, is rendercd in CPK format. In this embodiment, the
PEGI1I linker is depicted as a solid tube in an arbitrary conformation connecting the
€273 residue in the immunoglobulin to the Atz13 residue in the peptide. A homology

model of the peptide (SEQ 1D NO:1046) was constructed from the NMR structure of
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GpTx-1 and is displayed as a solid ribbon and shown in an arbitrary relative orientation
to the immunoglobulin in this ecmbodiment.

(86122} Figure 91 shows a schematic representation of Immunoglobulin-peptide
Conjugate 2 for tlustrative purposes only. A homology model of the anti-DNP mADb
(E273C) higGl {comprising immunoglobulin monomers SEQ 1D NO:3087; SEQ ID
NQO:3088; SEQ 1D NO:3087; SEQ 1D NO:3088) was constructed from an
imrmunoglobulin erystal structure (1HZH.pdb) and is depicted as a solid ribbon. Both
Cys273 residucs, the sites of conjugation, arc rendered in CPK format. In this
embodiment, the PEG1T linkers are depicted as solid tubes in an arbitrary conformation
connceting the €273 residucs in the immunoglobulin to the Atz 13 residues n the
peptides. Homology models of the peptide (SEQ ID NO: 1046) were constructed from
the NMR structure of GpTx-1 and arc displayed as a solid ribbon and shown in arbitrary
relative orientations to the immunoglobulin in this embodiment. Two peptides are
shown to reflect the bivalent nature of Immunoglobulin-peptide Conjugate 2

[00123] Figure 92 shows the mean plasma concentration - time profiles of GpTx-
1 peptide analog-Fe conjugate (Fe-Peptide Conjugate 2) and control Fe (homodimer of
SEQ 1D NO:3089) following a 1 and 10 mg/kg s.¢. dosc to mice (n=3).

[60124] Figure 93 shows the mean plasma concentration — time profiles of
peptide~gG conjugate (Immunoglobulin-Peptide Conjagate 2) and control 1gG (higGl
mADb comprising SEQ 1D NO:3087; SEQ 1D NO:30688; SEQ 1D NO:3087; SEQ ID
NO:3088) following a | and 10 mg/kg s.¢. dose to mice (n=3).

J60125] Figure 94 shows the cffeets of peptide [Ala5]GpTx-1 (SEQ 1D NG:22) at
500 nM on fast sodium current and voltage-gated potassium currents.  Traces are
voltage-clamp recordings from a neuron enzymatically wsolated from rat dorgal root
gangha. Inward sodium and outward potassium currents combined were evoked
simultancously by a 20 ms step to 6 mV from a holding voltage of -90 mV. Trace at
right was taken approximately 160 seconds after addition of 500 nM peptide.
[AlaS|GpTx-1 (5EQ 1D NG:22) at 500 nM blocked fast sodium current but not voltage-
gated potassium currents,

[60126] Figure 95 shows the timecourse of the cffect of [Glu29]GpTx-1(1-34)
(SEQ 1D NO:30) in the formalin pain model in male CD-1 mice with a [-hour pre-

treatment dosc of 5 mg/kg s.c. The 5 mg/kg peptide dose and the 3 mg/kg s.c. dose of
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the positive control morphine (30 minutes pretreatment) had no significant effect in the
first phase (0-5 minutes post formalin injection). The 5 mg/kg s.c. dosc of
[Glu29]GpTx-1(1-34) (SEQ ID NG:30) did not demonstrate a significant reduction of
the time spent fifting/licking in the second phase of the study (5-40 minutes post
formaliv injection), but the morphine positive control did significantly reduce the time
spent lifting/licking in the second phase. Terminal exposure (peptide plasma
concentration at 45 min post formalin injection) was 0.502 & 0.271 uM for the 5 mg/kg
peptide dose.

[86127] Figure 96 shows the cffect of [Glu291GpTx-1(1-34) (SEQ 1D NO:30) in
the first phasc of the formalin pain model in male CD-1 mice with a {-hour pre-
treatment dose of 5 mg/kg s.c. The 5 mg/ke peptide dose and the 3 mg/kg s.c. dose of
morphime had no cffect in the fivst phase {0-5 minutes post formalin injection).
(06128} Figure 97 shows the effect of [Glu291GpTx-1(1-34) (SEQ 1D NO:30) in
the second phase of the formalin pain model (5-40 minutes post formalin injection) in
male CD-1 mice with a 1 hour pre-treatment dose of 5 mg/kg s.c. The 5 mg/kg s.c. dosce
of peptide did not demonstrate a significant reduction of the time spent Hifting/licking in
the sccond phase of the study relative to the vehicle control. The morphine positive
control did significantly reduce the time spent Hfting/licking in the second phase.
[G0129] Figure 98 shows the effect of [Glu291GpTx-1(1-34) (SEGQ 1D NO:30) on
paw edema in the formalin pain medel in male CD-1 mice with a [-hour pre-treatment
dose 5 mg/kg s.c. Neither the peptide nor the morphine control significantly reduced
the paw cdema caused by formalin injection relative to the vehicle (PBS).

95130 Figure 99 shows a repeat of the effect of [AlaS]GpTx-1(1-34) (SEQ 1D
NG:22) at a 5 mg/kg s.c. dose with a 1-hour pre-treatment time on the total basic
movement component of locomotor activity in male CD-1 mice. Total basic movement
was significantly reduced by the 5 mg/kg peptide dose. Terminal cxposure {peptide
plasma concentration at 2 h post peptide injection) was 2.1 = 0.47 uM.

[G0131] Figurc 100 shows the cffect of [ALa5]GpTx-1(1-34) (SEQ 1D NO:22) at
a 5 mg/kg s.c. dose with a 1-hour pre-freatment time on the fine movement component
of locomotor activity in male CD-1 mice. At the Smg/kg dose, peptide significantly

reduced the total fine movement relative to the vehicle.

13
[S]
OC‘

I



WO 2012/125973 PCTIUS2012/029537

(60132} Figure 101 shows the effect of [Ala5]GpTx-1(1-34) (SEQ ID NO:22) at
a 5 mg/kg s.c. dose with a l-hour pre-treatment time on the total rearing component of
locomotor activity in male CD-1 mice. Atthe Smg/kg dose, peptide significantly
reduced total rearing relative to the vehicle control.

(60133) “igure 102 shows the effect of [AlaS]GpTx-1(1-34) (SEQ 1D NO:22) at
a 5 mg/kg s.c. dosc with a 1-hour pre-treatment time on the tofal time rearing
component of locomotor activity in male CD-1 mice. At the 5 mg/kg dosc, peptide
significantly reduced the total time rearing relative to the vehicle control.

[66G134] Figure 103 shows the effect of [Glu29]1GpTx-1{1-34) (SEQ 1D NO:30) at
a S mg/ke s.c. dose with a 1-hour pre-treatment time on the total basic movement
component of locomotor activity in male CD-1 mice. The peptide dosc did not
significantly decrease exploratory behavior or total basic movement relative to the
vehicle control. Terminal exposure (peptide plasma concentration at 2 h post peptide
injection) was 0.771 +£0.272 uM for the 5 mg/kg s.c. peptide dose.

100135} Figure 104 shows the effect of [Glu291GpTx-1(1-34) (SEQ 1D NO:30) at
a 5 mg/kg s.c. dose with a 1-hour pre-treatment time on the finc movement component
of locomotor activity in male CD-1 mice. Atthe 5 mg/kg dose, fine movement was not
significantly atfected relative to the vehicle control.

1606136 Figure 105 shows the effect of [Glu29]GpTx-1(1-34) (SEQ 1D NO:30) at
5 mg/kg s.c. dose with a [-hour pre-treatment time on the total rearing component of
locomotor activity in male CD-1 mice. The peptide dose did not significantly decreasc
exploratory behavior or total rearing in relation to the vehicle control.

[G0137] Figure 106 shows the effect of [Glu29]GpTx-1(1-34) (SEQ ID NO:30) at
a 5 mg/kg s.c. dose with a 1-hour pre-treatment time on the total time rearing
component of locomotor activity in male CD-1 mice. At the 5 mg/kg dose, total time
rearing was not significantly atfected relative to the vehicle control.

[60138] Figure 107 shows the effect of [Glu28]GpTx-1(1-34) (SEG 1D NO:153)
at a 5 mg/kg s.c. dosc with a 1-hour pre-treatment time on the total basic movement
component of locometor activity in male CD-1 mice. Total basic movement was
significantly reduced by the 5 mg/kg peptide dose. Terminal exposure (peptide plasma

concentration at 2 h post peptide injection) was 1.28 4+ 0.403 uM.
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[66139] Figure 108 shows the effect of [Glu28]GpTx-1(1-34) (SEQ 1D NO:153)
at a 5 mg/kg s.c. dose with a 1-hour pre-treatment time on the fine movement
component of locomotor activity in male CD-1 mice. At the Smyg/kg dose, peptide
significantly reduced the total fine movement relative to the vehicle.

100140} Figure 109 shows the effect of [Glu281GpTx-1(1-34) (SEQ ID NO:153)
at a 5 mg/kg s.c. dose with a 1-hour pre-treatment time on the total rearing componcnt
of locomotor activity in male CD-1 mice. At the Smg/kg dosc, peptide significantly
reduced total rearing relative to the vehicle control.

{60141 Figure 110 shows the effcct of [GluZ8]GpTx-1(1-34) (SEQ 1D NO:153)
at a 5 mg/kg s.c. dose with a 1-hour pre-treatment time on the total time rearing
component of locomotor activity in male CD-1 mice. At the 5 mp/kg dose, peptide
significantly reduced the total time rearing relative to the vehicle control.

100142] Figure 111 shows the effects of 10 mg/kg s.c. doses of Fe-peptide
Conjugate 2 and Immunoglobulin-peptide Conjugate 2 with a -hour pre-treatment time
on the iotal basic movement component of locomotor activity in male CD-1 mice. The
peptide conjugate doses did not significantly decrcase exploratory behavier or total
basic movement relative to the vehicle control. Terminal exposures (peptide conjugate
plasma concentrations at 24.5 h post peptide conjugate injection) were 0.034 + 0.009
uM and 0.051 £ 0.007 pM for the 10 mg/kg s.c. doses of Fe-peptide Conjugate 2 and
frmmunoglobulin-peptide Conjugate 2, respectively.

{60143} Figure 112 shows the effects of 10 mg/kyg s.c. doses of Fe-peptide
Conjugate 2 and Immunoglobulin-peptide Conjugate 2 with a 1-hour pre-treatment time
on the fine movement component of locomotor activity in male CD-1 mice. At the [0
meg/kg doses, fine movement was not significantly affected by either peptide conjugate
relative to the vehicle control.

(00144} Figure 113 shows the effects of 10 mg/kg s.c. doses of Fo-peptide
Conjugate 2 and Immunoglobulin-peptide Conjugate 2 with a 1-hour pre-treatment time
on the total rearing component of locomotor activity in male CD-1 mice. The peptide
conjugate doses did not significantly decrease exploratory behavior or total rearing in
relation to the vehicle control.

[66145] Figure 114 shows the effects of 10 mg/kg s.c. doses of Fe-peptide

Conjugate 2 and Immunoglobulin-peptide Conjugate 2 with a 1-hour pre-treatment time

T
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on the total time rearing component of locomotor activity in male CD-1 mice. At the 10
mg/kg doses, total time rearing was not significantly affected by cither peptide
conjugate relative to the vehicle control.

[00146] Figure 115 shows the timecourse of the cffects of Fe-peptide Conjugate
2 and Immunoglobulin-peptide Conjugate 2 in the formalin pain model in male CD-1
mice with I~hour pre-treatment doses of 10 mg/kg s.c. The 10 mg/kg peptide doses and
the 3 mg/kg s.c. dosc of the positive control morphine (30 minutes pretreatment) had no
significant effect in the first phase (0-5 minutes post formalin injection). The 10 mg/kg
s.c. doscs of Fe-peptide Conjugate 2 and Immunoglobulin-peptide Conjugate 2 did not
demonstrate a significant reduction of the time spent Lifting/licking in the sccond phase
of the study (5-40 minutes post formalin injection), but the morphine positive control
did significantly reduce the time spent lifting/licking in the second phase. Terminal
exposures (peptide conjugate plasma concentrations at 45 min post formalin injection)
were 0.035 £ 0.011 pM and 0.040 = 0.011 uM for the 10 mg/kg doses of Fe-peptide
Conjugate 2 and Immunoglobulin-peptide Conjugate 2, respectively.

[06147] Figure 116 shows the effects of Fe-peptide Conjugate 2 and
Immunoglobulin-peptide Conjugate 2 in the first phase of the formalin pain model in
male CD-1 mice with I-hour pre-treatment doses of 10 mg/kg s.c. The 10 mg/kg s.c.
doses of Fe-peptide Conjugate 2 and Immunoglobulin-peptide Conjugate 2 and the 3
mg/kg s.c. dose of morphine had no effect in the first phasc (0-5 minutes post formalin
injection).

10G148] Figure 117 shows the effects of Fe-peptide Conjugate 2 and
Immunoglobulin-peptide Conjugate 2 in the seccond phase of the formalin pain model
(5-40 minutes post formalin injection) in male CD-1 mice with 1 hour pre-treatment
doses of 10 mg/kg s.c. The 10 my/kg s.c. doses of Fe-peptide Conjugate 2 and
Immunoglobulin-peptide Conjugate 2 did not demonstrate a significant reduction of the
time spent lifting/licking 1n the sccond phase of the study relative to the vehicle control.
The morphine positive control did significantly reduce the time spent lifting/licking in

the second phase.
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DETAILED DESCRIPTION OF EMBODIMENTS

1066149 The section headings used herein are for organizational purposes only
and are not to be construed as Hmiting the subject matter described.

[00158] Definitions

(68151} Unless otherwise defined herein, scientific and technical terms used in
connection with the present application shall have the meanings that arc commonly
understood by those of ordinary skill in the art. Further, unless otherwise required by
context, singular terms shall include pluralitics and plural terms shall include the
singular. Thus, 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. For example, reference to “a protein” includes a plurality of protcins;
reference to “a cell” includes populations of a plurality of cells.

[66152] "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,” arc included within the definition of polypeptide. The terms include
post-translational modifications of the polypeptide, for example, glycosylations,
acetylations, biotinylations, 4-pentynoylations, PEGylations, 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
mclude molecules in which onc or more amino acid analogs or non-canonical or
unnatural amine acids are included as can be expressed recombinantly using known
protcin engineering techniques. In addition, fusion proteins can be derivatized as
described herein by well-known organic chemistry techniques.

(66153 A composition of the present invention that inciudes a peptide or
polypeptide of the mvention covalently linked, attached, or bound, cither dircetly or
indirectly through a linker motety, to another peptide or polypeptide of the invention or
to a half-life extending moicty is a “conjugate” or “conjugated” molecule, whether
conjugated by chemical means (e.g., post-translationally or post-synthetically) or by

recombinant fusion.
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[66154] “Biotin” is a water-soluble B-complex vitamin, i.c., vitamin B7, that is
composed of an ureido (tetrahydroimidizalone) ring fused with a tetrahydrothiophenc
ring (See, Formula I).
Formula I:
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A valeric acid substituent is attached to onc of the carbon atoms of the
tetrahydrothiophene ring. In nature, biotin is a coenzyme in the metabolism of fatty
acids and leucine, and it plays a role 1 vivo in gluconcogenesis. Biotin binds very
tightly to the tetrameric protein avidin (e.g., Chicken avidin, bacterial streptavidin, and
neutraviding, with a dissociation equilibrium constant Ky, in the order of 10 Mo 1070
M, which is onc of the strongest known protein-ligand mteractions, approaching the
covalent bond in strength.  (Laitinen et al.. Genetically engineered avidins and
strepravidins, Cell Mol Life Sei. 63 (24): 2992-30177 (2006)). The biotin-avidin non-
covalent interaction is often used in diffcrent biotechnological applications. (Sce,
Laitinen et al., Genetically engineered avidins and strepraviding, Cell Mol Life Sci. 63
(24): 2992-30177 (2006)).
[G6155] “Biotinylated” means that & substance 1s covalently conjugated to onc or
more biotin moietics. Biotinylated peptides useful in practicing the invention can be
purchased commercially (e.g., Midwest Bio-Tech Inc.) or can be readily synthesized
and biotinylated. Biotinylation of compounds, such as peptides, can be by any known
chemical technique. These include primary amine biotinylation, sulthydryl
biotinylation, and carboxyl biotinylation. For ecxample, amine groups on the peptide,
which arc present as lysine side cham epsilon-amincs and N-terminal a-amincs, arc
common targets for primary amine biotinylation biotinylation. Aminc-reactive
biotinylation reagents can be divided into two groups based on water solubility.

1) N-hydroxysuccinimide (NHS)-esters of biotin have poor solubility in agucous

solutions. For reactions in aquecous solution, they must first be dissolved in an

organic solvent, then diluted into the aqueous reaction mixture. The most
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commonly uscd organic solvents for this purposc are dimethy! sulfoxide
(DMSO) and dimethy! formamide (DMF), which are compatible with most
proteins at low concentrations.
2y Sulfo-NHS-csters of biotin arc more soluble in water, and arc dissolved in water
just before use because they hydrolyze casily. The water solubility of sulfo-
MHS-esters stems from their sulfonate group on the N-hydroxysuccinimide ring
and eliminates the need to dissolve the reagent in an organic solvent,
Chemuceal reactions of NHS- and sulfo-NHS-csters arc cssentially the same: an amide
bond is formed and NHS or sulfo-NHS become leaving groups. Because the targets for
the ester arc deprotonated primary amines, the reaction is prevalent above pki 7.
Hydrolysis of the NHS-ester 1s a major competing reaction, and the rate of hydrolysis
increascs with increasing pH. NHS- and sulfo-NHS-esters have a half-life of several
hours at pH 7, but only a few minutes at pH 9. The conditions for conjugating NIS-
esters to primary amines of peptides mclude incubation temperatures in the range 4-
37°C, reaction pH values in the range 7-9, and incubation times from a few minutes to
about 12 hours. Buffers containing amines (such as Tris or glycine) must be avoided
because they compete with the reaction. The HABA dye (2-(4-hydroxyazobenzene)
benzoic acid) method can be used to determine the extent of biotinylation. Briefly,
HABA dye is bound to avidin and yiclds a characteristic absorbance. When biotin, in
the form of biotinylated protein or other molecule, 18 introduced, it displaces the dye,
resulting in a change in absorbance at 500 nm. The absorbance change is directly
proportional to the level of biotin in the sample.
[(60156] “d-pentynoylation” of an amino acid residue is typically by coupling 4-
pentynoic acid via a standard amide bond reaction via the N-terminal or at a side chain.
When appropriate for additional PEGylations, 4-pentynoylation can alternatively
cmploy an alkyne in the copper-catalyzed 1,3-dipolar cycloaddition reaction (the so-
called “Click™ reaction) to react with the azide in the azide-PEG molccule to link the
peptide and the PEG via a triazole,
(60157 An “isolated polypeptide” is a polypeptide molecule that is purified or
separated from at feast one contaminant polypeptide molecule with which it is
ordinarily associated in the natural source of the polypeptide. An isolated polypeptide

molecule is other than in the form or setting in which it is found in nature.
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[60158] “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 ct al., ShK-Dap22, a
potent Kv1.3-specific immunosuppressive polypeptide, J. Biol. Chem. 273(49):32697-
707 (1698); Kem et al., US Patent No. 6,077,680; Mouhat et al., OsK 1 derivatives, WO
2006/002850 AZ; Chandy et al., Analogs of SHK toxin and their uses in sclective
inhibition of iKv1.3 potassium channels, WO 2006/042151; Sullivan ct al., Toxin
Peptide therapeutic agents, WO 2006/116156 A2, all of which arc incorporated herein
by reference in their entirety).  Snakes, scorpions, spiders, bees, snails and sca ancmonce
are a few cxamples 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. GpTx-1 (SEQ ID NO:1); GpTx-2 (SEQ 1D NO:467); GpTx-3
SEQ 1D NO:468); GpTx-4 (SEQ ID NG:469); GpTx-5 (SEQ ID NO:470); GpTx-6(1-
35) (SEQ 1D NG:4T1); and GpTx-7(1-35) (SEQ ID NO:473) are cxamples of toxin
peptides. Some other examples of toxins that inhibit voltage-gated sodium channels
include Huwentoxin-1V (ECLEI FKACN PSNDQ CCKSS KLVCS RKTRW CKY(QI-
NH// SEQ 11 NO:528) and Huwentoxin-I (ACKGV FDACT PGKNE CCPNR
VOSDK HIKWCK WKL //SEG 1D NG:529), 1solated from the venom of tarantula
Ornithoctonus huwena, KIHA (CONCS SKWCR DHSRC C-NHy//SEQ 1D NG:530)
isolated from the venom of marine cone snail Conus kinoshitai; and ProTxH (YCQKW
MWTCD SERKC CEGMV CRLWC KKKLW /SEG 1D NO:53 1) isolated from the
venorn of tarantula Thrixopelma pruriens. Another example is the alpha toxin OD1
(GVRDAYIADD KNCVYTCASN GYCONTECTKN GAESGYCQWI GRYGNACWCY
KLPDEVPIRIPGKCR-NHY//SEQ 1D N(O:589), a toxin isolated from the venom of the
scorpion Odonthobuthus doriae. Another example of a toxin peptide 18 OSK 1 {also
known as OsK 1), a toxin peptide isolated from Orthochirus scrobiculosus scorpion
venom. {¢.g., Mouhat et al., K+ channel types targeted by synthetic OSKI, 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); Mouhal et al.,
OsKl derivatives, WO 2006/002850 A2). Another example is ShK, isolated from the
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venom of the sea anemone Stichodactyla helianthus, and its peptide analogs. (E.g.,
Tudor et al., lonisation behaviour and solution properties of the potassium-channel
blocker Shi toxin, Eur. J. Biochem. 251(1-2):133-41(1998); Pennington ¢t al., Role of
disulfide bonds in the structure and potassium channel blocking activity of ShK toxin,
Biochem. 38(44): 14549-58 (1999}, Kem ct al., ShK. toxin compositions and mcthods
of use, US Patent No. 6,077,680; Lebrun et al., Neuropeptides originating in scorpion,
US Patent No. 6,689,749; Becton ot al., Targeting effcctor memory T cclls with a
selective peptide inhibitor of Kv1.3 channnels for therapy of autoimmune discases,
Molce. Pharmacol. 67(4):1369-81 (2005); and Sullivan et al,, Sclective and potent
peptide inhibitors of Ky1.3, WO 2010/108154 A2).

[66159] The toxin peptides are usually between about 20 and about 80 amino
acids in length, contain 2-5 disulfide hnkages and form a very compact structure. Toxin
peptides {e.g., from the venom of scorpions, sea anemoncs and cone snails) have been
isolated and characterized {or their impact on ion channels. Such peptides appear to
have cvolved from a relatively small number of structural frameworks that arc
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 exiremely compact and constrained structure
{microproteins) often resistant to protcolysis. The conotoxin and scorpion toxin
peptides can be divided into a number of superfamilics based on their disulfide
connections and peptide folds. The solution structure of many toxin peptides has been
determined by NMR speciroscopy, illustrating their compact structure and verifying
conservation of family folding patterns.  (E.g., Tudor et al., lonisation behaviour and
solution properties of the potassium-channel blocker Sh¥ toxin, Eur. J. Biochem.
25T(1-2): 133-41{1998); Pennington cf al., Role of disulfide bonds in the structure and
potassium channel blocking activity of Shi toxin, Biochem. 38(44): 14549-58 (1699,
Jaravine ct al., Three-dimensional structure of toxin OSK] from Orthochirus
scrobiculosus scorpion venom, Biochem. 36(6):1223-32 (1997}; del Rio-Portillo ot al.;
NMR solution siructurce of Cnl2, a novel peptide from the Mexican scorpion
Cenlruroides 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
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from the alpha-KTx 15 subfamily, Biochem. 45(6):1795-1804 {2006)). Other examples
are known in the art, or can be found in Sullivan et al., Toxin Peptide Therapeutic
Agents, WG06116156 A2 or U.S. Patent No. 7,833,979; Sullivan et al., Selective and
potent peptide inhibitors of K¢1.3, WO 2010/108154 A2; Mouhat et al., OsK
derivatives, WO 2006/602850 AZ; Sullivan et al., U.S. Patent Application No.
11/978,076 (titled: |, filed 25 October 2007), Lebrun et al,, U.S. Patent No. 6,689,749,
which are each incorporated by reference i their entireties,

{00168} The term “peptide analog” refers to a peptide having a sequence that
differs from a peptide sequence existing m naturce by at least one aming acid residue
substitution, internal addition, or mtemal delction 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 naturc at a
position other than the N- or C-terminus.

(06361 Embodiments of the inventive composition of matter includes a toxin
peptide analog, or a pharmaceutically acceptabie salt thercof, “Toxin peptide analogs”
contain modifications of a native toxin peptide sequence of interest (e.g., amino acid
residuc substitutions, internal additions or msertions, internal deletions, and/or amino-
or carboxy- terminal end truncations, or additions as previously described above)
refative to a native toxin peptide sequence of interest, such as GpTx-1
{DCLGFMRECIPDNDRKCCRPNLYCSRTHKWCK Y VENH, /SEQ 1D NO:1). Toxin
peptide analogs of the present invention are 20 to about 80 amine acid residucs long
and, in relation to SEQ 1D NO:1, have C'-C*, C%C° and C-C° disulfide (or disclemde)
bonding in which, C', €2, €, ¢, € and C° represent the order of cysteine (or
sclenocysteine) residucs 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 (or selenocysteines) in the amino acid scquence forming a disulfide bond (or
diselenide bond, if SeCys), the second and fourth cysteines {or selenocysteines)
forming a disulfide bond (or disclenide bond, if SeCys}, and the third and fifth cysteincs
(or selenocysteines) forming a disulfide bond (or diselenide bond, if 5eCys). As

described herein, the toxin peptide analogs of the present invention can also have
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additional amino acid residues at the N-terminal and/or C-terminal ends, in relation to
SEQ ID NO:1.

[00162] By “physiologically acceptable salt” of the composition of matter, for
cxample a salt of the toxin peptide analog, 1s meant any salt or salts that arc known or
later discovered to be pharmaceutically acceptable. Some non-limiting examples of
pharmaccutically acceptable salts are: acefate; trifluoroacctate; 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 PentaGalioylGlucose (PGG) and cpigatlocatechin
gatlate (EGCQG), salts of cholesteryl suifate, pamoate, tannate and oxalate salts.

(661631 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

{rom a different protein. The fusion gene can then be expressed by a recombinant host
cell as a single protein.

37 &

160164] The terms ““mimetic peptide,” “peptide numetic,” and ““~agonist peptide”
refer fo 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.
These terms further melude peptides that indivectly mimic the activity of a naturally
occurring peptide molecule, such as by potentiating the effects of the naturally
occurring molecule.

[60165) The term “-antagonist peptide,” “peptide antagonist,” and "inhibitor
peptide” refer to a peptide that blocks or in some way interferes with the biclogical
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).

[00166] 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 the protein chain and/or be

S48 -



WO 2012/125973 PCT/US2012/029537

corrclated with a particular biological, biochemical, or structural function or location
(c.g., a ligand binding domain, or a cytosolic, transmembrane or extracellular domain).
[66167] Asused 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 protcin contains a twin-arginine signal amino acid scquence 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 secrction, or by bacterial host
possessing the appropriate genes {e.g., the kil genc). 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 18 a protein which 1s not found integrated in cellular
membranes. In contrast, an insoluble protein 18 one which cxists in denatured form
ingide 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 membrancs, mitochondrial
membranes, chloroplast membranes, endoplasmic reticulum membranes, etc.

[66168] A distinction is also drawn between proteins which are “soluble” (ie.,
dissolved or capable of being dissolved) in an agucous solution devoid of significant
amounts of ionic detergents {e.g., SDS) or denaturants {c.g., urca, 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 liguid medium (c.g., centrifugation at 5,000%g for 4-5 minutes). In some
embodiments of the inventive compeosition, the toxin peptide analog is synthesized by
the host cell and segregated 1n an msoluble form within ceflular inclusion bodies, which
can then be purificd 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.
1001691 A distinction is drawn betwecn a “soluble” protein (i.e., a protein which
when expressed in a host cell is produced i a soluble form) and a "solubilized" protein.
An insoluble recombinant protein found inside an inclusion body or found integrated in
a cell membrane may be solubilized (1.e., rendered into a soluble form) by treating
purified incluston bodies or ccll membranes with denaturants such as guanidine

hydrochloride, urea or sodium dodecyl sulfate {(SDS). These denaturants must then be
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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 ccll membrancs
and will maintain the proteins in solution at low concentration. However, dialysis will
not atways remove all of the SDS (SDS can form micelles which do not dialyze out);
therefore, SDS-solubilized inclusion body protein and SDS-solubilized cell membranc
protein is soluble but not refolded.

[66178] A “secreted” protein refers fo those proteins capable of being directed to
the ER, secrctory vesicles, or the extracellular space as a result of a scerctory signal
peptide sequence, as well as those protens released into the extraccliular space without
necessarity containing a signal sequence. 1f 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
cxtracellular space and/or medium.

180171} The term “recornbinant” indicates that the matcnal (e.g., a nucleic acid
or a polypeptide) has been artificially or synthetically (i.c., 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 oucleic

acid” is one that 13 made by recombining nucleic acids, ¢.g., during cloning, DNA

fiwll

shuffling or other well known molecular biological procedures. Examples of such
molecular biological procedures arc found in Maniatis et al., Melccular Cloning. A
Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y. (1982).
A "recombinant DNA molceule,” 1s comprised of segments of DNA jeined together by
means of such melecular biological techniques. The term "recombinant protein” or
"recomnbinant polypeptide” as used herein refers to a protein molecule which is
expressed using a recombinant DMNA molecule. A “recombinant host cell” is a cell that

containg and/or cxpresses a recombinant nucleic acid.
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{60172} The term “polynucieotide” or “nucleic acid” includes both single-
stranded and double-stranded nucleotide polymers containing two or more nucleotide
residues. The nucleotide residucs comprising the polynucleotide can be ribonucleotides
or deoxyribonucleotides or a modificd form of either type of nucleotide. Said
modifications include base modifications such as bromouridine and inosine derivatives,
ribose modifications such as 2°,3’-didcoxyribose, and internucleotide linkage
modifications such as phosphorothioate, phosphorodithioate, phosphoroselenoate,
phosphorodiselenoate, phosphoroanitothioate, phosphoraniladate and
phosphoroamidate.

[68173] The term “oligonucleotide™ means a polynucicotide comprising 200 or
fower nucleotide residues. In some embodiments, oligonucieotides are 10 to 60 bases in
length. In other embodiments, oligonucleotides are 12, 13, 14, 15, 16, 17, 18, 19, or 20
to 40 nucleotides in length. Oligonucleotides may be single stranded or double
stranded, ¢.g., for use in the construction of & mutant gene. Gligonucleotides may be
sensc or antisensc oligonucieotides. An oligonucicotide can include a label, including
an isotopic label (e.g., 125y Mo, Be, s, H, T, PN PN, 1‘0’0, 70, ctc.), for case of
quantification or detection, a fluorescent label, a hapten or an antigenic label, for
detection assays. Oligonucleotides may be used, for example, as PCR primers, cloning
primers or hybridization probes.

(00174} A “polynucleotide scquence” or “nucleotide sequence” or "nucleic acid
sequence,” as used interchangeably herein, 18 the primary sequence of nucleotide
residucs in a polynucleotide, including of an oligonucleotide, a DNA, and RNA, a
nucleic acid, or a character string representing the primary sequence of nucleotide
residues, depending on context. From any specified polynucleotide scquence, either the
given nucleic acid or the complementary polynucleotide sequence can be determined.
Included arc DNA or RNA of genomic or synthetic origin which may be single- or
double-stranded, and represent the sense or antisensc strand. Unless specified
otherwisc, the left-hand end of any single-stranded polynucleotide scquence discussed
herein is the 57 end; the left-hand direction of double-stranded polynucleotide sequences
1 referred to as the 57 direction. The dircction of 5" to 3' addition of nascent RNA
transcripts is referred to as the transcription direction; sequence regions on the DNA

strand having the same scquence as the RNA transcript that are 5' to the 5" end of the
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RNA transcript arc referred to as “upstream sequences,” scquence regions on the DINA
strand having the same scquence as the RNA transeript that are 3' to the 3" end of the
RNA transcript are referred to as “downstrcam sequences.”

Mp175] As used herein, an “isolated nucleic acid molecule” or “isclated nucleic
acid sequence” is a nucleic acid molecule that is either (1) identified and separated from
af feast one contarminant nuclcic acid molecule with which it is ordinarily associated in
the natural source of the nucleic acid or (2) cloned, amplified, tagged, or otherwisce
digtinguished from background nucleic acids such that the sequence of the nucleic acid
of interest can be determined. An isolated nucleic acid molecule 18 other than in the
form or setting in which it is found in nature. However, an isolated nucleic acid
molecule includes a nucleic acid molecule contained in cells that ordinarily express a
polypeptide (e.g., an oligopeptide or antibody) where, for example, the nucleic acid
moolecule 1 in a chromosomal fecation different from that of natural cells.

108176] As used herem, the terms "nucleic acid molecule encoding," "DINA
sequence cncoding,” and "DNA encoding” cefer to the order or sequence of
deoxyribonucleotides along a strand of deoxyribonucleic acid. The order of these
deoxyribonucleotides determines the order of nibonucleotides along the mRMNA chain,
and also determines the order of amino acids along the polypeptide (protein) chain. The
IDNA sequence thus codes for the RNA scquence and for the amine acid sequence.
(66177} The term “gene” is used broadly to refor to any nucleic acid associated
with a biclogical function. Genes typically include coding sequences and/or the
regulatory sequences required for expression of such coding sequenices. The term
“gene” applics to 4 specific genomic or recombinant scquence, as well as to a cDNA or
mRINA concoded by that sequence. A “fusion genc” contains a coding region that
encodes a polypeptide with portions from different proteing that are not naturally found
together, or not found naturally together 1n the same sequence as present in the encoded
fusion protein (1.e., a chimeric protein). Genes also include non-expressed nucleic acid
segments that, for example, form recognition scquences for other profeing, MNon-
expressed regulatory sequences including transcriptional control elements to which
regulatory proteins, such as transcription factors, bind, resulting in transcription of

adjacent or nearby sequences.
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100178] “Expression of a gene” or “cxpression of a nucleic acid” means
transcription of DNA into RNA (optionally including modification of the RNA, ¢.g.,
splicing), translation of RMA into a polypeptide (possibly including subsequent post-
translational modification of the polypeptide), or both transcription and translation, as
indicated by the context.

100179)] As used herein the term "coding region or “coding sequence” when
used in reference to a structural gene refers to the nucleotide sequences which cncode
the amino acids found in the nascent polypeptide as a result of translation of an mRNA
molecule. The coding region is bounded, in cukaryotes, 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 (e, TAA, TAG, TGA).

[0018B0] The term “control sequence” or “control signal” refers to a
polynucleotide sequence that can, in a particular host cell, affect the expression and
processing of coding sequences to which it is ligated. The nature of such control
sequences may depend upon the host organism. In particular embodiments, control
sequences for prokaryotes may include a promoter, a ribosomal binding site, and a
transcription termination sequence. Control sequences for eukaryotes may include
promoters comprising one or a plurality of recognition sites for transcription factors,
transcription enhancer sequences or clements, polyadenylation sites, and transcription
termination sequences. Control sequences can include leader scquences and/or fusion
partner sequences. Promoters and enhancers consist of short arrays of DNA that
interact specifically with cellular proteins involved in transcription (Manialis, et al_,
Scicnce 236:1237 (1987)). Promeoter and enhancer elements have been isolated from a
varicty of eukaryotic sources including genes in yeast, inscct and mammalian cells and
viruses {analogous control elements, i.c., promoters, arc 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 cukaryotic promoters and crhancers have
a broad host range while others arc functional in a limited subsct of cell types (for
review gee Voss, et al., Trends Biochem. Sci., 11:287 (1986) and Maniatis, ¢t al.,

Science 236:1237 (1987)).
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[606181] The term “vector’” means any molecule or entity (c.g., nucleic acid,
plasmid, bacteriophage or virus) used to transfer protein coding mformation mto a host
cell.

[66182] The term "expression vector” or “expression construct” as used herein
refers to a recombinant DNA molecule containing a desired coding scquence and
appropriate nucleic acid control sequences necessary for the expression of the operably
linked coding scquence in a particular host ccll. An expression vector can include, but
is not limited to, scquences that affect or control transcription, translation, and, if
introns are present, affect RNA splicing of a coding region operably linked thereto.
Nucleic acid sequences nceessary for cxpression In prokaryotes mclude a promoter,
optionally an operator sequence, a ribosome binding site and possibly other sequences.
Sukaryotic cells are known to utilize promoters, enhancers, and termination and
polyadenylation signals. A sceretory signal peptide sequence can also, optionally, be
encoded by the expression vector, operably linked to the coding sequence of interest, so
that the expressed polypeptide can be scereted by the recombinant host cell, for more
facile isolation of the polypeptide of interest from the cell, if desired. Such techniques
are well known 1o 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; Ucrmura ct
al., Protem expression vector and utilization thercof, U.S. Patent No. 7,029,909, Ruben
et al., 27 human secreted proteins, US 2003/0104400 Al).

100183 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 divecting 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 scquences in such a manner so that a functional protein is
produced. For example, a control sequence in a vector that is "operably linked" to a
protein coding sequence 15 ligated thereto so that cxpression of the protein coding
sequence is achieved under conditions compatible with the transcriptional activity of the
control scquences.

[60184] The term “host cell” means a cell that has been transformed, ot s

capable of being transformed, with a nucleic acid and thereby expresses a gene of
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interest. The term includes the progeny of the parent cell, whether or not the progeny is
identical in morphology or in genetic make-up to the original parent cell, so long as the
gence of intercst is present. Any of a large number of available and well-known host
celis 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, casc 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 may be equally cffeetive for the expression of a
particular DNA sequence. Within these general guidelines, uscful microbial host cells
in cuiture include bacteria (such as Escherichia coli sp.), yeast (such as Saccharomyces
sp.) and other fungal cells, insect cells, plant cells, mammalian (including human) cells,
¢.g., CHO cells and HEK-293 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 £, 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.

[GG185] The term “transfection” means the uptake of forcign or exogenous DNA
by a ccll, and a cell has been “transfected” when the exogenous DNA bas been
introduced inside the cell membrane. A number of transfection techniques are well
known in the art and are disclosed hercin. Sce, ¢.g., Graham ct al., 1973, Virology
52:456; Sambrook et al., 2001, Molecular Cloning: A Laboratory Manual, supra; Davis
ct al., 1986, Basic Methods in Molecular Biology, Elsevier; Chu et al., 1981, Gene
13:197. Such techniques can be used to introducce onc or more cxogenous DMA
moieties into suitable host cells.

[60186] The term “transformation” refers to a change in a cell's genctic
characteristics, and a ccll has been transformed when it has been modified to contain
new DNA or RNA. For example, a cell is transformed where it is genctically modified

from its native state by introducing new genetic material via transfection, transduction,
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or other techaiques. Following transfection or transduction, the transforming DNA may
recombine with that of the cell by physically integrating into a chromosome of the cell,
or may be maintained transiently as an episomal clement without being replicated, or
may replicate independently as a plasmid. A cell is considered to have been “stably
transformed” when the transforming DNA 13 replicated with the division of the cell.
160187 The term "transgene™ refers to an isolated nucleotide sequence,
originating in a different species from the host, that may be inserted into one or more
cells of a mammal or mammalian embryo. The transgene optionally may be operably
linked to other genctic clements (such as a promoter, poly A sequence and the like) that
may serve to modulate, either directly, or indirectly in conjunction with the cellular
machinery, the transcription and/or expression of the transgene. Alternatively or
additionally, the transgene may be linked to nucleotide sequences that aid i integration
of the transgenc into the chromosomal DNA of the mammalian cell or embryo nucleus
{as for example, in homologous recombination). The transgene may be comprised of a
nucleotide sequence that is etther homologous or heterologous to a particular nucleotide
scquence in the mammal's endogenous genetic material, or is a hybrid sequence (i.e. one
or more portions of the transgene arc homologous, and one or more portions are
heterologous 1o the mammal's genetic material). The transgene nucleotide sequence
may cneode a polypeptide or a variant of a polypeptide, found endogenously in the
mammal, it may encode a polypeptide not naturally occurring in the mammal (i.e. an
exogenous polypeptide), or it may encode a hybrid of endogenous and exogenous
polypeptides. Where the transgene is operably linked to a promoter, the promoter may
be homologous or heterologous to the mammal and/or to the transgene. Alternatively,
the promoter may be a hybrid of endogenous and exogenous promoter elements
{enhancers, silencers, suppressors, and the bike).

[G0188] Peptides. Recombinant DNA- and/or RNA-~mediated protein expression
and protein cngineering techniques, or any other methods of preparing peptides, arc
applicable to the making of the inventive polypeptides, e.g., toxin peptide analogs and
fusion protein conjugates thereof (e.g., fusion proteins containing a toxin peptide analog
and an tmmunoglobulin Fo domain, transthyretin, or human scerum alburmin). For
example, the peptides can be made in transformed host cells. Briefly, a recombinant

DNA molccule, or construct, coding for the peptide is prepared. Methods of preparing
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such DNA molccules are well known in the art. For instance, sequences encoding the
peptides can be excised from DINA 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 sclection 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, case of recovery of the peptides, cxpression characteristics, bio-safcty
and costs. A balance of these factors must be struck with the understanding that not all
hosts may be equally effective for the expression of a particular DNA scquence. Within
these general guidelines, uscful microbial host cells in culture include bacteria (such as
Escherichia coli sp.), yeast (such as Saccharomyces sp.y and other fungal cells, insect
cells, plant cells, mammalian (including human) cells, ¢.g., CHO cells and HEK293
cells. Modifications can be made at the DNA level, as well. The peptide-encoding
DNA scquence may be changed to codons more compatible with the chosen host cell.
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 arc well
known in the art. In addition, the DNA optionally further cncodes, 57 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 Fe 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 ¢t al., Toxin Peptide
Therapeutic Agents, US2007/0071764 and Sullivan ¢t al,, Toxin Peptide Therapeutic
Agents, PCT/US2007/02283 1, published as WO 2008/088422, which are both
incorporated herein by reference in their entireties.

[6G189] Peptide compositions of the present invention can also be made by

synthetic methods. Solid phase synthesis is the preferred technique of making
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individual peptides since it Is the most cost-cffective 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. Polypeptides, pp. 335-61 (Katsoyannis and Panayotis eds.);
Merrificld (1963), . Am. Chem. Soc. 85: 2149; Davis ct 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 Proteinsg (3rd ed.) 2: 105-253; and Erickson ct 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. Pcterson, M. R. Rhodes, and H. H. Saneil, Eds., Advanced
Chemtech, 1998; "Principles of Peptide Synthesis, 2nd ed.,” M. Bodanszky, Ed.,
Springer-Yerlag, 1993; "The Practice of Peptide Synthesis, 2nd ¢d.," M. Bodanszky and
A. Bodanszky, Eds., Springer-Verlag, 1994; "Protecting Groups," P. J. Kocicnski, Ed.,
Georg Thieme Verlag, Stuttgart, Germany, 1994; "Fmoc Solid Phase Peptide Synthesis,
A Practical Approach,” W. €. 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 arc apphicable 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 arc both
incorporated herein by reference in their entirctics.

{06120] In further describing the toxin peptide analogs herein, a onc-letter
abbreviation system 1s frequently applicd to designate the identities of the twenty
“canonical” amino acid residues generally incorporated into naturally occurring
peptides and proteins (Table 2). Such one-letter abbreviations are entirely
interchangeable in meaning with three-letter abbreviations, or non-abbreviated amino

acid names. Within the onc-lctter abbreviation system used herein, an upper case leiter
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indicates a L-amino acid, and a lower case letter indicates a D-amino acid. For
example, the abbreviation “R” designates L-arginine and the abbreviation “r” designates

D-argining.

Table 2. One-letter abbreviations for the canonical amino acids.

Three-letter abbreviations arc in parentheses.

Alanine (Ala) A
Glutamine (Gln) Q
Leucine {Leu) L
Serine (Ser) S
Arginine (Arg R
Glutamic Acid (Glhu) E
Lysine (Lys) K
Threonine (Thr) T
Asperagine (Asn) N
Glycine (Gly) G
Methionine (Met) M .
Tryptophan (Trp) W ‘
Aspartic Acid (Asp) D
Histidine (His) H
Phenylalanine (Phe) F
Tyrosine (Tyr) Y
Cysteine (Cys) C
Isoleucine (Ile) I
Proline (Pro) P
Valine {(Val) Y
[00191] 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 intercst, which is then followed by the onc-letter symbol for the amino acid

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

[66152] Non-canonical amino acid residues can be incorporated into a peptide
within the scope of the invention by employing known techuiques of protein
engincering that use recombinantly cxpressing cells. (See, e.g., Link ct al., Non-
canonical amino acids in protein engineering, Current Opinion in Biotechnology,
14{6):603-609 (2603)). The term "non-canonical amino acid residue” refers to amino
acid residues in D- ot L-form that arc not among the 20 canonical amino acids generally
mmcorporated into naturally occurring proteins, for cxample, B-amino acids, homoamino
acids, cyelic amino acids and amino acids with derivatized side chains. Examples
include {in the L-form or D-form) B-alanine, B-aminopropionic acid, piperidinic acid,
aminocaprioic acid, aminoheptanoic acid, aminopimelic acid, desmosine,
diarnimopimelic acid, N*%ethylglycine, N%-cthylaspargine, hydroxylysine, allo-
hydroxylysine, isodesmosine, allo-isoleucine, w-methylarginine, N®-methylglycing,
Nmethylisoleucine, N*methylvaline, , y-carboxyglutamate, &-IN,N,N-trimethyllysine,
g-N-acetyllysine, O-phosphoserine, N“acetylserine, N“formylmethionine, 3-
methylhistidine, 5-hydroxylysine, and other similar amino acids, and thosc listed in
Table 3 below, and derivatized forms of any of these as described herein. Table 3
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. Some amino acid sequences, as recited herein may include “{H}- at the N-
terminal, which represents an N-terrninal amino group, and/or may include “~{Free

Acid}” at the C-terminal, which represents a C-terminal carboxy group.
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Table 3. Useful non-canonical amino acids for amino acid addition, insertion, or
substitution info peptide sequences in accordance with the present invention. In the
event an abbreviation listed in Table 3 differs from another abbreviation for the
same substance disclosed elsewhere herein, both abbreviations arc understood o be
applicable. The amino acids listed in Table 3 can be in the L-form or D-form,

unless otherwise noted.

Amine Acid | Abbreviation(s)
Acctanidomethyl Acm
Acetylarginine acetylarg
a-~aminoadipic acid Aad
aminobutyric actd Abu
2-aminobutyric acid 2-Aby
S-aminohexanoic acid Ahx; eAlx
3-amino-6-hydroxy-2-piperidone Ahp
2-aminoindane-2-carboxylic acid Alc
g-amino-isobutyric acid Alb
3-amino-2-naphthoic acid Anc
2-aminotetraline-2-carboxylic acid Afe

Aminophenylalanine

Aminophe; Amino-Phe

4-amino-phenylatanine (also known as

4AmP; 4-AminoF; 4-Amino-

para-aminophenylalanine) Phe
4-amidino-phenylafanine 4AmPhe
2-amino-2-(1-carbamimidoylpiperidin-4-

yhacotic acid 4AmPig
w-N-methylarginine R(Me)

Arg W{CH,INH) ~reduced amide bond rArg
3-(1,2,3-trtazol-4-y}Alanine Atz
(S)-2-aminc-3-{1-(1-bromo-2-0x0-~ Atz{(PEG3-

6,9,12-trioxa-3-azatetradecan-14-yi)-

1H-1,2,3-triazol-4-yDpropanoic acid

bromoacetamide)

3-(1-(O-(aminocthyl)-O ~(cthylene)-
decacthylencglycol)-1,2,3-triazol-4-

Atz{amino-PEG10)
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yl)Alanine

3-(1-(O-(aminoethyl}-O’~(ethylene)- | Atz{20kDa PEG)
ethyleneglycold450avg)-1,2,3-triazol-

4-yhyAlanine

(S)-2-amino-3-(1-{2-0x0-~ Atz(PEGIT-

6,9,12,15,18,21,24,27,30,33,36-
undecaoxa-3-azaoctatriacontan-38-
yh-1TH-1,2,3-triazol-4-ylpropanoic

acid

(acetarnidomethyl)

(S)-Z-amino-3-(1-(1-hydroxy-5-ox0-
9,12,15,18,21,24.27,30,33,36,39-
undecaoxa-3-thia-6-azahentetracontan-
41-y1)-111-1,2,3-riazol-4-yDpropanoic

acid

AtzZ(PEG 1 1-((2-

hydroxyethyhthio)acetanide)

(8)-Z-amino-3-(1-(1-bromo-2-0x0-~
6,9,12,15,18,21,24,27,30,33,36-
undecaoxa-3-avaoctatriacontan-38-yl)-

{H-1,2,3-triazol-4-yipropanoic acid

AtzZ(PEG11-

bromoacetamide)

(8)-Z-amino-6-(3-(1-(1-bromo-2-0x0-
6,9,12,15,18,21,24,27,30,33,36-
undecaoxa-3-azaoctatriacontan-38-yi)-
TH-1,2,3-triazol-4-

yhpropanamido)hexanocic acid

K{cthyl-triazole-PEGH -

bromoacctamide)

B-alanine bA
f-homoargimine

bhArg
fi-homolysine bhomoK
B-homo Tic BhTic
A-homophenylalanine BhPhe
B-homoproline BhPro
B-homotryptophan BhTrp
4, 4%biphcuylalanine; 4-phenyl-
phenylalanine ; or biphenylalanine Bip; 4Bip

o
o
i
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f3, P-diphenyl-alanime BiPhA
B-phenylalanine BPhe
p-carboxyl-phenylalanine Cpa
Citrulline Cit
Cyclohexylalanine Cha
Cyclohexylglycine Chg
Cyclopentylglycine Cpg
4-tert-butyt-L-phenylalaninc 4tBu-¥
4-benzoyl-L-phenylalanine 4-Bz-F
2-chloro-L-phenylalanine 2-Cl-F
4-triftuoromethyl-L-phenylalanine 4CF3-F
4-fluoro-L-phenylalanine 4-F-F
4-methyl-L-phenylalanine 4-Me-F
2-amino-3-guanidinopropanoic acid 3G-Dpr
a, y-diaminobutyric acid Dab

2. 4-diaminobutyric acid Dby
diaminopropionic acid Dap
3.4-dichloro-L-phenylalanine DiCI-F
3,4-dunethoxy-L-phenylalanine DiMeO-F
o, f-diaminopropionoic acid (or 23~ Dpr

diaminopropionic acid

3,3-diphenylalanine Dip
4-guanidino phenylalanine Guf
4-guuanidino proline 4Gualr
Homoarginine hArg; bR
Homocltrulline hCit
Homogluwamine hQ
Homoleucine hlcu; hiL
Homolysine hlys; hK; homoLys
Homophenylalanine hPhe; homoPhe
4-hydroxyproline (or hydroxyproling) Hyp
2-indanylglycine {or indanylglycine) Igl
mdelme-2-carboxylic acid lde
lodotyrosine I-Tyr
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Lys w(CHNH)-reduced amide bond

TLys

(S)-6-((S)-2-acetamidopent-4-ynamido)-

Z-aminchexanoic acid

K{Ac-Pra)

N-g-biotinyl-L-lysinc K(Biotin)
{$)-2,2,2"-(10-(2-((5-amino-5- K(IDOTA)

carboxypentyhamino)-2-oxoethyl)-
1,4,7, i0-tetraazacyclododecane-1,4,7-

trivDtriacetic acid

(8)-2-amino-6-(pent-4-ynamido)hexanoic

K{4-Ten)

acid

methwonine oxide Met{ O]
methionine sulfone Met{Cl,
N methylarginine NMeR
No-[(CH,)sNHCH(NH)NH, | substitated | N-Arg
glycine

N%methyleitrulline NMeCit
N“methylglatamine NMe()

Nmethylhomocitrulline

N“McHoCit

N methylhomolysine

NMeHoK

N methylleucine

NMel; NMeL; NivicLeu;
NMe-Leu

N*methyllysine

NMe-Lys

Ne-methyl-lysine

N-gMe-K

Ne-cthyi-lysine

-eE-K

Ne-isopropyl-lysine

N-elPr-K

N-methylnorlencine

NMeNle; NMe-Nie

N “apethylornithine

N “-MeOrm; NMeOm

N-methylphenylalanine

NMe-Phe

P’N-methyltryptophan PNMeW
4-methyl-phenylalanine MecPhe
o-methylphenyalanine AMeF

N-methylthreonine

NMe-Thr; NMcThr
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N-methylvaline

NMeVal; NMe-Val

(cthyleneglycol)27-Lysine

Ne-(O-(aminoethyl)-O'-(2-propanoyl)- K(NPegll)
undecacthyleneglycol)-Lysine
Ne-(O-(aminocthyl)-O'-(2-propanoyl)- K(NPeg27)

3-(1-naphthylalanine

[-Nal:; INal

3-(2-naphthylalanine

2-Nal; ZNal

nipecotic acid

Nip

Nitrophenylalanine nitrophe
norleucine Nie
norvaline Nva or Nvi

O-methyltyrosine

Ome-Tyr

(Sy-octylglycine OctylG
octahydroindole-2-carboxylic acid Oic
Ornithine Orn
Orn y(CH2NH)-reduced amide bond Orn

pyroglutamic acid

pGlu; PE; pE

L-phosphoserine

S

carboxylic acid

4-piperidinylalanine 4PipA
4-pyridinylalanine 4Pal
3-pyridinylalanine 3Pal
2-pyridinylalaning 2Pal
para-iodophenylatanine (or 4- pl-Phe
wdophenylalanine)

Phenyiglycine Phe
Propargylglycine Pra
pipecolic acid Pip
4-amino- 1-piperidine-4-carboxylic acid 4Pip
Sarcosinc Sar
1,2,3,4-tetrahydroisoquinoline Tic
1,23 4-tetrabydroisoquinoline-1- Tig

1,2,3,4-tetrahydroisoquinoline-7-

Hydroxyl-Tic
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hydroxy-3-carboxylic acid
1,2,3 4-tetrahydronorharman-3- Tpi
carboxylic acid
thiazolidine-4-carboxylic acid Thz
3-thienylalanine Thi
{S)-tert-butylglycine Tle
symmetrical N'-o-dimethyl arginine SDMA
N-g-dimethyl ysine K(Me2)
4-carboxyphenylalaning l 4CO2-F
(60193} 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; Fur. 1.
Biochem., 1984, 138, 9-37; 1985, 152, 1; 1993, 213, 2; Internat. J. Pept. Prot. Res.,
1984, 24, followimg p 84; J. Biol. Chem., 1985, 260, 14-42; Purc 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.

166194} 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, ammno actd substitutions, and/or chemical derivatization
of amino acid residues, accomplished by known chemical techniques. For cxample, the
thusty modified amino acid sequence includes at least one amino acid residuc inserted
or substituted therein, relative to the amino acid sequence of the native sequence of
mterest, in which the inscried or substituted amino acid residue has a side chain
cornprising a nucleophilic or electrophilic reactive functional group by which the
peptide is covalently conjugated to a linker and/or half-life extending moiety. In
accordance with the invention, uscful examples of such a nuclcophilic or clectrophilic
reactive functional group include, but are not limited fo, a thiol, a primary amine, a
seleno, a hydrazide, an aldehvde, 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 o, -
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diaminopropionic acid residue, an a,y-diaminobutyric acid residuc, an omithine residuc,
a cysteine, a homocysteine, a glutamic acid residue, an aspartic acid residuc, or a
sclenocysteine (“ScCys”) residuc.

[66195] Amino acid residues are commonly categorized according to different
chemical and/or physical characteristics. The term "acidic amino acid residue” refers fo
amino acid residues in D~ or L-form having side chains comprising acidic groups.
Exemplary acidic residues include aspartic acid and glutamic acid residues. The term
“alkyl amino acid residue” refers to amino acid residues in - or L-form having ;.
salkyl side chains which may be lincar, branched, or cychized, including to the amino
acid amine ag in proline, wherein the C, galkyl is substituted by 0, 1, 2 or 3 substituents
selected from Cghaloalkyl, halo, cyane, nitro, -C(=0)R®, -C(=0)OR®, -C(=0)NR'R",
SC(ENRYNRIRY, -NRUC(=NRYNR'RY, -OR?, -OC=0IR", -OC(=0INR'R?,

SNRIRE, -NRHCEOIR®, -NRHCED)OR®, NRHC(E=OINRRY,
NROCENRYNRIRY, -NIRDS(=0),R", -NRHS(=0),MNR R, -NR'C,.salkylNR'R" and
SNR*CyalkylORY, wherein R* is independently, at each instance, H or R” and R” is
independently, at cach instance C.gallkyl substituted by G, 1, 2 or 3 substituents selected
from halo, C4alk, C) shaloalk, -OC; 4alk, -NH,, -NHC, 4alk, and -N(C 4alk)Cyqalk; or
any protonated form thereof, including alanine, vahine, leucine, isolcucine, proline,
serine, threonine, lysine, arginine, histidine, aspartate, glutamate, asparagine, glutamine,
cysteine, methionine, hydroxyproline, cyclohexylalanine, norleucine, norvaline, 2-
aminobutyric acid, but which residues do not contain an aryl or aromatic group. The
term "aromatic amine acid residuc” refers to aming acid residues in D- or L-form
having side chains comprising aromatic groups. Excemplary aromatic residucs include
iryptophan, tyrosine, 3-(1-naphthyhalanine, histidine, or phenylalanine residues. The
term "basic amino acid residuc” refers to amino acid residucs in D- or L-form having
side chaing comprising basic groups. Excmplary basic amino acid residues include
histiding, lysine, homolysine, ornithine, arginine, N-methyl-arginine, @-aminoarginine,
o-methyl-arginine, T-methyl-histidine, 3-methyl-histidine, and homoarginine (hR)
residues. The term "hydrophilic amino acid residue” refers to amino actd residues in D-
or L-form having side chains comprising polar groups. Exemplary hydrophilic residucs

mclude cysteine, serine, threonine, histidine, lysine, asparagine, aspartate, glutamate,
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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. Excmplary lipophilic sidechains include phenylalanine,
isoleucing, leucine, methionine, valine, tryptophan, and tyrosine. Alanine (A) is
amphiphilic—it is capable of acting as a hydrophilic, or lipophilic (i.e., hydrophobic),
residue. Alanine, therefore, is included within the definition of both “lipophilic” (i.e.,
“hydrophobic”) residuc and "hydrophilic” residue. The term "nonfunctional” or
“ncutral” amino acid residue refers to amino acid residucs in D- or L-form having side
chains that fack acidic, basic, or aromatic groups. Excemplary neufral amino acid
residucs include methionine, glycine, alanine, valine, isoleucine, leucine, and norleucine
(Nle) residues.

{60196] Additional useflul embodiments of toxin peptide analogs can result from
conservative modifications of the amino acid sequences of the foxin polypeptides
disclosed herein. Conservative modifications will produce half-life extending moicty-
conjugated peptides having functional, physical, and chemical characteristics similar to
those of the conjugated {e.g., PEG-conjugated) peptide from which such medifications
are made. Such conservatively modified forms of the conjugated toxin peptide analogs
disclosed herein arc also contemplated as being an embodiment of the present
invention.

[69197] In confrast, substantial modifications i 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 cxample, as an a-helical
conformation, (b) the charge or hydrophobicity of the molecule at the target sife, or (¢)
the size of the molecule.

{00198} For example, a "conscrvative amime acid substitution” may involve a
substitution of a native amino acid residuc 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 mutagenesis” (see, for example,
MacLennan ct al., Acta Physiol. Scand. Suppl., 643:55-67 (1998); Sasaki et al., 1998,

Adv. Biophys. 35:1-24 (1998}, which discuss alanine scanning mutagencsis).

- 68 -



WO 2012/125973 POT/URZH12/029537

[60199] In some useful embodiments of the compositions of the invention, the
amino acitd sequence of the toxin peptide is modified in one or more ways relative to a
native toxin peptide sequence of intcrest, such as, but not limited to, a native GpTx-1
sequence (SEQ 1D NO:1), a peptide analog of GpTx-1, or any other toxin peptides
having amino acid sequences as sct for in Table 5A, Table 5B, and Table 31, or
clsewhere herein. The one or more useful modifications can include amino acid
additions or insertions, amino acid delctions, peptide truncations, amino acid
substitutions, and/or chemical derivatization of amino acid residues, accomplished by
known chemical techniques. Such modifications can be, for example, for the purpose of
enhanced potency, sclectivity, and/or proteolytic stability, or the like.  Those skilled in
the art are aware of techniques for designing peptide analogs with such enhanced
properties, such as alanine scanning, rational design based on alignment mediated
mutagenesis using known toxin peptide scquences and/or molecular modeling.

(662001 The term “proteasc” is synonymous with “peptidase”. Proteases
comprise two groups of enzymes: the endopeptidases which cleave peptide bonds at
points within the protein, and the exopeptidases, which remove one or more amino
acids from either N- or C-terminus respectively. The term “proteinase™ 1s also used as a
synonym for endopeptidase. The four mechanistic classes of proteinases are: serine
proteinases, cysteine profeimascs, aspartic proteinases, and metallo-protemascs. In
addition to these four mechanistic classcs, there is a section of the enzyme nomenclature
which is allocated for protcases of unidentified catalytic mechanism. This indicates that
the catalytic mechanism has not been identified.

{602061] Cleavage subsite nomenelature is commonly adopted from a scheme
created by Schechter and Berger (Schechter 1. & Berger A, On the size of the active
site in proteascs. 1. Papain, Biochemical and Biophysical Research Communication,
27:157 (1967); Schechter 1. & Berger A., On the active site of proteases. 3. Mapping the
active site of papain; specific inhibitor peptides of papain, Biochemical and Biophysical
Regcarch Communication, 32:898 {1968)). According to this model, amino acid
residues in a substrate undergoing cleavage are designated B1, P2, P3, P4 ete. in the N-
terminal direction from the cleaved bond. Likewise, the residues in the C-terminal

direction are designated P17, P2', P3", P4, cte.
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[86262] The skilled artisan is aware of a variety of tools for identifying protease
binding or protease cleavage sites of interest. For example, the PeptideCutter software
tool is available through the ExPASy (Expert Protein Analysis System) proteomics
server of the Swiss Institute of Bioinformatics (SIB;
www.cxpasy.org/tools/peptidecutter). PeptideCutter scarches a protein sequence from
the SWISS-PROT and/or TrEMBL databases or a uscr-entercd protein sequence for
protcase cleavage sites. Single proteases and chemicals, a sclection or the whole fist of
proteases and chemicals can be used. Different forms of output of the results arc
available: tables of cleavage sites either grouped alphabetically according to cnzyme
names or sequentially according to the amino acid number. A third option for output is a
map of cleavage sites. The sequence and the cleavage sites mapped onto it are grouped
in blocks, the size of which can be chosen by the user. Other tools arc also known for
determining proteasc cleavage sites. (E.g., Turk, B. et al., Determination of proteasc
cleavage site motifs using mixture-based oriented peptide libraries, Nature
Biotechnology, 19:661-667 (2001); Barrett A. ct al., Handbook of proteolytic enzymes,
Academic Press (1998)).

(00203} The serine proteinases include the chymeotrypsin family, which includes
mammalian proteasc enzymes such as chymotrypsin, trypsin or clastase or kallikrein.
The serine proteinases exhibit different substrate specificities, which are related (o
amino acid substitutions in the various enzyme subsites interacting with the substrate
residues.  Some enzymes have an extended interaction site with the substrate whercas
others have a specificity restricted to the P11 substrate residuc.

(692041 Trypsin preferentially cleaves at R or K in position P1. A statistical
study carried out by Keil (1992) described the negative influences of residucs
surrounding the Arg- and Lys- bonds {i.e. the positions P2 and P1, respectively) during
trypsin cleavage. (Keil, B., Specificity of proteolysis, Springer-Verlag Berlin-
Heidelberg-NewYork, 335 (1992)). A proline residue in position P1' normally exerts a
strong negative influence on trypsin cleavage. Similarly, the positioning of R and K in
P1" results in an inhibition, as well as negatively charged residucs in positions P2 and
Pl

100295] Chymotrypsin preferentially cleaves at a W, Y or F in position P1 (high

specificity) and to a lesser extent at L, M or H residue in position P1. (Keil, 1992).
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Exceptions to these rules are the following: When W is found in position P, the
cleavage is blocked when M or P are found in position P1' at the same time.
Furthermore, a proline residue in position P1' nearly fully blocks the cleavage
mdependent of the amino acids found in position P1. When an M residue is found in
position P1, the cleavage is blocked by the presence of a ¥ residuc in position P1'.
Finally, when H is located in position P1, the presence of a D, M or W residue also
blocks the cleavage.

166206) Membrane metallo-cndopeptidase (NEP; neutral endopeptidasc, kidney-
brush-border neuiral proteinase, enkephalinase, EC 3.4.24.11) cleaves peptides at the
amino side of hydrophobic amino acid residues. (Connclly, JC ot al, Necutral
Endopeptidase 24.11 in Human Neutrophils: Cleavage of Chemotactic Peptide, PNAS,
82(24):8737-8741 (1985)).

{90207 Thrombin preferentially cleaves at an R residue in position P1. (Keil,
1992). The natural substrate of thrombin is fibrinogen. Optimum cleavage sites are
when an R residue iy in position P1 and Gly is in position P2 and position P1".
Likewisc, when hydrophobic amino acid residues are found in position P4 and position
P3, a proline residue in position P2, an R residue in position P1, and non-acidic amino

acid residues in position PI" and position P2'. A very important residue for its nataral

[60268] Caspases are a family of cysteine proteases bearing an active site with a
conserved amino acid sequence and which cleave peptides specifically following D
residues. {(Bamshaw WC et al., Mammalian caspuscs: Structure, activation, substrates,
and functions during apoptosis, Annual Review of Biochemistry, 68:383-424 (1699)).
(60209 The Arg-C proteinase preferentially cleaves at an R residue in position
P1. The clecavage behavior seems to be only moderately affected by residues in position
PI. (Keil, 19592). The Asp-N endopeptidase cleaves specifically bonds with a D
residue in position P1. (Keil, 1992).

(60218 The foregoing is merely exemplary and by no mcans an cxhaustive
treatment of knowledge available to the gkilled artisan concerning protease binding
and/or cleavage sites that the skilled artisan may be interested in climinating in

practicing the invention.
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{00211 Desired amino acid substitutions (whether conscrvative or non-
conservative) can be determined by those skilied 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 deseribed hercin,

100212] Maturally occurring residues may be divided into classes based on

common side chain propertics:

1) hydrophobic: norlcucine (Nor or Nle}, Met, Ala, Val, Leu, lle;
2} neutral hydrophilic: Cys, Scr, 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.
(86213} Conservative amino acid substitutions may invelve 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 residucs,
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 moictics.
{08214 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 mitroduced into regions of the toxin peptide analog.
160215] In making such changes, according to certain embodiments, the
hydropathic index of amimo acids may be considered. Each amino acid has been
assigned a hydropathic mdex on the basis of its hydrophobicity and charge
charactetistics. They are: 1soleucine (+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); scrine {-0.8); tryptophan (-0.9}; tyrosine (-1.3); proline (-1.6); histidine
(-3.2); glutamate (-3.5); glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); tysine (-
3.9); and arginine (-4.5).
160216} The importance of the hydropathic amino acid index in conferring

interactive biclogical function on a protein is understood in the art (sce, for example,
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Kyte et al., 1982, J. Mol. Biol. 157:105-131). 1t 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 cerfain embodiments, those within £0.5 arc included.

[66217] it is also understood in the art that the substitution of like amino acids
can be made cffectively 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.

160218} The following hydrophilicity values have been assigned to thesc amino

~

1.5); leucine (-1.8); isolcucine (-1.8); tyrosine {-2.3); phenylalanine (-2.5) and
tryptophan (-3.4). In making changes bascd upon similar hydrophilicity values, in
certain embodiments, the substitution of aminc acids whose hydrophilicity values are
within +2 18 included, in certain embodiments, thosc that arc within #1 are included, and
in certain embodiments, those within £0.5 arc included. One may also identify epitopes
from primary amino acid sequences on the basis of hydrophulicity. These regions are
also referred to as "epitopic core regions.”

106219 Examples of conservative substitutions include the substitution of onc
non-polar (hydrophobic) amino acid residuc such ag isoleucine, valine, leucine
norleucine, alanine, or methionine for another, the substitution of onc polar
{hydrophilic) amino acid residue for another such as between arginine and lysine,
between glutamine and asparagine, between glycine and serine, the substitution of onc
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 ancther.

The phrase “conservative amino acid substitution” also includes the use of a chemically
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derivatized residuc in place of a non-derivatized residue, provided that such polypeptide
displays the requisite biocactivity. Other cxemplary amino acid substitutions that can be

uscful in accordance with the present invention are set forth in Table 4 below.

Table 4. Some Useful Amino Acid Substitutions.

Original Excmplary
Residues Substitutions
Ala Val, Leu, fle, Gly
Arg Lys, Gin, Asn, His
Asn Gln

Asp Glu

Cys Ser, Ala

Gin Asn

ilu Asp

Gly Pro, Ala

His Asn, Gln, Lys, Arg
e Lcu, Val, Met, Ala,

Phe, Morleucine

Teu MNorleueine, e,
Val, Met, Ala, Phe

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

Met Leu, Phe, e

Phe Leu, Val, fle, Ala,
Tyr

Pro Ala

Ser Thr, Ala, Cys

Thr Ser

Trp Tyr, Phe

Tyr Trp, Phe, Thr, Ser
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Val fle, Met, Lcu, Phe,
Ala, Norleucine

16022¢] By way of illustration, in embodiments of the present invention directed
to a composition of matter comprising an isolated polypeptide comprising the amino
acid sequence of the formula:

Xnalxnaz Xaa 3szLTX{:aSXaﬂ6}{&:17XaagxaagxaaH)Xaa] gxaanxazlHX&:::MASP . Xuam X:m”

Ko X Koo X K e Xaa2 ¥ s Koo ¥n? KooK 2 Koo Lys™?

Ko Kaw Ko Ko Ko Kaa 21 SEQ 1D NO:475

or a pharmaccutically acceptable salt thereof,

wherein:

[(00221] Koa X 18 absent; or K 18 any aming acid residue and Ko 18 any
amino acid residue; or Xy, is absent and X, is any amino acid residue;

Koo 18 Cys, T ORAET Cys; or Kol is SeCys, if X, % s ScCys; or Kea® 18 an alkyl amino
acid residue, if X, is an alkyl amino acid residue (for example, Npo and X;mm can be,
independently, Ala or Z-Abu residues);

X is an acidic, hydrophobic, basic, or neutral hydrophilic amino acid residuc (cg.,
K can be sclected from Ala, Glu, Asp, phosphoserine, phosphotyrosine, gamma-
carboxyglutamic acid, Phe, Pro, e, Leu, Met, Val, Trp, Tyr, Arg, Lys, His,
homolysine, ornithine, arginine, N-methyl-arginine, w-aminoarginine, w-methyl-
arginine, -methyl-histidine, 3-methyi-histidine, homoarginine, N-methyi-lysine, N-g-
methyl lysine, Dab, cyclohexylglycine (Chg), cyclohexylalanine (Cha), glycing,
norleucine, norvaline, 1-Nal, 2-Nal, 4-phenyl-phenylalanine (Bip), Gin, Asn, Ser, Thr,
and Cit residucs),

Koo 15 a Gly, Ala, hydrophebic, or basic amino acid residue (e.g., X can be sclected
from Ala, Phe, e, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, homolysine, ornithine,
arginine, N-methyl-arginine, o-aminoarginine, o-methyl-arginine, I-methyl-histidine,
3-methyl-bistidine, homoarginine, N-methyl-tysine, N-g-mcthyl lysine, Dab, glycine,
norleucine, norvaline, 1-Nal, 2-Nal, 1"'NMe-Trp, cyclohexylglycine {Chg),
cyclohexylalanine (Cha), and 4-phenyl-phenylalanine (Bip) residues);

Xl is a Gly, Ala, 2-Abu, notleucine (Nle), norvaline {Nva}, or hydrophobic amino acid

residuc (e.g., X, can be sclected from Ala, Phe, llc, Leu, Met, Val, Trp, Tyr, proline,
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thiaproline, methionine, glycine, 1-Nal, 2-Nal, 1"'NMe-Trp, cyclopentylglycine (Cpg),
phenylglycine, N-methylieucine, N-methylphenylalanine, N-mecthylvaline,
cyclohexylglycine (Chg), cyclohexylalanine (Cha), 2-chloro-phenylalanine, 4-chloro-
phenylalanine, 3,4-dichlorophenylalanine, 4-trifluoromethyl-phenylalanine, and 4-
phenyl-phenylalanine (Bip) residues);

X 15 a Gly, Ala, aromatic, or hydrophobic amino acid residuc (c.g., Xa can be
sclected from Gly, Ala, Phe, e, Lou, Met, Val, Trp, Tyr, Pro, 2-pyridinyialanine,

norleucine, norvaline, 1-Nal, 2-Nal, 1 "NMec-Trp, cyclohexylglycine (Chg)

o/

A

cyclohexylalanine (Cha), 2-chloro-phenylalanine, 4-chloro-phenylalanine, 3,4~
dichlorophenylalanine, 4-trifluoromethyl-phenylalanine, and 4-phenyl-phenylalanine
{Bip) residues);
K is a basic, acidic, or neutral hydrophilic amino acid residue, or an Ala residue (e.g.,
X, can be selected from Ala, Arg, Lys, His, homolysine, omithine, arginine, N-
methyl-arginine, o-aminoarginine, o-methyl-arginine, 1-methyl-histiding, 3-mcthyl-
histidine, homoarginine, N-methyl-lysine, N-g-methyl tysine, Dab, Ser, Thr, Asn, Gln, Cit,
phosphoscrine, phosphotyrosine, gamma-carboxyglutamic acid, Asp, and Glu
residucs),
K. is a basic or neutral hydrophilic amino acid residue {¢.g., Xaa‘) can be sclected from
Ala, Pro, Met, Arg, Lys, His, homolysine, ornithine, arginine, N-methyl-arginine, o~
aminoarginine, w-methyl-arginine, I-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methy! lysine, Dab, Gin, Asn, Ser, Thr, and Cit
residues);
Ky Vs Cys if D ORRT: Cys; or Xy s SeCys if X' is SeCys;
Kol is any aming acid residue {e.g., K| can be sclected from Ala, Asp, Glu, Phe,
Gly, His, fle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, Tyr, Pra, Atz,
homolysine, ornithine, N-methyl-arginine, w-aminoarginine, w-methyl-arginine, 1-
1wethyl-histidine, 3-methyi-higtidine, homoarginine, N-methyl-Iysine, N-g-methy! lysine,
D3ab, norleucine, novvaline, 1-Nal, 2-Nal, cyclohexylglveine (Chg), cyclohexylalanine
(Cha), and 4-phenyi-phenylalanine (Bip) residues);
X 245 a Pro, acidic, nentral, or hydrophobic amine acid residue (e.g., Xa? can be
sclected from alanine, valine, leucine, isoleucine, proline, serine, threonine, aspartic
acid, ghutamatic acid, glycine, norlcucine, norvaline, 1-Nal, 2-Nal, I'NMe-Trp, Cha,

-76 -



WO 2012/125973 PCT/US2012/029537

and 4-phenyl-phenylalanine (Bip), cyclohexyliglycine (Chg), cyclohexylalanine (Cha),
asparagine, glutamine, methionine, hydroxyproline, phenylalanine, tryptophan, and
tyrosine);

X' is any amino acid residuc (e.2., Xu " can be selected from Ala, Asp, Glu, Phe,
Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, Tyr, Pra, Atz,
homolysine, ornithine, N-methyl-arginine, w-aminoarginine, w-methyl-arginine, |-
methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methyl] lysine,
Dab, norleucine, norvaline, 1-Nal, 2-Nal, cyclohexylglycine (Chg), cyclohexylalanine
(Cha.), and 4-phenyl-phenylalanine (Bip) residucs);

Kt any amino acid residue (e.g., X4, ' can be selected from Ala, Asp, Glu, Phe

Gly, His, e, Lys, Leu, Met, Asn, Pro, Gln, Arg, Scr, Thr, Val, Trp, Tyr, Pra, Atz,
homaolysine, ornithine, N-mcthyl-arginine, w-aminoarginine, o-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methyl lysine,
Dab, norleucine, norvalime, 1-Nal, 2-Nal, cyclohexylglycine (Chg), cyclohexylalanine
(Cha), and 4-phenyl-phenylalanine (Bip) residues);

e ¥ is @ basic, neutral hydrophilic, or acidic amino acid residuc, or an Ala residue
(c.u. , Xaa'® can be selected from Ala, Pro, Met, Arg, Lys, His, Pra, Atz, homolysine,
ornithine, arginine, N-methyl-arginine, w-aminoarginine, w-mcthyl-arginine, I-methyl-
histidine, 3-mothyl-histidine, homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab,
Gln, Asn, Ser, Thr, Cit, phosphoscrine, phosphotyrosine, gamma-carboxyglutamic acid,
Asp, and Glu residues);

Xaa i a Cys if Ko L is Cys; or Xaa' 15 a ScC v i ¥ is SeC vS;

o Pisa Cys, SeCys, or an alkyl amino acid residuc;

Koo' is any amino acid residuc (c.g., Xu© can be selected from Ala, Asp, Glu, Phe,
Gly, His, Tle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, Tyr, homolysine,
ornithine, N-mcthyl-arginine, o-aminoarginine, o-methyl-arginine, T-methyl-histidine,
3-methyl-histidine, homoarginine, N-methyl-lysine, N-c-methyl lysine, Dab, norleucine,
norvaline, 1-Nal, 2-MNal, cyclohexylglyeie (Chyg), cyclohexylalanine {Cha), and 4-
ph.@nyi—phcnyialaninc (Bip) residues);

X is a Pro, Gly, basic, or nentral hydrophilic residue (c.g., Xa”" can be selected from

Ala, Pro, Met, Arg

o

Lys, His, homolysine, ornithine, arginine, N-methyl-arginine, o-
aminoarginine, w-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
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homoarginine, N-methyl-lysine, N-g-methy] lysine, Dab, Gln, Asn, Ser, Thr, and Cit
residues);
X't 18 a basic, hydrophobic, or neutral hydrophilic amino acid residue (e.g., Kaa” CAN
be selected from Ala, Phe, Pro, lle, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, homolysime,
ornithine, arginine, N-methyl-arginine, w-aminoarginine, o-methyl-arginine, {~-methyl-
histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab,
cyclohexylglycine (Chg), cyclohexylalanine (Cha), glycine, norleucine, norvaline, 1-
Nal, 2-Nal, 4-phenyl-phenylalanine (Bip), Gln, Asn, Ser, Thr, and Cit residucs);
Xl is a hydrophobic or basic amino acid residue (c.g., X2 can be selected from Ala,
Phe, lle, Leu, Met, Val, Trp. Tyr, Arg, Lys, His, homolysine, ornithine, arginine, N-
methyl-arginine, w-aminoarginine, @-methyl-arginine, l-methyl-histidine, 3-methyl-
higtidine, homoarginine, N-methyl-fysine, N-g-mcthy! lysine, Dab, glycine, norleucine,
norvaline, 1-Nal, 2-Nal, I'NMe-~Trp, cyclohexylglycine (Chg}, cyclohexylalanine
{Cha), and 4-phenyl-phenylalanine (Bip) residucs);
Xl isa hydrophobic, basic, or neutral hydrophilic amino acid residue (e.g., Ko™ €N
be selected from Ala, Phe, Pro, lle, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, Pra, Atz,
homolysine, ornithine, arginine, N-methyl-arginine, w-aminoarginine, w-methyl-
arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-
methyl lysine, Dab, cyclohexylglycine (Chg), cyclohexylalanine (Cha), glycine,
norlcucine, norvaline, 1-Nal, 2-Nal, 4-phenyl-phenylalanine (Bip), Gln, Asn, Scr, Thr,
and Cit residues);
Koot is a Cys or SeCys residue;
¥ is a Ser, Ala, or a neutral hydrophilic amino acid residue (¢.g., X s sclected
Tom Ala, Gly, Pro, Met, glycine, Gln, Asn, Ser, Thr, and Cit residues);
X 18 an Ala, acidic, basic, or neutral hydrophilic amine acid residuc {e.g., X 0 can
be selected from Ala, Pro, Met, Arg, Lys, His, homolysine, ornithine, arginine, N-
methyl-arginine, w-aminoarginine, o~methyl-arginine, 1-methyl-bistidine, 3-methyl-
higtidine, homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, glycine, Asp, Glu,
phosphoserine, phosphotyrosine, gamma-carboxyglutamic acid, Gln, Asn, Ser, Thr, and
Cit residucs);
X_é,a2 is an acidic, basic, neutral hydrophilic, or hydrophobic residuc {e.g., Ko’ can be

selected from Thr, Leu, He, Val, Ser, Mect, Gln, Asn, Phe, Tyr, Trp, Arg, Lys, His,
L8 .
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homolysine, ornithine, arginine, N-methyl-arginine, m-aminoarginine, @-methyl-
arginine, 1-methyl-histidine, 3-methyi-histidine, homoarginine, N-methyl-lysine, N-g-
methyl lysine, Dab, Asp, Glu, phosphoserine, phosphotyrosine, gamma-carboxyglutamic
acid, cyclohexylglycine (Chg), cyclohexylalanine (Cha), norleucine, norvaline, [-Nal,
2-Nal, 4-phenyl-phenylalanine (Bip), Glu, Asp, and Gly residues);

Koo 2 is an aromatic or basic amino acid residue {e.g., X..2F can be selected fromPhe,
Trp, Tyr, Arg, Lys, His, homolysine, ornithine, arginine, N-mcthyl-arginine, o-
aminoarginine, o-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methy! lysine, Dab, 1-Mal, 2-Nal, 2-pyridyl-alanine,
3-pyridyl-alanine, 4-pyridyl-alanine, 4-piperidinyl-alanine, and 4-phenyl-phenylalanine
(Bip) residues);

3 g an acidic, basic, or neutral hydrophilic amino acid residue (.., ¥l can be
selccted from Ala, Asp, Glu, phosphoserine, phosphotyrosine, gamma-carboxyglutamic
acid, Phe, Gly, His, Lys, Asn, Pro, Gin, Arg, Ser, Thr, Tyr, Pra, Aiz, homolysine,
ornithine, N-methyl-arginine, o-aminoarginine, o-mcthyl-arginine, -methyl-histidine,
3-methyl-histidine, homoarginine, N-methyl-lysine, N-e-methyl lysine, and Dab residucs).
In some useful crabodiment X" is an acidic or ncutral hydrophilic residue {c.g., an
Ala, Asp, Glu, Gly, Asn, Gin, Ser, Thr, phosphoscrine, phosphotyrosine, or gamma-
carboxyglutamic acid residue [c.g., SEQ 1D NOS: 1071-2798]);

X is a Trp, 5-bromoTrp, 6-bromoTrp, 5-chloroTrp, 6-chloroTrp, 1-Nal, 2-Nal, or
thioTrp residue;

Ko is a Cys or SeCys;

K is 2 hydrophobic or aromatic amine acid residue (e.g., X, can be sclected from
Phe, He, Leu, Met, Val, Trp, Tyr, norleucine, norvaline, 1-Nal, 2-Nal, 2-pyridyl-alanine,
3-pyridyl-alanine, 4-pyridyl-alanine, 4-piperidinyl-alanine, I’"NMe-Trp,
cyclohexylglycine (Chg), cyclohexylalanine (Cha), 2-chloro-phenylalanine, 4-chlore-
phenylalanine, 3,4-dichlorophenylalanine, 4-triftuoromethyl-phenylalanine, and 4-
phenyl-phenylalanine (Bip) residues);

Koot 18 any amino acid residue (c.g., Xa can be sclected from Ala, Asgp, Glu, Phe,
Gly, His, He, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, Tyr, Pra, Atz,
homolysine, ornithine, N-methyl-arginine, w-aminoarginine, w-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methy! Iysine,

~79 -



WO 2012/123973 PCTIUS2012/629537

Dab, noricucine, norvaline, 1-Nal, 2-Nal, I’'NMe-Trp, cyclohexylglycine (Chg),
cyclohexylalanine (Cha), 2-chloro-phenylalanine, 4-chloro-phenylalanine, 3,4~
dichlorophenylalanine, 4-trifluoromethyl-phenylalanine, 2-pyridyl-alanine, 3-pyridyl-
alanine, 4-carboxy-phenylalanine, and 4-phenyl-phenylalanine (Bip) residucs);

K. is a hydrophobic amino acid residue (¢.g., Xu® can be selected from Phe, Ile, Leu,
Met, Val, Trp, Tyr, norleucine, norvaline, {-Nal, 2-Nal, 'NMe-Trp, cyclohexylglycine
(Chg), cyclohexylalanine (Cha), 2-chloro-phenylalanine, 4-chloro-phenylalanine, 3,4~
dichiorophenylalanine, 4-trifluoromethyl-phenylalanine, and 4-phenyl-phenylalanine
(Bip) residucs);

each of Ko ", Xaa' |, and Xy, is independently absent or is independently a neutral,

37

basic, or hydrophobic amino acid residuc {c.g., each of Ko ) Xt and X can be
independently absent or independently sclected from Ala, Phe, Gly, His, e, Lys, Leu,
Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, Tyr, homolysine, ornithine, N-methyl-
arginine, w-aminoarginine, w-methyl-arginine, I-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-tysine, N-g-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-
Nal, cyclohexylglycine {Chg), cyclohexylalanine (Cha), and 4-phenyl-phenylalanine
{(Bip) residues);
and wherein:

if X and Xoo'" are both Cys residucs, there is a disulfide bond between residue
X,o" and residue Xan]g; or if X, and X" are both SeCys residucs, there 1s a disclenide
bond between residue X and residue Koo'

if X " and X,,™" are both Cys residues, there 15 a disulfide bond between
residuc Xa'” and residue X2 or if X' and X2 are both SeCys residucs, there s a
disclenide bond between residuc Xe'© and residue X0t

if %" and X" are both Cys residucs, there 15 a disulfide bond between
residuc X' and residue Xaf'; or if X, and X, arc both SeCys residucs, there is a
diselenide bond between residuc Xa' ' and residue Koo

the amino-terminal residuc is optionally acetylated, biotinylated, 4-
sentynoylated, or PEGylated; and

the carboxy-terminal residuc is optionally amidated. Many particular cxamples

of such C-terminally amidated appear in Table 5A and Table 5B.

- 80 -



WO 2012/1255873 PCT/US2612/029537

Another example of the inventive composition described immediately above
(SEQ ID NO:475) 1s the composition of matter wherein theisolated polypeptide
comprises the amino acid sequence of the formula:
100222] Ko Kaww €y Kog Ko Al X Koo Ko Cys X X 20 5 A sp”?
X 16 Cys” Cysmxaaw PORD S P CysM X2 X 20K, T P K, 0
Cys”’ Lysszximfa3}{;1{134)(3335 Ko %o’ %028 SEQ 1D NO:476, and the variable positions
of SEQ ID NO:476 are cxemplificd as in the immediately preceding paragraphs
concerning the variable positions of SEQ [D NO:475. Particularly uscful embodiments
of the composition of matter comprise an Ala, Gly, 2-Abu, Nle, or Nva residue at
position X,L0f SEQ 1D NO:475, with some of these embodiments also having a Glu
restdue at position Koa” 0f SEQ ID NO:475, for example, [Ala5, Glu26]GpTx-1, [Glys,
Glu26]GpTx-1, [2-AbuS, GluZ6]GpTx-1, [Nle5, Glu26]GpTx-1, or [Nvas,
Glu26]GpTx-1 peplide analogs, which, optionally, can also have additional substituted
amino acid residucs at other amino acid positions and/or additional residues at the N-
terminal and/or C-terminal end. Other useful examples comprise an Asp, Ghu, or Gln
residue at position Xu, of SEQ 1D NO: 475 or X,,”” of SEQ 1D NO:476, with or
without a Glu residuc at position X,,” of SEQ 1D NO:475, ¢.g., [AlaS, Asp28]GpTx-1,
[Ala5, Glu281GpTx-1, [AlaS, GIn28]GpTx-1, [Alas, Glu26, Asp28]GpTx-1, [Ala3,
Glu26, Glu21CpTx-1, [Alas, Glu26, GIn28|GpTx-1, [GlyS, Asp28]GpTx-1, [Glys,
Glu281GpTx-1, [Gly5, GIn2810pTx-1, [GlyS5, Glu26, Asp281GpTx-1, [GlyS, Glu2é,
Glu28]GpTx-1, [GlyS, Glu26, GIn28]GpTx-1, [2-Abus, Asp28]GpTx-1, [2-Abu5,
Clu28)GpTx-1, [2-Abub, GIn28]GpTx-1, [2-AbuS, Glu26, Asp28]GpTx-1, [2-Abub,
Glu26, Glu281GpTx-1, [2-Abu5, Glu26, GIn28]GpTx-1, [Nle5, Asp28]GpTx-1, [Nle5,
Ghu281GpTx-1, [Nie5, GIn28]GpTx-1, [Nles, Glu26, Asp28iGpTx-1, [Nle5, Glu26,
Glu28]GpTx-1, and [Nle5, Glu26, GIn28]GpTx-1, [Nvas, Asp28]GpTx-1, [Nvas,
Glu28]GpTx-1, [Nvas, GIn28]GpTx-1, [Nvas, Glu26, Asp28]GpTx-1, [Nva5, Glu26,
Glu281GpTx-1, and [Nvas, Glu26, GIn28]GpTx-1.
[66223)] Some examples of the composition of matter comprising an amino acid
sequence that comprises an Ala residue at position Xa.f’of SEQ D NG:A75 mclude:
SEQ ID NOS: 22,252-263, 419-439, 518-521, 524, 525, 562-580, 602, 691, 692, 696-
703, 715, 721-735,737-749, 756, 757,761, 762, 764-771, 787-7%6, 798, 800, 802, 803,
809-812, 1028, 1030-1040, 1043-1047, 1062-1065, 1068-1070, 1082, 1096, 1110,
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1124, 1135, 1146, 1157, 1165, 1173, 1181, 1192, 1203, 1214, 1222, 1230, 1238, 1249,
1260, 1271, 1279, 1287, 1295, 1306, 1317, 1328, 1336, 1344, 1352, 1360, 1368, 1376,
1384, 1392, 1400, 1408, 1416, 1424, 1432, 1440, 1448, 1456, 1464, 1472, 1480, 1488,
1496, 1504, 1512, 1520, 1528, 1536, 1544, 1552, 1566, 1568, 1576, 1584, 1592, 1600,
1608, 1616, 1624, 1632, 1640, 1658, 1672, 1686, 1700, 1711, 1722, 1733, 1741, 1749,
1757, 1768, 1779, 1790, 1798, 1806, 1814, 1825, 1836, 1847, 1855, 1863, 1871, 1882,
1893, 1904, 1912, 1920, 1928, 1936, 1944, 1952, 1960, 1968, 1976, 1984, 1992, 2000,
2008, 2016, 2024, 2032, 2040, 2048, 2056, 2064, 2072, 2080, 2088, 2096, 2104, 2112,
2120, 2128, 2136, 2144, 2152, 2160, 2168, 2176, 2184, 2192, 2200, 2208, 2216, 2234,
2248,2262,2276, 2287, 2298, 2309, 2317, 2325, 2333, 2344, 2355, 2366, 2374, 2382,
2390, 2401, 2412, 2423, 2431, 2439, 2447, 2458, 2469, 2480, 2488, 2496, 2504, 2512,
2520, 2528, 2536, 2544, 2552, 2560, 2568, 2576, 2584, 2592, 2600, 2608, 2616, 2624,
2632, 2640, 2648, 2656, 2664, 2672, 2680, 2688, 2696, 2704, 2712, 2720, 2728, 2736,
2744, 2752, 2760, 2768, 2776, 2784, 2792, 2808, 2822, 2833, 2844, 2855, 2863, 2871,
2879, 2890, 2901, 2912, 2920, 2928, 2936, 2944, 2952, 2960, 2968, 2976, 2984, 2992,
3000, 3008, 3016, 3024, 3032, 3040, 3048, 3056, 3064, 3072, and 3080, as set forth in
Table 5A and Table 5B. Other examples comprise a free acid at the C-terminal (rather
than an amidated C-terminal residue) of any of the foregoing, such ag SEQ [D NOS:
5907-601 and 813-1027, as set forth in Table 5A and Table 513

180224} Some examples of the composition of matter comprising an aming acid
sequence that comprises a Gly residue at position X, of SEQ 1D NO:475 include: SEQ
IDNOS: 265,751, 752, 754, 755, 1081, 1095, 1109, 1123, 1134, 1145, 1156, 1164,
1172, 1180, 1191, 1202, 1213, 1221, 1229, 1237, 1248, 1259, 1270, 1278, 1286, 1294,
1305, 1316, 1327, 1335, 1343, 1351, 1359, 1367, 1375, 1383, 1391, 1399, 1447, 1415,
1423, 1431, 1439, 1447, 1455, 1463, 1471, 1479, 1487, 1495, 1503, 1511, 1519, 1527,
1535, 1543, 1551, 1559, 1567, 1575, 1583, 1591, 1599, 1607, 1615, 1623, 1631, 1639,
1657, 1671, 1685, 1699, 1710, 1721, 1732, 1740, 1748, 1756, 1767, 1778, 1789, 1797,
1805, 1813, 1824, 1835, 1846, 1854, 1862, 1870, 1881, 1892, 1903, 1911, 1919, 1927,
1935, 1943, 1951, 1939, 1967, 1975, 1983, 1991, 1999, 2007, 2015, 2023, 2031, 2039,
2047, 2055, 2063, 2071, 2079, 2087, 2095, 2103, 2111, 2119, 2127, 2135, 2143, 2151,
2159,2167,2175,2183, 2191, 2199, 2207, 2215, 2233, 2247, 2261, 2275, 2286, 2297,
2308, 2316, 2324, 2332, 2343, 2354, 2365, 2373, 2381, 2389, 2400, 2411, 2422, 2430,

_87 -



WO 2012/125973 PUY/US2012/629537

2438, 2446, 2457, 2468, 2479, 2487, 2495, 2503, 2511, 2519, 2527, 2535, 2543, 2551,
2559, 2567,2575, 2583, 2591, 2599, 2607, 2615, 2623, 2631, 2639, 2647, 2655, 2663,
2671, 2679, 2687, 2695, 2703, 2711, 2719, 2727, 2735, 2743, 2751, 2759, 2767, 2775,
27783, 2791, 2807, 2821, 2832, 2843, 2854, 2862, 2870, 2878, 2889, 2900, 2911, 2919,
2927, 2935, 2943, 2951, 2959, 2967, 2975, 2983, 2991, 2999, 3007, 3015, 3023, 3031,
3039, 3047, 3055, 3063, 3071, and 3079, as sct forth in Table 5A and Table 5B.
[00225] Some examples of the composition of matter comprising an amine acid
sequence that comprises a 2-Abu residue at position K.l0f SEQ 1D M(G:475 mclude:
SEQ 1D NOS: 6035, 636, 649, 706, 707, 718, 753, 758, 797, 799, 801, 804, 807, 808,
1029, 1041, 1042, 1048, 10066, 1067, 1083, 1097, 1111, 1125, 1136, 1147, 1158, 1166,
1174, 1182, 1193, 1204, 1215, 1223, 1231, 1239, 1250, 1261, 1272, 1280, 1288, 1296,
1307, 1318, 1329, 1337, 1345, 1353, 1361, 1369, 1377, 1385, 1393, 1401, 1409, 1417,
1425, 1433, 1441, 1449, 1457, 1465, 1473, 1481, 1489, 1497, 1505, 1513, 1521, 1529,
1537, 1545, 1553, 1561, 1569, 1577, 1585, 1593, 1601, 1609, 1617, 1625, 1633, 1641,
1639, 1673, 1687, 1701, 1712, 1723, 1734, 1742, 1750, 1758, 1769, 1780, 1791, 1799,
1807, 1815, 1826, 1837, 1848, 1856, 1864, 1872, 1883, 1894, 1905, 1913, 1921, 1929,
1937, 1945, 1953, 1961, 1969, 1977, 1985, 1993, 2001, 20069, 2017, 2025, 2033, 2041,
2049, 2057, 2065, 2073, 2081, 2089, 2097, 2105, 2113, 2121, 2129, 2137, 2145, 2153,
2161,2169,2177, 2185, 2193, 2201, 2209, 2217, 2235, 2249, 2263, 2277, 2288, 2299,
2310, 2318, 2326, 2334, 2345, 2356, 2367, 2375, 2383, 2391, 2402, 2413, 2424, 2432,
2440, 2448, 2459, 2470, 2481, 2489, 2497, 2505, 2513, 2521, 2529, 2537, 2545, 2553,
2561, 2569,2577, 2585, 2593, 2601, 2609, 2617, 2625, 2633, 2641, 2649, 2657, 2665,
2673,2681, 2689, 2697, 2705, 2713, 2721, 2729, 2737, 2745, 2753, 2761, 2769, 2771,
2785, 2793, 2809, 2823, 2834, 2845, 2856, 2864, 2872, 2880, 2891, 2902, 2913, 2921,
2029, 2937, 2945, 2953, 2961, 2969, 2977, 2985, 2993, 3001, 3009, 3017, 3025, 3033,
3041, 3049, 3057, 3065, 3073, and 3081, as set forth in Table 5A and Table 5B.
{00226] Some examples of the compoesition of matter comprising an amino acid
sequence that comprises a Nie residue at position X.."of SEQ 1D NO:475 include: SEQ
ID WNOS: 607, 638, 651, 1085, 1099, 1113, 1127, 1138, 1149, 1160, 1168, 1176, 1184,
1195, 1206, 1217, 1225, 1233, 1241, 1252, 1263, 1274, 1282, 1290, 1298, 1309, 1320,
1331, 1339, 1347, 1355, 1363, 1371, 1379, 1387, 1395, 1403, 1411, 1419, 1427, 1435,
1443, 1451, 1459, 1467, 1475, 1483, 1491, 1499, 1507, 1515, 1523, 1531, 1539, 1547,
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1555, 1563, 1571, 1579, 1587, 1595, 1603, 1611, 1619, 1627, 1635, 1643, 1661, 1675,
1689, 1703, 1714, 1725, 1736, 1744, 1752, 1760, 1771, 1782, 1793, 1801, 1809, 1817,
1828, 1839, 1850, 1858, 1866, 1874, 1885, 1896, 1907, 1915, 1923, 1931, 1939, 1947,
1955, 1963, 1971, 1979, 1987, 1995, 2003, 2011, 2019, 2027, 2035, 2043, 2051, 2059,
2067, 20675, 2083, 2091, 2099, 2107, 21185, 2123, 2131, 2139, 2147, 2155, 2163, 2171,
2179, 2187,2195, 2203, 2211, 2219, 2237, 2251, 22635, 2279, 2290, 2301, 2312, 2320,
2328, 2336, 2347, 2358, 2369, 2377, 2385, 2393, 2404, 2415, 2426, 2434, 2442, 2450,
2461, 2472, 2483, 2491, 2499, 2507, 2515, 2523, 2531, 2539, 2547, 2555, 2563, 2571,
2579, 2587, 2595, 2603, 2611, 2619, 2627, 2635, 2643, 2651, 2659, 2667, 2675, 2683,
2691,2699, 2707, 2715, 2723, 2731, 2739, 2747, 2755, 2763, 2771, 2779, 27787, 2795,
2811, 2825, 2836, 2847, 2858, 2866, 2874, 2882, 2893, 2904, 2915, 2923, 2931, 2939,
2947, 2955, 2963, 2971, 2979, 2987, 2995, 3003, 3011, 3019, 3027, 3035, 3043, 3051,
3059, 3067, 3075, and 3083, as sct forth in Table SA and Table 5B.

(66227 Some examples of the composition of matter comprising an amino acid
sequence that comprises a Nva residue at position X,,°0f SEQ 1D NO:475 include: SEQ
1D NOS: 6006, 637, 650, 705, 708, 717, 759, 760, 805, 806, 1084, 1098, 1112, 1126,
1137, 1148, 1159, 1167, 1175, 1183, 1194, 1205, 1216, 1224, 1232, 1240, 1251, 1262,
1273, 1281, 1289, 1297, 1308, 1319, 1330, 1338, 1346, 1354, 1362, 1370, 1378, 1386,
1394, 1402, 1410, 1418, 1426, 1434, 1442, 1450, 1458, 1466, 1474, 1482, 1490, 1498,
1506, 1514, 1522, 1530, 1538, 1546, 1554, 1562, 1570, 1578, 1586, 1594, 1602, 1610,
1618, 1626, 1634, 1642, 1660, 1674, 1688, 1702, 1713, 1724, 1735, 1743, 1751, 1759,
1770, 1781, 1792, 1800, 1808, 1816, 1827, 1838, 1849, 1857, 1865, 1873, 1884, 1895,
1906, 1914, 1922, 1930, 1938, 1946, 1954, 1962, 1970, 1978, 1986, 1594, 2002, 2010,
2018, 2026, 2034, 2042, 2050, 2058, 2066, 2074, 2082, 2090, 2098, 2106, 2114, 2122,
2130, 2138, 2146, 2154, 2162, 2170, 2178, 2186, 2194, 2202, 2210, 2218, 2236, 2250,
2264,2278, 2289, 2300, 2311, 2319, 2327, 2335, 2346, 2357, 2368, 2376, 2384, 2392,
2403, 2414, 2425, 2433, 2441, 2449, 2460, 2471, 2482, 2490, 2498, 2506, 2514, 2522,
2530, 2538, 2546, 2554, 2562, 2570, 2578, 2586, 2594, 2602, 2610, 2618, 2626, 2634,
2647, 2650, 2658, 26066, 2674, 2682, 2690, 2698, 2706, 2714, 2722, 27730, 2738, 2746,
2754, 2762,2770, 2778, 2786, 2794, 2810, 2824, 2835, 2846, 2857, 2865, 2873, 2881,
2892, 2903, 2914, 2922, 2930, 2938, 2946, 2954, 2962, 2970, 2978, 2986, 2994, 3002,
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3010, 3018, 3020, 3034, 3042, 3050, 3058, 3066, 3074, and 3082, as set forth in Table
SA and Table 5B.

108228] Other cxemplary embodiments of the inventive composition arc
unconjugated and conjugated peptide analogs of GpTx-~1 having one of the amino acid
sequences as set forth in Table 5A, Table 5B, and Table 31. Particular cmbodiments of
the inventive 1solated polypeptides include those having an amino acid sequence
selected from SEQ [D NOS: 3-134, 136-305, 307-386, 388-474, 515-527, 532-388, 590,
591, 593-1049, and 1062-3086, and more particularly an amino acid sequence selected
from SEQ D NOS: 3-30, 32-72, 74-134, 136-178, 180-211, 218-239, 241-305, 307-
363, 366-386, 388-432, 434-474, 515-527, 532-588, 590, 591, 593-775, 777, 778, 780~
788, 790-1049, and 1662-3086. Any of these further comprising an optional linker
moicty and a pharmaceutically acceptable, covalently linked half-life extending moicty,
as descrtbed herein, are also encompassed within the present invention. A
pharmaceutical composition comprising any of thesc polypeptides (with or without a
covalently inked half-life extending moiety) and a pharmacecutically acceptable carrier

is also encompassed within the present invention.

Table 5A. Amino acid sequences of GpTx-1 and GpTx-1 peptide analogs. {H}- =

amino group of N-terminal; ~-{Amide} = amidatcd C-terminal; Ac-= dcctyldtn,d N-

{4-Pen}- = 4-pentynoylated N-terminal; {bromoacetamide-PEG1 -triazole}- ’L(L(]f
bromo-2-0x0-6,9,12,15,18,21,24,27,30,33,36-undecaoxa-3-azaoctatriacontan-38-yl)-

1H-1,2,3-triazol-4-ylpropanoyl covalently conjugated to N-terminal.

SEQ
Designation Amino Acid Sequence D
NO:
{H}-DCLGFMRKCIPDNDKCCORPNLYCSRTHKWCKYVF-
GpTx-1(1-34) {Amide} 1
Al D-
isomeriGpTx-1(1-
34) {H}-delgimrkeipdndkeerpnivesrihkwekyvi-{Amide} 2
[SeMetb]GpTx- {H}-
1(1-34) DCLGF[SeMet]RKCIPDNDKCCRPNLYCSRTHKWCKYVF- 3
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{Amide}

[Ala12]GpTx-1(1-

{H}-DCLGFMRKCIPANDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 4
[Ala13]GpTx-1(1- | H}F-DCLGFMRKCIPDADKCCRPNLVCSRTHKWCKYVF-
34) {Amide} 5
[Alat5iGpTx-1(1- | (H}-DCLGFMRKCIPDNDACCRPNLYCSRTHKWCKYVF-
34y {Amide} 6
[Ala201GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPALVCSRTHKWCKYVF-
34) {Amide} 7
[Ala221GpTx-1(1- | H}-DCLGFMRKCIPDNDKCCRPNLACSRTHKWCKYVF-
34) {Amide} 8
[Ala251GpTx-1(1- | {H-DCLGFMRKCIPDNDKCCRPNLVCSATHKWCKYVF-
34) {Amide} 9
INaZB1GpTx-1(1- | {H}FDCLGFMRKCIPDNDKCCRPNLYCSRAHKWCKYVF-
34) {Amide} 10
[Aa27]GpTx-1(1- | H}-DOLGFMRKCIPDNDKCCRPNLVCSRTAKWCKYVEF-
34) {Amide} 11
[Aa28iGpTx-1(1- | (HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHAWCKY V-
34) {Amide} 12
[Ala311GpTx-1(1- | {H}FDCLGFMRKCIPDNDKCCRPNLVCSRTHKWCAYVF-
34) {Amide} 13
[Ala321GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKAVF-
34) {Amide} 14
[Ala33]GpTx-1(1- | {H}F-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYAF -
34} {Amide} 15
- " R > ¥ > ID .Jo ¥ -
GpTx-1(1-34)-Ala %Xiﬂ%ﬁ;GFMhKC!PDKDKCLR NLVCSRTHKWCKYVFA .
1T N f i > W} I/ ™ Tl L L
Glu-GpTx-1(1-34) %i;mfe?i@{*IVIRKC;PDNDKCCRI NLVCSRTHKWCKYVF -
[Glu1]1GpTx-1(1- {HF-ECLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-
34) {Amide} 18
[Glu3]GpTx-1(1- {H}-DCEGFMRKCIPDNDKCCRPNLVCSRTHKWCKY VF-
34) {Amide} 19
[Alat]GpTx-1(1- {HIACLGFMRKCIPDNDRCCRPNLYCSRTHKWCKYVF-
34) {Amide} 20
[Ala3iGpTx-1(1- {H}-DCAGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-
34) {Amide} 21
[AlabIGpTx-1(1~ {H}F-DCLCAMRKCIPDNDKCCRPNLVCSRTHRWCKYVF-
34) {Amide} 22
[AlaBIGPTx-1(1- {HIFDCLGFARKCIPDNDKCCRPNLYCSRTHRWCKYVF-
343 {Amide} 23
[GludIGpTx-1(1- {H}-DCLEFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-
34) {Amide} 24
[GluB]GpTx-1(1- {H}-DOLGFMRECIPDNDIKCCRPNLVCSRTHKWCKYVF-
34) {Amide} 25
[Glu121GpTx-1(1- | {HF-DCLGFMRKCIPENDKCCRPNLVCSRTHKWCIKYVF-
34) {Amide} 26
[Glu1B]GpTx-1(1- | {H}F-DCLGFMRKCIPDEDKCCRPNLVCSRTHKWCKYVF-
34) {Amide} 27
[Glu1s]GpTx-1(1- | {H}F-DCLGFMRKCIPDNDECCRPNLVCSRTHKWCKYVF-
34) {Amide} 28
[Ghuz7iGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTEKWCKYVF-
34) {Amide} 29
[Glu29iGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKECKYVE-
24) {Amide} 30
[Gu3NCPTH-1(1- | H-DCLCFMRKCIPDNDKCCRPNLVCERTHKWCEYVE- 31
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34) {Amide}
[Glu32]GpTx-1(1- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKEVF-
34) {Amide} 32
[Glu33IGpTx-1(1- {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCOKYER-
34) {Amide} 33

[GIL341Gp T (1-

{H}-DOLGFMRKCHPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 34
s = =

GpTx-1(1-34)-Glu %Z};%g;.@r MRKCIPDNDKCCRPNLVCSRTHKWCKYVFE- a

\ - {H}-KDCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

Lys-GpTx-1(1-34) {Amide} 35

[Lys11GpTx-1(1- {H}-KCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

34) {Amide} 37

[Lys3IGpTx-1(1- {H}-DCKGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

34) {Amide} 38

[Lys41GpTx-1(1- {H}-DCLKFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

34) {Amide} 39

[Lys71GpTx-1(1- {H}RDCLCFMKKCIPDNDKCCRPNLVCSR THKWCKYVF-

34) {Amide} 40

iLys10]1GpTx-1(1- | {H}F-DCLGFMRKCKPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 41

{Lys12]GpTx-1(1- | {H}-DCLGFMRKCIPKNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 42

[Ala71Cp Tx-1(1- {H}-DCLGFMAKCIPDNDKCCRPNLVCSRTHKWCKY V-

34) {Amide} 43

[Ala8]GpTx-1{1- {H}-DCLGFMRACIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 44

[Ala10]GpTx-1(1- | (H}DCLGFMRKCAPDNDKCCRPNLYCSRTHKWCKYVF-

34) {Amide} 45

[Alal1iGpTx-1(1- | (H-DCLGFMRKCIADNDKGCCRPNLYCSRTHKWCKYVEF-

343 {Amide} 48

[Ala28]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKACKYVF-

34) {Amide} 47

[Lys13]GpTx-1{1- | {H}-DCLGFMRKCIPDKDKCCRPNLVYCSRTHKWCKYVF-

343 {Amide} 48

[Lys18IGpTx-1{1- | {H}-DCLGFMRKCIPONDKCCKPNLYCSRTHKWCKYVF-

34) {Amide} 49

ILys19]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRKNLVCSRTHKWCKYVE-

34) {Amide} 50

fLys20]GpTx-1(1- | {(H}-DCLGFMRKCIPONDKCCRPKLVCSRTHKWCKYVE-

34) {Amide} 51

fLys221GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLKCSRTHKWCKY V-

34) {Amide} 52

Lys2BlGpTx-1{1- | {H}-DCLGFMRKCIPONDKCCRPNLYCSKTHRKWCKYVF-

34) {Amide} 53

[Lys26]CGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRKHKWCKYVF-

34) {Amide} 54

[Lys27]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTKKWCKYVF-

34) {Amide} 55

[Lys291GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKKCKYVF-

34) {Amide} 56

[Lys321GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKKVE-

34) {Amide} 57

fLys33]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYKF-

34) {Amide} 58

[Lys34]GpTx-1(1- | {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY VK- 59
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34) {Amide}
GpTX-1(1-34)-Lys {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVFK-
- {Amide} 80
- D 3 =
Arg-GpTx-1(1-34) ;{;\E&%E;?LGFMRKGPDNDKCCR% NLVCSRTHKWCKYVF o
[Arg11GpTx-1(1- {H}I-RCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVEF-
34) {Amide} 62
IArgdiGpTx-1(1- {HI-DOLRFMRIKCIPDNDKCCRPNLVCSRTHKWCKY VF-
34) {Amide} 83
[Arg61GpTx-1(1- {H}-DCLGFRRKCIPDNDKCCRPNLVCSRTHKWCKY V-
34) {Amide} 64
IArg81GpTx-1(1- {H}-DCLGFMRRCIPDNBKCCRPNLVCSRTHKWCKY V-
34) {Amide} 85
[Arg101GpTx-1(1- | {H}-DCLGFMRKCRPDNDKCCRPNLVCSRTHKWCKYVEF-
34) {Amide} 66
IArg121GpTx-1(1- | {M-DCLGFMRKCIPRNDKCCRPNLVCSRTHRKWCKYVF-
34) {Amide} 67
Arg18iGpTx-1(1- | {H}-DCLGFMRKCIPDNDRCCRPNLVCSRTHKWCKYVE-
) {Amide} 68
[Arg201GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPRLVCSRTHKWCKYVF-
34) {Amide} 69
[Arg261GpTx-1(1- | {H-DCLGFMRKCIPDNDKCCRPNLYCSRRHKWCKYVF-
34) [Amide} 70
[Arg271GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTRKWCKYVF-
34 {Amide} 71
[Arg28]GpTx-1(t- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHRWCKYVF-
34) {Amide} 72
Arg31iGpTx-1(1- | {H}-DCLGFMRKCIPRNDKCCRPNLVCSRTHKWCRYVE-
34) {Amide} 73
[2rg331GpTx-1{1- | {H}F-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYRF-
34) {Amide} 74
[Arg341GeTx-1(1- | (HIF-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVR-
34) {Amide} 75
{H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVFR-
CpTx-1{1-34)-Arg | {Amide} 78
{H-[1-
[1-NaltjGpTx-1{1- | Nal]CLGFMRKCIPDNDKCCRPNLVCESRTHKWCOKYVE-
34) {Amide} 77
[1-Nal101GpTx- {H}-DCLGFMRKC[1-
1(1-34) NallPDNDKCCRPNLVCSRTHKWOKYVF-{Amide} 78
(1-Nalz9]GpTx- {HI-DCLGFMRKCIPONDKCORPNLVCSRTHK] 1~
1(1-34) NallCKYVF-{Amide} 79
[1-Nal34}GpTx- {H}-DCLGFMRKCIPONDKCCRPNLVCSRTHKWOK YV 1-
1(1-34) Nall-{Arnide} 80
[TrptlGpTxe-1(1- {H-WCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-
34) {Amide} 81
[TrpSlGpTx-1(1- {H}-DCLGWMRKCIPRNDKCCORPNLYCSRTHKWCKYVF-
34) {Amide} 82
{Trp10}CoTx-1(1- | {H}-DCLOGFMRKCWPDNDKCCRPNLVCSRTHKWCKY V-
34) {Amide} 83
[Trp271GpTx=-1(1- | {HI-DCLGFMRKCIPDNDKCCRPNLVCSRTWKWCKYVF-
34) {Amide} 84
[Trp32iGpTx-1(1- | {H}F-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKWYF-
34) {Amide} 85
(Trp341GpTx-1(1- | {H}I-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVW-
34) {Amide} 86
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{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVFW-

GpD-1(1-34-Trp | {Amide} 87
{H}-DCLGIMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

e8]GpTx-1(1-34) | {Amide} 88

[PheB]GpTx-1(1- {H}-DCLGFFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 89

[Asn10]GpTx-1(1- | {H}-DCLGFMRKCNPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 80

[Ser1Z2IGpTx-1(1- | {H}-DCLGFMRKCIPSNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 91

[GIN18}GpTx-1(1- | (H}-DCLGFMRKCIPDNDQCCRPNLYCSRTHKWCKYVF-

343 {Amide} 92

[Ser-5eri8iGpTu- | {H-DCLGFMRKCIPDNDKCCRSSNLVCSRTHKWCKYVF-

1(1-34) {Amide} 93

ILys26; Thr271GpT | (H}-DCLGFMRKCIPDNDKCCRPNLVCSRKTKWCKYVF-

x-1(1-34) {Amide} 94

[GIN33]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYQF-

34) {Amide} 95

Hedd]GpTx-1{1- {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVI-

34) {Amide} 06

[TyrliGpTx-1(1- {H}-YCLGFMRKCIPDNDKCCRPMLVCSRTHKWCKYVFE-

34) {Amide} g7

[GIN3IGpTx-1(1- {H}-DCQGFMRKCIPDNDKCCRPNLVYCSRTHKWCKYVF-

34) {Amide} a8

{Lys32;1-

Nal34]GpTx-1(1- {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKKV 1-

34T Nafjw-{Amide} 99
{H}RADCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

Ala-GpTx-1(1-34) | {Amide} 100

[Ala34]CpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVA-

34) {Amide} 101

[Gu22iGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLECSRTHKWCKYVEF-

343 {Amide} 102

[Arg131GpTx-1(1- | {H}-DCLGFMRKCIPDRDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 103

[Arg291GpTx-1(1- | {HFDCLGFMRKCIPDNDKCCRPNLYCSRTHKRCKYVE-

34) {Amide} 104

[1-NalB]GpTx-1(1- | {H}-DCLG[1-

34) Nal]MRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide)} 105
{H}FWDCLGFMRKCIPBNDKCCRPNLVCSRTHKWCKYVF-

Trp-GpTx-1(1-34) | {Amide} 106

GpTx-1(1-34}- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVEF-

FregAcid {FreeAcid} 107
{H}-CLGFMRKCIPDNDKCCRPNLVCSRTHKWOKY V-

GpTx-1(2-34) {Amide} 108

[Phe27|GpTx-1(1- | H}-DCLGFMRKCIPDNDKCCRPNLVCSRTFRWCKYVF-

34) Amide} 109

[Tyr271GpTx-1{1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTYKWCKYVF-

34) {Amide} 110

[Leu27IGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTLKWCKYVF-

34) {Amide} 111

[Phe20]GpTx-1(1- | {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKFCKYVF-

34) {Amide} 112

[Tyr291GpT-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKYCKY V-

34) {Amide} 113

ILeu28iGpTx-1(1- | {H-DCLGFMRKCIPDNDKCCRPNLYCSRTHKLCKYVE-~ 114
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34) {Amide}
{H}-DCLGFM{CIIKCIPDNDKCCRPNLVCSRTHKWCKYVF-

[CHTIGPpTx-1(1-34) | {Amide} 115

[Cit18]GpTx-1(1- {H}-DCLGFMRKCIPDNDKCCICI}PNILVCSRTHKWCKY VE-

34) {Amide} 116

[Cit25]GpTxe-1{1- {H}-DCLGFMRKCIPDNDKCCRPNLVCS[CIH] THKWCKYVF-

34) {Amide} 117

{The8lGpTx-1(1- {HI-DCLGFMRTCIPDNDKCCRPNLYCSRTHKWCKYVE-

34) {Amide} 118

[Asp10iGpTX-1{1- | {H}-DCLGFMRKCDPDNDKCCRPMLYCSRTHRKWCKYVE-

34) {Amide} 119

Met21iGpTx-1(1- | {(HI-DCLGFMRKCIPODNDKCCRPNMVCSRTHKWCKY V-

34) {Amide} 120

[Leu2B]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRLHKWCKYVE-

34) {Amide} 121

{LeuddiCpTx-1(1- | (H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVL-

34) {Amide} 122

[NIeBIGpTx-1(1- {H}-DCLGFINIg]RKCIPDNDKCCRPNLVCSRTHKWCKYYE -

34) {Amide} 123

[2-AbuB]GpTx-1(1- | {H}-DCLGF[2-

34) ABUIRKCIPONDKCCRPNLYCSRTHKWCKY VF-{Amide} 124

[2-Abu2,171GpTx~ | {H}-DI2-AbulL GFMRKCIPDNDKC[2-

1(1-34) AbUIRPNLVCSRTHKWCKYVF-{Amide} 125

[GW19IGpTx-1(1- | {HI-DCLGFMRKCIPDNDKCCRGNLVCSRTHKWCKY V-

34) {Amide} 128

HLys32iGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPMNLVCSRTHKWCKKVFW-

34)Tip {Amide} 127

[2-Mal5]GpTx-1(1- | {H}-DCLG[2-

34) Nal]MRKCIPDNBKCCRPNLVCSRTHKWCKYVF-{Amide} 128

[2-Nal29]GpTx- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHK]2-

1(1-34) NallCKYVF-{Amide} 129

[2-Nal34}GpTx- {F-DCLEGFMRKCIPDNDKCCRPNLYCSRTHKWCKYV([2-

1(1-34) Nall-{Amide} 130

GpTe-1{1-34)-2- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF|2-

Nal Mall-{Amide} 131
{AcetyllDCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE

Ac-GpTx-1(1-34) -{Amide} 132
{H}-

GpTx-1(1-34)-Trp- | DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVFW{Free

FreeAcid Acid} 133

[Glu18;desAsn20] | {H}-DCLGFMRKCIPDNDKCCEGLVCSRTHKWCKYVF-

GpTx-1(1-34) {Amide} 134

[2-Abu9,231GpTx- | (HI-DCLGFMRK[2-AbujIPDNDKCCRPNLV]2-

1{1-34) AbuISRTHKWCKYVF-{Amide} 135
{H}-DCLGI2-

[2-Nal5,34]GpTx- | Nal]MRKCIPDNDKCCRPNLVCSRTHKWCKYVI2-Nal}-

1(1-34) {Amide} 136

[2-Nal5; 1~ M-DCLGI2-

Nal34]1GpTx-1{1- NaliMRKCIPDNDKCCRPNLVCSRTHKWCKYV[1-Nal]-

34) {Amide} 137

{1-Nal34]GpTx- {HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY V-

1(1-34)-Trp MNafjw-{Amide} 138

[2-Nal341GpTx- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYV(2-

1(1-34)-Tro NallW-{Amide} 139

[Ala2, 171GpTx- {H}-DALGFMRKCIPDNDKCARPNLVCSRTHKWCKYVF-

1{1-34) {Amide} 140
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[Alad)GpTx-1(1-
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{H}-DCLAFMRKCIPDNDKCCRPNLVCSRTHKWCKY VE-

34) {Amide} 1441
[Ala24]GpTx-1(1- | {H}-DCLGFMRKCIFDNDKCCRPNLVCARTHKWCKYVF-

34) {Amide} 142
[GluB)GpTx-1(1- {H}-DCLGEMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 143
[GluBIGpTx-1(1- {H}-DCLGFERKCIPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 144
[Glu7]GpTx-1(1- {FHI-DCLGFMEKCIPDNDKCCRPNLVCSRTHKWCKY VF-

34) {Amide} 145
[Glu101GpTx-1(1- | {H}-DCLGFMRKCEPDNDKCCRPMLVCSRTHKWCKYVF-

34) {Amide} 148
[Glu111GpTx-1(1- | {H}-DCLGFMRKCIEDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 147
[Glu18]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCEPNLVCSRTHKWCKYVF-

34) {Amide} 148
[Glu201CpTx=-1(1- | {H}-DCLGFMRKCIPDNDKCCRPELVCSRTHKWCKYVF-

34) {Amide} 149
[Glu24]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPMLVCERTHKWCKYVF-

34) {Amide} 150
IG2EIGPTX-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSETHKWCKY V-

34) {Amide} 151
[Glu26]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSREHKWCKYVF-

34) {Amide} 152
[Glu28IGpTx-1(1- | (H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHEWCKYVF-

34} {Amide} 153
[LysBiGpTx-1(1- {H}-DCLGFKRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 154
[Arg31GpTx-1(1- {H}-DCRGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 155
[Arg81GpTx-1(1~ {H}-DCLCRMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 156
(Arg191GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRRNLVCSRTHKWCKYVE-

34) fAmide} 157
IArg221GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLRCSRTHKWCKYVF-

343 {Amide} 158
[Arg32lGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKRVF-

34) {Amide} 159
[1-NaldlGpTx-1{1- | {H}-DCL[1-

3 NallFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 160
[1-Mal6]GpTx-1(1- | {H}-DCLGF[1-

34) Nal]RKCIPDNDKCCRPNLVCSRTHKWCKYVEF-{Amide} 161
[1-Nali2iGpTx- {H-DCLGFMRKCIP[1-

1{1-34) Nal[NDKCCRPNLVYCSRTHKWCKYVF-{Amide} 162
[1-Mal13]GpTx- {HI-DCLGFMRKCIPD[1-

1(1-34) NallDKCCRPNLVCSRTHKWOCKYVF-{Amide} 163
[1-Nal201GpTx- {HI-DCLGFMRKCIPDNDKCCRP[1-

1(1-34) NallLVCSRTHKWCKYVF-{Amide} 164
[1-Nal211GpTx- {H}-DCLGFMRKCIPDNDKCCRPN[1-

1(1-34) NallVCSRTHKWCKYVF-{Amide} 165
[1-Nal271GpTx- HI-DCLGFMRKCIPDNDKCCRPNLYCSRT -

1(1-34) NallKWCKYVF-{Amide} 166
[1-Nai32]GpTx- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK]1-

1(1-34) NallVF-{Amide} 167
[1-Nal331GpTx- {HDCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYT1-

1(1-34) NallF-{Amide} 168
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[TrodiGpTx-1(1-
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{H}-DCLWFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 169

[Trp81GpTx-1(1- {HI-DCLGFWRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 170

Trpt11iGpT-11- | {H}F-DCLGFMRKCIWDNDKCCRPNLYCSRTHKWCKY V-

34) {Amide} 171

[Trp121GpTx-1(1- | {H-DCLGFMRKCIPWNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 172

[Trp131GpTx-1(1- {HI-DCLGFMRKCIPBDWDKCCRPNLVCSRTHKWCKY VF-

34) {Amide} 173

[Trp18iGp Tx-1{1- {H-DCLGFMRKCIPDNDKCCWPNLVCSRTHKWCKYVF -

34) {Amide)} 174

ITrp20)GpTx-1(1- {H-DCLGFMRKCIPDNDKCCRPWLYCSRTHKWCKYVF-

343 {Amide} 175

(Trp21iGpTe=1{1- | {H}-DCLGFMRKCIPDNDKCCRPNWYVCSRTHKWOKYVEF-

34) {Amide} 176

[Trp221GpTx-1(1- {HI-DCLGFMRKCIPDNDKCCRPNLWCSRTHKWCKYVE-

34} {Amide} 177

[Trp261GpTx-1(1- {H-DCLGFMRKCIPDNDKCCRPNLVCSRWHRKWCKYVE-

34) {Anmide} 178

[Trp31iGpTx-1(1- | {HIF-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCWY VF-

343 {Amide) 179

[Trp331GpTx-1(1- | H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYWE-

34) {Amide} 180

[Ser1GpTx-1(1- | {H}FDCLGFMRKCIPDNDKCCRSNLVCSRTHKWCKYVF-

343 {Amide} 181

[GIn33:1-

Nal341GpTx-1(1- {H-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKY Q[ 1-

34) Nall-{Amide} 182

[Arg28;GIn33;1-

Nal34]GpTx-1(1- {H-DCLGFMRKCIPONDKCCRPNLVCSRTHRWCKY Q[ 1~

34) Nall-{Amide} 183

[Arg20,GIn33;1-

Nai341GpTx-1(1- {H}-DCLGFMRKCIPDNDKCCRPRLVCSRTHKWCKYQ[1-

34) Nall-{Amide} 184

[Arg20,28;GIn33;1-

Nal34]1GpTx-1(1- {H}F-DCLGFMRKCIPDNDKCCRPRLVCSRTHRWCKY QI 1~

34) Mafl-{Amids} 185

[Arg15;GiIn33;1-

Nal341GpTx-1(1- HI-DCLGFMRKCIPDNDRRCCRPNLYCSRTHKWCKY Q1 -

34) Nall-{Amide} 186
{H}-

Arg-GpTx-1(1-34)- | RDCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVFW-

Trp {Amide} 187
{HHPEICLGFMRKCIPRDNDKCCRPNLYCSRTHKWCKYVE-

PENGRTX-1(1-34) | {Amide} 188
{HIMICLGFMRKCIPDNDKCCRPNLVCSRTHRWCKYVE-

HeliGpTx-1{1-34) | {Amide} 189

{Pro1iGpTx-1(1- {HI-PCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 190

[Sert]CpTx-1(1- {H}-SCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

34) IAmide) 191

[Thr1lGpx-1(1- {HI-TCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 192

(Leu12]GpTx-1(1- | {H}-DCLGFMRKCIPLNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 193
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[Gly121GpTx-1(1-
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{H}-DCLGFMRKCIPGNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 194

[le12]GpTx-1(1- {H}-DCLGFMRKCIPINDKCCRPNLVCSRTHKWCKY VF-

34) {Amide} 195

[Thr12)CpTx-1(1- | {H}F-DCLGFMRKCIPTNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 196

[Tyri2]GpTx-1(1- | {H}-DCLGFMRKCIPYNDKCCRPNLVCSRTHIRKWCKYVF-

34) {Amide} 197

[Gly201GpTx-1{1~ | {H}-DCLGFMRKCIPDNDKCCRPGLVCSRTHKWCKYVF-

34) {Amide} 198

[Phe20]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPFLVCSRTHKWCKYVF-

34) {Amide} 189

[Tyr201CpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPYLVCSRTHKWCKYVF-

34) {Amide} 200
{H-1-

1-Mal-GpTx-1(1- MallDCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 201

[Trp3lGpTx-1(1- {H}-DCWGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 202
{H-DCt-

[1-Nal3]GpTx-1(1- | NalJGFMRKCIPDNDKCCRPNLVCSRTHKWOKYVE-

34) {Amide} 203

[Lys5IGpTx-1(1- {H}-DCLGKMRKCIPDNDKCCRPNLVCSRTHKWCKY V-

34) {Amide} 204

[Trp71GpTx-1(1- {H-DCLGFMWKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 205

[1-Nai7]GpTx-1(1- | {H}-DCLGFM[1-

34) NalIJKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 206

[Trp8iGpTx-1{1- {H}-DCLGFMRWCIPDNDKCCRPNLYCSRTHRKWCKYVF-

34) {Amide} 207

[1-NalgiGpTx-1(1- | {H-DCLGFMR][1-

34) NallCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 208

Lyst11GpTe-1{1-  {H}-DCLGFMRKCIKDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 208

ArgT11GpT-1(1- | (HFDCLGFMRKCIRDNDKCCRPNLYCSRTHKWCKYVF-

34) {Amide} 210

[1-Nal11]GpTx- H-DCLGFMRKCIH1-

1(1-34) NallDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 211

[Ala141GpTx-1(1- | (H}-DCLGFMRKCIPDNAKCCRPNLYCSRTHKWCKY V-

34) {Amide} 212

[Glu14lGpT-1(1- | {(H-DCLGFMRKCIPDNEKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 213

iLyst41GpTx-1(1- | (H}FDCLGFMRKCIPDNKKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 214

[Arg141GpTx-1(1- | (H}I-DCLGFMRKCIPDNRKCCRPNLVCSRTHKWCKY V-

34) {Amide} 215

[Tro14]GoTx-1(1- | (H}-DCLGFMRKCIPDNWKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 218

{1-Nal14]GpTx- {H-DCLGFMRKCIPDN1-

1(1-34) NallKCCRPNLVCSRTHKWCKYVF-{Amide} 217

[Trp1BIGpTx-1(1- | {H}-DCLGFMRKCIPDNDWCCRPNLVCSRTHKWCKYVF-

34) {Amide} 218

[1-Nal151CpTx- {H-DCLGFMRKCIPDND{1-

1{1-34) Nal]COCRPNLVCSRTHKWUCKYVF-{Amide} 219

Ala18]GpTx-1{(1- | {H}-DCLGFMRKCIPDNDKCCAPNLVCSRTHKWCKYVF-

34) {Amide} 220

~93 -
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[1-Nal18]GpTx-
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{H}-DCLGFMRKCIPDNDKCO[ 1~

1(1-34) NallPNLVCSRTHKWCKYVF-{Amide} 221

[Ala191GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRANLYCSRTHKWCKYVF-

34) {Amide} 222

[Glu18jGpTx-1(1~ | {H}F-DCLGFMRKCIPDNDKCCRENLVCSRTHKWCKYVF-

34) {Amide} 223

Mp19iGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRWNLVCSRTHKWCKYVE-

343 {Amide} 224

[1-Nal19]GpTx- {H}-DCLGFMRKCIPDNDKCCR 1~

1(1-34) Nai]NLVCSRTHKWCKYVE-{Amide} 225

IAla21]GpTx-1(1- | {(H}-DCLGFMRKCIPDNDKCCRPNAVCSRTHKWCKYVE-

34) {Amide} 226

[Gluz1iGpTx-1{1- | (H}-DCLGFMRKCIPDNDKCCRPNEVCSRTHKWCKYVF-

34) {Amide} 227

Lys211GpTx-1(1- | (H}-DCLGFMRKCIPDNDKCCRPNKVCERTHKWCKYVF-

34) {Amide} 228

[Arg2N1GpTx-1(1- | {H}-DCLGFMRKCIPODNDKCCRPNRVCSRTHKWCKYVF-

34) {Amide} 229

[1-Nal22]GpTx- {H}-DCLGFMRKCIPDNDKCCRPNL[ 1~

1(1-34) NallCSRTHKWCKYVF-{Amidel 230

iLys241GpTx-1(1- | {HF-DCLGFMRKCIPDNDKCCRPNLYCKRTHKWCKY V-

34) {Amide} 231

[Arg241GpTx-1(1- | (H}-DCLGFMRKCIPDNDEKCCRPNLVCRRTHKWCKYVF-

34) {Amide} 232

[Trp241GpTx-1{1- | HF-DCLGFMRKCIPDNDKCCRPNLYCWR THKWCKYVF-

34) {Amide} 233

[1-Nal24iGpTx- {H}-DCLGFMRKCIPDNDKCCRPNLVC[ 1~

1(1-34) Nal]RTHKWCKYVF-{Amide} 234

[Trp251Gp -1~ | HEDCLGFMRKCIPDNDKCCRPNLY CSWTHRKWCKY VF-

34) {Amide} 235

{1-Nal25]GpTx- {H}-DCLGFMRKCHIPDNDKCCRPNLVCS]1-

1(1-34) NallTHKWCKYVEF-{Amidel 238

[1-Nai28)opTx- {H}-DCLGFMRKCIPDNDKCCRPMLVCSRI -

1(1-34) NaljHKWCKYVF-{Amide} 237

[Trp28iGpTx-1(1- | (H}F-DCLGFMRKCIPDNDKCCRPNLVCSRTHWWCIKYVF-

34) {Amide} 238

[1-Nal28}GpTx- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTH[1-

1(1-34) MallWCKYVF-{Amide} 239

[1-Nal311GpTx- {H-DCLGFMRKCIFPDNDKCCRPNLVCSRTHKWC[1-

1(1-34) NallYVF-{Amide} 240
{H}-

GpTx-1(1-34)1- DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF[1Nal]-

MNal {Amide} 241

IBiphbGpTx-1(1- {H}-DCLEIBip]MRKCIPDNDKCCRPNLVCSRTHIKWCKY VF-

34) {Amide} 242
{H}-

[ChablGpTx-1(1- DCLG[Cha]MRKCIPDMDKCCRPNLYCSRTHKWCKY V-

343 {Amide} 243

[LeuBGpTx-1(1- {H}-DCLGFLRKCIFDMDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 244
{H}-

[ChabiGpTx-1(1- DCLGFICha]RKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 245
{H}-

[T'NMeW32iGpTx- | DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[1'NMaW]V

1(1-34) F-{Amide} 246

-804 .




WO 2012/125973

PCT/US2012/029537

{pi-PhediGpTx-

{(H-DCLGpk

1(1-34) Phe]MRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 247
[Hed31GpTx-1(1- {H}DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYIF-
34) {Amide} 248
[pl-Phe331GpTx- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY [pi-
1(1-34) PhelF-{Amide} 249
{H}-
[1TNMeW33]GpTx- | DCLGFMRKCIPDNDKCCRPMLVCSRTHIKWCKY[1'NMew]
1(1-34) F-{Amide} 250
[Arg28;1-
Nal321GpTx-1(1- {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHRWCK]1-
34) NallVF-{Amide} 251
[AlaB; Trp331GpTx- | {H-BCLGAMRKCIPDNDKCCRPNLVCSRTHKWCKYWEF-
1(1-34) {Amide}
““““ 252

[Ala5; Trp32iGpTx- | (H}F-DCLGAMRKCIPDNDKCCRPNLYCSRTHKWCIKWVF-
1(1-34) {Amide}

253
[Alab;1-
Nal32]GpTx-1(1- {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCK{ 1~
34) NallVF-{Amide}

254
[Alab;l.eu26]GpTx- | HI-DCLGAMRKCIPDNDKCCRPNLVCSRLHKWCKYVF-
1(1-34) {Amide}

255
[Alab;1- {H}-DCLGA1-
NalgiGpTx-1(1-34) | NaljRKCIPDNDKCCRPNLVCSRTHRKWCKYVE-{Amide}
{AlaB;PheblGpTx- | {H}-DCLGAFRKCIPDNDKCCRPNLYCSRTHICWCKYVF-
1(1-34) {Amide}

257
[Ala5;1-
Nal33]GpTx-1(1- {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCK Y[ 1~
34) NallF-{Amide}

258
[Alab;1-
Nal10]GpTx~1(1- {H}-DCLGAMRKC|1-
34) Nal]PDNDKCCRPNLVCSRTHKWCKYVF-{Amide}

259
[Alas;Arg28iGpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHRWOKYVE-
1(1-34) {Amide}

260
[AlaB; Trp6lGpTx- {H}-DCLGAWRKCIPDNDKCCRPNLVCERTHKWCKY V-
1(1-34) {Amide}

261
[Alab;Phet;leuls;
Arg281GpTx-1(1- {H}-DCLGAFRKCIPDNDKGCRPNLYCSRLHRWCKYVE-
34 {Amide}

262
{Ala5;Pheb;Leu2B] | {H}-DCLGAFRKCIPDNDKCCRPNLVCSRLHKWCKYVEF-
GpTx-1(1-34) {Amide} 263
[1T'NMeWS5S|GpTx- {H}- 264
1(1-34) DCLG[1NMeWIMRKCIPDNDKCCRPNLVCSRTHKWCKYV

F-{Amide}

{Gly5]GpTx-1(1- {H-DCLGGMRKCIPDNDKCCRPNLVCSRTHKWCKYVE- 265

34)

{Amide}




WO 2012/125%73

PCT/US2012/029537

[His5]GpTx-1(1- {H}-DCLGHMRKCIPDNDKCCRPNLVCSRTHKWCKYVEF- 266
34) {Amide}
[Leus]GpTx-1(1- {H}-DCLGLMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 267
34) {Amide}
[MetBIGpTx-1(1- {H}DCLGMMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 268
34) {Amide}
[ProBiGpT>x-1{1- {H}-DCLGPMRKCIPDMDKCCRPNLYCSRTHKWCKY VF- 269
34) {Amide}
[Thr5lGpTe-1(1- {H}-DCLGTMRKCIPDNDKCCGRPNLYCSRTHKWCKYVF - 270
34) {Amide}
[Tyr5lGpTx-1(1- {H}-DCLGYMRKCIPDNDKCCRPMNLVCSRTHKWCKYVF- 271
34) {Amide}
[Val5]GpTx-1(1- {H}-DCLGVMRKCIPDNDKCCRPNLVCSRTHKWCKY V- 272
34) {Amide}
[D-Phe5iGpTx- {H}-DCLGIMRKCIPDNDKCCRPNLVCSRTHKWCKYVE- 273
1(1-34) {Amide}
[NMeTrpBlGpTx- {H}- 274
1(1-34) DCLGINMeTrpIMRKCIPDNDKCCRPNLVCSRTHKWCKYV
F-{Amide}
[PhygBlGpTx-1(1- {1~ 275
343 DCLGIPhgIMRKCIPDNDKCCRPNLYCSRTHKWCKYVEF-
{Amide}
{ACO2-F5IGpTx- {H}-DCLG[4CO2- 278
1(1-34) FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-{Amide}
[2PALSIGPTX-1(1- | {H}- 277
34) DCLGRPALIMRKCIPDNDKCCRPNLVCSRTHKWCKY VF-
{Amide}
[AsnBlGpTx-1(1- {H}-DCLGFNRKCIPDNDKCCRPNLVCSRTHKWCOKYVE- 278
34) {Amide}
[GIn6jGpTx-1(1- {H}-DCLGFQRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 279
34) {Amide}
[GlyBIGp Tx-1(1- {H}-DCLGFGRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 280
34) {Amide}
[HisB]CpTx-1(1- {H}-DCLGFHRKCIPDNDKCCRPNLVCSRTHKWCKY VF- 281
34) {Amide}
[lleB]GpTx-1(1-34) | {H}-DCLGFIRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 282
{Amide}
[Pro6iGpTx-1(1- {H}-DCLGFPRKCIPDNDKCCRPNLYCSRTHIKW CKYVE- 283
34) {Amide}
[Ser6iGpTx-1(1- {H}-DCLGFSRKCIPDNDKCCRPNLYCSRTHKWCKYVE- 284
34) {Amide}
[TheelGpTx-1(1- {H-DCLGFTRKCIPDNDKCCRPNLVCSRTHKWCKY VF- 285
343 {Arnide}
[TyrBiGpTx-1(1- {H-DCLGFYRKCIPDMDKCCRPNLVCSRTHKWCKYVE- 286
34) {Amide}
[ValB]GpTx-1(1- {H}-DCLGFVRKCIPDNDKCCRPMLVCSRTHKWCKYVF- 287
34) {Amide}
{Phg8]GpTx-1(1- {H- 288
34) DCLGFPhg]RKCIPDNDKCCRPNLVCSRTHKWCKYVF-
{Amide}
[INMeTrp8iGpTx- {H}- 289
1(1-34) DCLGFINMeTrp]RKCIPDNDKCCRPNLYCSRTHKWCKYVF
-[Amide}
[INMePheblGpTx- | {H}- 290
1(1-34) DCLGFNMePhe]RKCIPDNDKCCRPNLVCSRTHKWCKYYV

F-{Amide}

- 96 -




WO 2012/125973

PCT/USZ612/029537

[pI-Pheb]GpTx-
1(1-34)

{H-DCLGF[pi-
Phe]RKCIPDNDKCCRPNLYCSRTHKWCKYVE-{Amide)

291

[T'NMeWsIGpTx- | {H} 292

1(1-34) DCLGF[1'NMeW]RKCIPDNDKCCRPNLVCSRTHKWCKYVF
-{Amide}

[4CO2-F8IGpTx- {H}-DCLGFACO2- 283

1(1-34) FIRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide}

[2PALBIGPT%-1(1- | {H}- 294

34) DCLGF2ZPALIRKCIPDNDKCCRPNLVCSRTHKWCKYVE-
{Amide}

[K(Me2)71GpTx- {H}- 295

1{1-34) DCLGFMK(Me2IKCIPDNDKCCRPNLVCSRTHKWCKYVE-
{Amide}

[SDMAT7IGpTx- {H}- 296

1(1-34) DCLGFM[SDMAIKCIPDNDKCCRPNLVCSRTHKWCKY V-
{Amide}

[SDMASB]Gp T~ {H}- 297

1{1-34) DCLGFMRISDMAJCIPDNDKCCRPNLVCSRTHKWCKYVF-
{Amide}

[K(Me2)8IGpTx- {H}- 208

1(1-34) DCLGFMRK(Me2)JCIPDNDKCCRPNLVCSRTHRKWCKYVE-
{Amide}

[Tyr101GpTx-1(1- | {H}-DCLGFMRKCYPDNDKCCRPNLVCSRTHKWCKYVF- 299

34) {Amide}

[NMeTrp10]GpTx- | {H}- 300

1(1-34) DCLGFMRKCINMeTrp]PDNDKCCRPNLYCSRTHKWCOKYV
F-{Amide}

Val0lGpTx-1(1- | {H}F-DCLGFMRKCVPDNDKCCRPNLVCSRTHKWCKYVE- 301

34} {Amide}

[PheiOlGpTx-1(1- | {H}F-DCLEGFMRKCFPDNDKCCRPNLVCSRTHKWCKYVF- 302

34) {Amide}

fLeutd|GpTx-1(1~ | (H}-DCLGFMRKCLPDNDKCCRPNLYCSRTHKWCKYVF- 303

34) {Amide}

[His10]GpTx-1(1- | {H}-DCLGFMRKCHPDNDKCCRPNLVCERTHKWCKYVE- 304

34) {Amide}

[Sert0]GpTx-1(1~ | {H}DCLGFMRKCSPDNDKCCRPNLVCSRTHKWCKYVF- 308

34) {Amide}

(Met10]GpTx-1(1- | (HF-DCLGFMRKCMPDNDKCCORPNLVCSRTHKWCKYVE- 307

34) {Amide}

[Pro10]GpTx-1(1- | (HI-DCLGFMRKCPPDNDKCCRPNLVCSRTHKWCKYVE- 308

34) {Amide}

IThr10iCGpTxe=-1{1- | {H}-DCLGFMRKCTPDNDKCCRPNLVCSRTHKWCKYVF- 309

34) {Amide}

[4CO2-F10]CpeTx- | {H}-DCLGFMRKCIACO2- 310

1(1-34) FIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide}

[2PAL10]GPTX- {H}- 311

1{1-34) DCLGFMRKC[ZPALIPDNDKCCRPNLVCSRTHKWCKYVF-
{Amide}

[SDMA1SIGPTX- {H}~ 312

1(1-34) DCLGFMRKCIPDNDISDMAJCCRPNLVCSRTHKWCKYVE-
{Amide}

[K(Me2)15]GpTx~ | {H}- 313

1(1-34) DCLGFMRKCIPDNDIK(Me2)JCCRPNLYCSRTHKWCKYVEF-
{Amide}

IK(Me2)18]GpTx- | {H}- 314

1(1-34) DCLGFMRKCIPDNDKCCIK(Me2)IPNLVCSRTHKWCKY VF-

-97 -




W 2012/125973

POT/US2012/029537

{Amide}
[SDMA18]GpTx- {H}- 315
1(1-34) DCLGFMRKCIPDNDKCCISDMAIPNLVCSRTHKWCKYVE-
{Amide}
[2PAL18]GpTX- {H}- 316
1(1-34) DCLGFMRKCIPDNDKCC2PALIPNLVCSRTHKWCKYVEF-
{Amide}
[4C02-F21]GpTx- | {H}-DCLGFMRKCIPDNDKCCRPNIACO2- 317
1(1-34) FIVCSRTHKWCKYVF-{Amide}
[2PAL21IGPTX- {H}- 318
1(1-34) DCLGFMRKCIPDNDKCCRPN[ZPALIVCSRTHKWCKYVE-
{Amide}
[Phe221CpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLFCERTHKWCKYVF- 319
34) {Arnide}
[Pro221GpTx-1(1~ | {H}-DCLGFMRKCIPDNDKCCRPNLPCSRTHKWCKYVF- 320
34) {Amide}
{lle22]GpTx-1(1- {H}-DCLGFMRKCIPDNDKCCRPNLICSRTHKWCKYVF- 321
34) {Amide}
[Leu22]GpTx-1(1- | {HF-DCLGFMRKCIPDNDKCCRPNLLCSRTHKWCKY V- 322
34) {Amide
[Ser22]GpTx-1(1- | {(H-DCLGFMRKCIPODNDKCCRPNLSCSRTHKWCKYVF- 323
34) {Amide}
IGly221GpTx-1(1- | {(H}-DCLGFMRKCIPDNDKCCRPNLGCSRTHKWCKYVE- 324
34) {Amide}
[Asn22)GpTx-1(1- | {(HI-DCLGFMRKCIPDNDKCCRPNLNCSRTHKWCKYVE- 325
34) {Amide}
[His221GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLHCSRTHKWCKYVF- 326
34) {Amide}
[Asp22IGpTx-1(1- | HI-DCLGFMRKCIPDNDKCCRPNLDCSRTHKWCKYVEF- 327
34) {Amide}
[NMePhe22iGpTx- | {H}- 328
1(1-34) DCLGFMRKCIPDNRDKCCRPMLINMePhe]CSRTHKWCKYV
F-{Amide}
[Thr2Z}GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLTCSRTHKWCKYVE- 329
34) {Amide}
[Phg2iGpTx-1(t- | {H}- 330
34) DCLGFMRKCIPDNDKCCRPNLIPhg]CSRTHKWCKY V-
{Amide}
[Tyrz21GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF- 331
34) {Amide}
[Met22]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNL.MCSRTHKWCKYVE- 332
343 {Amide}
[MCO2-F221CGpTx- | (HF-DCLGFMRKCIPDNDKCCRPNIL[4COZ- 333
1(1-34) FICSRTHKWCKYVF-{Amide}
[2PAL22ICGPTX- {H}- 334
1(1-34) DCLGFMRKCIPDNDKCCRPNL2PALICSRTHKWCKYVE-
{Amide}
[K(Me2)251GpTx~ | {H}- 335
1(1-34) DCLGFMRKCIPDNDKCCRPNLVCS[K(Me2)| THKWCKYVF-
{Amide}
ISDMAZSIGp T {H}- 336
1(1-34) DCLGFMRKCIPDMNDKCCRPNIVCSISDMAITHKWCKYVF-
{Amide}
[HisZ26]GpTx-1(1- | {(H}-DCLGFMRKCIPDNDKCCRPNLVCSRHHKWCKYVF- 337
34) {Amide}
[Ser26}GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRSHKWCOKYVE- 338

- 9% -




Wi 2012/125973

PCT/US2012/029537

34) {Amide}

[GIN26]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSROHKWCKYVF- 339

34) {Amide}

TyrzejGpTx-1(1- | H}-DCLGFMRKCIPDNDKCCRPNLYCSRYHKWCKYVF- 340

34) {Amide}

[Phe28|GpTx-1(1~ | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRFHKWCKYVF- 3441

34) {Amide}

[Asn261GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRNHKWCKYVE- 342

34} {Amide}

[Gly26iGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRGHKWCKYVF- 343

34) {Amide}

[Val26lGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRVHKWCKYVF- 344

34) {Amide}

[Proz26iGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRPHKWCKYVF- 345

34) {Amide}

Met261GpTx-1{1- | {H}DCLGFMRKCIPDNDKCCRPNLVCSRMHKWCKYVE- 346

34) {Amide}

[Asp261Gp D11 | (H-DCLGFMRKCIPDNDKCCRPNLVCSRDHKWCKYVF- 347

34) {Amide}

He28]GpTx-1(1- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRIHKWCKYVF- 348

34) {Amide}

[RPAL261Gp T {H- 349

1(1-34) DCLGFMRKCIPODNDKCCRPNLVCSRIZPALIHKWCKYVE-
{Amide}

[ACO2-F26]GpTx- | {(HI-DCLGFMRKCIPDNDKCCRPNLVCSRI4CO2- 350

1(1-34) FIHKWCKYVF-{Amide}

[CO2-F271GpTx- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTACO2- 351

1(1-34) FIKWCKYVF-{Amide}

[RPAL27TIGpTX- {H}- 352

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRT2PALIKWCKYVF-
{Amide}

1{1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTISDMAJKWCKYVF-
{Amide}

[K(Me2)271GpTx- | {H}- 354

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTIK(Me2 )IKWCKYVE-
{Amide}

K(Me2)28]GpTx- | {H}- 355

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHIK(Me2)JWCKYVF-
{Amide}

[SDMA28IGP T~ {H}- 356

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTH[SDMAJWCKY VF-
{Amide}

INMeTrpZ9lGoTx- | {H}- 357

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHK[NMeTrp]CKYVF
-{Amide}

[pt-Phe29lGpTx- {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHK [pl- 358

1(1-34) FPhe]CKYVF-{Amide}

[INMePhe291GpTx- | {H}- 359

1(1-34) DCLCFMRKCIPDNDKCCRPNLVCSRTHKINMePhe]CKYVF
~{Amide}

[Bip291GpTx-1(1- | {H}F-DCLGFMRKCIPDNDKCCRPNLVCSRTHKIBIpICKYVF- | 360

34) {Amide}

[1'NMeW28]GpTx- | {H}- 361

1(1-34)

DCLGFMRKCIPDNDKCCRPNLYCSRTHK] T'NMeWICKYVE
-{Amide}




WO 20812/1258973

PCT/US2012/029537

[Phg28iGpTx-1(1- | (H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHK[PhgICKYVF- | 362

343 {Amide}

[ACOZ-F20I1GpTx- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHK[4CO2- 363

1{1-34) FICKYVF-{Amide}

[2PALITICpTx- {H3- 364

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWC[2PALIYVF-
{Amide}

[SOMA3GpTX- {t4}- 365

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWC[SDMAIYVF-
{Amide}

IGIN32IGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKQVF- 366

34) {Amide}

[He321GpTx-1(1- {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKIVF- 367

34) {Amide}

[Met321GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKMVF- 368

34) {Amide}

[The32lGpTx-1{1- | {H}FDCLGFMRKCIPINDKCCRPNLYCSRTHKWCKTVF- 369

34) {Amide}

INMePhe32]GpTx- | {H}- 370

1(1-34) DCLGFMRKCIPONDKCCRPNLVCSRTHKWCK[NMaPhe]V
F-{Amide}

INMeTrp32]GoTx- | {H}- 371

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKINMe Trp]VF
-{Amide}

[Val32lGpTx-1{1~ | {(H}-DCLGFMRKCIPONDKCCRPNLYCSRTHKWCOKVVEF- 372

34) {Amide}

[Leud2]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKLVF- 373

34 {Amide}

[Phg32iGpTx-1{1- § {H}- 374

34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[PhglVF-
{Amide

[Chal32]GpTx-1(1- | {H}- 375

34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[ChalVF-
{Amide}

Bip321GpT-1(1- | {(H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKBipIVF- | 376

343 {Amide}

[Phe32]GpTxe-1(1- | (H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKFVF- 377

343 {Amide}

[Gly321GpTx-1(1- | {H}-DCLGFMRKCIPDMDIKCCRPNLYCSRTHKWCKGVF- 378

34 {Amide}

[Asn3RICpTx-1(1- | {(H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKNVE- 379

343 {Amide}

[His32]CpTx-1(1-  {H}F-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKHVE- 380

34) {Amide}

[p-Phe321GpTx- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK|pl- 381

1(1-34) PhelVF-{Amide}

[Ser32]GpT-1(1- | H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKSVE- 382

34) {Amide}

[Pro32lGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKPVF- 383

34) {Amide}

[2PAL32]CpTx- {H}- 384

1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[ZPALIVE-
{Amide}

[4CO2-F32]CpTx- | {(H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[ACO2- | 385

1(1-34) FIVF-{Amide}

[Cha33]GpTx-1(1- | {H}- 386

~ 100 -




WO 2012/125973

PCT/US2012/029537

34) DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKY[ChalF-
{Amide}
INMePhe33]GpTx- | {H}- 388
1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY[NMePhe]
F-{Amide}
INMeTmp33]GpTx- | {H)- 339
1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY[NMeTrp]F
-{Amide}
[Phe33]GpTx~1(1- | H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYFF- 390
34) {Amide}
[Me331GpTx-1(1- | (HF-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYMF- 391
34) {Amide}
[His331GpT-1(1- | (H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYHF- 392
34) {Amide}
[Phg33iGpTx-1(1- | {H}- 393
34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY[PhgiF-
{Amide}
{Asn33}GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYNF- 394
34) {Amide}
[Asp33IGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYDFE- 395
343 {Amide}
[Thr33]GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYTF- 396
34) {Amide}
[Ser331GpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHRKWCKY SF- 397
34) {Amide}
[Pro33jGpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYPF- 398
34) {Amide}
(Tyr331GpTx-1(1- | (H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYYF- 399
34) {Amide}
[Leu33]CpTx-1(1- | {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYLF- 400
34) {Amide}
[Gly331GpTx-1(1- | (H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYGF- 401
34) {Amide}
[ZPAL33]IGpTx®- {H}- 402
1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY[2PALIF-
{Amide}
[ACO2-F33]GpTx | {H}- 403
1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY[4CO2-
FIF-{Amide}
[D-Phe34}GpTx~ {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY V- 404
1(1-34) {Amide}
[Cha34iGpTx-1(1- § {H}- 405
34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVIChal-
{Amide)}
[Phg341GpTx-1(1- | {H}- 406
34) DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYV[Phgl-
{Amide}
INMeTrp34iGpTx- | {H}- 407
1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVINMeTrp
-{Amide}
[INMePhe341GpTx- | {H}- 408
1(1-34) DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVINMePh
el-{Amide}
[1T'NMeW34IGpTx- | {H}- 409
1(1-34) DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYV[1'NMeW

HAmide}
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[4CO2Z-F34]GpTx | {H}- 410

1(1-34) DCLGFMREKCIPDNDKCCRPNLVYCSRTHKWCKYV{4CO2-
Fl-{Amide}

[2PAL34]GpTx- {H}- 411

1(1-34) DCLGFMRKCIPDNDKCCRPNLYCSR THKWCKYV2PAL]-
{Amide}

GpTr-1(1-34)-2- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF[2- | 412

Nal Nall-{Amide}

GpTx-1{1-34)- {H}- 413

4C02-F DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVFACO2-
Fi-{Amide}

GpTx=-1(1-34)- {H} 414

2ZPAL DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF[2PAL-
{Amide}

GpTx-1(1-33) {H}-DCLGFMRKCIPDNDKCCRPHLVCSRTHKWCKY V- 415
{Amide}

GpTx-1(1-32) {H}-DOLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY- 416
{Amide}

GpTx-1(1-31) {H-DCLGFMRKCIPDNDKCCRPHNLYCSRTHKWCK- 417
{Amide}

GpTx-1(1-30) {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWC-{Amide} | 418

[Ala8;Clu33iGoTx- | [H-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCKYEF- 419

1(1-34) {Amide}

[Alab;Arg28;1- {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHRWCKY[1- 420

Nal33]GpTx-1(1- MaljF-{Amide}

34)

[Ala5;1- {-DCLGAMRKCIPDNDKCCRPL - 421

Nal201GpTx-1(1- NallLVCSRTHKWCKYVF-{Amide}

34)

[AlaB; Trp20iGpTx- | HIF-DCLGAMRKCIPDNDKCCRPWLYCSRTHKWCKYVF- 422

1(1-34) {Amide}

[Ala5; Trp121GpTx- | {HF-DCLGAMRKCIPWNDKCORPNLVOSRTHKWCKYVE- 423

1(1-34) {Amide}

[Trpd;Ala8iGpTx- | {H}FDCLWAMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 424

1(1-34) {Amide}

[i- {H}-{1- 425

Nal1:Ala5]GpTx- Nal]CLGAMRKCIPDNDKCCRPNLVCSRTHKWCKY VF-

1(1-34) {Amide}

[Ala5,33]GpTx- {H-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCKYAF- 426

1(1-34) {Amide}

[Alab;1- {H}-DCLGAMRKCIFPD[1- 427

MNal13]GpTx-1(1- NallDKCCRPNLVCSRTHKWCKYVF-{Amide}

34)

[Alag; Trp13]GpTx- | {H}-DCLCAMRKCIPDWDKCCRPNLVCSRTHKWCKYVF- 428

1(1-34) {Amide}

[Glud;Ala8iGp T~ | {H-DCLEAMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 429

1(1-34) {Amide}

[Alab;Giu34iGpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHRKWCKYVE- 430

1(1-34) {Amide}

[Alab,34]GpTx- {H-DCLGAMRKCIPEDNDKCCRPNLVCSRTHKWCKYVA- 431

1{1-34) {Amide}

[Alab,32]GpTx- {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCKAVF- 432

1(1-34) {Amide}

[Alab,311GpTx- {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCAYVE- 433

1{1-34) {Amide}

[Alab,291GpTx- {H}-DCLGAMRKCIPDNDKCCRPNLYCSRTHKACKYVE- 434

- 102 -




WO 2012/125973

PCT/US2012/029537

1(1-34) {Amide}

[Ala5;Glu28)GpTx- | (HI-DCLGAMRKCIPDNDKCCRPNLVCSRTHEWCKYVF- 435
| 1(1-34) {Amide}

[AIa5;Gu7]GpTx- | (H}-DCLGAMEKCIPDNDKCCRPNLYCSRTHKWCKYVF- 436
1(1-34) {Amide}

[Ala5;Glu29]GpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLYCSRTHKECKYVF- 437
1(1-34) {Amide}

[Ala5,Glu251GpTx- | {H-DCLGAMRKCIPDNDKCCRPNLVCSETHKWCKYVF- 438
| 1(1-34) {Amide}

[AlB5;Clu15]GpTx- | {H-DCLGAMRKCIPDNDECCRPNLVCSRTHKWCKYVE- 439
- 1(1-34) {Amide}

[1- (H-DCLGFMRKC[1- 440
Nal10;Trp32]CpTx | NallPDNDKCCRPNLVCSRTHKWCKWVF-{Amide}

-1(1-34)

ne {H}-DCLGFMRKC[1- 441
Nal10;Arg281GpTx | NallPDNDKCCRPNLVCSRTHRWCKYVF-{Amide}

-1(1-34)

| [Arg28;1- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHRWCKY[1- 442
Nal331GpTx-1(1- NallF-{Amide}

34)

[Arg28:Trp321GpT | (HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHRWCKWYF- | 443
x-1(1-34) {Amide}

[Arg28;Trp33]GpT | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHRWCKYWF- | 444
| x=1(1-34) {Amide}

[Leu28:Arg28]GpT | {HI-DCLGFMRKCIPDNDKCCRPNLVCSRLHRWCKYVF- 445
x-1(1-34) {Amide}

[Leu26;Trp32]GpT | {(HI-DCLGFMRKCIPDNDKCCRPNLVCSRLHKWCKWVF- | 446
- x-1(1-34) {Amide}

[Leu26;Trp33]GpT | {H}-DCLGFMRKCIPDNDKCCRPNLVCSRLHKWCKYWF- | 447
| x-1(1-34) {Amide}

[Trp6;Arg28]GpTx- | {H-DCLGFWRKCIPDNDKCCRPNLVCSRTHRWCKYVF- 448
1(1-34) {Amide}

[Trp6,32]GpTx- [H-DCLGFWRKCIPDNDKCCRPNLVCSRTHKWCKWYE- | 449
1(1-34) {Amide}

[Trp32,33]GpTx- | {H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKWWF- | 450
1(1-34) {Amide}

[1- {H}-DCLGF[1- 451
Nal6; Trp32]GpTx- | Nal]RKCIPDNDKCCRPNLVGSRTHKWCKWVF-{Amide}
1(1-34)

ﬁfr\zauo,azjep“rx- {H}-DCLGFMRKC1- 452
| 1(1-34) NallPDNDKCCRPNLVCSRTHKWCK]1-NallVF-{Amide}

Leu2s; 1- {H}-DCLGFMRKGIPDNDKCCRPNLVCSRLHKWCK]1- 453
Nal32]GpTx-1(1- | Nal]VF-{Amide}

34)

[1- {H}-DCLGF1- 454
Naib,Arg28]GpTx- | Nal]RKCIPDNDKCCRPNLYCSRTHRWCKYVE-{Amide}
1(1-34)

ﬁ?pszn- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKW[1- 455
Nal33]GpTx-1(1- | NallF-{Amide}

34)

[Trp6;Leu28]GpTx- | (HI-DCLGFWRKCIPDNDKCCRPNLYCSRLHKWCKYVE- 456
| 1(1-34) {Amide}

[1- {H}-DCLGFMRKC[1- 457
Nal10;Leu2B]GpTx | NallPDNDKCCRPNLVCSRLHKWCKYVF-{Amide}

-1(1-34)

[Tro6;1- {H-DCLGFWRKO[1- 458
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Nal10jGpTx-1{1-

NallPDNDKCCRPNLVCSRTHKWCKYVF-{Amide}

34)

[1- {H}-DCLGFMRKC[1- 459

Nal10; Trp12]GpTx | NallPWNDKCCRPNLVCSRTHKWCKYVF-{Amide}

-1(1-34)

[1- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[1- 460

Nal32; Tep33iGpTx | NallWF-{Amide}

~1{1-34)

{Trp6;1- {H-DCLGFWRKCIPDNDKCCRPNLVCSRTHKWCKY1- 461

Nal33}EpTx-1(1- NallF-{Amide}

34)

[1-Nai10,331GpTx- | {H}-DCLGFMRKCI1- 482

1{1-34) NallPDNDKCCRPNLVCSRTHKWCKY[1-NallF-{Amide}

{Leu26;1- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRLHKWOCOKY[1- 463

Nal33]GpTx-1(1- MNallF-{Amide}

34)

Trp-{1- {HI-WDCLGFMRKC 1~ 464

Nal10]GpTx-1(1- NalfPDNDKCCRPNLYCSRTHKWCKYVF-{Amide}

343

{Trpt;t- {H-WCLGFMRKC- 465

Nal0lGpTx-1(1- NallPDNDKCCRPNLYCSRTHKWCKYVF-{Amide}

34)

[1-Mal1,101GpTx- | {H}-[1-NalJCLGFMRKC[1- 466

1(1-34) NallPDNDKCCRPNLVCSRTHKWCKYVF-{Amide}

GpTx-2 {H}-DCLGFMRKCSPONDKCCRPNLVCERKHKWCKYEI- 467
{Amide}

GpTx-3 {H}-DCLGWFKGCDPDNDKCCEGYKCMNRRDKWCKYKL- 468
{Amide}

GpTe-4 {H-DCIL.GWFKGCDPDNDKCCENYKCNRREQWCKYKL- 469
{Amide}

GpTx-5(1-35) {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHRKWCKYVFK-
{FreeAcid} 470

GpTx-6(1-35) {H}-
DCLGWFKGCDPDNDKCCEGYKCNRRDKWCOKYKLWK- 471
{FreeAcid}

GpTx-6(1-34) {H}-DCLGWFKGCDPDNDKCCEGYKCNRRDKWCKYKLW-
{FreeAcid} 472

GpTx-7(1-35) {3
DCLGWFKGCDPDNDKCCENYKCONRRDKWCKYIKLWK- 473
{FreeAcid}

GptTx-7(1-34) {H-DCLEWFKGCDPONDKCCENYKCNRRDKWCKYKLW-
{FreeAcid} 474

{Phed;Atz{20kDa {H}-DCILGFFRKCIPDIAZ(20kDa 580

PEGHSICpT-1(1~ | PEGIDKCCRPMNLVCSRTHKWCKYVE-{Amide}

34)

{PhetAtz13]CpTx | DCLCFFRKCIPDIAEZIDKCCRPNLVCSRTHKWCRKYVFAMI | 591

-1(1-34) de}

iPhed, Atz(20kDa

Peg)28]GpTx-1{1- | {H}-DCLGFFRKCIPDNDKCCRPNLVCSRTHIAIz(20kDa

34y PEGHWCKYVF-{Amide} 593

[Phe, Atiz(20kDa

Pegi22]GpTx-1(1- | {H}F-DCLGFFRKCIPDNDKCCRPNLAIZ(20kDa

34) PEG)CSRTHKWCKYVE-{Amide} 584

[1-

Nal10;Gluz9)GpTx | (H}-DCLEGFMRKC[1-

~1{1-34) NallPDNDKCCRPNLVCSRTHKECKYVF-{Amide} 595
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[3PalB]GpTx-1(1-

{H}-
DCLGI3PaliMRKCIPDNDKCCRPNLYVCSRTHKWCOKY V-

34) {Amide} 596

[Ala5;Pheb; Tyr13;

Arg28]GpTx-1(1- {H}-DCLGAFRKCIPDYDKCCRPNLVCSRTHRWCKYVF-

34)-FreeAcid {FreeAcid} 587

[Ala5;Leut;Gly28]

GpTx-1(1-34)- {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHGWCKYVE-

FreeAcid {FreeAcid} 598

[Ala5;Leut;His28]

GpTx-1(1-34)- {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHHWCKYVF-

FreeAcid {FreeAcid} 589

[Alab;LeuB]GpTx- | (H}-DCLGALRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34)-FreeAcid {FreeAcid} 600

[Alab;Leul;Asn28]

GpTx-1(1-34)- {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHNWCKYVEF-

FreeAcid {FreeAcid} 601

(D-

Ala5;PheB]GpTx- | {H}-DCLGaFRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

1{1-34) {Amide} 602
{H-

[bAIa5;Pheb]GpTx | DCLGhAIaIFRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

-1{1-34) {Amide} 603

[AIDS;PheB]GpTx- | {H-DCLG[ABIFRKCIPDNDKCCRPMLVCSRTHKWCKYVF-

1(1-34) {Amide} 604

[2-

AbuB;PhebiGpTx- | {H}-DCLG[Z-

1(1-34) AbUIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 605
{H}-

[Nva5;PheblGpTx- | DCLGINva]FRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

1(1-34) {Amide} 506

[Nie5;PheBlGpTx- | {H}-DCLGINIe]FRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 607
{H}-

I0ctylGE;PheblGp | DCLG[OctyiGIFRKCIPDNDKCCRPNLVCSRTHKWCKYVEF-

Tx-1{1-34) {Amide} 608

[Tle5;PhebiCpTx- | {H}-DCLG[Te]FRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

1(1-34) {Amide} 609
{H}-

fhieu5;Pheb]GpTx | DCLGhLeu]FRKCIPDNDKCCRPNLYCSRTHKWCKYVE-

-1(1-34) {Amide} 610

[Met5;PheblGoTx- | {H}-DCLGMFRKCIPDNDKCCRPNLVCSRTHKWCKY V-

1(1-34) {Amide} 611

[Leu5;PheBlGpTx- | (HF-DCLGLFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 812
{H}-

[3Pal5;PheblGpTx | DCLG[3PallFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

-1(1-34) {Amide} 613

[Thi5;PheB|GpTx- | {H-DCLG[Thi]FRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

1(1-34) {Amide} 614
{H}-

[Cpy5;Pheb]GpTx- | DCLGCpglFRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

1(1-34) {Amide} 615
{H}-

[Chg5:PheB]GpTx- | DCLG[ChglFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1{1-34) {Amide} 616
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{Ser5;PheblGpTx-

{H}-DCLGSFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 617

{Val5;Pheb}GpTx- | {H}F-DCLGVIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1{1-34) {Amide} 6518

[4-Bz-

F5;PheblGpTx- {H}-DCLG4-Bz-

1(1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 619

[DiMeO-

F5,PheblGpTx- {H}-DCLGIDIMeO-

1{1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-fAmide} 620

{DIiCH-

F5,Phe8iGpTx- {H-DCLGDICHK

1(1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 621

[pl-

Phes;PhebiGpTx- | {H}-DCLG[p!-

1(1-34) PhelFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 822

[4CF3-

F5;PheB}GpTx- {H}-DCLG4CF3-

1(1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVE-{Amide} 623

[4-F-~

F5;Phe6lGpTx- {H3-DCLGI4-F-

1(1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 624

[4-Me-

F5:PheblGpTx- {H}-DCLG[4-Me-

1(1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 625

[4tBu-~

F5.Phe6lGpTx- {H}-DCLG[4tBY-

1(1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCOKYVF-{Amide} 626
{H)-

[NMeValg;PheslG | DCLGINMeVallFRKCIPDNDKCCRPNLVCSRTHKWCKYVF

pTx-1(1-34) ~{Amide} 627
{H}-

INMeLeu5;Phe61G | DCLG[INMeleulFRKCIPDNDKCCRPNLVCSRTHKWCKYVE

pTx-1(1-34) ~{Amide} 628
{H}-

INMePhe5;Pheb]G | DCLGINMePhelFRKCIPDNDKCCRPNLVCSRTHKWCKYY

pTx-1(1-34) F-fAmide} 629

[2-Cl~

F5:Pheb]CpTx- {H}-DCLG[2-Cl-

1(1-34) FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 630
{Hi-

[hPhe5;PheblGpT | DCLGIhPhe]FRKCIPDNDKCCRPNLVCSRTHKWCKY V-

x-1(1-34) {Amide} 631

[Sar5;PhebiGpTx- | (HF-DCLGISarFRKCIPDNDKCCRPNLVCSRTHKWCKY VF-

1(1-34) {Amide} 632

(D~

Ala5;Leub]GpTx- {H-DCLGaLRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 633
{H}-

[bAla5;LeuBlGpTx- | DCLGIbAIaL.RKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1{1-34) {Amide} 634

[AIbS;Leub|GpTx- | {H}-DCLGIABILRKCIPDNDKCCRPNLYCSRTHKWCKYVE-

1(1-34) {Amide} 835

[2-

Abud;leuBlGpTx- | H-DCLG[2-

1(1-34) AbUlLRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amids} 636
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[Nva5;LeuB]GpTx-

{H}-DCLG[Nva]LRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 837

[Nle5;LeuB]GpTx- | {H}-DCLGINIg]LRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

1(1-34) {Amide} 638
{rl}-

[OctylG5;Leus]Gp | DCLG[OctyIGILRKCIPDNDKCCRPNLVCSRTHKWCKY V-

Tx-1(1-34) {Amide} 839

[Ala5,Phet,Prat3,

Leu28,Arg281GoTx | {HI-DCLGAFRKCIPDPralDKCCRPNLYCSRLHRWCKYVF-

~1{1-34) {Amide} 640

[Met5;LeuBlGpTx- | {H}-DCLGMLRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 641
{H}-

[3PalB;leus]GpTx- | DCLG[3PallLRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 642

[Ser5LeudlGpTx- | {H}IF-DCLGSLRKCIPDNDKCCRPNLYCSRTHKWCKYVE-

1(1-34) {Amide} 643

Val5;Leus]GpT- | {H}-DCLGVLRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 644

[DiMeO-~

F5,LeudlGpTx- {HI-DCLGIDIMeO-

1(1-34) FILRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 645

[SarB;LeuBlGpTx- | (H}F-DCLG[SarlLRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 546

[D-Alab)GpTx-1(1- | {H}-DCLGaMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 647
{H}-

[pARSICPTX-H{1- | DCLG[bARIMRKCIPDNDKCCRPNLVCSRTHKWCKY VF-

34) {Amide} 648

[2-AbubIGpTx-1(1~ | {H}-DCLG[2-

34) AbUIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 649

Hi-

[Nva5lGpTx-1(1- ééLG{Nva}MRKCIPDNDKCCRPNL\/CSRTHKWCKY\/F-

34} {Amide} 850

[NIeBJGpTx-1(1- {H}-DCLGINIe]MRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 651

[DiMeO-F3IGpTx- | {H-DCLGIDIMeO-

1{1-34) FIMRKCIPDNDKCCRPNLVCSRTHKWCKY VF-{Amide} 852

[DICHFBIGPTX- {H3}-DCLGIDICH-

1(1-34) FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-{Amide} 653

[4CF3-F5IGpTx- {H}-DCLGI4CF3-

1(1-34) FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 854

[4-F-F51GpTx-1(1- | (H}-DCLG[4-F-

34) FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 655
{H}-

INMeVal5iGpTx- DCLGINMeValIMRKCIPDNDKCCRPNLYCSRTHKWCKYVF

1(1-34) -{Amide} 656
ety

[NMePhe5]GpTx- | DCLGINMePhe]MRKCIPDNDKCCRPNLYCSRTHKWCKYV

1(1-34) F-{Amide} 657
{H}-

[Sar5]GpTx-1(1- DCLG[SariMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 658

[Tle5;LeuBlGpTx- | {H}-DCLG[Te]l. RKCIPDNDKCCRPNLVCSRTHIKWCKYVE-

1(1-34) {Amide} 659

[hieud;LeublGpTx | {H}- 660
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(1-34)

DCLGIhLeu]LRKCIPDNDKCCRPNLVCSRTHKWCKYVE-
{Amide}

[Leub,8iGpTx-1(1-

{H}-DCLGLLRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

34) {Amide} 661

[Thi5;LeuBlGpTx- | {H}-DCLGIThilLRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

1(1-34) {Amide} 662
{H}-

[Cpg5;LeubiGpTx- | DCLG[CpglL.RKCIPDNDKCCRPNLYCSRTHKWCKYVF-

1(1-34) {Amide} 663
{H}-

[Chg5;Leut]GpTx- | DCLG[ChgILRKCIPDNDKCCRPNILVCSRTHKWOKYVF-

1(1-34) {Amide} 664

{4-Bz-

F5;LeublGpTx- {HI-DCLG4-Bz-

1(1-34) FILRKCIPDNDKCCRPNLVCSRTHKWCKYVEF-{Amide} 665

[DiCI-

F5;,LeutlGpTx- {HI-DCLGIDICI-

1(1-34) FILRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 668

{pl-

Phe5LeusiGpTx- | {(H-DCLG]pl-

1(1-34) Phel]l. RKCIPDNDKCCRPNLVYCSRTHKWCOKYVF-{Amide} 567

{4CF3-

F&LeublGpTx- {H-DCLGIACF3-

1(1-34) FILRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 668

[4-F-

F5;LeublGpTx- {H-DCLG[4-F-

1(1-34) FILRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 869

[4-Me-

F5.LeuslGpTx- {H-DCLG4-Me-

1(1-34) FILRKCIPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} 670

[4iBu-

F5;LeublGpTx- {H-DCLG4tBu-

1(1-34) FILRKCIPDNDKCCRPNLVCSRTHRWCKYVF-{Amide} 671
{H}-

[NMeVaib;Leus]G | DCLGINMeVallLRKCIPDNDKCCRPNLVCSRTHKWCKYVF

pTx-1(1-34) ~{Amide} 672
{H}-

[INMeleu5LeuslG | DCLGINMeleulLRKCIPDNDKCCRPNLVCSRTHKWCKYVF

oTx-1(1-34) -{Amide} 673
{H)-

[NMePheb;Leus]G | DCLGINMePheLRKCIFDNDKCCRPNLYCSRTHKWCKYV

pTx-1{1-34) F-{Amide} 674

[(2-Ci-

F5LeusliGpTx- {HI-DCLG[2-Cl-

1(1-34) FILRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 675
{H}-

[hPheB;Leud|GpTx | DCLGhPhe]LRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

-1(1-34) {Amide} 676
{H}-

[OctylGBIGpTx- DCLGIOctyIGIMRKCIPDNDKCCRPNLYVCSRTHKWCKYVE-

1(1-34) {Amide} 877

[Tie51GpTx-1(1- HDCLG[TIeIMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

34} {Amide} 578
{H}-

[hieuSiGpTx-1(1- | DOCLGIhLeulMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

34) {Amide} 679
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{H}-
[Cha5;Pheb]GpTx- | DOLG[Cha]FRKCIPDNDKCCRPNLYGSRTHKWCKYVE-
1(1-34) {Amide} 680
{H}-

[Cha5;LeuiGpTx-

DCLG[Chal.RKCIPDNDKC CRPNLYCSRTHKWCKY V-

1(1-34) {Amide} 681

[ThisiGpTx-1(1- {H-DCLG[ThIIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

34) {Amide} 682
{H}-

[CpgBlGpTx-1(1- DCLG[Cpg]MRKCIPDNDKCCRPNLVCSRTHKWCKY VF-

34) {Amide} 683
{H}-

[ChgBlGpTx-1(1- DCLGIChgIMRKCIPDNDKCCRPNLVCSRTHKWCKY V-

34) {Amide} 6884

{4-Bz-F5]GpTx- {H}-DCLG[4-Bz-

1(1-34) FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVFE-{Amide} 685

[4-Me-F51GpTx- {H}-DCLG[4-Me-

1(1-34) FIMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} 686

[ABu-F5]GpTx- {H}-DCLGI4tBu-

1(1-34) FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-{Amidel 687
{H}-

NMeleub)GpTx- | DCLGINMelLeu]MRKCIPDNDKCCRPNLVCSRTHKWCKYV

1(1-34) F-{Amide} 688

[2-CI-F5)GpTx-1(1- | {H}-DCLG[2-CI-

34) FIMRKCIPDNDKCCRPNLYCSRTHKWCKYVE-{Amide} 689
{H}-

[hPhe5iGpTx-1(1- | DCLGhPhe]MRKCIPDNDKCCRPNLVYCSRTHKWCKY V-

34) {Amide} 690

[Ala5;Glu2glGpTi- | {HI-DCLGAMRKCIPDNDKCCRPNLYCSRTHEWCKYVE-

1(1-34) {Amide} 691

H-

[Alag; 'NMeW32] JE{JC}}LGAMRKCIPDNDKCCRPNL\/CSRTHKWCK[‘! ‘NMeWiV

GpTx-1(1-34) F-{Amide} 692
{H}-

[Met5;1'NMeW32] | DCLGMMRKCIPDNDKCCRPNLVCSRTHKWCK[1'NMeWV

GpTx-1{1-34) F-{Amide]} 693

[Argd;MetSiGpTx- | {H}-DCLRMMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 894
{H}-

[Sertd; 1T'NMeW32] | DCLGFMRKCIPDNDKCCRSNLVCSRTHKWCK[1'NMeW Y

GpTx-1(1-34) F-{Amide} 895

[Alab;Leus]GpTx- | {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 696

[AlaB,Gly8]GpTx- | {HI-DCLGAGRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

1(1-34) {Amide} 697

[Ala8;TyrB]GpTx- | {H}-DCLGAYRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 698
{H}-

[Ala5; 1'NMeWs]G | DCLGA[1TNMeWIRKCIPDNDKCCRPNILVCSRTHKWCKYV

pTx-1(1-34) F-{Amide} 699

[AlaB;Asp101GpTx- | {H}-DCLGAMRKCDPDNDKCCRPNLYCSRTHKWCKYVE-

1(1-34) {Amide} 700

[AlaB;Asp10;Glu12 | (H}-DCLGAMRKCDPENDKCCRPNLVCSRTHKWCKYVF-

1GpTx-1(1-34) {Amide} 701

[Ala5;Pheb;Asp10] | {H-DCLGAFRKCDPDNDKCCRPNLVCSRTHKWCKYVF-

GpTx-1(1-34) {Amide} 702
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[Ala5;Phet;Glu12] | (H}-DCLGAFRKCIPENDKCCRPNLVCSRTHKWCKY VE-

GpTx-1(1-34) {Amide} 703

Va5, Glu28]GpTx- | {H}-DCLGVMRKCIPDNDKCCRPNLVCSRTHEWCKY VF-

1(1-34) {Amide} 704
{H}-

[Nva5;Glu28iGpTx | DCLGINvalMRKCIPDNDKCCRPNLVCSRTHEWCKY VF-

-1(1-34) {Amide} 705

[2-

Abub;Glu28]GpTx- | (H}-DCLG2-

1{1-34) AbUIMRKCIPDNDKCCRPNLVCSRTHEWCKYVF-{Amide} 706

[2-

Abu;leud;Glu28] | H-DCLGI2-

GpTx-1(1-34) AbUlLRKCIPDNDKCCRPNILVCSRTHEWCKYVF-{Amide} 707

{Mvab;Leus;,Glu28] | {H-DCLGINva]LRKCIPDNDKCCRPNLVCSRTHEWCKY VE-

GpTx-1(1-34) {Amide} 708

[Val5;Leut:Glu28] | {H}-DCLGVLRKCIPDNDKCCRPNLYCSRTHEWCKYVF-

GpTx-1{1-34) {Amide} 709

Vai5;Asp101GpTx- | {H}M-DCLGVMRKCDPONDKCCRPMLVCSRTHKWCKYVF-

1(1-34) {Amide} 710

Val5;,Glu12]GpTx- | (H}-DCLGVMRKCIPENDKCCRPNLVCSRTHKWCKY VE-

1(1-34) {Amide} 711

Val5;Asp10,Giut2 | {H-DCLEGVMRKCDPENDKCCRPNLVCSRTHKWCKYVF-

1GpTx-1(1-34} {Amide} 712

Va5, Cit28)GpTx- | HFDCLGYMRKCIPDNDKCCRPNLVCS[CH] THKWCKYVF-

1(1-34) {Amide} 713

[Thr5;Aspi0iGpTx | (H}F-DCLEGTMRKCDPDNDKCCRPNLVCSRTHKWCKYVF-

-1(1-34) {Amide} 714

[Alab;GlyZ8iGpTx- | {H}-DCLCGAMRKCIPDNDKCCRPNLVCSRTHGWCKYVF-

1(1-34) {Amide} 715

[2-

Abuz,17;Ala8;Asp | H}-D{2-Abu]LGAMRKCDPDNDKC[2-

101Gp e-1(1-34) AbUIRPNLVCSRTHKWCKYVF-{Amide} 716

[2-

Abu2, 17:Nvab Leu

6;Gi28|GpTx-1(1~ | {H}-D[2-AbulL.GINvalLRKCIPDNDKC]2-

34) AbulRPNLVCSRTHEWCKYVF-{Amide} 717

[2-

Abu2,5,17:Leut; Gl | (H}D2-AbullG[2-AbullLRKCIPDNDKC[2-

uZBICpTx-1(1-34) | AbulRPNLVCSRTHEWCKYVF-{Amide} 718

[2-

Abu2,17;AlaB:leu

6;Glu281CpTx-1(1- | {H}-D{2-Abull. GALRKCIPDNDKC[2-

343 AbUIRPNLVCSRTHEWCKYVF-{Amide} 719

[2-

Abu2, 17;Vais;Leu

6;Gh281GpTx-1{(1~ | (H}-D[2-AbulL GVLRKCIPDNDKC2-

34) AbuIRPNLVCSRTHEWCKYVF-{Amide} 720

[Ala5;NleBlGpTx- {H}-DCLGAMIe]RKCIPDNDKCCRPNLYCSRTHKWCKYVF-

1{1-34) {Amide} 724
{F}-~

TAlaS; Nie6; Glut0] DCLGANIRIRKCEPDNDKCCRPNLYCSRTHKWCKYVE-

GpTx-1(1-34) {Amide} 722

[AlaB;Leut;Glu10] | {HI-DCLGALRKCEPDNDKCCRPNLVCSRTHKWCKY V-

GpTx-1(1-34) {Amide} 723

[AlaB;Phet;Glu10] | (HI-DCLGAFRKCEPDNDKCCRPNLVCSRTHKWCOKYVF-

GpTx-1(1-34) {Amide} 724
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[AlaB;NIe6;Glu12) | {H}-DCLGANIe]RKCIPENDKCCRPNLVCSRTHKWCKYVF-

GpTx-1{1-34) {Amide} 725

[Ala5;Leu6;Glu12] | (H}-DCLGALRKCIPENDKCCRPNLVCSRTHKWCKYVF-

GpTx-1(1-34) {Amide} 726

[Alab;Nie6;Clu28] | {HI-DCLGA[NIe]RKCIPDNDKCCRPNLVCSRTHEWCKYVF-

GpTx-1(1-34) {Amide} 727

[Alab;Leus;Glu28] | {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHEWCKYVF-

GpTx-1(1-34) {Amide} 728

[Ala5;Phe6;Glu28] | {H}-DCLGAFRKCIPDNDKCCRPNLVCSRTHEWCKYVF-

GpTx-1(1-34) {Amide} 729

[Ala5,25;NieB]GpT | (H}-DCLGANI]RKCIPDNDKCCRPNLYCSATHKWCKYVF-

x=1(1-34) {Amide} 730

[Alab,25;LeuB]GpT | (H}-DCLGALRKCIPDNDKCCRPNLVCSATHKWCKYVF-

x-1(1-34) {Amide} 731

[Ala5,25,PhebiGp | {H}-DCLGAFRKCIPDNDKCCRPNLVCSATHKWCKYVF-

Tx-1(1-34) {Amide} 732

[AlaB;Nie6;Giu25] | {HI-DCLGA[NIe]RKCIPDNDKCCRPNLVCSETHKWCKYVE-

GpTx-1(1-34) {Amide} 733

[Alab;Leus;Glu2b] | {H}F-DCLGALRKCIPDNDKCCRPNLYCSETHKWCKYVF-

GpTx-1(1-34) {Amide} 734

[Ala5;Phe6;Giu2s] | (HI-DCLGAFRKCIPDNDKCCRPNLVCSETHKWCKY VF-

GpTx-1(1-34) {Amide} 735

[Phe6,Prai5]GpTx | (H-DCLGFFRKCIPDNDIPrajCCRPNLVCSRTHKWCKY V-

-1(1-34) {Amide} 736

[Alab;His28]GpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHHWCKYVF-

1(1-34) {Amide} 737

[Ala8;8er28]GpTx- | (H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHSWCKYVF-

1(1-34) {Amide} 738

[Alas,GIn28]GpTx- | (HI-DCLGAMRKCIPDNDKCCRPNLYCSRTHOQWCKYVF-

1(1-34) {Amide} 739
{H}-

[Alab;3Pal28]GpTx | DCLGAMRKCIPDNDKCCRPNLVCSRTH[3PaIWCKYVF-

~1(1-34) {Amide} 740

[Alab;4-

aminoF281GpTx- {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHI4~

1(1-34) aminoF JWCKYVF-{Amide} 741
{H}-

[Ala5;K(Ac)28]GpT | DCLGAMRKCIPDNDKCCRPNLVCSRTHK(AC)IWCKYVF-

x-1(1-34) {Amide} 742
{H}-

[AlaB;SDMA28]Gp | DCLGAMRKCIPDNDKCCRPNLVCSRTH[SDMAIWCKYVF-

Tx-1(1-34) {Amide} 743
{H}-

[Alab;hArg28iGpT | DCLCAMRKCIPDNDKCCRPNLYCSRTHhArgIWCKYVF-

x-1(1-34) {Amide} 744
{H}-

[Ala5;R(Me)28]Gp | DCLGAMRKCIPDNDKCCRPNLVCSRTHIR(Me)JWCKYVF-

Tx=1(1-34) {Amide} 745
{H}-

[Ala5;0rn28]GpTx- | DCLGAMRKCIPDNDKCCRPNLYCSRTH[Om]WCKYVF-

1(1-34) {Amide} 746
(H-

[Ala5;Dap28]GpTx | DCLGAMRKCIPDNDKCCRPNLVCSRTH[DapiWCKYVF-

-1(1-34) {Amide} 747

[AlaB;Cit28]GpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHICIHWCKYVF-

1(1-34) {Amide} 748
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S

{H}-
[Ala5;HCit28]CpTx | DCLGAMRKCIPDNDKCCRPNLVCSRTHHCIHWCKYVF-
-1(1-34) {Amide]} 749
[Asp28]GpTx-1{1- | {MH}FDCLGFMRKCIPDNDKCCRPNLYCSRTHDWCKYVF-

' 34) {Amide} 750
[Glyb;ValbiGpTx- | (H}F-DCLGGVRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

- 1(1-34) {Amide} 751
[Cly5;lleBlGpTx- {H}-DCLGGIRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 752
[2- {H}-DCLG[2-

Abub;NIeiGpTx- | Abul[NIe]RKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 753
[Gly5;Phet;Glutl] | (H)}-DCLGGFRKCEPDNDKCCRPNLYCSRTHKWOKY VF-

 GpTx-1(1-34) {Amide} 754
[Gly5:Phet;Glu28] | (H}-DCLGGFRKCIPDNDKCCRPNLYCSRTHEWCKYVF-

| CpTx-1(1-34) {Amide} 755
4-Pen-

[Alab;Phet;2-
Abui3Arg28iGpT | {4-Pen}-DCLGAFRKCIPD[2-

| x-1(1-34) AbUIDKCCRPNLVCSRTHRWCKYVF-{Amide} 756
4-Pen-

[Ala8,Pheb;2-
Abui3IGPTx-1(1- | {4-Pen}-DCLGAFRKCIPD]2-

34) AbUIDKCCRPNLYCSRTHKWCKYVF-{Amide} 757
4-Pen-[2-

AbuS,13;LeublGpT | {4-Pen}-DCLGI2-Abu]LRKCIPD[2-

| x-1(1-34) AbUIDKCCRPNLVCSRTHKWCKYVF-{Amide} 758
4-Pen-

[Nvab;lLeub;2-
Abut3:Arg28]GpT | {4-Pen}-DCLGINvalLRKCIPD{2-
x-1(1-34) ABUIDKCCRPNLYVCSRTHRWCKYVIF-{Amide} 759
4-Pen-
[Nvab;Leub:2-
Abul3lGpTx-1(1- | {4-Pen}-DCLG[Nva]LRKCIPD[2-
' 34) AbUIDKCCRPNLVCSRTHKWCKYVF-{Amide} 760
{H}-
[Alad;,Gui28lGpTx- | DCLGAMRKCIPDNDKCCRPNLYCSRTH[GUITWCKYVF-
| 1(1-34) {Amide} 761
{H3-
[Ala5;Dab28]GpTx | DCLGAMRKCIPDNDKCCRPNLYCSRTH[Dab]WCKYVF-

-1(1-34) {Amide} 762
[GIN2BIGPTX-1(1- | H}F-DCLGFMRKCIPDNDKCCRPNLVCSRTHQWCKYVF-

34) {Amide} 763
[Alab;Phe28lGpTx | {HF-DCLGAMRKCIPDNDKCCRPNLVCSRTHFWCKYVF-

-1(1-34) {Amide} 764
IAIaS Tyr28lGpTx- | (H}-DCLCGAMRKCIPDNDKCCRPNLVCSRTHYWCKYVF-

L 1(3-34) {Amide} 765
[Alas;Leu28lGpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHLWCKYVE-

1(1-34) {Amide} 766
[Alag;Asn28]GpTx- | (H}F-DCLGAMRKCIPDNDKCCRPNLYCSRTHNWCKYVE-

- 1(1-34) {Amide} 767
[AlaB;Cit2BlGpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCS[CIt] THKWCKYVF-
1(1-34) {Amide} 768
[Alad Asp2BIGpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHDWCKYVF-

- 1(1-34) {Amide} 769

| [AlaBMet28]GpTx- | {HI-DCLGAMRKCIPDNDKCCRPNLYCSRTHMWCKYVEF- 770
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1(1-34)

{Amide}

[Ala5;K(Me)28]Gp

{H}-
DCLGAMRKCIPDNDKCCRPNLVCSRTHIK(Me)JWCKYVF-

Tx-1(1-34) {Amide} 771
IpS28IGpTx-1(1- {H}-DCLGFMRKCIPDNDKCCRPNLVCSRTH[pSIWCKYVE-

34) {Amide} 772
[Thr5:Asp10;Glut2 | (H-DCLGTMRKCDPENDKCCRPNLVCSRTHKWCKYVF-
1GpTx-1(1-34) {Amide} 773
[1-

Nal10,Glu33]GpTx | (H-DCLGFMRKC[1-

=1(1-34) NallPDNDKCCRPNLVCSRTHKWCKYEF-{Amide)} 774
{1-

Nal10;Glu32)CpTx | {H}-DCLGFMRKCI1-

-1(1-34) NallPDNDKCCRPNLVCSRTHKWCKEVF-{Amide} 775
[1-

Nal10;Glu31]GpTx | (H-DCLGFMRKCI1-

-1(1-34) NallPDNDKCCRPNLVCSRTHKWCEYVF-{Amids} 7786
[1-

Nal10;Ala331GpTx | (H}DCLGFMRKC]1-

~1(1-34) Nal]lPDNDKCCRPNLVCSRTHKWCKYAF-{Amide} 777
[1-

Nal1C;Ala32]GpTx | {H-DCLGFMRKC|1-

-1(1-34) NallPDNDKCCRPNLVCSRTHKWCKAVF-{Amide} 778
{1-

Nalt0:AlR311GPTx | (H-DCLGFMRKC[1-

~1(1-34) Nal[PDNDKCCRPNLVCSRTHKWCAYVF-{Amide} 779
[1-

Nal10;Glu28iGpTx | (H}-DCLGFMRKC[1-

-1(1-34) MallPDNDKCCRPNLVCSRTHEWCKYVF-{Amide} 780
{1~

Nal10;Glui8iGpTx | (H-DCLGFMRKC1-

-1H{1-34) NallPDNDECCRPNLVCSRTHKWCKYVF-{Amide} 781
[Glug;1-

Nal10]GpTx-1(1- {H}-DCLGFMREC]1-

34) NallPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 782
{Glud;1-

Nal101GpTx-1(1- {H}-DCLEFMRKC[ -

34) Nal|lPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 783
[1- {H}-{1-

Nal1;GluBjGpTx~ NallCLGFMRECIPDNDKCCRPNLVCSRTHKWCKYVF-

1(1-34) {Amide} 784
i1- {H-{1-

Nalt;Glu7]GpTx- NallCLEFMEKCIPDNDKCCRPNLVCSRTHIKWCKYVF-

1(1-34) {Amide} 785
- {H}-{1-

Nalt;GlusiGpTx- NallCLGFERKCIPDNDKCCRPNLVCSRTHKWCKYVEF-

1{1-34) {Amide} 786
[Alab,Glu26]GpTx- | {H}-DCLGAMRKCIPDNDKCCRPNLVCSREHKWCKYVF-

1(1-34) {Amide} 787
[Ala8,Glu27iGpTx- | HFDCLGAMRKCIPDNDKCCRPNLVCSRTEKWCKYVF-

1{1-34) {Amide} 788
[AlaB,Glud1IGpTx- | {HI-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCEYVF-

1(1-34) {Amide} 789
[Ala8)Go x-1(1- {H}-DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCKYVFE-
34-Giu {Amide} 730
[Alab Mel(O)81GpT | {H}- 791
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x-1 isomer1

DCLGAMETO1IRKCIPDNDKCCRPNLYCSRTHKWCKYVF

-{Amide}

{H}-
[Alas,Mel{O)B]GpT | DCLGA[METO1IRKCIPDNDKCCRPNLVCSRTHKWCKYVF
x-1 isomer2 -[Amide} 792
{Ala5;Phed;Pra13] | (HI-DCLGAFRKCIPD[PralDKCCRPNLYVCSRTHKWCKYVF-
GpTx-1(1-34) {Amide} 793
[Alab;Phet;K(Ac-
Pra)i3lGpTx-1(1- | {H}-DCLGAFRKCIPDIK(Ac~
34) PrajlIDKCCRPNLVCSRTHKWCKYVF-{Amide} 754
[Ala5;Phet; K{Ac-
Pra)13;Arg281GpT | {H}-DCLGAFRKCIPDIK(AC-
x-1{1-34) Pra)]DKCCRPNLVCSRTHRWCKYVF-{Amide} 795
[Ala5;Leus, 26,Prm
13;Arg28]GpTx- {H-DCLGALRKCIPD{Pra]DKCCRPNLVCSRLHRWCKYVF-
1(1-34) {Amide} 756
[2- {H}-DCLG[2-
AbuB;leub Pral3] | Abul.RKCIPDIPrajDKCCRPNLVCSRTHKWCKYVF-
GpTx-1{1-34) {Amide} 797
[Alab;Phet,Glu10; | (M-
Prai3;leu26;Arg2 | DCLGAFRKCEPDPra]DKCCRPNLVCSRLHRWCKYVE-
BICpTx-1(1-34) {Amide} 798
[2-
Abub;Leut;K(Ac-
Pra)i3iGpTx-1(1- | H}-DCLGIZ-AbulLRKCIPDIK(Ac-
34) Pra)iDKCCRPNLYCSRTHRKWCKYVF-{Amide} 799
[Alab;Leu6,26;Glu | {H}-
10;Pra13;Arg28]G | DCLGALRKCEPD[Pra]DKCCRPNLVCSRLHRWCKYVF-
pTx-1(1-34) {Amide} 800
{2-AbuB;Laub;K(4-
Pen)13;Arg28iGpT | {(HI-DOLG[R-AbulLRKCIPD{K(4-
x-1(1-34) Pen)IDKCCRPNLVCSRTHRWCKYVF-{Amide} 801
[Ala5;Leub 26;Pra
12;Arg281GpTx~ {H-DCLGALRKCIP[Pra]NDKCCRPNLVC SRLHRWCKYVF-
1(1-34) {Amide} 802
[AlaB;Phes;Prai2;
Leu28;Arg281GpTx | {(HI-DCLGAFRKCIPPralNDKCCRPNLVCSRLHRWCKYVF-
~1{1-34) {Amide} 803
[2-Abub;Pheb;K(4-
Pemy131GpTx-1{1- | {H}-DCLG[2-Abu]FRKCIPDIK{4-
34) Pen)IDKCCRPNLVCSRTHRKWCKYVE-{Amide} 804
{Nva5;Leug; K{4-
Penyi3;Arg2813nT | {HI-DCLGINval. RKCIPDIK(4-
x-1(1-34) Pen)]DKCCRPNLVCSRTHRWCKYVE-{Amide} 805
[MNvab;Leub; K4~
Pem131GpTx-1(1- | {H}-DCLGINvalLRKCIPDIK{(4-
34) Pen)]DKCCRPNLVCSRTHEKWCKYVF-{Amide} 806
4-Pen-{2-
Abub,13;Leub Arg | {4-Pen}-DCLGIZ-AbulLRKCIPD]2-
281GpTx-1(1-34) AbUIDKCCRPNLVCSRTHRWCKYVF-{Amide} 8067
[2-AbuB;Leus; K4~
Pen)13;Glu28]GpT | (H}-DCLG[2-Abu]LRKCIPDIK(4-
x-1{1-34) PemDKCCRPNLVCSRTHEWCKYVF-{Amide} 208
[Ala5;Phe6;Arg28] | {(H}-DCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVF-
GpTx-1(1-34) {Amide} 809
(Alabileud Arg28] | {HI-DCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVF- 810
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GpTx-1(1-34)

{Amide}

Gly-Ser-
[Ala5;Phe8;Arg28]

{H}-GSDCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVF-

GopTx-1(1-34) {Amide} 811
Gly-Ser-
[Ala5;leu6;Arg28] | (H}-GSDCLGALRKCIPDNDKCCRPNLYCSRTHRWCKYVF-
GpTx-1(1-34) {Amide} 812
{Ala5;PhebB;Arg28]
GpTx-1(1-34)-Trp~ | {(H}-DCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFW-
FreeAcid {FreeAcid} 813
{Alab;leut;Arg28]
GpTx=1(1-34)-Trp- | {(H}-DCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFW-
FreeAcid {FreeAcid} 814
Gly-Ser-
[Ala5;Phet Arg28] | (H}-
GpTx-1(1-34)-Trp- | GSDCLCGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFW-
FreeAcid {FreeAcid} 815
Gly-Ser-
[Ala5;Leu6;Arg28] | {H}-
GpT-1(1-34)-Trp- | GSDCLGALRKCIPRDNDKCCRPNLVCSRTHRWCKYVFW-
FreeAcid {FrecAcid} 816
[AlaB;Phe6;Arg28]
GpTx-1(1-34)-Phe- | {H}-DCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
FreeAcid {FreeAcid} 817
[Ala5;Leub;Arg28]
GpTx-1(1-34)-Phe- | {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
FreeAcid {FreeAcid} 818
Gly-Ser-
[Alab;Pheb;Arg28] | {H}-
GpTx-1(1-34)-Phe- | GSDCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
FreeAcid {FreeAcid} 819
Gly-Ser-
[Alab;leub;Arg28] | {H}-
GpTx-1{1-34)-Phe~ | GSDCLGALRKCIPDNDKCCRPNLYCSRTHRWCKYVFF-

reeAcid {FreeAcid} 820
Gly-Ser-
{Alab;Phet;Arg28]
GpTx-1(1-34)- {H}-GSDCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVF-
FreeAcid {FreeAcid} 821
Gly-Ser-
[Alab;Leud;Arg28]
GpTx-1(1-34)- {HGESDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVF-
FreeAcid {FreeAcid} 822
{Alab;Pheb Arg28]
GpTx-1(1-34)- {H}-DCLCGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVF-
FreeAcid {FreeAcid} 823
[Ala5,28,PheblGp
Tx-1(1-34) {H}-DCLGAFRKCIPDNDKCCRPNLVCSRTHAWCKYVF-
FreeAcid {FreeAcid} 824
[Alab;Phet;Asp28]
GpTx-1{1-34)- HI-DCLGAFRKCIPDNDKCCRPNLYCSRTHDWCKYVF-
FreeAcid {FreeAcid} 825
[Alab;Pheb;Glu28]
GpTx-1(1-34)- {H}-DCLGAFRKCIPDNDKCCRPNLVCSRTHEWCKYVF-
FreeAcid {FreeAcid} 826
[Ala5:Phe;Gly28] | {HI-DCLGAFRKCIPDNDKCCRPNLVCSRTHGWCKYVF- 827

- 115 -




WO 2002/125973

PCT/US012/029537

GpTx-1(1-34)-
FreeAcid

{FreeAcid}

[Ala5;Phet; His28]
GpTx-1(1-234)-

{H}-DCLGAFRKCIPDNDKCCRPNLVCSRTHHWCKYVF-

FreeAcid {FreeAcid) 828
[AlaB;Pheb]GpTr- | {H}IF-DCLGAFRKCIPDNDKCCRPNLVCSRTHRKWCKYVF-
H1-34)FreeAcid {FreeAcid} 829
[Ala5;Phe6;LeuZ8]

GpTx-1(1-34)- {HI-DCLGAFRKCIPDNDKCCRPNLVCSRTHLWCKY VF-

FreeAcid {FreeAcid} 830
[Ala5 Phes; Met28]

GpTx-1(1-34)- {H}I-DCLGAFRKCIPDNDKCCRPNLVCSRTHMWCKYVEF-

FreeAcid {FreeAcid} 831
[Alas:Phes: Asn28]

GpTx-1(1-34)- HI-DCLGAFRKCGIPDNDKCCRPNLVCSRTHMWCKYVF-

FreeAcid {FreeAcid} 832
[Ala5;Phes;ProZ8]

GpTx-1(1-34)- {HI-DCLGAFRKCIPDNDKCCRPNLYCSRTHPWCOKYVE-

FreeAcid {FreeAcid} 8233
[Ala5;Phet; GIn28]

GpTx-1(1-34)- {H-DCLGAFRKCIPDNDKCCRPMNLYCERTHOWCKYVF-

FreeAcid {FreeAcid} 2334
[Ala5:Phe6;Serdb]

GpTx-1(1-34)- {H-DCLGAFRKCIPDNDKCCRPNLVCSRTHSWCKYVE-

FreeAcid {FreeAcid} 835
IAlas, 13;Phe6;Arg

281GpTx-1(1-34)- | {HFDCLGAFRKCIPDADKCCRPNLVCSRTHRWCKYVF-

FreeAcid ) {FreeAcid} 836
[Alas;Phet;Aspi3;

Arg281GpTx-1(1- {H}-DCLGAFRKCIPDDDKCCRPNLVCSRTHRWCKY VF-
3d)-Freehcid {FreeAcid} 837
[Alas;Phet;Glut3;

Arg281GpTx-1{1- {H}-DCLGAFRKCIPDEDKC CRPNLVCSRTHRWCKYVF-
34}-FreeAcid {FreeAcid} 838
[Alab;Phet, 13;Arg

281GpTx-1(1-34) | {M}-DCLGAFRKCIPDFDKCCRPNLVCSRTHRWCKYVF-

FreeAcid {FreeAcid} 839
{Alas;Phes;Gly13;

Arg28J1GoTx-1(1~ H-DCLGAFRKCIPDGDKCCRPNLVCSRTHRWUCKYVEF-
IN-FreeAcid {FreeAcid} 840
[Alab;Pheb;His13;

Arg28)GoTx-1(1- {HIF-DCLGAFRKCIPDHDKCCRPNLVCSRTHRWCKYVF-
34)-Freefcid iFreeAcid} 241
[AlaB;Phes: le13;A

rg281Cp Tx-1(1~ {H}-DCLGAFRKCIPDIDKCCRPNLVCSRTHRWCOKYVEF-
34-FreeAcid {FresAcid} 842
[Ala5;Phet;Lys13;

Arg281GpTx-1(1~ H-DCLBAFRKCIPDKDKCCRPNLVYCSRTHRWCKYVF-
34)-Freehcid {FreeAcid} 843
[Ala5;Pheb;Leut3;

Arg28iGpTx-1{1~ {H-DCLGAFRKCIPDLDKCCRPNLVCSRTHRWCKYVF-
34)-FreeAcid {FreeAcid} 844
[Alag;FPhes;Met13;

Arg28iCpTx-1(1- HIFDCLGAFRKCIPDMDKCCRPNLVCSRTHRWCKY VF-
34)-Freehcid {FreeAcid} 845
{Ala5:Pheb:Pro13; | {H-DCLGAFRKCIPDPDKCCRPNLYCSRTHRWCKYVF- 846
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T ArG28IGPTX-1(1-
343 -FreeAcid

{FreeAcid}

[Alab;Phet;Gin13,;
Arg28]GpTx-1(1-

{H}-DCLGAFRKCIPDQDKCCRPNLVCSRTHRWCKYVF-

| 34)-FreeAcid {FreeAcid} 847
[Alab;Pheb;Arg 13,
28]GpT%¢-1(1-34)- {H}-DCLGAFRKCIPDRDKCCRPNLVCSRTHRWCKYVF-
FreeAcid {FreeAcid} 248
[Alab;Pheb:Sert3;
Arg28]GpTx-1(1- {H}-DCLCAFRKCIPDSDKCCRPNLYCSRTHRWCKY VF-
| 34)-FreeAcid {FreeAcid} 849
[Ala5;Phe6; Thr13;
Arg28iGpTx-1(1- {H}-DCLGAFRKCIPDTDKCCRPNLVCSRTHRWCKYVEF-
34)-FreeAcid {FreeAcid} 850
| [Ala5;PheB;Val13;
Arg281Gp Tx-1{1~ {H}-DCLGAFRKCIPDVDKCCRPNLVCSRTHRWCKYVF-
| 34)-FreeAcid {FreeAcid) 851
[Alab;Phe8;Trp13;
Arg28]GpTx-1(1- H-DCLGAFRKCIPDWDKCCRPNLVCSRTHRWCKY VF-
34)-FresAcid {FreeAcid} 852
TAla5;Leub:Arg28]
GpTx-1(1-34)- {H}FDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVF-
_FreeAcid {FreeAcid} 853
[Alab;leut;Asp28]
GpTx-1(1-34)- {H}-DCLGALRKCIPDNDKCCRPNLYCSRTHDWCKYVF-
| FreeAcid {FreeAcid} 854
[Ala5;Leud;Glu28]
GpTx-1(1-34)- {H-DCLGALRKCIPDNDKCCRPNLYCSRTHEWCKY VF-
 Free/cid {FreeAcid] 855
[Alab;Leut,28]GpT | {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHLWCKYVF-
| x-1(1-34)-FreeAcid | {FreeAcid} 856
[Ala5;Leud; Met28]
GpTx-1(1-34)- {(H}-DCLGALRKCIPDNDKCCRPNLVCSRTHMWCKYVF-
FreeAcid {FreeAcid} 857
[Alab;leu6;GIn28]
GpTx-1(1-34)- {H}-DCLGALRKCIPDNDKCCRPNLVCSRTHOWCKYVF -
FreeAcid {FreeAcid} 858
[Ala5;Leub;Ser28]
GpTx-1(1-34)- {H}-DCLGALRKCIPDNDKCCRPNLVYCSRTHSWCKYVF-
FreeAcid {FreeAcid} 859
TAEaS,?S;LeuG;Arg
281GpTx-1(1-34)- {H}-DCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVF -
 FreeAcid {FreeAcid} 860
[Alad;Leud;Asp13;
Arg28iGpTx-1(1- {H}-DCLGALRKCIPDDDKCCRPNLVCSRTHRWCKY V-
| 34)-FreeAcid {Freeicid} 8671
[Ala5;Leu6;Glul3;
Arg281GpTx-1(1- | {HFDCLGALRKCIPDEDKCCRPNLYCSRTHRWCKYVF-
34)-FreeAcid {FreeAcid} 862
[Ala5;Leud;Phel3;
Arg28]GpTx-1(1- {H}-DCLGALRKCIPDFDKCCRPNLVCSRTHRWCKYVF-
34)-FreeAcid {FreeAcid} 863
[Alab;leut;His13;
Arg281GpTx-1(1~ {H}-DCLGALRKCIPDHDKCCRPNLVCSRTHRWCKYVF-
| 34)-FreeAcid {FreeAcid} 864
| [AlaSiLeuB lle13A | {H}-DCLGALRKCIPDIDKCCRPNLYCSRTHRWCKYVF- 865
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rg28iGpTx-1(1-
34)-FreeAcid

{FreeAcid}

[Alab:Leub;Lys13;
Arg28iGpTx-1(1-

{H}-DCLGALRKCIPDKDKCCRPNLVCSRTHRWCKY V-

34)-FreeAcid {FreeAcid} 866
[Alab;leu6,13;Arg

2B1GpTx-1(1-34) | HH-DCLGALRKCIPDLDKCCRPNLYCSRTHRWCKYVF-

FreeAcid {FreeAcid} 867
[Alab;Leut;Met13;

Arg281GoTx-1{1- {H}-DCLGALRKCIPDMDKCCRPNLVCSRTHRWCKYVF-
24)-FreeAcid {rreeAcid} 868
[Ala5;Leus;:Gin13;

Arg28iGpTx-1(1- {H-DCLGALRKCIPDOQDKCCRPNLVCSRTHRWCKYVEF-
34)-FreeAcid {FreeAcid} 869
IAla5;Leud;Arg13,

281GpTx-1(1-34) | {H}-DCLGALRKCIPDRDKCCRPNLVCSRTHRWCKYVF-

FreeAcid {FreeAcid} 870
[Alab Leus;Ser3;

Arg28iGpTx-1(1- {H-DCLGALRKCIPDSDKCCRPNLVCSRTHRWCKYVF-
34)-FreeAcid {FreeAcid} 871
[Ala5:Leub;Val13,

Arg28]GpTx-1(1- {H}-DCLGALRKCIPDVDKCCRPNLVCSRTHRWCKYVEF-
34)-FreeAcid {FreeAcid} 872
IAlab;Leud; Tyr13;

Arg281GpTx-1(1- {HFDCLGALRKCIPDYDKCCRPNLVCSRTHRWCKYVF-
34)-Freehcid {FreeAcid} 873
Gly-Ser- {H}-

[Ala5;Leut;Arg28] | GSDCILGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFG -
GpTe-1(1-34)-CGly- | {FreeAcid}

Free Acid 874
Gly-Ser- {H}-

[Alas;Leut;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFG -
GpTx-1(1-34)-Phe- | {FreeAcid}

Gly-Free Acid 875
Gly-Ser- {H-

IAla5,13;LeuB:Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFG -
281GpTx-1(1-34) | {FreeAcid}

Phe-Gly-Fres Acid 876
Gly-Ser- {H-GSDCLGALRKCIFPDNDKCCRPNLVYCSRTHRWCKYVFI
[Ala5;Leu;Argz8] | ~{FreeAcid}

GpTx-1(1-34)-lle-

Free Acid 877
Gly-Ser- {H}-

[Alas;Leus;Arg28] | GSDCLGALRKCIPONDKCCRPNLVCSRTHRWCKYVFFL -
GpTx~-1{1-34)-Phe- | {FreeAcid}

Hle-FFree Acid 378
Gly-Ser- HH-GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFI

[Ala5 13;Leub:Arg | -{FreeAcid}

281GpTxe-1(1-34 )

lle-FFree Acid 879
Gly-Ser- {H}-

[Ala5,13;Leub;Arg | GSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFFI ~
2BIGpTx-1(1-34)- | {FreeAcid}

Phe-lle-Free Acid 880
Gly-Ser- {H}-

[AlaB;Leut;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFL - 881
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GpTx-1(1-34)-Leu- | {FreeAcid}
Free Acid
Gly-Ser- {H}-

[Ala5;Leub;Arg28}
GpTx-1(1-34)-Phe-

GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFL -
{FreeAcid}

Leu-Free Acid 882
Gly-Ser- {H}-GSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFL
[Alab,13;LeuB;Arg | -{FreeAcid}

28JGpTx-1(1-34)-

Leu-Free Acid 883
Oly-Ser- {H}-

[Alab,13;Leub;Arg | GSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFFL -
281GpTx-1(1-34)- | {FreeAcid}

Phe-Leu-Free Acid 884
Gly-Ser- {H}-

[Ala5;Leuf;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFS -
GpTx-1(1-34)-Ser- | {FreeAcid}

Free Acid 885
Gly-Ser- {H}-

[Alas;Leus;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFS -
CpTx-11-34)-Phe- | {FreeAcid}

Ser-Free Acid 386
Cly-Ser- {H}-

[Ala5,13;Leub;Arg | GSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFS -
28JGpTx-1(1-34)- | {FreeAcid}

Ser-Free Acid 887
Gly-Ser- {H}-

{Ala5,13Leub;Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFS -
28GpTx-1(1-34)- | {FreeAcid}

Phe-Ser-Free Acid 888
Gly-Ser- {H}-

[Alab;leut;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVET -
GpTx-1(1-34)-Thr- | {FreeAcid}

Free Acid 889
Gly-Ser- {H}

[Ala5;Leut;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFT -
GpTx-1(1-34)-Phe- | {FreeAcid}

Thr-Free Acid 890
Gly-Ser- {H}-

[AlaB,13;LeuBArg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFT -
28]GpTx-1(1-34)- | {FreeAcid}

Thr-Free Acid 891
Gly-Ser- {H}-

[Ala5,13;LeutArg | GSDCLGALRKCIFPDADKCCRPNLVCSRTHRWCKYVFFT -
28]GpTx-1(1-34)- | {FreeAcid}

Phe-Thr-Free Acid 892
Gly-Ser- {H}-

[Alab;Leub;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFY -
GpTx-1(1-34)-Tyr- | {FreeAcid}

Free Acid 893
Gly-Ser- {H}-

[Ala5;Leut;Arg28] | GSDCLGALRKCIPONDKCCRPNLVCSRTHRWCKYVFFY -
GpTx-1(1-34)-Phe- | {FreeAcid}

Tyr-Free Acid 894
Gly-Ser- {H}-

[Alab,13;Leus:Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFY -
281GpTx-1(1-34)- | {FreeAcid} 895
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Tyr-Free Acid

Gly-Ser-
[Ala5,13;LeuB;Arg
281GpTx-1(1-34)-

{H}-
GSDCLEGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFY -
{FreeAcid}

Phe-Tyr-Free Acid 896
Gly-Ser- {H}-

[AlaB;leud;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFA -
GpTx-1(1-34)-Ala- | {FreeAcid}

Free Acid 897
Gly-Ser- {H}-

[Ala5;Leub;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFTA -
GpTx-1(1-34)-Phe- | {FreeAcid}

Ala-Free Acid £598
Gly-Ser- {H}-

{Alab;Leut;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFFA
CpTx-1{1-34)-Phe- | {FreeAcid}

Phe-Ala-Free Acid 899
Gly-Ser- {H}-

[Ala5;Leub;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFYA
GpTx-1(1-34)Phe- | ~{FreeAcid}

Tyr-Ala-Free Acid 900
Gly-Ser- {H}-

Ala5;Leus;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFLA
GpTx-1(1-34)-Phe- | -{FresAcid}

Leu-Ala-Free Acid 901
Gly-Ser- {H}-

[Alab;Leub;Arg28] | GSDCLGALRKCIPDNDKCCRPNLYCSRTHRWCKYVFFIA -
GpTx-1(1-34)-Phe- | {FreeAcid}

lle-Ala-Free Acid 902
Gly-Ser- {H-

[Alab;leub;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFAA
GpTx-1(1-34)-Phe- | -[FresAcid}

Ala-Ala~Free Acid 903
Gly-8er- {H}-

[Alab;leub;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFSA
GpTx-1(1-34)-Phe- | -{FreeAcid}

Ser-Ala-Free Acid 904
Gly-Ser- {H}-

{Alagleut;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFTA
GpTr-1(1-34)-Phe- | -{FreeAcid}

Thr-Ala-Free Acid 905
Gly-Ser- {H}-

[Ala5;Leus;Arg28l | GSDCLEGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFAA
GpTx-1{1-34)-Phe- | -{FreeAcid}

Ala-Ala-Free Acid 906
Gly-Ser- {H-

IAlaG;Leut;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFGA
GpTx-1(1-34)-Phe- | -{FreeAcid)

Gly-Ala-Free Acid 907
Gly-Ser- {H)-

[AlaB,13;Leut;Arg | GSDCLGALRKCIPDADKCCRPNLYCSRTHRWUCKYVFA -
28]GpTx-1(1-34) | {FreeAcid}

Ala-Free Acid 908
Gly-Ser- {H}-

[Ala5,13;Leub;Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFA -
2BIGpTx-1(1-34)- | {FreeAcid} 909
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Phe-Ala-Free Acid

Gly-Ser-
[Ala5,13;Leut;Arg
281GpTx-1(1-34)
Phe-Phe-Ala-Free

{H}-
GESDCLCALRKCIPDADKCCRPNLVCSRTHRWCKYVFFFA
-{FresAcid}

Acid 510
Gly-Ser- {H}-

[Alab,13:Leud;Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFYA
281GpTx-1(1-34) | -{FreeAcid}

Phe-Tyr-Ala-Free

Acid 911
Gly-Ser- {H}-

[Ala5,13:Leub:Arg | GSDCLGALRKCIPDADKCCRPNLYCSRTHRWCOKYVFFLA
281GpTx-1(1-34) | <FreeAcid}

Phe-Leu-Ala-Fres

Acid 312
Gly-Ser- {H}-

[Ala5,13:Leus Arg | GSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFFIA -

281G Tx-1(1-34)- {FreeAcid}

Phe-lle-Ala-Free

Acid 913
Gly-Ger- {H3-

[Ala5,13:Leus:Arg + GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFAA
281CGpTx-1(1-34)- | -{FreeAcid}

Phe-Ala-Ala-Free

Acid 914
Gly-Ser~ {H}-

{Ala5,13:Leus:Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFSA
281GpTx-1(1-34)- | ~{FreeAcid}

Phe-Ser-Ala-Free

Acid 915
Gly-Ser- {H)-

[Ala5,13:Leus:Arg | CSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFFTA
281GpTx-1(1-34) | -{FreeAcid}

Phe-Thr-Ala-Free

Acid 916
Gly-Ser- {H}-

[Ala5,13;Leus Arg | GSDCLGALRKCIPDADKCCRPNILVCSRTHRWCKYVFFAA-
28)GpTx-1(1-34) | {FreeAcid}

Phe-Ala-Ala-Free

Acid 917
Gly-Ser- {F}-

[Ala5 13 Leus Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFGA
281GpTx-1(1-34)- | -{FreeAcid}

Phe-Gly-Ala-Free

Acid 918
Gly-Ser- {H}-

[Alas;Leus;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFA-
GpTx-1(1-34)-Ala- | {FreeAcid}

Free Acid 919
Gly-Ser- {H}-

iAlab;Leus;Arg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFA-
GpTx-1(1-34)-Phe- | {FresAcid}

Ala-Free Acid 920
Gly-Ser- {H}~

[Ala5,13;Leud:Arg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFA-
281GpTx-1(1-34) | {FreeAcid} 921
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Ala-Free Acid

Gly-Ser-
[Ala5,13;leuB;Arg
28]GpTx-1{1-34}-

{H}-
GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFFA-
{FreeAcid}

Phe-Ala-Free Acid 922
Gly-Ser- {H}-

[Ala5;leudArg28] | GSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFFF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Phe-Free Acid 923
Gly-Gly-Ser- {H}-

[Alab;LeuB;Arg28] | GGSDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVEF-
GpTx-1(1-34)-Phe- : {FreeAcid}

Free Acid 924
Gly-Gly-Gly-Ser- {H)-

{Ala5;Leut;Arg28] | GGGSDCLGALRKCIPDNDKCCORPNLVCSRTHRWCKYVFF
GpTx-1(1-34)-Phe- | -{FreeAcid}

Free Acid : 925
Gly-Gly-Gly-Gly- {H}-

Ser- GOGGSDCLGALRKCIPDNDKCCRPNLYCSRTHRWCKYV
[AlaB;Leub:Arg28] | FF-{FreeAcid}

GpTx~1{1-34)-Phe-

Free Acid 926
Ser-Gly-Gly-Gly- {H}-

Gly-Ser- SGGGGSDCLCALRKCIPDNDKCCRPNLYCSRTHRWCKY
{AlaB;Leut;Arg28] | VFF-{FreeAcid}

CpTx-1(1-34)-Phe-

Free Acid 927
Gly-Ser-Gly-Gly- {H}-

Gly-Gly-Ser- GSGGGESDCLGALRKCIPDNDKCCRPNLVCSRTHRWCK
[Alab;LeuB;Arg28] | YVFF-{FreeAcid}

GpTx-1(1-34)-Phe-

Free Acid 928
Gly-Gly-Ser-Giy- {}-

Gly-Gly-Gly-Ser- GGSGGGGESDCLGALRKCIPODNDKCCRPNLVCSRTHRWC
[Ala5;Leut;Arg28] | KYVFF-{FreeAcid}

GpTx-1(1-34)-Phe-

Free Acid 929
Gly-Gly-Gly-Ser- {H}-

Gly-Gly-Gly-Gly- GGGESGGGGSDCLGALRKCIPDNDKCCRPNLVCSRTHRW

Ser- CKRYVFF-{FreeAcid}

[Ala5;leud; Arg2g]

GpTx-1(1-34)-Phe-

Free Acid 830
Gly-Gly-Gly-Gly- {H)-

Ser-Gly-Gly-Gly- GEGGSGGGEESDCLGALRKCIPDNDKCCRPNLVCSRTHR
Gly-Ser- WCKYVFF-{Freefcid}

[Alab;Leub;Arg28]

GpTx-1(1-34)-Phe-

Free Acid 531
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GGGGESGEEGESDCLGAFRKCIPDNDKCCRPNLYVCSRTHR
Gly-Ser- WCKYVFF-{FreeAcid}

[Alab;Phed;Arg28]

GpTx-1(1-34)-Phe-

Free Acid Q32
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GGCESEGCGSDCLGAFRKCIPDADKCCRPNLVCSRTHR | 933
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Gly-Ser-
[Ala5,13;Phet;Arg
281GpTx-1(1-34)-
Phe-Free Acid

WCKYVFF-{FreeAcid}

Gly-Ser-
[Ala5,13;Leub;Arg
28]GpTx-1(1-34)-

{H}-
GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFE-
{FreeAcidy}

Phe-Free Acid 934
Gly-Ser- {H}-

[Ala5,13;eusArg | GSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFGF-
28]GpTx-1(1-34)- | {FreeAcid}

Gly-Phe-Free Acid 935
Giy-Ber- {H}-

[Ala5,13;Leut;Arg | GSDCLGALRKCIPDADKCCRPNLVCESRTHRWCKYVEFF-
281GpTx-1(1-34)- | {FreeAcid}

Phe-Free Acid 936
Gly-Ser- {H}-

[Ala5,13;LeudArg | GSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFF-
281GpTx-1(1-34)- | {FreeAcid}

Phe-Free Acid 937
Gly-Gly-Ser- {H-

[Ala5,13;Leut;Arg | GGSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYVFF-
281GpTx-1({1-34)- | {FreeAcid}

Phe-Free Acid 938
Gly-Gly-Gly-Ser- {H}~

[Alab,13;LeuB;Arg | GGGSDCLGALRKCIPDADKCCRPNLYCSRTHRWCKYVFF
281GpTx-1(1-34)- | ~{FreeAcid}

Phe-Free Acid 935
Gly-Gly-Gly-Gly- {H}-

Ser- GGGGSDCLGALRKCIPDADKCCRPNLVCSRTHRWCKYV
[AlaB,13;Leu6;Arg | FF-{FreeAcid}

281GpTx-1(1-34)-

Phe-Free Acid 940
Ser-Gly-Gly-Gly- {H}-

Gly-Ser- SGCGGESRCLGALRKCIPDADKCCRPNLYCSRTHRWCKY
[Ala5,13;LeuB;Arg | VFF-{FreeAcid}

281GpTx-1(1-34)-

Phe-Free Acid 941
Gly-Ser-Gly-Giy- {H}-

Gly-Gly-Ser- GSGGGGSDCLGALRKCIPDADKCCRPNLVCSRTHRWCK
[Ala5,13;Leub;Arg | YVFF-{FreeAcid}

281GpTx-1(1-34)-

Phe-Free Acid 942
Gly-Gly-Ser-Gly- {H}-

Gly-Gly-Gly-Ser- GGEGGGGSDCLEALRKCIPDADKCCRPNLVCSRTHRWC
[Alab,13.LeuBArg | KYVFF-{FreeAcid}

281GpTx-1{1-34)-

Phe-Free Acid 943
Gly-Gly-Gly-Ser~ {H}-

Gly-Gly-Gly-Gly- GOGSGEEGIDCLGALRKCIPDADKCCRPNLVCSRTHRW

Ser- CKYVFF-{FreeAcid}

[Ala5,13;.eub;Arg

28]GpTx-1(1-34)-

Phe-Free Acid 944
Gly-Gly-Gly-Gly- {r}-

Ser-Gly-Gly-Giy- GOGGSGEECSDCLCGALRKCIPDADKCCRPNLVCSRTHR
Gly-Ser- WCOKYVFF-{FreeAcid} 945
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[Ala5,13;leub;Arg
281CpTH-1(1-34)-
Phe-Free Acid

Gly-Ser-
[Alab;Leub;Gly13;
Arg28lGpTx-1(1-

{H}-
GEDCLGALRKCIPDGDKCCRPNLVCSRTHRWCKYVFF-
{FreeAcid}

343-Phe-Free Acid 945
Gly-Ser- {H}-
{Alab;Leut;Ser13; | GSDCLCALRKCIPDSDKCCRPNLVCSRTHRWCKYVFF-
Arg28iGpTx-1(1- {FreeAcid}
34)-Phe-Free Acid 947
Gly-Ser- {H}-GSDCLGALRKCIPDIDKCCRPNLVCSRTHRWCKY VFF-
[Alab;Leub;lle13;A | {FreeAcid}
rg281CpTx-1(1-
34)-Phe-Free Acid Q48
Gly-Ser- {H)-
Alaf;Leut;Pro13; | GSDCLGALRKCIPDPDKCCRPNLVCSRTHRWCKYVFF-
Arg28iGpTx-1(1- {FreeAcid}
34)-Fhe-Free Acid 949
Gly-Ser- {H}-
[AlaS;Leut;Mell3; | GSDCLGALRKCIPDMDKCCRPNLVCSRTHRWCKYVEF-
Arg281GpTx-1(1- {FreeAcid}
34)-Phe-Free Acid 950
Gly-Ser- {H}-
[Ala5;Leut;Val13; | GSDCLGALRKCIPDVDKCCRPNLYCSRTHRWCKYVFF-
Arg281GpTx-1(1- {FreeAcid}
34)-Phe-Free Acid 951
Gly-Ser- {H}-
[Alabbeu8Thri3; | GSDCLGALRKCIPDTDKCCRPNLVCSRTHRWCKYVFF-
Arg28iGpTx-1(1- {Freefoid}
34)-Phe-Free Acid 952
Gly-Ser- {H}-
[Alab;LeuB;Phetd; | GSDCLGALRKCIPDFDKCCRPNLVCSRTHRWCKYVFF-
Arg28iGpTx-1(1- {FreeAcid}
343-Phe-Free Acid Q53
Gly-Ser- {H}-
{AlaB;leus;Tyr13; | GSDCLGALRKCIPDYDKCCRPNLVCSRTHRWCKYVFF-
Arg281GpTx-1(1- {FreeAcid}
34)-Fhe-Free Acid 954
Gly-Ser- {H}-
[AlaB;Phe6;Clvtd; | GSDCLGAFRKCIPDGDKCCRPNLVCSRTHRWCKYVEF-
Arg28jGpTx-1{1- {FreeAcid}
34 )-Phe-Free Acid 855
Gly-Ser- {H}-
[Alad;Phet;Ser1d; | GSDCLGAFRKCIPDSDKCCRPNLVCSRTHRWCKYVFF-
Arg28iGpTx-1(1- {FreeAcid}
34)»-Phe-Free Acid 8956
Gly-Ser- {H3-
[AlaB;Phetiliei3;A | GSDCLGAFRKCIPDIDKCCRPNLVCSRTHRWOKYVFF-
1g2B1GpTr-1(1- {FreeAcid}
34)-Phe-Free Acid 957
Gly-Ser- {H}-
[Alag;Phe6;Leutld; | GESDCLGAFRKCIPDLDKCCRPNLVCSRTHRWCKYVFF-
Arg28]GpTx-1(1- {FreeAcid}
34)-Phe-Free Acid 958
Gly-Ser- {H}-
[Alab;Pheb Met13; | GEDCLGAFRKCIPDMDKCCRPNLVCSRTHRWCKYVEF- 958
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Arg28lGpTx-1(1- {FreeAcid}
34)-Phe-Free Acid
Gly-Ser- {H}-

[Alas;Phet;Vall3,;
Arg28lGpTx-1(1-

GSDCLGAFRKCIPDVDKCCRPNLVCSRTHRWCKYVFF-
{FreeAcid}

34)-Phe-Free Acid 960
Gly-Ser- {H}-

[Alab;Phe6;Thri13; | GSDCLGAFRKCIPDTDKCCRPNLVCSRTHRWCKYVFF-
Arg28]GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 961
Gly-Ser- {H}-

[Alab;Pheb,13;Arg | GSDCLGAFRKCIPDFDKCCRPNILVCSRTHRWCKYVEFF-
281GpTx-1(1-34)- | {FreeAcid}

Phe-Free Acid 3862
Gly-Ser- {H}-

[AlaB;Pheb;Tyr13; | GSDCLGAFRKCIPDYDKCCRPNLVCSRTHRWCKYVEFF-
Arg28]GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 963
Gly-lte- {H}-

[Ala5;Leub;Arg28] | GIDCLCGALRKCIPDNDKCCRPNLVCSRTHRWCKYVEF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 964
Gly-Ala- {H}-

[Alag;leut;Arg28] | GADCLGALRKCIPDNDKCCORPNLYCSRTHRWCKYVFF-
GpT-1(1-34)-Phe~ | {FreeAcid}

Free Acid 965
Gly-Thr- {H-

[Alab;eub;Arg28] | GTDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 986
Gly-Ala- {H}-

[Alab;Leud;Arg28] | CADCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
GpTx-1{1-34)-Phe- | {FreeAcid}

Free Acid 967
Gly-Gly- {H}-

[AlaBleub Arg28] | GGDCLGALRKCIPRNDKCCRPNLYGSRTHRWCKYVFF-
GpTx-1(1-34)-FPhe- | {FrecAcid}

Free Acid 968
Gly-Phe- {iH}-

[Alag;leub;Arg28] | GFDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVEF-
GpTx-1(1-34)-FPhe- | {FreeAcid}

Free Acid 969
Gly-Tyr- {1

[AlaB;Leud;Arg28] | GYDCLCGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 870
Gly-Leu~ {H3-

[Alab;Leut;Arg28] | GLDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVEF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 971
Gly-Val- {1}~

[AlaB;Leub;Arg28] | GVDCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 972
Gly-lle- {H}-

[Ala5;Pheb;Arg28] | GIDCLGAFRKCIPDNDKCCRPNLYCSRTHRWCKYVFF-
GoTx-1{1-34)-Phe- | {FreeAcid} 973
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Free Acid

Gly-Ala-
[Alab;Phe8;Arg28]
GpTx-1(1-34)-Phe-

{H}-
GADCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
{FreeAcid}

i-ree Acid §74
Gly-Thr- {1~

[Alab;Pheb;Arg28] | GTDCLGAFRKCIPDNDKCCRPNLYCSRTHRWCKYVFF-
GpTx-1{1-34)-Phe-~ | {FreeAcid}

Free Acid 975
Gly-Ala- {H}-

[AlaB;Pheb; Arg28] | GADCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
GpTx-1(1-34)»Phe- | {FreeAcid}

Free Acid 976
Gly-Gly- {H}-

[Alab;Phed;Arg28] | GGDCILGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 977
Gly-Phe- {H}-

[Alab;PhebArg28] | GFDCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
GpTx-1(1-34)-Fhe- | {(FreeAcid}

Free Acid 978
Gly-Tyr- {H}-

[Ala5;Phet;Arg28] | GYDCLGAFRKCIPDNDKCCRPNILVCSRTHRWCKYVFF-
GpTx-1(1-34)-Phe- | {FresAcid}

Free Acid 979
Gly-Leu- {+}-

[Alab;Phet;Arg28] | GLDCLGAFRKCIPDNDKCCRPNLYCSRTHRWCKYVFF-
CoTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 980
Gly-Val- {H}-

[Alad;Phet;Arg28] | GVDCLGAFRKCIPDNDKCCRPHMLVCSRTHRWCKYVFF-
GpTx-1(1-34)-Phe- | {FreeAcid}

Free Acid 981
Gly-Ala- {H}-

[Alas;Phet;Gly13; | CGADCLGAFRKCIPDGDKCCRPNLVCSRTHRWCKYVFF-
Arg28lGpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 982
Gly-Ala- {H}-

[Alab;Phed;Sert3; | GADCLGAFRKCIPDSDKCCRPNLYCSRTHRWCKYVFF-
Arg2B8iGpTx-1{1- {FreeAcid}

34)-FPhe-Free Acid 983
Gly-Ala- {H}-

[AlaB;Pheb;lle13:A | GADCLGAFRKCIPDIDKCCRPNLVCSRTHRWCGKYVFF-
rg28iGpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 984
Gly-Ala- {13

[AlaB;Phebileuld; | GADCLGAFRKCIPDLDKCCRPNLVCSRTHRWCKYVFF-
Arg28]GpTx-1{1- {FreeAcid}

34)-Phe-Free Acid 985
Gly-Ala- {H}-

[AlaB;Pheb;Met13; | GADCLGAFRKCIFDMDKCCRPNLVCSRTHRWCOKYVFF-
Arg281GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 986
Gly-Ala- {H}-

[AlaB;Phed;Val13; | CADCLGAFRKCIPDVDKCCRPNLVCSRTHRWCKYVFF-
ArgZ8lGpTx-1(1- {FreeAcid} 987
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34)-Phe-Free Acid

Gly-Ala-
[Ala5;Pheb;Thri3;
Arg281GpTx-1(1-

{H}-
GADCLGAFRKCIPDTDKCCRPNLVCSRTHRWCKYVFF-
{FreeAcid}

34)-FPhe-Free Acid 988
Gly-Ala- {H}-

[AlaB;Phe6,13,Arg | GADCLGAFRKCIPDFDKCCRPNILVCSRTHRWCKYVFF-
28IGpTx-1(1-34)- | {FreeAcid}

Phe-Free Acid 989
Gly-Ala- {H3-

[Ala5;PheB; Tyr13; | GADCLGAFRKCIPDYDKCCRPNLVCSRTHRWCKYVEF-
Arg28iGpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 890
Gly-Ala- {H}-

[Alab;Leus;Gly13; | GADCLGALRKCIPDGDKCCRPNLVCSRTHRWCKYVFF-
Arg281GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 991
Gly-Ala- {H-

[AlaB;leus;Sert3; | GADCLGALRKCIPDSDKCCRPNLVCSRTHRWCKYVEF-
Arg28]GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 992
Gly-Ala- {H}I-GADCLGALRKCIPDIDKCCRPNLVCSRTHRWCKYVFF-
[Alas;Leus:lle13A | {FresAcid}

rg28]GpTx-1(1-

34)-Phe-Free Acid 993
Gly-Ala- {H-

[Alab;Leut,13;Arg | GADCLGALRKCIPDLDKCCRPNLYCSRTHRWCKYVFE-
2816pTr-1(1-34)- {Freehcid}

Phe-ree Acid 994
Gly-Ala- {H}-

[Ala5:Leub;Met13; | GADCLGALRKCIPDMDKCCRPNLVCSRTHRWCKYVFF-
Arg281GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 995
Gly-Ala- {H}-

[Alab;leut;Val13, | CADCLGALRKCIPDVDKCCRPNLVCSRTHRWCKYVFF-
Arg28]1GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 996
Gly-Ala- {H}-

[AlaB;Leu6;Thr13; | GADCLGALRKCIPDTDKCCRPNLVCSRTHRWCOKYVEF-
Arg28i1GpTx-1(1- {FraeAcid}

34)-Phe-Free Acid 997
Giy-Ala- {H}-

[Alab;leud;Phell; | GADCLGALRKCIPDFDKCCRPNLVCSRTHRWCKYVFF-
Arg281GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 958
Gly-Ala- {H}-

{Ala5;ieus; Tyr13; | GADCLGALRKCIPDYDKCCRPNLVCSRTHRWCKYVFF-
Arg28]GopTx-1(1- {FreeAcid}

34)-Phe-Free Acid 999
Gly-Gly- {+}-

[Sert;Alab;leud;Ar | GGSCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
g28]GpTx-1(1-34)- | {FreeAcid}

Phe-Free Acid 1000
Gly-Gly- {H}-

[Trpt;AlaG;LeudAr | GGWCLGALRKCIPDNDKCCRPNLVCESRTHRWCKYVFF-
g28]GpTx-1(1-34)- | {FreeAcid} 1001
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Phe-Free Acid

Gly-Gly-
[Phet:Alab;leut;A
rg28]GpTx-1{1-

{H}-
GGFCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVEF-
{FreeAcid}

34)-Phe-Free Acid 1002
Gly-Gly- {H}~

et :Ala5leus Ar | GGICLGALRKCIPDNDKCCRPNLYCSRTHRWCKYVFF-
g28]GpTe-1(1-34) | {FreeAcid}

Phe-Free Acid 1003
Gly-Gly-Ser- {H}-

[Sert;Ala5;LeuBAr | GGSSCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVEF-
g28]GnTx-1(1-34) | {FreeAcid}

Phe-Fres Acid 1004
Gly-Gly-Ser- {H}-

[TrptAladLeus:Ar | GGSWCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
g28]GpTx-1(1-34)- | {FreeAcid}

Phe-Free Acid 1005
Gly-Gly-Ser- {H}-

[Phe1;Ala5;LeubA | GGSFCLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
rg281GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 1006
Gly-Gly-Ser- {H}-

[HetAla5Leus Ar | GGSICLGALRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
g28iGpTx-1(1-34)- | {FreeAcid}

Phe-Free Acid 1007
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GCGGSGCOGSICLGALRKCIPDADKCCRPNLVCSRTHR

Gly-Ser- WCKYVFF-{FreeAcid}

{HetAlab,13;Leud;

Arg281GpTx-1(1-

34)-Phe-Free Acid 1008
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GOGESCCGGSFCLCGALRKCIPDADKCCRPNLVCSRTHR
Gly-Ser- WCKYVFF-{FreeAcid}

iPhet;Alab,13;Leu

6;Arg28]GpTx-1(1-

34)-Phe-Free Acid 1009
Gly-Gly-Gly-Gily- {H)-

Ser-Gly-Gly-Gly- GCGGSGGEGSWCILLGALRKCIPDADKCCRPNLVCSRTHR
Gly-Ser- WOCKYVEF-{FreeAcid}

[Trp1;Ala%,13;eu

8;Arg28JGpTx-1(1-

34)-Phe-Free Acid 1010
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GOGGSGOGEGSICLGALRKCIPDNDKCCRPNLVCSRTHR

Gly-Ser- WCKYVFF-{FreeAcid}

flle1;Alab;Leut;Ar

g281GpTx-1(1-34)-

Phe-Free Acid 1011
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GEGGSGGGGSFCLGALRKCIPDNDKCCRPMLYCSRTHR
Gly-Ser- WCKYVFF-{Freehcid}

{Phet;Alab;leut;A

rg28]GpTx-1(1-

34)-Phe-Free Acid 1012
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Cly-Gly- GGCGGSGGGESWCLGALRKCIPDNDKCCRPNLVCSRTHR | 1013
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Gly-Ser-
[Trp1;Alab;Leut;Ar
g28]GpTx-1(1-34)-
Phe-Free Acid

WCKYVFE-{F reeAcid)

Gly-Gly-
[Sert;Alas;Pheb;A
rg28]GpTx-1(1-

{H}-
GGSCLGAFRKCIPDNDKCCRPNLYVCSRTHRWCKYVFE-
{FreeAcid}

34)-Phe-Free Acid 1014
Gly-Gly- {H}-

[TrpT;AlaS5Phet A | GGWCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
rg281GpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 1015
Gly-Gly- {H}~

[Phet,6,Ala8Arg2 | GGFCLGAFRKCIPDNDKCCRPNLYCSRTHRWCKYVFF-
BIGpTx~1(1-34)- {Freehcid}

Phe-Free Acid 1016
Gly-Gly- {H3-

e T,Ala5;Phe8;Ar | GGICLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
g28]GpTx-1(1-34)- | {FreeAcid}

FPhe-Free Acid 1017
Gly-Gly-Ser- {H}-

[Ser1;Ala5;Phe6;A | GGSSCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
1g28JGpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 1018
Gly-Gly-Ser- {H}-

{Trpt1;Alab;Phef A | GGEWCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
rg28JGpTx-1(1- {FreeAcid}

34)-Phe-Free Acid 1018
Gly-Gly-Ser- {H}-

[Phet,8,Ala5Arg2 | GGSFCLGAFRKCIPDNDKCCRPNLVCSRTHRWCKYVFF-
8IGpTx~-1(1-34)- {FreeAcid}

Phe-Free Acid 1020
Gly-Gly-Ser- {H}-

e Alab;PhegAr | GGSICLGAFRKCIPDNDKCCRPNLYCSRTHRWCKYVFF-
g281GpTx-1(1-34) | {FreeAcid}

Phe-Free Acid 1021
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GGGGSGGGESICLGAFRKCIPDADKCCRPNLVCSRTHR

Gly-Ser- WCKYVFF-{FreeAcid}

[He1;Ala5,13;Pheb;

Argz28]GpTx-1(1~

34)-Phe-Free Acid 1022
Gly-Gly-Gly-Gly- {H}-

Ser-Gly-Gly-Gly- GGGGSGGGGSFCLGAFRKCIPDADKCCRPNLYCSRTHR
Gly-Ser- WOKYVFF-{FreeAcid}

[Phel,6;A1a5,13:Ar

g28]GpTx-1(1-34)-

Phe-Free Acid 1023
Gly-Gly-Gly-Gly- {H3}-

Ser-Gly-Gly-Gly- GCGGGSGEGESWCLGAFRKCIPDADKCCRPNLVCSRTHR
Gly-Ser- WCKYVFF-{FreeAcid}

[Trp1;Ala5,13;Phe

8:Arg281GpTx-1(1-

34)-Phe-Free Acid 1024
Gly-Gly-Gly-Gly- {H)-

Ser-Gly-Gly-Gly- GGGGSGGGGSICLGAFRKCIPDNDKCCRPNLYVCSRTHR

Gly-Ser- WCKYVFF-{FreeAcid} 1025
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[He t;Ala5;Pheb;Ar
g28IGpTx-1(1-34)-
Phe-Free Acid

Gly-Gly-Gly-Gly-
Ser-Gly-Gly-Gly-
Gly-Ser-
[Phet,6;Ala5;Arg?2
BGpTx-1(1-34)-

{H}-
GGGGSGGGGSFCLGAFRKCIPDNDKCCRPNLYCSRTHR
WCKYVFF-{FreeAcid}

Phe-Free Acid 1026
Gly-Gly-Gly-Gly- {H}-
Ser-Gly-Gly-Gly- GOGGESGGEGSWOLGAFRKCIPDNDKCCRPNLVCSRTHR
Gly-Ser- WCKYVFF-{FreeAcid}
[Trpt1Ala5;Phe6; A
rgeBlepTx-1(1-
34)-Phe-Free Acid 1027
[Ala5;PhebAtz13] | DCLGAFRKCIPDIAIZIDKCCRPNLVCSRTHKWCKYVF-
GpTx-1(1-34) {Amide} 1028
Biotin-Ahx-[2- {Biotin}-[Ahx]DCLGIZ-AbullL.RKCIPD2-
Abub,13;Leud;Arg | AbuIDKCCRPNLVOSRTHRWCKYVF-{Amide}
281GpTx-1(1-34) 1029
jAlab;Phe;Glu1d;
K(Biotin)13;Leu2s; | {H}-

rg28JGpTe-1(1- DCLGAFRKCEPDK(Biotin)IDKCCRPNLVCSRLHRWCKYV
34) F-{Amide} 1030
Biotin-Ah-- {Eiotin}AX]DCLGAFRKCIPDIAEZIDKCCRPNLVCSRILHRW
[Ala5,Pheb Atz13, | CKYVF-{Amide} 1031
Leu26 Arg28iGpTx
~1(1-34%

{DOTA}-

DOTA{ARSIGPTX- | DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-
1(1-34) {Amide} 1032
[Ala8;Phe K(DOT | {H}-
AY13;Leu28;Arg28] | DCLGAFRKCIPDK(DOTAYDKCCRPNLVCSRLHRWCKYVF
GpTx-1(1-34) -{Amide} : 1033
[AlaB,Phe8,2-
Abut3 Leu28 Arg? . (H-DCLGAFRKCIPD[2-
BIGpTx-1{1-34) AbuIDKCCRPNLYVCSRLHRWCKYVF-[Amide} 1034
[AlaB, Phet, Glui0,
2
Abut3,Leu28,Arg2 | {H-DCLCAFRKCEPD]2-
S1GpTx-1(1-34) AbUIDKCCRPNLVCSRILHRWCKYVF-{Amide} 1035
IAlab Leu,2-
Abut3 leu2B.Arg?2 | (HF-DCLGALRKCIPD{2-
81GpTx-1(1-34) ABUIRDKCCRPNLVCSRLHRWCKYVE-{Amide} 1036
[Ala8,Phed Atz(PE
GH-((2~
hydroxyethylithio)a | {(H}-DCLGAFRKCIPDIALZ(PEGT1-((2-
cetamide)13,Leu2 | hydroxyethybithio)acetamide )]DKCCRPNLYCSRLHRWCKY
5,Arg28]GpTx-1 VF-{Amide} 1037
[Ala5,Pheb Atz(PE
G3-(2-
hydroxyethylithioa
cetamide)13 Leu2 | {H}-DCLGAFRKCIPDIALZ(PEG3-((2-
6,Arg28]GpTx-1{1- | hydroxyethyilhio)acetamide )JDKCCRPNLVCSRLHRWCKY
34) VF-{Amide} 1038
[Alab;Phes;Glutd; | HI-DCLGAFRKCEPDIAIZ(PEGT1-((2-
Atz(PEGT1-((2- hydroxyethyhthiojacetamide)]DKCCRPNLVCSRLHRWCKY | 1039
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hydroxyethyhthio)a
cetamide)13;Leu2
6;Arg281GpTx-1(1-
34)

VF-{Amide}

[AlaB;Phet; Glu10;
AZ(PEGS-((2-
hydroxyethylithio)a
cetamide)13;leu2
8 Arg28JGpTx-1(1-

{H}-DCLGAFRKCEPDIAZ(PEG3-((2-
hydroxyethyhthio)acetamide JIDKCCRPNLVCSRLHRWCKY

1040

34) VF-{Amide}
{(2-
Hydroxyethyljthi
ojacefamide-
MPEGTtriavole-
{2~ {{{(2-Hydroxyethyhthio)acetamide-NPEG11-triazole}-
Abub,13;LeuArg | DCLG[Z-AbuJLRKCIPD[2-
28]GpTx-1(1-34) AbuIDKCCRPNLVC3RTHRWOCKYVF-{Amide!} 1041
i2-
Abub L eus K(ethy!
-triazole-PEGT]-
((2-
hydroxyethyiithio)a | {H}-DCLG[2-AbulLRKCIPDK( ethy-triazole-PEG11-((2-
cetamide)13,Arg28 | hydroxyethyhthio)acetamide)DKCCRPNLVCSRTHRWCKY
epTx-1(1-34) VF-{Amide} 1042
{Alab;leub,26,Atz(
PEGHT-((2-
hydroxyethyhthio)a | {(H}-DCLGALRKCIPD[AIZ{(PEGS-((2-
cetamnide)13;Arg28 | hydroxyethylithiojacetamide )JDKCCRPNLVCSRLHRWCKY
1GpTx-1(1-34) VF-{Amide} 1043
[Alab;l.eub 26,G
10 ARZ(PEGHT-{(2-
hydroxyethyl)thio)a | {H}-DCLGALRKCEPD{ALZ(PEG11-((2- 1044
cetamide)13;Arg28 | hydroxyethyl)thio)acetamide }JDKCCRPNLVCSRLHRWCKY
1GpTx-1(1-34) VF-{Amide}
((2-
hydroxyethyhithio)a
cetamide-~ {(Z2-Hydroxyethylithioyacetamide-NPEG 1 t-triazole}-
NPEG11-triazole- | DCLGAFRKCIPD[2-AbulDKCCRPNLVCSRTHRWCKYVF- 1045
[Alab,Phed, 2- {Amide}
Abul3 Arg281GpT
x-1(1-34)
[Alas Phet;Atz13; | HIDCLGAFRKCIPDIALZIDKCCRPNLVCSRLHRWCKYVF-
Leu28,Arg28iGpTx | {Amide} 1046
-1{1-34)

{H}-
[Alas;Phe6;Glu10; | DCLGAFRKCEPDIAIZIDKCCRPNLVCSRLHRWCKYVF- 1047
Az13;Leu26;Arg2 | {Amide}
BICpTx-1{1-34)
[2-
Abub,13;LeudArg | (H}FDCLGIZ2-AbulLRKCIPD{2- 1048
281GpTx-1(1-34 AbUIDKCCRPNLVCSRTHRWCKYVF-{Amide}
[AlaB Pheb Atz(PE
G-
bromoacetamide}t | {H}-DCLGAFRKCIPDAIZ(PEG1T1- 1062
3,Leudb Arg28lGp | bromoacetamide)]DKCCRPNLVCSRLHRWCKYVF-{Amide}
Tx-1
[Alas,Pheb Atz(PE | (HI-DCLGAFRKCIPDIAZ(PEGS- 1063
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G3-
bromoacetamide)1
3,Leu26,Arg28]Gp
Tx-1{1-34)

bromoacetamide )IDKCCRPNLVCSRLHRWCKYVF-{Amide}

[Ala5;Phes;Gluto;
Atz(PEG1T1-

bromoacetarmide)! | H}-DOLCAFRKCEPDAtZ(PEG11- 1064

3;Leu26;ArgZ8lGp | bromoacetamide)]DKCCRPNLVCSRLHRWCKYVF-{Amide}

Tx-1(1-34)

[Ala5;Phes;Glu10;

AtZ(PEG3-

bromcacetamide)t | {H}-DOLGAFRKCEPD[AZ(PEGS- 1065

3;Leu28;Arg28]Gp | bromoacetamide)]DKCCRPNLVCSRLHRWCKYVF-{Amide

Tx-1(1-34)

bromoacetamide-

PEG11riazole-[2- | {bromoacetamide-PEG11-triazole}-DCLG[2-

Abub,13;LeudArg | AbufLRKCIPD[2-AbUIDKCCRPNLVCSRTHRWCKYVF- 1066

281GpTx-1(1-34) {Amide}

{2-

Abub,Leud K(ethyl

~friazole-PEG11- {H}-DCLG[2-AbUILRKCIPDK (ethytriazole-PEGT1-

bromoacetamide)! | bromoacetamide)DKCCRPNLVCSRTHRWCKYVF-{Amide} | 1067

3, Arg28]GpTx-1(1-

343

[Ala5;Leub, 26;Atz(

PEG1T1-

bromoacetamide)}i

3;Arg28JGpTx-1(1-

34) {HIDCLGALRKCIPDIAZ(PEGS-
bromoacetamide)]DKCCRPNLVCSRLHRWCKYVF-{Amide} | 1068

[Alab;Leut,26;Glu

10ARZ(PEGT1-

romoacetamide)t | (H}-DCLGALRKCEPDIAZ(PEGT1-

3;Arg28iGpT«-1{1- | bromeacetamide)]DKCCRPNLYCSRLHRWCKYVF-{Amide}

34) 1069

bromoacetamide-

PEG11-triazole-

[Alas,Phe, 2~ {bromoacetamide-PEG11-triazole}-DCLCAFRKCIPD{2-

Abul13,Arg28iGpT | AbulDKCCRPNLVCSRTHRWCKYVF-{Amide}

x=1(1-34) 1070
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Table SB. Amino acid sequences of GpTx-1 and GpTx-1 peptide

analogs. -{Amide} = amidated C-terminal.

SEQ
Amino Acid Sequence Designation iD
. NO.,

DCLGFMRKCIPD[2-Abu] DKCCRPNLVCSRTHEWCKYVF-{Amide} [2-Abul3;Glu28]GpTx-1{1-34) 1071
DCLGFMRKCIPDIPra]lDKCCRPNLVCSRTHEWCKYVF-{Amide [Pral3;Glu28lGpTx-1{1-34) 1072
DCLGFMRKCIPD{2-Abu] DKCCRPNLVCSRLHEWCKYVF-{Amide} [2-Abul3;Leu26;Glu28]GpTx-1(1-34) 1073
DCLGFMRKCIPDIPra] DKCCRPNLVCSRLHEWCKYVF-{Amide} [Pral3;leu2s;Glu28]GpTx-1{1-34) 1074
DCLGFMRKCIED|2-AbulDKCCRPNLVCSRTHEWCKYVF-{Amide} [{Glull,28;2-Abul3)GpTx-1(1-34) 1075
DCLGFMRKCEPD[2-Abu]DKCCRPNLVCSRTHEWCKYVF-{Amide} [{Glu10,28;2-Abul3]GpTx-1{1-34) 1076
DCLGFMRKCDPD{2-AbulDKCCRPNLVCSRTHEWCKYVF-{Amide} [Aspl10;2-Abul3;Glu28]GpTx-1{1-34) 1077
DCLGFFRKCIPD[2-Abu]DKCCRPNLYCSRTHEWCKYVF-{Amide} [Pheb;2-Abul3;Glu28]GpTx-1(1-34) 1078
DCLGFLRKCIPD{2-Abu]DKCCRPNLYCSRTHEWCKYVF-{Amide} [LeuB;:2-Abul3;Glu28]GpTx-1{1-34) 1079
DCLGFINIe]RKCIPD[2-Abu]DKCCRENLVCSRTHEWCKYVF-{Amide} [Nie6;2-Abul3;Glu28)GpTx-1{1-34) 1080

DCLGGMRKCIPD{2-AbulDKCCRPNLVCSRTHEW CKYVF-{Amide} [Gly5;2-Abul3;Giu28]GpTx-1{1-34) 1081
DCLGAMRKCIPD[2-AbulDKCCRPNLVCSRTHEWCKYVF-{Amide} [Ala5;2-Abul3;GluZB]GpTx-1{1-34) 1082
DCLG{2-AbUIMRKCIPDI2-AbulDKCCRPNLYCSRTHEWCKYVE-{Amide} [2-Abu5,13;GHu28]GpTx-1{1-34) 1083
DCLGINva]MRKCIPD{2-Abu]DKCCRPNLYCSRTHEWCKYVF-{Amide} Nva5;2-Abul3;Glu28]GpTx-1{1-34) 1084
DCLG[NIe]MRKCIPD{2-AbulDKCCRPNLVCSRTHEWCKYVF-{Amide} [Nfe5;2-Abul3;Glu28]GpTx-1{1-34) 1085
DCLGVMRKCIPD[2-Abu]DKCCRPNLVCSRTHEWCKYVF-{Amide; [val5;2-Abul3;Glu28]GpTx-1{1-34) 1086
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DCLGLMRKCIPD[2-Abu] DKCCRPNLYCSRTHEWCKYVF-{Amide} [Leus;2-Abul3;Glu28]GpTx-1(1-34) 1087
DCLGIMRKCIPD[2-Abu]DKCCRPNLYCSRTHEWCKYVF-{Amide} [e5;2-Abul3;Glu28]GpTx-1{1-34) 1088

| DCLGFMRKCIED[Pra]DKCCRPNLYCSRTHEWCKYVF-{Amide} [Glull,28;Prai3]GpTx-1(1-34) 1089
DCLGFMRKCEPD[PralDKCCRPNLYCSRTHEWCKYVE-{Amide} [Glu10,28;Pra13])GpTx-1{1-34) 1090
DCLGFMRKCDPD[Pra]DKCCRPNLVCSRTHEWCKYVE-{Amide} [Asp10;Pral3;Glu28]GpTx-1(1-34) 1091
DCLGFFRKCIPD[PralDKCCRPNLYCSRTHEWCKYVE-{Amide} [Phes;Pral3;Glu28]GpTx-1(1-34) 1092
DCLGFLRKCIPD[Pra]DKCCRPNLYCSRTHEWCKYVF-{Amide} [Leut;Pra13;Gluz8]GpTx-1(1-34) 1093
DCLGE[NIe]RKCIPD[Pra]DKCCRPNLYCSRTHEWCKYVF-{Amide} [Nle6;Prai3;Glu28]GpTx-1(1-34 1094
DCLGGMRKCIPD{Pra]DKCCRPNLYCSRTHEWCKYVF-{Amide} [Gly5;Prai3;Giu28]GpTx-1{1-34) 1095
DCLGAMRKCIPD[Pra]DKCCRPNLVCSRTHEWCKYVF-{Amide} [Ala5;Pral13;Glu28]GpTx-1(1-34) 1096
DCLG[2-AbulMRKCIPD[Pra] DKCCRPNLYCSRTHEWCKYVF-{Amide} [2-Abu5;Pral3;Glu28]GpTx-1(1-34) 1097
DCLG[NvalMRKCIPD[Pra]DKCCRPNLVCSRTHEWCKYVF-{Amide) [Nvab;Pra13;Glu28)GpTx-1(1-34) 1098
DCLG[NIe]MRKCIPD[Pra]DKCCRPNLVCSRTHEWCKYVF-{Amide} INie5;Pral3;Glu28]GpTx-1{1-34) 1099
DCLGVMRKCIPD[Pra] DKCCRPNLYCSRTHEWCKYVE-{Amide} [Val5;Pral13;Glu28]GpTx-1(1-34) 1100
DCLGLMRKCIPD{Pra]DKCCRPNLYCSRTHEWCKYVF-{Amide} 5:Pral3;Glu28]GpTx-1{1-34) 1101
DCLGIMRKCIPD[Pra]DKCCRPNLYCSRTHEWCKYVF-{Amide} [lle5;Pral3;Glu28]GpTx-1{1-34) 1102
DCLGFMRKCIED[2-AbulDKCCRPNLYCSRLHEWCKYVF-{Amide} [Glu11,28;2-Abul3;Leu26]GpTx-1(1-34) 1103
"""" DCLGFMRKCEPD[2-AbulDKCCRPNLYCSRLHEWCKYVF-{Amide} (GIu10,28;2-Abul3;Leu26]GpTx-1{1-34) 1104
DCLGFMRKCDPD{2-Abu]DKCCRENLYCSRLHEWCKYVF-{Amids} [Asp10;2-Abul3;Leu2s;Glu28]GpTx-1 1105
DCLGFERKCIPD{2-AbulDKCCRPNLYCSRLHEWCKYVF-{Amide} [Phe6;2-Abul3;Leu26;Glu28]GpTx-1{1-3 1106
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DCLGFLRKCIPD[2-AbulDKCCRPNLVCSRLHEWCKYVF-{Amide} ' [Leus,26;2-Abu13;Glu28]GpTx-1(1-34) 1107 |
DCLGF[NIe]RKCIPD[2-Abu] DKCCRPNLYCSRLHEWCKYVF-{Amide} [Nle6;2-Abu13;Leu26;Gluz8]GpTx-1(1-34) 1108
DCLGGMRKCIPD[2-Abu] DKCCRPNLYCSRLHEWCKYVF-{Amide} [Gly5;2-Abul3;Leu26;Glu28]GpTx-1{1-34) 1109
DCLGAMRKCIPD[2-Abu]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Ala5;2-Abul3;Leu26;Giu28]GpTx-1(1-34) 1110
DCLG[2-Abu]MRKCIPD[2-Abu]DKCCRPNLYCSRLHEW CKYVE-{Amide) [2-Abub, 13;Leu26;Glu28]GpTx-1(1-34) 1111
DCLG[Nva]MRKCIPD{2-Abu]DKCCRPNLVCSRLHEWCKYVF-{Amide} INva5;2-Abul3;Leu26;Glu28]GpTx-1(1-34) 1112
| DCLG[Nie]MRKCIPD[2-Abu] DKCCRPNLVCSRLHEWCKYVE-{Amide} [Nje5;2-Abu13;Leu26;Glu28]GpTx-1(1-34) 1113
DCLGVMRKCIPD{2-Abu]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Val5;2-Abul3;Leu26;Glu28]GpTx-1{1-34) 1114
DCLGLMRKCIPD[2-Abu]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Leu5,26;2-Abu13;Glu28]GpTx-1(1-34) 1115
DCLGIMRKCIPD[2-Abu]DKCCRPNLYCSRLHEWCKYVF-{Amide) [lie5;2-Abu13;Leu26;Glu281GpTx-1(1-34) 1116
DCLGFMRKCIED{Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Glu11,28;Pra13;Leu26]GpTx-1(1-34) 1117
DCLGFMRKCEPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} (Glu10,28;Pral3;Leu26]GpTx-1{1-34} 1118
DCLGFMRKCDPD{Pra)]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Asp10;Pral3;Leu?6:Glu28]GpTx-1(1-34) 1119
DCLGFFRKCIPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Pheb;Pral3;Leu26;Glu281GpTx-1(1-34) 1120
DCLGFLRKCIPD[Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Leu6,26;Pral3;Glu28]GpTx-1{1-34) 1121
DCLGF{Nfe]RKCIPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Armide) [Nle6;Pral3;Leu6;Giu281GpTx-1(1-34) 1122
GMRKCIPD{Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Giy5;Pral3;Leu?6;Glu28]GpTx-1(1-34) 1123
DCLGAMRKCIPDIPralDKCCRPNLYCSRLHEWCKYVF-{Amide} [Ala5;Pra13;Leu26;Glu28]GpTx-1(1-34) 1124
DCLG{2-Abu]MRKCIPD[PralDKCCRPNLVCSRLHEWCKYVF-{Amide) [2-Abu5:Pral3;Lleu26;Glu281GpTx-1(1-34) 1125
DCLG[Nva]MRKCIPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Nva5;Pral3;Leu26;Glu281GpTx-1(1-34) 1126
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DCLG[NIe]MRKCIPD[Pra]DKCCRPNLYCSRLHEWCKYVE-{Amide} INle5;Pral3;Leu26;Glu28]GpTx 1(1-34) 1127
DCLGYMRKCIPD[Pra) DKCCRPNLVCSRLHEW CKYVE-{Amide} [Val5;Pral3;Leu26;Glu28lGpTx-1(1-34) 1128
DCLGLMRKCIPD{Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide] [Leus,26;Pral3;Glu28)GoTx-1({1-34) 1129
DCLGIMRKCIPD[Pra] DKCCRPNLYCSRLHEWCKYVE-{Amide} [lle5;Pral3;Leu26;Glu28]GpTx-1(1-34) 1130
DCLGFFRKCIED[2-Abu] DKCCRPNLVCSRTHEWCKYVF-{Amide} Phes;Glutl,28;2-Abul3]GpTx-1(1-34) 1131
DCLGFLRKCIED[2-Abu]DKCCRPNLVCSRTHEWCKYVE-{Amide} [Leu:Glull,28;2 Abul3]GpTx-1{1-34) 1132
DCLGF[NIe]RKCIED[2-Abu]DKCCRPNLVCSRTHEWCKYVF-{Amide} INle6;Glu11,28;2-Abul3]GpTx-1{1-34) 1133
DCLGGMRKCIED[2-Abu]DKCCRPNLVCSRTHEWCKYVF-{Amide} [Gly5;Glult,28;2-Abul3]GpTx-1(1-34) 1134
DCLGAMRKCIED{2-Abu]DKCCRPNLYCSRTHEWCKYVF-{Amide} [Ala5;Glull,28;2-Abul2]GpTx-1(1-34) 1135
DCLG[2-Abu]MRKCIED{2-Abu] DKCCRPNLYCSRTHEWCKYVF-{Amide} [2-Abu5,13:Glull, 28]GpTx-1{1-34) 1136
DCLG[NvalMRKCIED[2-Abu] DKCCRPNLYCSRTHEWCKYVE-{Amide} INva5;Glu11,28;2-Abu13]GpTx-1(1-34) 1137
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DCLG[NIe][NIe]RKCEPD[2-Abu] DKCCRPNLVCSRLHEWCKYVF-{Amide} [Nie5,6;Glu10,28;2-Abul3;Leu26]GpTx-1{1-34) 1547
DCLGVINIe]RKCEPD[2-Abu] DKCCRPNLYCSRLHEWCKYVF-{Amide} [Val5;Nle6;Gluls, 28;2-Abui3;Leuz6]GpTx-1(1-34) 1548
DCLGL[Nie]RKCEPD[2-Abu]DKCCRPNLVCSRLHEWCKYVF-{Amide) [Leus,26;Nie6;Glu10,28;2-Abu13)GpTx-1(1-34) 1549
DCLGI[NIe]RKCEPD([2-Abu]DKCCRENLVCSRLHEWCKYVF-{Amide} iHe5;Nle6;Glul0,28;2-Abul3;Leu26]GpTx-1{1-34) 1550
DCLGGFRKCDPD[2-Abu]DKCCRPNLYVCSRLHEWCKYVF-{Amide} [Gly5;Phe6;Asp10;2-Abul3;Leu26:Glu28]GpTx-1{1-34) | 1551
DCLGAFRKCDPD[2-Abu]DKCCRPNLYCSRLHEWCKYVE-{Amide} [Ala5;Phe6;Asp10;2-Abul3;Leu26;Glu28]GpTx-1(1-34) | 1552
DCLG[2-Abu]FRKCDPD(2-Abu]DKCCRPNLVCSRLHEWCKYVE-{Amide} [2-Abu5,13;Phe6;Asp10;Leu26;Glu28]GpTx-1(1-34) 1553
DCLG[Nva]FRKCDPD[2-Abu] BKCCRPNLVCSRLHEW CKYVE-{Amide} [Nva5;Phe6;Asp10;2-Abul3;Leu26;Glu28]GpTx-1(1-34) | 1554
DCLG{NIe]FRKCDPD{2-Abu]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Nle5;Phe6;Asp10;2-Abul3;Leu26;Glu28]GpTx-1(1-34) | 1555
DCLGVFRKCDPD(2-Abu]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Val5;Phes;Aspl0;2-Abul3;Leu26;Glu28]GpTx-1(1-34) | 1556
DCLGLFRKCDPD[2-Abu]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Leus,26;Phe6;Aspl0;2-Abul3;Glu28]GpTx-1(1-34) 1557
DCLGIFRKCDPD{2-Abu] DKCCRPNLVCSRLHEWCKYVF-{Amide} [Ile5;Phe6;Asp10;2-Abul3;Leu26;G1u28]GpTx-1{1-34) 1558
DCLGGLRKCDPD{2-Abu]DKCCRPNLYCSRLHEWCKYYF-{Amide] [Gly5;Leus,26;Asp10;2-Abul3;Glu28]GpTx-1(1-34) 1559
DCLGALRKCDPD[2-Abu]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Ala5;Leus, 26;Asp10;2-Abul3;Glu28]GpTx-1(1-34) 1560
DCLG[2-AbulLRKCDPD[2-Abu]DKCCRPNLVCSRLHEWCKYVF-{Amide} [2-Abus,13;Leus, 26;Asp10;Glu28]GpTx-1(1-34) 1561
DCLG[Nva]LRKCDPD|2-AbulDKCCRPNLVCSRLHEWCKYVF-{Amide} [Nva5;Leu,26;Asp10;2-Abul3;Glu28]GpTx-1(1-34) 1562
DCLG[Nie]LRKCDPD[2-Abu] DKCCRPNLYCSRLHEWCKYVF-{Amide} [Nle5;Leus,26;Asp10;2-Abul3;Glu28]GpTx-1{1-34) 1563
DCLGVLRKCDPD[2-Abu]DKCCRPNLVISRLHEWCKYVF-{Amide} Val5;leub,26;A5p10;2-Abul3;Glu281GpTx-1{1-34) 1564
DCLGLLRKCDPD[2-Abu]DKCCRPNLYCSRLHEWCKYVF-{Anide} [Leu5,6,26;Asp10;2-Abul3;Glu28]GpTx-1{1-34) 1565
DCLGILRKCDPD[2-Abu] DKCCRPNLYCSRLHEWCKYVF-{Amide]} [lle5;Leus,26;Asp10;2-Abul13;Glu28]GpTx-1{1-34) 1566
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DCLGG[NIe]RKCDPD[2-Abu]DKCCRPNLVCSRLHEWCKYVF-{Amide} [GlyS;Nle6:Aspl0;2-Abul3;Leu26:Glu28]GpTx 1{1-34) | 1567
DCLGA[NIe]RKCDPD[2-AbU]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Ala5;Nle6;Asp10;2-Abui3;Leu2s;Gluz8]1GpTx-1{1-34) | 1568
DCLG[2-Abu][Nle]RKCDPD[2-Abu] DKCCRPNLYCSRLHEWCKYVE-{Amide} | [2-Abu5,13;Nie6;Aspl0;Leu26;Glu28]GpTx-1(1-34) 1569
DCLG[Nval[Nle]RKCDPD[2-Abu] DKCCRPNLVCSRLHEWCKYVE-{Amide} (Nva5;Nie6;Aspi0;2-Abul3;Leuz6;Giu28]GpTx-1{1-34) | 1570
DCLG[Nie] [NIe]RKCDPD[2-AbU]DKCCRPNLYCSRLHEWCKY VF-{Amide} (Nie5,6;Asp10;2-Abul3;Leu26;Glu281GETx-1{1-34) 1571
DCLGY[NIe]RKCDPD[2-Abu] DKCCRPNLVCSRLHEWCKYVE-{Amide] [Val5;Nie6;Asp10;2-Abul3;Leu26;Glu28]GpTx-1{1-34) | 1572

DCLGLINIe]RKCDPD[2-Abu]DKCCRPNLYCSRLHEW CKYVF-{Amide} [Leus, 26;Nle6:Asp10;2-Abul3;Glu28]GpTx-1(1-34) 1573
DCLGI[NIe]RKCDPD[2-Abu] DKCCRPNLYCSRLHEWCKYVF-{Amide} le6; Asp10;2-Abul3;Leu26;Glu28)GpTx-1(1-34) 1574
DCLGGFRKCIED|Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Gly5:Phe6:Giull,28;Praid;Leu26]GpTx-1{1-34) 1575
DCLGAFRKCIED[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Ala5;Phe6;Glull,28;Pral3;Leu26]GoTx-1(1-34) 1576
DCLG[2-AbU]FRKCIED[Pra]DKCCRPNLYVCSRLHEWCKYVF-{Amide} [2-Abu5;Phe6,;Glull,28;Pral3;Leu26]GpTx-1{1-34) 1577
DCLGINVaIFRKCIED[Pra] DKCCRPNLVESRLHEWCKYVE-{Amide]} [Nva5;Phet;Glull, 28;Pral3;leu28]GpTx-1{1-34) 1578
DCLG[Nle]FRKCIED[PralDKCCRPNLYCSRLHEWCKYVF-{Amide} [NleS;Phe6;Glull,28;Pral3;Leu26]GoTx-1(1-34) 1579
DCLGVFRKCIED[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Val5;Phe6;Glull,28;Pral3;Leu26]GpTx-1{1-34) 1580
DCLGLFRKCIED[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Leu5,26;Phe6;Glull,28;Pral3iGpTx-1{1-34) 1381
" DCLGIFRKCIED[Pra] DKCCRPNLVCSRLHEWCKYVE-IAmide) [lle5;Phe6;Glull, 28:Pral3;leu26]GpTx-1{1-34) 1582
DCLGGLRKCIED[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [GlyS5;Leus,26;Giull,28;Pra13]GpTx-1(1-34) 1583
DCLGALRKCIED[Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Ala5:Leus, 26;Glull,28;Pral3]GpTx-1{1-34) 1584
DCLG[2-AbU]LRKCIED[Pra] DKCCRPNLYCSRLHEWCKYVF-{An [2-AbUB;Leus, 26;Glu11,28;Pral3]GpTx-1{1-34) 1585
DCLG[Nva]LRKCIED[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Nva5;Leu,26:Glull,28;Pra13]GpTx-1{1-34) 1586
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DCLG[NIe]LRKCIED[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Nle5;Leu6,26;Glull, 28;Pra13]GpTx-1(1-34) 1587
DCLGVLRKCIED[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [ValS;Leus,26;Glull,28;Pral3]GpTx-1(1-34) 1588
DCLGLLRKCIED[Pra] DKCCRPNLYCSRLHEWCKYVF-{Amide} [Leu5,6,26;Glu11,28;Pral3]GpTx-1(1-34) 1589
DCLGILRKCIED [PrajDKCCRPNLVCSRLHEWCKYVE-{Amide] [lle5;Leu,26;Glull,28;Pral3]GpTx-1(1-34) 1580
DCLGG[NIe]RKCIED{Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Gly5;Nle6;Glu11,28;Pral3;Leu26]GpTx-1{1-34) 1591
DCLGA[NIe]RKCIED[Pra]DKCCRPNLYCSRLHEWCKYVE-{Amide} [Ala5;Nle6;Glull,28;Pral3;Leu26]GpTx-1(1-34) 1592
DCLG[2-Abul[Nle]RKCIED[PrajDKCCRPNLYCSRLHEWCKYVF-{Amide} [2-Abu5;Nle6;Glull,28;Pral3;Leu26]GpTx-1(1-34) 1593
DCLG[Nval[NIe]RKCIED[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Nvab;Nle6;Glull,28;Pral3;Leu26]GpTx-1(1-34) 1594
DCLG[Nle][Nle]RKCIED[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Nle5,6;Glull,28;Pra13;Leu26]GpTx-1(1-34) 1595
DCLGV[NIe]RKCIEDIPra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Val5;Nie6;Glull,28;Pral3;Leu26]GpTx-1(1-34) 1596
DCLGLINIe]RKCIED[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Leu5,26;Nie6;Glull,28;Pral3]GpTx-1(1-34) 1597
DCLGI[NIe]RKCIED[Pra]DKCCRPNLYVCSRLHEWCKYVE-{Amide} [lle5;Nle6;Gluil,28;Pral3;Leu26]GpTx-1(1-34) 1598
DCLGGFRKCEPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Gly5;Phe6:GIul0,28;Pral3;Leu26]GpTx-1{1-34) 1599
DCLGAFRKCEPD{Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Ala5;Phe6;GluL0,28;Pral3;Leu26]GpTx-1(1-34) 1600
| DCLG[2-AbU]FRKCEPD]Pral DKCCRPNLYCSRLHEWCKYVF-{Amide} [2-AbuB;Phe6:GluL0,28;Pral3;Leu26]GpTx-1{1-34) 1601
DCLG{Nva]FRKCEPD[Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Nva5;Phe6;GIul0,28;Pral13;Leu26]GpTx-1{1-34) 1602
DCLG{NIe]FRKCEPD{Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Nle5;Phe6;Glui0,28;Pral3;Leu26]GpTx-1(1-34) 1603
DCLGYFRKCEPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Vai5;Phe6;Glul0,28;Pral3:Leu26]GpTx-1(1-34) 1604
DCLGLFRKCEPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide) [Leu5,26;Phe6;Glul0,28:Pral3]GpTx-1(1-34) 1605
DCLGIFRKCEPD[Pra] DKCCRPNLVCSRLHEWCKYVF-{Amide} [1le5;Phe6;Glul0,28;Pral3;Leu6]GpTx-1{1-34) 1606
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DCLGGLRKCEPD]|Pra] DKCCRPNLVCSRLHEWCKYVE-{Amide} [Gly5;Leut,26;Glul0,28;Pral3]GpTx-1{1-34) 1607
DCLGALRKCEPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide) [Ala5;Leus,26;G1u10,28;Pral3]GpTx-1{1-34) 1608
DCLG[2-AbulLRKCEPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [2-Abus;Leu6,26;Glu10,28;Pral2]GpTx-1{1-34) 1609
DCLG[Nva]LRKCEPD[Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide [Nva5;Leu6,26:Giul0,28;Prai3]GpTx-1(1-34) 1610
DCLG[NIe]LRKCEPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [NIe5;Leu6,26;Glul0,28;Pral3]GpTx-1(1-34) 1511
DCLGVLRKCEPDIPra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [ValS:Leus, 26;Glu10,28;Pral3]GpTx-1{1-34) 1612
DCLGLLRKCEPDPra] DKCCRPNLYCSRLHEWCKYVE-{Amide} LLeLJ,t; 26;Glu10,28;Pra13]GpTx-1(1-34) 1613
DCLGILRKCEPD([Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [le5;Leu,26,G1u10,28;Pral3]GpTx-1{1-34) 1614

LGG[NIe]RKCEPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [GlyS; Nie6;GIu10,28;Pral13;Leu26]GoTx-1{1-34) 1615
DCLGA[NIe]RKCEPDIPra] DKCCRPNLYCSRLHEWCKYVE-{Amide} [Ala5;NIe6,Glu10,28;Pral3;Leu26]GpTx-1(1-34) 1616
DCLG]2-Abu][Nle]RKCEPD{Pral DKCCRPNLVCSRLHEWCKYVF-{Amide} [2-Abus;Nie6;Glul0,28;Pral3;Leu26]GpTx-1{1-34) 1617
DCLG[Nva][NIe]JRKCEPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} ‘Nvas;Nle6;Glulo,28;Pral3;Leuz6]GpTx-1({1-34) 1618
DCLGINIe][NIe]RKCEPD[Pral DKCCRPNLYCSRLHEWCKYYF-{Amide} [Nle5,6,G1u10,28;Pral3;Leu261GpTx-1{1-34) 1619
DCLGV[NIe]RKCEPDIPralDKCCRPNLYCSRLHEWCKYVF-{Amide] [Val5;Nle6;GlulC,28;Pral3;Leu26iGpTx- 1{1-34) 1620
DCLGLINIe]RKCEPD[PralDKCCRPNLVCSRLHEWCKYVE-{Amide} [Leus,26;Nie6;Glu10,28;Pral3)GpTx-1{1-34) 1621
DCLGI[NIe]RKCEPD[Pra] DKCCRPNLVCSRLHEWCKYVF-{Amide} [lle5;N1e6;GIu10,28;Pral3;leu26]GpTx-1{1-34) 1622
DCLGGFRKCDPD{[PralDKCCRPNLYCSRLHEWCKYVE-{Amide} [Gly5:Phes;Asp10;Prais;leu26;Gluz8]GpTx1{1-34) 1623
DCLGAFRKCDPD[Pra] DKCCRPNLYCSRLHEWCKYVE-{Amid [Ala5;Pheb;Aspi0;Pral3;Leu26;Gluzg]GpTx-1{1-34) 1624
DCLG[2-Abu]FRKCDPD{PralDKCCRPNLVCSRLHEWCKYVE-{Amide} [2-AbUS;Phe6;Asp10;Pral3;Leu2s;Glu28)GpTx-1{1-34) | 1625
DCLG[Nva]FRKCDPD{PralDKCCRPNLVCSRLHEWCKYVF-{Amide} [Nva5;Phe6:Aspl10;Pral3;leu26;Glu28)GpTx-1(1-34) 1626
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DCLG[NIelFRKCDPD[PralDKCCRPNLYCSRLHEWCKYVF-{Amide} [Nie5;Phes; Aspl0;Prall;Lleu2t;Glu281GpTx-1{1-34) 1627
DCLGVFRKCDPD[Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Val5:Phe6;Asp10;Pral3;Leu26;G1u28]GpTx-1{1-34) 1628
DCLGLFRKCDPD[Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Leu5,26;Phe6;Aspl0;Pral3;Glu28]GpTx-1{1-34) 1629
DCLGIFRKCDPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [ile5;Phe6;Aspl10;Pral3;Leu26;Glu28]GpTx-1{1-34) 1630
DCLGGLRKCDPD]Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Gly5;Leus,26;Asp10;Pral3;Glu28]1GpTx-1{1-34) 1631
CLGALRKCDPD[Pra]DKCCRPNLVCSRLHEWCKYVE-{Amide} [Ala5;Leub,26;Asp10;Pral3;Glu28]GeTx-1(1-34) 1632
DCLG[2-AbulLRKCDPD{Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} 12-AbuS;Leus,26;Asp10;Pral3;Glu28]GpTx-1(1-34) 1633
DCLG[Nva]LRKCDPD[Pra]DKCCRPNLYCSRLHEWCKYVE-{Amide} [Nvas;Leu,26;Asp10;Pra13;Glu28]GpTx-1(1-34) 1634
DCLG[N!Ie]LRKCDPD]Pra]DKCCRPNLYCSRLHEWCKYVE-{Amide} [Nle5;Leus,26;Asp10;Pral3;Gluz81GpTx-1({1-34) 1635
DCLGVLRKCDPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide) [Val5;Leus, 26;Asp10;Prai3;Glu28]GpTx-1(1-34) 1636
DCLGLLRKCDPD[Pra]DKCCRPNLYCSRLHEWCKYVE-{Amide} [Leus,6,26;Asp10:Pral3;Glu28]GpTx-1{1-34) 1637
DCLGILRKCDPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide) [lle5;Leut,26;Asp10;Pral3;Glu28]GpTx-1(1-34) 1638
DCLGGINIe]RKCDPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Gly5; Nie6;Asp10;Pra13;Leu26; Glu28]GpTx-1(1-34) 1639
DCLGA[NIe]RKCDPD[Pra] DKCCRPNLVCSRLHEWCKYVF-{Amide} [Ala5;Nle6;Asp10;Pral3;Leu26;Glu28]GpTx-1{1-34) 1640
DCLG[2-Abu][Nle]JRKCDPDPra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [2-Abus;Nie6;Asp10;Pral3;Leu26;Gluz8]GpTx-1(1-34) | 1641
DCLGINva][NIe]RKCDPD{Pra]DXKCCRPNLVCSRLHEWCKYVF-{Amide} [Nva5;Nle6;Asp10;Prals3;leuls;GluZ8]GpTx-1{1-34]} 1642
DCLGINIe][NIe]JRKCDPDIPra]DKCCRPNLYCSRLHEWCKYVE-{Amide} [Nle5,6;Asp10;Pral3;Leu6;Glu28]GpTx-1{1-34) 1643
DCLGY[NIe]RKCDPD[Pra]DKCCRPNLVCSRLHEWCKYVF-{Amide} [Val5;Nle6;Asp10;Pral?;Leu26;Glu28]GoTx-1{1-34) 1644
DCLGLINIe]RKCDPD[PralDKCCRPNLYVCSRLHEWCKYVF-{Amide} [LeuS,26;Nie6;Asp10;Pral3;Glu28]1GpTx-1{1-34) 1645
DCLGI{NIe]RKCDPD[Pra]DKCCRPNLYCSRLHEWCKYVF-{Amide} [Hle5;Nle6;Asp10;Pral3;Leu26;Glu28]1GpTx-1(1-34) 1646
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DCLGFMRKCIPD[2-Abu] DKCCRPNLYCSRTHDWCKYVE-{Arnide} [2-Abu13;Asp28)GpTx-1(1-34) 1647
| DCLGFMRKCIPD[Pra]DKCCRPNLYCSRTHDWCKYVF-{Amide} Prai3;Asp28]GpTx-1{1-34) 1648
DCLGFMRKCIPD{[2-Abu]DKCCRPNLYCSRLHDWCKYVE-{Amide} [2-Abul3;Leu26;Asp28]GpTx-1{1-34) 1649
| DCLGFMRKCIPD[PralDKCCRPNLYCSRLHDWCKYVE-{Amide} [Pral3;Leu26;Asp28]GpTx-1(1-34) 1650
DCLGFMRKCIED[2-Abu] DKCCRPNLVCSRTHDWCKYVF-{Amide} [Glu11;2-Abu13;Asp28]GpTx-1{1-34) 1651
DCLGFMRKCEPD[2-AbU]DKCCRPNLVCSRTHDWCKYVF-{Amide) [Glu10;2-Abul13;Asp28]GpTx-1(1-34) 1652
DCLGFMRKCDPD[2-Abu]DKCCRPNLYCSRTHDWCKYVE-{Amide} [Asp10,28;2~Abu13§é§Tx-z(1—34; 1653
DCLGFFRKCIPD{2-Abu]DKCCRPNLVCSRTHDWCKYVE-{Amide} [Phe6;2-Abul3;Asp28]GpTx-1{1-34) 1654
DCLGFLRKCIPD[2-Abu] DKCCRPNLYCSRTHDWCKYVE-{Amide} [Leu;2-Abu13;Asp28]GpTx-1{1-34) 1655
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[66229] 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, thosc molecules in which free amino
groups have been derivatized to form amine hydrochlorides, p-toluenc sulfony! 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 hydroxy! 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 arc 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; S-hydroxylysine maybe substituted for lysine; 3-
methylhistidine may be substituted for histidine; homoscrine may be gubstituted for
serine; and ornithine may be substituted for lysine.

1862340] Useful derivatizations includc, in some embodiments, thosc in which the
amino terminal of the peptide is chemically blocked so that conjugation with the vehicle
will be prevented from faking place at an N-terminal free amino group. There may also
be other beneficial effects of such a modification, for cxample a reduction in the toxin
peptide analog’s susceptibility to enzymatic proteolysis. The N-terminus can be
acylated or modified to a substituted amine, or derivatized with another functional
group, such as an aromatic moicty (e.g., an indole acid, benzyl (Bz!l or Bn), dibenzyl
(DiB7] or Bny), or benzyloxycarbonyl (Chz or Z)), N N-dimethylglycine or creatine.
For cxample, in some embodiments, an acyl moicty, such as, but not limited to, a
formyl, acetyl (Ac), propanoyl, butanyl, heptanyl, hexanoyl, octanoyl, or nonanoyl, can
be covalently linked to the N-terminal end of the peptide, which can prevent undesired
side reactions during conjugation of the vehicle to the peptide. Other exemplary
N-terminal derivative groups include -NRR' (other than -NH,), -NRC(OR', -
NRC(OYOR', -NRS(O),R, -NHC(O)NHR', succinimide, or benzyloxycarbonyl-NH-
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(Cbz-NH-), wherein R and R' arc each independently hydrogen or lower alky! and
wherein the phenyl ring may be substituted with 1 to 3 substituents selected from Cj-Cy
alkyl, C;-Cy4 alkoxy, chloro, and bromo.

(60231 In some embodiments, onc or more peptidy! [-C{OYNR-] linkages
{bonds) between amino acid residues can be replaced by a non-peptidyl linkage.
Exemplary non-peptidyl linkages are -ClHy-carbamate [-CHo-OC(OYNR-], phosphonate
, ~CHo-sulfonamide [-CHy-S(O)NR-], urca [-NHC(OYNIH-], -CHy-sccondary amine,
and alkylated peptide [-C(OYNR’- wherein R® is lower alkyl].

[86232] In some embodiments, onc or more individual amino acid residucs can
be derivatized. Various derivatizing agents arc known to react specifically with
sclected sidechains or terminal residucs, as described in detail below by way of
example.

[00233] Lysinyl residucs and amino terminal residucs may be reacted with
succinic or other carboxylic acid anhydrides, which reverse the charge of the lysinyl
residucs. Other suitable reagents for dertvatizing alpha-amino-containing residucs
include imidocsters such as methyl picolinimidate; pyridoxal phosphate; pyridoxal;
chloroborohydride; trinitrobenzencsulfonic acid; O-methylisourea; 2.4 pentancdione;
and transaminasc-catalyzed rcaction with glyoxylate.

(082344 Arginyl residues may be modificd by rcaction with any one or
combination of scveral conventional reagents, including phenylglyoxal, 2,3-
butanedione, 1,2-cyclohexanedione, and ninhydrim. Derivatization of arginyl residues
requires that the reaction be performed in alkaline conditions because of the high pKa of
the guanidine functional group. Furthermore, these recagents may react with the groups
of lysinc as well as the arginine epsilon-amino group.

00235] Spccific modification of tyrosyl residues has been studied extensively,
with particular intercst i infroducing spectral labels into tyrosyl residucs by reaction
with aromatic diazonium compounds or tetranitromethanc. Most commonly, N-
acctylimidizole and tetranitromethane arc used to form O-acetyl tyrosyl species and 3-
nitro dervatives, respectively.

[06236] Carboxyl! sidechain groups (aspartyl or glutamy!) may be selectively
meodified by reaction with carbodiimides (R'-N=C=N-R") such as 1-cyclohcxyl-3-(2~

morpholinyl-{(4-ethyl) carbodiimide or I-ethyl-3-(4-azonia-4,4-dimethylpentyl}
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carbodiimide. Furthermore, aspartyl and glutamyl residues may be converted to
asparaginy] and glutaminyl residues by reaction with ammonium lons.

(602371 Glutaminyl and asparaginyl residucs may be deamidated to the
corresponding glutamyl and aspartyl residues. Alternatively, these residucs are
deamidated under mildly acidic conditions. Either form of these residues falls within
the scope of this invention.

[00238] Cysteinyl residues can be replaced by amino acid residues or other
moictics cither to climinate disulfide bonding or, conversely, to stabilize crogs-linking.
{Sec, e.g., Bhatnagar et al., J. Med. Chem., 39:3814-3819 (1996)).

[66239] Derivatization with bifunctional agents 13 useful for cross-linking the
peptides or their functional derivatives to a water-insoluble support matrix, if desired, or

to other macromolecular vehicles. Commonly used cross-linking agents include, e

g%

1,1-bis(diazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for
example, esters with 4-azidosalicylic acid, homobifunctional imideesters, including
disuccimmidy! esters such as 3.3"-dithiobis(succinimidylpropionate), and bifunctional
malcimides such as bis-N-maletmido-1,8-octane. Derivatizing agents such as methyl-3-
[(p-azidophenyl)dithiolpropioimidate yield photoactivatable intermediates that are
capable of forming crosslinks in the presence of light. Alternatively, reactive water-
insoluble matrices such as cyanogen bromide-activated carbohydrates and the reactive
substrates, e.g., as described in U.S. Pat, Nos. 3,969,287, 3,691,016; 4,195,128;
4,247.642; 4,229,537, and 4,330,440, are employed for protein immobilization.
1006240 Gther possible modifications include hydroxylation of proline and lysine,
phosgphorylation of hydroxyl groups of scryl or threonyl residues, oxidation of the sulfur
atom in Cys, methylation of the alpha-amino groups of fysine, arginine, and histidine
side chains. Creighton, Proteins: Structure and Molecule Properties (W. H. Freeman &
Co., San Francisco), 79-86 (1983).

1662411 The above examples of derivatizations are not intended to be an
exhaustive treatraent, but merely illustrative.

[G0242] The production of the composition of matter can also mvolve suitable
protein purification techniques, when applicable. In some cmbodiments of the

composition of matter of the invention, the molecule can be prepared to inchude a
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: . . Se M 13~ 35a 3py 2py By 15y 18
suitable isotopic label (c.g., 125y Mo B, g, H, PN, PN, Fo, Vo, etc.), for easc
of quantification or detection.

[06243) Half-life extending moieties. Optionally, for modulation of the

pharmacokinetic profile of the molecule to fit the therapeutic need, the composition of
the present mvention can include one or more half-life extending moieties of various
masscs and configurations, which half-lifc extending moiety, or moieties, can be
covalently fuscd, attached, linked or conjugated to the toxin peptide analog. A “half-
life extending moicty” refers to a molecule that prevents or mitigates in vivo
degradation by proteolysis or other activity-diminishing chemical modification,
increases in vivo half-life or other pharmacokinetic propertics such as but not limited to
increasing the rate of absorption, reduces toxicity, reduces immunogenicity, improves
solubility, incrcascs biological activity and/or target selectivity of the toxin peptide
analog with respect to a target of intercst, and/or increases manufacturability, compared
to an unconjugated form of the toxin peptide analog. In accordance with the tnvention,
the half-life extending moiety is one that is pharmaccutically acceptable.

1002441 The half-life extending moiety can be selected such that the inventive
composition achicves a sufficient hydrodynamic size to prevent clearance by renal
filtration 1n vivo. For example, a half-life extending moiety can be sclected that is a
polymeric macromolecule, which 1s substantially straight chain, branched-chain (br), or
dendritic m form. Alternatively, a half-lifc extending moiety can be scelected such that,
in vivo, the mventive composition of matter will bind to a serum protein to form a
complex, such that the complex thus formed avoids substantial renal clearance. The
half-life extending moicty can be, for example, a lipid; a cholesterol group (such as a
steroid); a carbohydrate or oligosaccharide; or any natural or synthetic protein,
polypeptide or peptide that binds to a salvage receptor,

[606245] Excmplary half-lifc cxtending moieties that can be used, in accordance
with the prescent invention, include an immunoglobulin Fe domain, or a portion thercof,
or a biologically suitable polymer or copolymer, for example, a polyalkylene glycol
compound, such as a polyethylene glycol (PEG) or a polypropylenc glycol. Other
appropriate polyalkylene glycol compounds include, but are not limited to, charged or
neutral polymers of the following types: dextran, polylysine, colominic acids or other

carbohydrate based polymers, polymers of amino acids, and biotin derivatives. In some
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monomeric fusion or conjugate protein embodiments an immunoglobulin (including
light and heavy chains) or a portion thercof, can be used as a half-life-cxtending moicty,
preferably an immunoglobulin of human origin, and including any of the
immunoglobuling, such as, but not limited to, TgG1, 1gG2, 1gG3 or 1gG4.

[00246) Other examples of the half-life extending moiety, in accordance with the
mvention, include a copolymer of ethylene glycol, a copolymer of propylene glycol, a
carboxymethyleellulose, a polyvinyl pyrrolidone, a poly-1,3-dioxolanc, a poly-1,3,6-
trioxane, an cthylene maleic anhydride copolymer, a polyaminoacid {(c.g., polylysine or
polyornithine), a dextran n-viny! pyrrolidone, a poly n-vinyl pyrrolidone, a propylenc
glycol homopolymer, a propylenc oxide polymer, an cthylene oxide polymer, a
polyoxyethylated polyol, a polyvinyl alcohol, a linear or branched glycosylated chain, a
polyacctal, a long chain fatty acid, a long chain hydrophobic aliphatic group, or a
polysialic acid (c.g., PolyXen ™ technology; Gregoriadis et al., Improving the
therapeutic efficacy of peptides and proteins: a role for polysialic acids, Intl. J.
Pharmacentics, 300:125-30 (2005), incorporated herein by reference in its entirety).
{00247} In other embodiments of the composition of matter, the half-life
extending moiety 1s an anionically charged chemical entity, covalently linked to the N-
terminus of the toxin peptide analog, which anionically charged chemical cntities
include, but are not limited to, phosphotyrosine, phosphoserine, p-phosphono(difluero-
methyl)-phenylalanine (Pfp), p-phosphono-methyl-phenylalanine (Pmp), p-
phosphatidyl-phenylalanine (Ppa), or p-phosphono-methytketo-phenylalanine (Pkp),

which can be covalently Iinked to the N-terminal of the toxin peptide analog

handd

optionally
indirectly, via an AEEA linker or other linker as described herein. (Sec, Chandy et al.,
Analogs of ShK toxin and their uses in selective inhibition of Kv 1.3 potassium
channcls, WO 2006/042151 AZ2; Beeton et al., Targeting offector memory T cells with a
selective peptide inhibitor of Kv1.3 channels for therapy of autoimmune discascs,
Molecc. Pharmacol. 67(4):1369-81 (2005); Pennington ct al., Enginecring a stable and
selective peptide blocker of the Kv1.3 channel in T lymphocytes, Molceular
Pharmacology Fast Forward, published January 2, 2009 as doi:10.1124/mol. 108.052704
(2009), all of which references are incorporated herein by reference in their entireties).
AEEA 18 2-(2-(Z-aminocthoxy)ethoxylacetic acid (also known as 8-Amine-3,6-

Dioxaoctanoic Acid). (Sec, c.g., Beeton ot al., Targeting effector memory T cells with a

~ 238 -



WO 2012/125973 PCT/US2012/629537

selective peptide mhibitor of Kv1.3 channcls for therapy of autoimmunc discases,
Molec. Pharmacol. 67(4):1369-81 (2005)).

100248] Other embodiments of the hali-life extending moiety, in accordance with
the invention, include peptide ligands or small (organic) molecule ligands that have
binding affinity for a long half-life serum protein under physiological conditions of
temperature, pH, and ionic strength. Examples include an albumin-binding peptide or
small molecule ligand, a transthyretin-binding peptide or small molecule ligand, a
thyroxine-binding globulin-binding peptide or small molecule ligand, an antibody-
binding peptide or small molecule ligand, or another peptide or small molccule that has
an affinity for a long half-life scrum protein. (Sce, ¢.g., Blancy ct al., Mcthod and
compositions for increasing the serum half-life of pharmacologically active agents by
binding to transthyretin-selective ligands, US Patent. No. 5,714,142; Sato et al., Serum
albumin binding moietics, US 2003/0069395 A 1; Jones ct al., Pharmaccutical active
conjugates, US Patent No, 6,342,225). A “long half-life serum protein” is one of the
hundreds of different proteins dissolved in mammalian blood plasma, including so-
called “carrier proteins” (such as albumin, transferrin and haptoglobin), fibrinogen and
other blood coagulation factors, complement components, immunoglobulins, enzymce
imhibitors, precursors of substances such as angiotensin and bradykinin and many other
types of proteins. The invention cncompasses the use of any single species of
pharmaccutically acceptable half-life extending moiety, such as, but not limited to,
thosc described herein, or the use of a combination of two or more different half-life
extending moictics, such as PEG and immunoglobulin Fc domain or a portion thercof
(sec, c.g., Feige et al.,, Modified peptides as therapeutic agents, US Patent No.
6,660,843), such as a CH2 domain of Fe, albumin (e.g., human serum albumin (HSA),
see, e.g., Rosen ct al., Albumin fusion proteins, US Patent No. 6,926,898 and US
2005/0054051; Bridon ct al., Protection of cndogenous therapeutic peptides from
peptidase activity through conjugation to blood components, US 6,887,470), a
transthyretin (TTR; sce, e.g., Walker ct al., Usce of transthyretin peptide/protein fusions
to increase the serum half-life of pharmacologically active peptides/proteins, US
2003/0195154 A1, 2003/0191056 Al), or a thyroxine-binding globulin (TBG), or a
combination such as immunoglobulin(light chaintheavy chain) and Fc domain (the

heterotrimeric combination a so-called “hemibody™), for cxample as described in
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Sullivan et al., Toxin Peptide Therapeutic Agents, PCT/US2007/022831, published as
WO 2008/088422, which 1s incorporated herein by reference in its entirety.

[60249] Conjugation of the toxin peptide analogs(s) to the half-life extending
moiety, or moicties, can be via the N-terminal and/or C-terminal of the toxin peptide, or
can be intercalary as to its primary amino acid scquence, F1 being linked closer to the
toxin peptide analog’s N-terminus.

[60259] Particularly useful half-lifc extending moictics melude immunoglobuling
{¢.g., human immunoglobulin, including {gG1, 1gG2, 1gG3 or 1gG4). The term
“immunoglobulin” cncompasses full antibodics comprising two dimerized heavy chains
(HC}, cach covalently linked to a light chain (LC); a single undimerized
immunoglobulin heavy chain and covalently tinked light chain (HC -+ LC) or a
chimeric imvmunoglobulin (light chain + heavy chain)-Fc heterotrimer (a so-called
“hemibody”). Figure 12A-N and Figures 88-91 illustrate several different
cembodiments of such immunoglobulin-toxin peptide conjugates.

(06251} Recombinant fusion or chemical conjugation of the inventive GpTx-1
peptide analogs to a recombinant immunoglobulin of any of the 1gG1, 1gG2, 1gG3 or
1G4 1sotypes can be useful to extend pharmacokinctic half life. (Sce, ¢.g., Docllgast et
al., WO 2010/108153 A2). Any of the carrier immunoglobulins disclosed in Doeligast
et al.,, WO 2010/108153 A2 or Walker et al., PCT/US2011/052841, or sotype
conversions of any of them comprising different isotype constant domains, or other
carrier immunoglebulins known 1n the art, can be used as half Iife extending moseties
within the scope of the invention.

[00252] One example of a human [gG2 heavy chain (HC) constant domain has

the amino acid sequence:

ASTKGPSVEPLAPCSRSTSESTAALGCLVKDYEFPEPVIVESWNSGALTSGVHTEP
AVLQSSGLYSLESVVTVPSSNFCTOTYTCNVDHKPSNTKVDKTVERKCCVECPP
CPAPPVAGPSVELFPPEPKDTLMISRTPEVTCVVVDVSHEDPEVOENWYVDGVE
VHNAKTKPREEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKTT
SKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPMLDSDGSFFLY SKLTVDKERWGOQONVESCSVMHEALHENBYTOKSLSL
SPGK// SEQ. 1D NG:3090.
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160253] Constant region sequences of other 1gG isotypes are known in the art for
an IgG1l, 1gG2, 1gG3, or 1gG4 mmunoglobulin isotype, if desired. In general, human
1gG2 can be used for targets where effector functions are not desired, and human IgG1
in situations where such effector functions (e.g., antibody-dependent cytotoxicity
(ADCC)) are desived. Human 1gG3 has a relatively short half life and human IgG4
forms antibody “half-molecules.” There are four known allotypes of human [gGl. The
preferred allotype is referred to as “higG1z”, also known as the “KEEM” allotype.
Human IgG1 allotypes “higGlza” (KDEL), “higG1f” (REEM), and “hIgG1fa” are also

useful; all appear to have ADCC effector function.

[60254] Human higGlz heavy chain (HC) constant domain has the amino acid

sequence:

ASTRKGPSVEPLAPSSKSTSGGTAALGCLVKDYFPEPVTYSWNSGALTSGVHTEP
AVLOQSSOLYSLSSVVTVPESSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQONVESCEVMHEALHNHY'T
QKSLSLSPGK// SEQ 1D NO:3091.

{00232} Hurnan higGlza heavy chain (FIC) constant domain has the amino acid

sequence!

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP
AVLQSSGLYSLSSYVTVPSSSLOTQTYICNVNHKPSNTEKVDKKVEPKSCDKTHT
CPPCPAPELLGGPSVELFPPRPKDTLMISRTPEVTCVVVDVSHEDPEVEKENWYY
DOGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVYTLPPSRBELTKNQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHYTQ
KSLSLSPGK// SEQ 1D NO:3092.

{06233] Human higGif heavy chain (HC) constant domain has the amino acid

sequence:
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ASTKGPSVEPLAPSSKSTSGOGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTIMISRTPEVTCVVVDVSHEDPEVKENWYV
DGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAP
TEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNG
QPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVESCSVMHEALHNHYT
QKSLELSPGK// SEQ ID NO:3093.

106234] Human hlgGlfa heavy chain (HC) constant domain has the amino acid

SCquUence:

ASTKGPSVEFPLAPSSKSTSGCTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVILQSSOGLYSLSSVVTVESSSLGTQTYICNVNHKPSNTKVDERVEPKSCDKTHT
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV
DOVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP
IEKTISKAKGQPREPQVYTLPPSRDELTENQVSLTCLVKGFYPSDIAVEWESNGQ
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALHENSYTQ
KSLSLSPGK// SEQ ID NO:3094.

[60235] Onc example of a human immunoglobulin light chain (L.C) constant

region scquence is the following (designated “CL-17):

GOPRANPTVTLEPPSSEELQANKATLVCLISDEYPGAVTVAWKADGSPVKAGY
ETTKPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS//
SEQ 1D NO:3095.

[00236] CL-1 is useful to increase the pl of antibodies and is convenient. There
are three other human immunoglobulin light chain constant regions, designated “CL-2”,
“CL-37 and “CL-~77, which can also be used within the scope of the present invention.

CL-2 and CL-3 are morc common In the human population,

160237) CL-2 human light chain (LC) constant domain has the amino acid

scquence!l
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GOQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVE
TTTPSKQSNNKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS//
SEQ 1D NOG:3096.

166238] CL-3 human LC constant domain has the amino acid sequence:

GQPKAAPSVTLEPPSSEELQANKATLVCLISDFYPGAVTVAWKADSSPVKAGVE
TTTPSKOSNNKYAASSYLSLTPEQWKSHKSYSCQVTHEGSTVEKTVAPTECS//
SEQ 1D NO:3097.

06239 CL-7 human LC constant domain has the amino acid sequence:
1

GOPKAAPSVTLEPPSSEELQANKATLVCLVSDFYPGAVTVAWKADGSPVKVGY
ETTKPSKOQSNNKYAASSYLSLTPEQWKSHRSYSCRVTHEGSTVEKTVAPAECS//
SEQ ID NO:3098.

[60240] Variable regions of immunoglobulin chains generally exhibit the same
overall structure, comprising relatively conserved framework regions (FR) joined by
three hypervariable regions, more often called “complementarity determining regions”
or CDRs. The CDRs from the two chains of each heavy chain/light chain pair
mentioned above typically are aligned by the framework regions to form a structure that
binds specifically with a specific epitope or domain on the target protein, if any. From.
N-terminal to C-terminal, naturally-occurring light and heavy chain variable regions
both typically conform with the following order of these clements: FR1, CDRI1, FR2,
CDR2Z, FR3, CDR3 and FR4. A numbering system has been devised for assigning
nurabers to amino acids that occupy positions in each of these domains. This
numbcring system s defined in Kabat Sequences of Proteing of Immunological Interest
(1987 and 1991, NIH, Bethesda, MD), or Chothia & Lesk, 1987, .J. Mol. Biol 196:901-
917; Chothia ef al., 1989, Nature 342:878-883.

[60241] An “antibody”, or interchangeably “Ab”, is a tetrameric glycoprotein. In
a naturally-occurring antibody, each tetramer 1s composcd of two identical pairs of

polypeptide chains, each pair having one "lHght" chain of about 220 amino acids {about
poiypey p £ g
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25 kDa) and one "heavy" chain of about 440 amino acids (about 50-70 kDa). The
amino-terminal portion of each chain includes a “variable” (V) region of about 160 to
110 or more amino acids primarily responsible for antigen recognition. The carboxy-
terminal portion of each chain defines a constant region primarily responsible for
cffector function. The variable region differs among different antibodics. The constant
region is the same among different antibodics. Within the variable region of each heavy
or light chain, there arc three hypervariable subregions that help determine the
antibody’s specificity for antigen. The variable domain residucs between the
hypervariable regions are called the framework residucs and generally are somewhat
homologous among different antibodics. Immunoglobuling can be assigned to different
classes depending on the amino acid sequence of the constant domain of their heavy
chains. Human light chains arc classified as kappa (i) and lambda (&) light chains.
Within light and heavy chains, the variable and constant regions are joined by a "J"
region of about 12 or more amino acids, with the heavy chain also including a "D"
region of about 10 more amino acids. See generally, Fundamental Tmmunology, Ch. 7
(Paul, W, ed., 2nd cd. Raven Press, NUY. (1989)). Within the scope of the invention, an
“antibody” also encompasses a recombinantly madc antibody, and antibodies that are

lacking glycosylation.

1802424 The term “light chain” or “immunoglobulin light chain” includes a full-
length light chain and fragments thereof having sufficient variable region sequence to
confer binding specificity. A full-length light chain includes a variable region domain,
V1., and a constant region dornain, ClL.. The variable region domain of the light chain is
at the amino-terminus of the polypeptide. Light chains include kappa chains and
lambda chains. The term “heavy chain” or “immunocglobulin heavy chain™ includes a
full-length heavy chain and fragments thereof having sufficicnt variable region
scquence to confer binding spectficity. A full-length heavy chain includes a variable
repion domam, Vy, and three constant region domains, Cyl, Tn2, and Cy3. The Vi
domain is at the amino-terminus of the polypeptide, and the Cyy domains are at the
carboxyl-terminus, with the Ci13 being closest to the carboxy-terminus of the
polypeptide. Heavy chains arc classificd as mu (p), delta (A), gamma (y), alpha (v), and

epsilon (&), and define the antibody's isotype as IgM, tegDD, TgG, 1gA, and IgE,
P Y 3! gVL 1gis, gk, 1 g
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respectivety. in separaie embodiments of the invention, heavy chains may be of any
isotype, including 1gG (including IgG1, 1gG2, TgG3 and IgG4 subtypes), IgA (including
IgAl and IgA2 subtypes), IgM and TgE. Several of these may be further divided into
subclasses or isotypes, e.g. IpG1, 1gG2, 1eG3, 1gG4, IgAl and 1gA2. The variable
regions of cach light/heavy chain pair typically form the antigen binding site of an
antibody, but a useful carrier antibody need not have a known antigen binding site to be
useful, {See, c.g., Docligast et al., WO 2010/108153 A2; Walker et al,,
PCT/US2011/052841). Differcnt IgG isotypes may have different cffector functions
(mediated by the Fc region), such as antibody-dependent cellular cytotoxicity (ADCC)
and complement-dependent cytotoxicity (CDC). In ADCC, the Fc region of an
antibody binds to Fc receptors (FeyRs) on the surface of immunc effector cells such as
natural killers and macrophages, leading to the phagocytosis or lysis of the targeted
cells. In CDC, the antibodics kill the targeted cells by triggering the complement

cascade at the cell surface.

[80243]  An “Fcregion”, or used interchangeably herein, “Fc domain” or
“immunoglobulin Fc domain”, contains two hcavy chain fragments, which in a full
antibody comprise the Cyl and Cn2 domains of the antibody. The two heavy chain
fragments arc held together by two or more disulfide bonds and by hydrophobic

interactions of the Cy3 domains.

[00244] The term "salvage receptor binding epitope” refers to an epitope of the Fc
region of an IgG molecule (e.g., 1gGy, 1gG; 186G, or 1gGy) that is responsible for

increasing the in vivo serum half-life of the IgG molecule.

[00245] “Allotypes” are variations in antibody sequence, often in the constant region,
that can be immunogenic and are encoded by specific alleles in humans. Allotypes
have been identificd for five of the human IGHC genes, the IGHGT, IGHG2, IGHG3,
IGHAZ2 and IGHE genes, and arc designated as Glm, G2m, G3m, A2m, and Em
allotypes, respectively. At least 18 Gm allotypes are known: nGIm(1), nG1m(2), Glm
(1,2,3,17yor Gim (a, x, §, z), GZm (23) or G2m (n), G3m (5, 6, 10, 11, 13, 14, 15, 16,
21,24, 26,27, 28) or G3m (b1, c3, b5, b0, b3, b4, s. t, g1, ¢5, u, v, g5). There are two
AZ2m allotypes AZm(1) and AZm(2).
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[00246] For a detailed description of the structure and generation of antibodies, scc
Roth, D.B., and Craig, N.L., Cell, 94:411-414 (1998), herein incorporated by reference
in its entirety. Briefly, the process for generating DNA encoding the heavy and light
chain immunoglobulin sequences occurs primarily in developing B-cells. Prior to the
rearranging and joining of various immunoglobulin gene scgments, the V, D, J and
constant (C) gene segments are found generally in relatively close proximity on a single
chromosome. During B-cell-differentiation, one of each of the appropriate family
members of the V, D, J (or only V and J in the case of light chain genes) gene scgments
arc recombined to form functionally rearranged variable regions of the heavy and light
immunoglobulin genes. This gene segment rearrangement process appears to be
sequential. First, heavy chain D-to-J joints arc made, followed by heavy chain V-to-DJ
joints and light chain V-to-J joints. In addition to the rearrangement of V, D and |
segments, further diversity is generated in the primary repertoire of immunoglobulin
heavy and light chains by way of variable recombination at the locations where the V
and J scgments in the light chain are joined and where the D and J segments of the
heavy chain are joined. Such variation in the light chain typically occurs within the last
codon of the V gene segment and the first codon of the J segment. Similar imprecision
in joining occurs on the heavy chain chromosome betwceen the D and Jy segments and
may cxtend over as many as 10 nucleotides. Furthermore, scveral nucleotides may be
ingerted between the D and Ji; and between the Vyy and D gene segments which are not
encoded by genomic DNA. The addition of these nucleotides is known as N-region
diversity. The net effect of such rearrangements in the variable region gene segments
and the variable recombination which may occur during such joining is the production

of a primary antibody repertoire.

100247] The term “hypervariable” region refers to the amino acid residues of an
antibody which arc responsible for antigen-binding. The hypervariable region
comprises amino acid residues from a complementarity determining region or CDR
[i.e., residucs 24-34 (1.1), 50-56 (L2) and 89-97 {L.3) in the light chain variable domain
and 31-35 (K1), 50-65 (H2) and 95-102 (H3) in the heavy chain variable domain as
described by Kabat et al., Sequences of Proteins of Immunological Interest, 5% Ed.

Public Health Scrvice, National Institutes of Health, Bethesda, Md. (1991)]. Evena
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single CDR may recognize and bind antigen, although with a lower affinity than the

entirc antigen binding site containing all of the CDRs.

[00248] An alternative definition of residucs from a hypervariable “loop” is described
by Chothia et al., ./, Mol.Biol. 196: 901-917 (1987} as residucs 26-32 (L1), 50-52 (L2)
and 91-96 (L3) in the light chain variable domain and 26-32 (F1), 53-55 (H2) and 96-

101 (113) 1n the heavy chain variable domain.

(802481 “Framework” or “FR” residucs are thosc variable region residues other than

the hypervariable region residues.

[60256] “Antibody fragments” comprise a portion of an intact full length antibody,
preferably the antigen binding or variable region of the intact antibody. Examples of
antibody fragments include Fab, Fab', F(ab'),, and v fragments; diabodies; lincar
antibodies (Zapata ct al., Protein Eng. 8(10):1057-1062 (1995)}; single-chain antibody

molecules; and multispecific antibodies formed from antibody fragments.

100251]  Papain digestion of antibodics produces two identical antigen-binding
fragments, called “Fab” fragments, each with a single antigen-binding site, and a
residual “Fe” fragment which contains the constant region. The Fab fragment contains
all of the variable domain, as well as the constant domain of the Hght chain and the first
constant domain {CH1) of the heavy chain. The Fe fragment displays carbohydrates
and 1s responsible for many antibody cffector functions (such as binding complement

and cell receptors), that distinguish one class of antibody from another.

[00252]  Pepsin treatment yields an F(ab'"), fragment that has two “Single-chain Fv” or
“scEv” antibody fragments comprising the VH and VL domains of antibody, wherein
these domains arc present m a single polypeptide chain. Fab fragments differ from Fab'
fragments by the inclusion of a few additional residucs at the carboxy terminus of the
heavy chain CHI domain including onc or more cysteines from the antibody hinge
region. Preferably, the Fv polypeptide further comprises a polypeptide linker between
the VH and VL domains that enables the Fv to form the desired structure for antigen

binding. For a review of scFv see Pluckthun in The Pharmacology of Monoclonal
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Antibodies, vol. 1 13, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-
315 (1994).

[06253] A “Fab fragment” is comprised of one light chain and the Cyl and variable
regions of onc heavy chain. The heavy chain of a Fab molecule cannot form a disulfide

bond with another heavy chain molecule.

[00254] A “Fab' fragment” contains one light chain and a portion of one heavy chain
that contains the Vi domain and the Cyl domain and also the region between the Tyl
and Cy2 domains, such that an interchain disulfide bond can be formed between the two

heavy chains of two Fab' fragments to form an F(ab'), molccule.

160255] A “F(ab"); fragment” contains two light chains and two heavy chaing
containing a portion of the constant region between the Cyl and Cyy2 domains, such that
an interchain disulfide bond is formed between the two heavy chains. A F{ab'),
fragment thus is composed of two Fab' fragments that are held together by a disulfide

bond between the two heavy chains.

(002561 “Fv” 1s the minimum antibody fragment that contains a complete antigen
recognition and binding site. This region consists of a dimer of one heavy- and one
light-chain variable domain in tight, non-covalent association. 1tis in this configuration
that the three CDRs of cach variable domain interact to define an antigen binding site
on the surface of the VH VL dimer. A single variable domain (or half of an Fv
comprising only three CDRs specific for an antigen) has the ability to recognize and

bind antigen, although at a lower affinity than the entire binding site.

1062571 “Single-cham antibodies” are Fv molecules in which the heavy and light
chain variable regions have been connected by a flexible linker to form a single
polypeptide chain, which forms an antigen-binding region. Single chain antibodies are
discussed in detail in International Patent Application Publication No. WO 88/01649
and United States Patent No. 4,946,778 and No. 5,260,203, the disclosures of which are

incorporated by reference in their entireties.
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[66258] “Single-chain Fv” or “scFv” antibody fragments comprise the Vi and Vi,
domains of antibody, wherein these domains are present in a single polypeptide chain,
and optionally comprising a polypeptide linker between the Vi and Vi, domains that
cnables the Fv to form the desired structure for antigen binding (Bird et al., Science
242:423-426, 1988, and Huston et al., Proc. Nail. Acad. Sci. US4 85:5879-5883, 1988).

An “Ed” fragment consists of the Vy and Cy1 domains.

[00259]  The term "diabodics" refers to small antibody fragments with two antigen-
binding sites, which fragments comprise a hcavy-chain variable domain (VH)
connected to a light-chain variable domain (VL) in the same polypeptide chain (VH
VL). By using a linker that is too short to allow pairing between the two domains on
the same chain, the domains are forced to pair with the complementary domains of
another chain and create two antigen-binding sites, Diabodies are described morce fully
in, for example, EP 404,097, WO 93/11161; and Hollinger et al., Proc. Natl. Acad. Sci.
USA, 90:6444-6448 (1993).

[06260] A “domain antibody” is an immunologically functional immunoglobulin
fragment containing only the variable region of a heavy chain or the variable region of a
light chain. In some instances, two or more Vyu regions are covalently joined with a
peptide linker to create a bivalent domain antibody. The two Vy regions of a bivalent

domain antibody may target the same or different antigens.

[00261] The term “epitope”™ is the portion of a molecule that is bound by an antigen
binding protein (for example, an antibody). The term includes any determinant capable
of specifically binding to an antigen binding protein, such as an antibody or to a T-cell
receptor. An epitope can be contiguous or non-contiguous (e.g., in a single-chain
polypeptide, amino acid residues that are not contiguous to onc another in the
polypeptide sequence but that within the context of the molecule are bound by the
antigen binding protein). In certain embodiments, epitopes may be mimetic in that they
comprise a three dimensional structure that is similar to an epitope used to generate the
antigen binding protein, yet comprise none or only some of the amino acid residues
found in that cpitope used to generate the antigen binding protein. Most often, epitopes

reside on proteins, but in some instances may reside on other kinds of molecules, such
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as nucleic acids. Epitope determinants may include chemically active surface groupings
of molecules such as amino acids, sugar side chains, phosphoryl or sulfonyl groups, and
may have specific three dimensional structural characteristics, and/or specific charge
characteristics. Generally, antibodies specific for a particular target antigen will
preferentially recognize an epitope on the target antigen in a complex mixture of

proteins and/or macromolecules.

[80262] The term “identity” refers to a relationship between the sequences of two or
more polypeptide molecules or two or more nucleic acid molecules, as determined by
aligning and comparing the scquences. “Percent identity” means the percent of
identical residucs between the amino acids or nucleotides in the compared molecules
and is calculated bascd on the size of the smallest of the molecules being compared.
For these calculations, gaps in alignments (if any) must be addressed by a particular
mathematical model or computer program (1.e., an “algorithm™). Methods that can be
used to caleulate the identity of the aligned nucleic acids or polypeptides include those
described in Computational Molecular Biology, (Lesk, A. M., ed.), 1988, New York:
Oxford University Press; Biocomputing Informatics and Genome Projects, (Smith, D,
W., ed.), 1993, New York: Academic Press; Computer Analysis of Sequence Data, Part
I, {Griffin, A. M., and Griffin, H. G, eds.), 1994, New Jersey: Humana Press; von
Heinje, G., 1987, Sequence Analysis in Molecular Biology, New York: Academic
Press; Sequence Analysis Primer, (Gribskov, M. and Devercux, J., eds.), 1991, New
York: M. Stockton Press; and Carillo et al., 1988, SIAM I, Applied Math. 48:1073. For
example, sequence identity can be determined by standard methods that are commonly
used to comparc the similarity in position of the amino acids of two polypeptides.
Using a computer program such as BLAST or FASTA, two polypeptide or two
polynucleotide sequences are aligned for optimal matching of their respective residues
(cither along the full length of one or both sequences, or along a pre-determined porttion
of one or both sequences). The programs provide a default opening penalty and a
default gap penalty, and a scoring matrix such as PAM 250 [a standard scoring matrix;
see Dayhoff et al., in Arlus of Protein Sequence and Structure, vol. 5, supp. 3 (1978)]
can be used in conjunction with the computer program. For example, the percent

identity can then be calculated as: the total number of identical matches multiplied by
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100 and then divided by the sum of the length of the longer sequence within the
matched span and the number of gaps mtroduced into the longer sequences in order to
align the two sequences. In calculating percent identity, the sequences being compared

are aligned in a way that gives the largest match between the sequences.

160263] The GCG program package 1s a computer program that can be used to
determine percent identity, which package includes GAP (Devereux ct al., 1984, Nucl.
Acid Res. 12:387; Genetics Computer Group, University of Wisconsin, Madison, WT).
The computer algorithm GAP is used to align the two polypeptides or two
polynucleotides for which the percent sequence identity is to be determined. The
sequences are aligned for optimal matching of their respective amino acid or nucleotide
(the “matched span”, as determined by the algorithm). A gap opening penalty (which is
calculated as 3x the average diagonal, wherein the “average diagonal” is the average of
the diagonal of the comparison matrix being used; the “diagonal” is the score or number
assigned to each perfect amino acid match by the particular comparison matrix) and a
gap extengion penalty (which is usually 1/10 times the gap opening penalty), as well as
a comparison matrix such as PAM 250 or BLOSUM 62 arc used in conjunction with the
algorithm. In certain embodiments, a standard comparison matrix (see, Dayhoff ct al.,
1978, Atlas of Protein Sequence and Structure 5:345-352 for the PAM 250 comparison
matrix; Henikoff ctal,, 1992, Proc. Natl. Acad. Sci. U.S.A. 89:10915-10919 for the

BLOSUM 62 comparison matrix) is also used by the algorithm.

[00264] Recommended parameters for determining percent identity for polypeptides

or nucleotide sequences using the GAP program include the following:

Alporithm: Needleman ¢t al,, 1970, J. Mol. Biol. 48:443-453:
Comparison matriz: BLOSUM 62 from Henikoff et al.. 1992, supra;

Gap Penalty: 12 (but with no penalty for end gaps)

Gap Length Penalty: 4

Threshold of Similaritv: O

106265]  Certain alignment scheroes for aligning two amino acid sequences may result

in matching of only a short region of the two sequences, and this small aligned region
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may have very high sequence identity even though there is no significant relationship
between the two full-length scquences. Accordingly, the selected alignment method
(GAP program) can be adjusted if so desired to result in an alignment that spans at least

50 contiguous amino acids of the target polypeptide.

{08266] The term “modification” when used in connection withimmmunoglobuling,
including antibodies and antibody fragments, of the invention, include, but are not
limited to, one or more amino acid changes (including substitutions, inscrtions or
deletions); chemical modifications; covalent modification by conjugation to therapeutic
or diagnostic agents; labeling (e.g., with radionuclides or various enzymes), covalent
polymer attachment such as PEGylation (derivatization with polyethylene glycol) and

insertion or substitution by chemical synthesis of non-natural amino acids.

(002671 The term “derivative” when used 1n connection with an immunoglobulin
(including antibodies and antibody fragments) within the scope of the invention refers
to immunoglobulin proteins that are covalently modified by conjugation to therapeutic
or diagnostic agents, labeling (¢.g., with radionuclides or various cnzymes), covalent
polymer attachment such as PEGylation (derivatization with polyethylenc glycol} and
insertion or substitution by chemical synthesis of non-natural amino acids. Derivatives
of the invention will retain the binding propertics of underivatized molecules of the

invention.

100268] In some embodiments of the invention, the half-life extending moicty is an
immunoglobulin Fc domain (e.g., a human immunoglobulin Fe domain, including Fe of
allotype IgGl, 1gG2, 1gG3 or 1gG4) or a portion thereof (e.g., CH2 domain of the Fe
domain), human serum albumin (HSA), or poly(cthylene glycol) (PEG), in particular

PEG of molecular weight of about 1000 Da to about 100000 Da.

[00269] Monovalent dimeric or bivalent dimeric Fe-toxin peptide analog fusions or
conjugates arc useful embodiments of the inventive composition of matter. A
“monovalent dimeric” Fe-toxin peptide analog fusion or conjugate, or interchangeably,
“monevalent dimer”, or interchangeably, “monovalent heterodimer”, 18 a Fe-toxin
peptide analog fusion or conjugate that includes a toxin peptide analog conjugated with
only one of the dimerized Fc domains (e.g., as represented schematically in Figure 2B
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of Sullivan et al., Toxin Peptide Therapeutic Agents, US2007/0071764 and Sullivan et
al., Toxin Peptide Therapeutic Agents, PCT/US2007/022831, published as WG
2008/088422, which are both incorporated herein by reference in their entireties). A
“bivalent dimeric” Fe-toxin peptide analog fusion, or interchangeably, “bivalent dimer”
or “bivalent hamodimer”, is a Fe-toxin peptide analog fusion or conjugate having both
of the dimerized Fc domains cach conjugated scparately with a toxin peptide analog
{c.g., as represented schematically in Figure 2C of Sullivan ct al., Toxin Peptide
Therapeutic Agents, US2007/0071764 and Sullivan ct al., Toxin Peptide Therapeutic
Agents, PCT/US2007/02283 1, published as WO 2008/088422).

o)

1802761  Immunoglobulin Fc domains include Fe variants, which are suitable half-life
extending moieties within the scope of this invention. A native Fe can be extensively
modificd to form an Fe variant in accordance with this invention, provided binding to
the salvage receptor is maintained; sce, for example WO 97/34631, WO 96/32478, and
WO 04/110 472, In such Fc variants, one can remove one or more sites of a native Fo
that provide structural features or functional activity not required by the fusion or
conjugate molecules of this invention. One can remove these sites by, for example,
substituting or deleting residucs, inserting residues nto the site, or truncating portions
containing the site. The inserted or substituted residucs can also be altered amino acids,
such as peptidomimetics or D~amino acids, Fe variants can be desirable for a number of
reasons, several of which are described below, Exemplary Fe variants include

molecules and sequences in which:

00271] 1. Sites involved in disulfide bond formation are removed. Such removal
can avoid reaction with other cysteine-containing proteins present in the host cell used
to produce the molecules of the invention. For this purpose, the cysieine-containing
segment at the N-terminus can be truncated or cysteine residues can be deleted or
substituted with other amino acids {e.g., alanyl, seryl). In particular, one can truncate

the N-terminal 20-amino acid segment of SEQ 1D NG: 478:

Met Glu Trp Ser Trp Val Phe Leu Phe Phe Leu Ser Val Thr Thr Gly
Val His Ser Asp Lys Thr His Thr Cys Pro Pro Cys Pro Ala Pro Glu

Leu Leu Gly Gly Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp
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Thr Leu Met le Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp
Val Ser His Glu Asp Pro Glu Val Lys Phe Asn Trp Tyr Val Asp Gly
Val Glu Val His Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Tyr Asn
Ser Thr Tyr Arg Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp
Leu Asn Gly Lys Glu Tyr Lys Cys Lys Val Ser Asn Lys Ala Leu Pro
Ala Pro lle Glu Lys Thr He Ser Lys Ala Lys Gly Gln Pro Arg Glu
Pro Gln Val Tyr Thr Leu Pro Pro Ser Arg Asp Glu Leu Thr Lys Asn
Gln Val Scr Leu Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp He
Ala Val Glu Trp Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr
Thr Pro Pro Val Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys
Leu Thr Val Asp Lys Ser Arg Trp Gin Gln Gly Asn Val Phe Ser Cys
Ser Val Met His Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu
Ser Leu Ser Pro Gly Lys// SEQ 1D NO:478.

or delete or substitute the cysteine residues at positions 7 and 10 of SEQ 1D NO: 478,
Even when cysteine residues arc removed, the single chain Fo domains can still form a

dimeric Fe domain that is held together non-covalently,

[80272] 2. A native Fe s medificd to make it more compatible with a selected host
cell. For cxample, one can remove the PA dipeptide scquence near the N-terminus of &
typical native Fe, which can be recognized by a digestive enzyme in £, coli such as
prolinc iminopeptidase. Onc can also add an M-tcrminal methionine residue, especially
when the molecule is expressed recombinantly in a bacterial cell such as £. coli. The Fe

domain of SEQ 1D NO: 478 is onc such Fc variant.

{002731 3. A portion of the N-terminus of a native Fc 1s removed to prevent M-
terminal heterogeneity when expressed in a selected host cell. For this purpose, one can
delete any of the first 20 amino acid residues at the N-terruinus, particularly those at

positions 1, 2, 3,4 and 5.

[80274] 4. Onc or more glycosylation sites are removed. Residucs that are typically
glycosylated (c.g., asparagine) can confer cytolytic response. Such residucs can be
deleted or substituted with unglycosylated residues (e.g., alanine).
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[60275] 5. Sites involved in interaction with complement, such as the Clq binding
site, are removed. For example, one can delete or substitute the EKK tripeptide
sequence of human I1gG1. Complement recruitment may not be advantageous for the

molccules of this invention and so can be avoided with such an Fc variant.

[00276] 3. Sites are removed that affect binding to Fe receptors other than a salvage
receptor. A native Fe can have sites for interaction with certain white blood cells that
arc not required for the fusion or conjugate molecules of the present invention and so

can be removed.

[{00277] 7. The ADCC sitc is removed to decrease or eliminatc ADCC effector
function, or alternatively, modificd for enhanced ADCC effector function by non-
fucosylation or de-fucogylation. ADCC sites are known in the art; see, for example,

Molec. Immunel. 29 (5): 633-0 (1992) with regard to ADCC sites in 1gG1. These sites,

as well, are not required for the fusion or conjugate molecules of the present invention
and s0 can be removed, or enhanced for ADCC effector function, as may be desired.
(Sce, Tida et al., Two mechanisms of the enhanced antibody-dependent cellular
cytotoxicity {ADCC) efficacy of non-fucosylated therapeutic antibodies in human

blood, BMC Cancer 9:58 doi:10.1186/1471-2407-9-58 (2009)).

{68278] 8. When the native Fe is derived from a non-human antibody, the native Fe
can be humanized. Typically, to humanize a native Fe, one will substitute sclected
residues in the non-human native Fe with residues that arc normally found in buman

native Fc. Techniques for antibody humanization arc well known in the art.

106279} 9. One or more toxin peptide analog scquences can be inserted into an
internal conjugation site, or sites, within a loop region of an immunoglobulin e
domain, as disclosed in U.8. Patent Nos. 7,442,778, 7.645,861; 7,655,764, 7,655,765,
7,662,931; 7,750,127, and 7,750,128. The term “loop” region or “Fe-loop” region
refers to a primary sequence of amine acid residucs which connects two regions
comprising secondary structure, such as an a-helix or a f-sheet, in the immediate N-
terminal and C-terminal directions of primary structure from the loop region. Examples
include, but are not himited to, CH2 or CH3 loop regions. One of skill in the art
understands that a loop region, while not itself comprising sccondary structure, may
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influence or contribute to sccondary or higher order protein structure. The term
“internal” conjugation site means that the foxin peptide analog moiety, or moietics, 8
non-terminal, i.e., not through the a-amino site or the a-carboxy site of the Fe domain,
althopgh there optionally can also be additional moieties conjugated terminally at the

N-terminal and/or C-terminal of the Fe domain.

[36280] 10. A linker of suitable length and neutral charge, such ag “L25”
(GGGGEGOGGSGOGOSCGGGESGGGAS; SEQ 1D NO:493) or “L207
{(GGGGSGGOGSGGGGSGGGES, SEQ 1D NOG:4T7), can be covalently fused between
the C-terminal of onc monomer of an Fo domain and the N-terminal of a second Fe
domain monomer, with a toxin peptide analog fused to the N-terminal of the first Fe
domain monomer or the C-terminal of the second Fe domain monomer, or within a loop
region of the first and/or second Fe domain monomer. Such a molecule can be
recombinantly expresscd m bacterial or mammalian cells to produce a variant
“monovalent dimerie” Fe-toxin peptide analog fusion or conjugate with the typical
agisulfide bond formation between the Fe monomers. (Sce, ¢.g., Example 13 herein).
Gther cxamples of Fe variants include the following: In SEQ 1D NO: 478, the leucine at
position 15 can be substituted with glutamate; the glutamate at position 99, with
alanine; and the lysines at positions 101 and 103, with alanines. In addition,
phenyalanine residues can replace one or more tyrosine residucs. For purposcs of the
invention, a variant Fc domain can also be part of a monomeric immunoglobulin heavy

chain, an antibody, or a heterotrimeric hemibody (LC+HCHFc).

[00281]  An alternative half-life extending moiety would be a protein, polypeptide,
peptide, antibody, antibody fragment, or small molecule (c.g., a peptidomimetic
compound) capable of binding to a salvage receptor. For cxample, one could use as a
half-life cx‘{onding moiety a poi_ypeptide as described in U.S. Pat. No. 5,'739,277, issucd
binding to the FcRn salvage receptor. Such salvage receptor—binding COmpounds; arc
also included within the meaning of “half-life extending moiety” and are within the
scope of this invention. Such half-life extending moieties should be selected for

increased half-life (e.g., by avoiding scquences recognized by proteases) and decreased
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nnmunogenicity {e.g., by favoring non-immunogenic sequences, as discovered in

antibody humanization).

[00282] As noted above, polymer half-life extending moicties can also be used.
Various mecans for attaching chemical moieties useful as half-life extending moicties are
currently available, see, e.g., Patent Cooperation Treaty (“PCT”) International
Publication No. WO 96/11953, entitled “N-Terminally Chemically Modified Protein
Compositions and Methods,” herein incorporated by reference in its entirety. This PCT
publication discloses, among other things, the selective attachment of water-soluble

polymers to the N-terminus of proteins.

(662831 In some embodiments of the inventive compositions, the polymer half-life
extending moiety is polycthylene glycol (PEG), covalently linked at the N-terminal, C-
terminal ot at one or more intercalary side chaing of toxin peptide analog. Some
embodiments of the inventive composition of matter further include one or morc PEG
moietics conjugated to a non-PEG half-life extending moicty or to the toxin peptide
analog, or to any combination of any of these. For cxample, an F¢ domain or portion
thereof in the inventive composition can be made mono-PEGylated, di-PEGylated, or

otherwise multi-PEGylated, by the process of reductive alkylation.

[00284] Covalent conjugation of proteins and peptides with poly(ethylene glycol)
(PEG) has been widely recognized as an approach to significantly extend the in vivo
circulating half-lives of therapeutic proteins. PEGylation achieves this effect
predominately by retarding renal clearance, since the PEG moicty adds considerable
hvdrodynamic radius to the protein. (Zalipsky, 5., ct al., Use of functionalized
poly{ethylene glycol)s for modification of polypeptides., in poly(ethylenc glycol)
chemistry: Biotechnical and biomedical applications., .M. Harris, Ed., Plenum Press:
New York., 347-370 (1992)). Additional benefits often conferred by PEGylation of
proteins and peptides include increascd solubility, resistance to proteolytic degradation,
and reduced immunogenicity of the therapeutic polypeptide. The merits of protein
PEGylation are evidenced by the commercialization of several PEGylated proteins
including PEG-Adcnosine deaminase (Adagen' "/Enzon Corp.), PEG-L-asparaginase

(Oncaspar' “/Enzon Corp.), PEG-Interferon o-2b (PEG-Tntron’/Schering/Enzon),

-~ 257 -



WO 2012/125973 PCT/US2012/029537

PEG-Interferon a-2a (PEGASYS™/Roche) and PEG-G-CSF (Neulasta™/Amgen) as

well as many others in chinjcal trials.

[00285] By “PEGylated peptide” or “PEGylated protein” 15 meant a peptide having a
polyethylene giycol (PEG) moicty covalently bound to an amine acid residuc of the
peptide itself or to a peptidyl or non-peptidyl linker that is covalently bound to a residue
of the peptide, either directly or indirectly through another linker moiety. A non-
limiting example is N-terminal conjugation of the peptide with 3-(1-(1-bromo-2-oxo-
6,9,12,15,18,21,24,27,30,33,36-undeccaoxa-3-azaoctatriacontan-38-yhH- 1 H-1,2,3-triazol-
4-yhypropanoyl (designated herein by the abbreviation *“ {bromoacctamide-PEG11-

triazole}-").

100286] By “polycthylenc glycol” or “PEG” is meant a polyalkylene glycol
compound or a derivative thereof, with or without coupling agents or dertvatization
with coupling or activating moieties (e.g., with aldehyde, hydroxysuccinimidyl,
hydrazide, thiol, triflate, tresylate, azirdine, oxirane, orthopyridyl disulphide,
vinylsulfone, iodoacctamide or a maleimide motety). In accordance with the present
invention, useful PEG includes substantially linear, straight chain PEG, branched PEG
(brPEG), or dendritic PEG.  (See, e.g., Merrill, US Patent No. 5,171,264, Harris ct al.,
Multiarmed, monofunctional, polymer for coupling to molecules and surfaces, US
Patent No. 5,932,462; Shen, N-malcimidyl polymer derivatives, US Patent No.
6,602,498).

[00287] Bricfly, the PEG groups are gencerally attached to the peptide portion of the
composition of the invention via acylation or reductive alkylation (or reductive
amination) through a reactive group on the PEG moiety (e.g., an aldehyde, amino, thiol,
ot cster group) to a reactive group on the inventive compound (e.g., an aldchyde, amino,
or ester group). A uscful strategy for the PEGylation of synthetic peptides consists of
combining, through forming a conjugate linkage in solution, a peptide and a PEG
moicty, cach bearing a special functionality that is mutually reactive toward the other.
The peptides can be casily prepared with conventional solid phase synthesis (see, for
example, Figures 5 and 6 and the accompanying text herein). The peptides are

“preactivated” with an appropriate functional group at a specific site. The precursors are
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purificd and fully characterized prior to reacting with the PEG moiety. Ligation of the
peptide with PEG usually takes place in aqucous phase and can be easily monitored by
reverse phase analytical HPLC. The PEGylated peptides can be easily purified by
preparative HPLC and characterized by analytical HPLC, amino acid analysis and Jaser

desorption mass spectrometry.

[06288] PEG is a well-known, water soluble polymer that is commercially available
or can be prepared by ring-opening polymerization of ethylene glycol according to
methods well known in the art (Sandler and Karo, Polymer Synthesis, Academic Press,
New York, Vol. 3, pages 138-161). In the present application, the term “PEG” is used
broadly to cncompass any polycthylene glycol molecule, in mono-, bi-, or poly-
functional form, without regard to size or to modification at an end of the PEG, and can

be represented by the formula:

X-O(CH,CH,0),; CH,CH,OH, 1

where n is 20 o 2300 and X 1s H or a terminal modification, ¢.g., a Cy 4 atkyl.

[60289] In some uscful embodiments, a PEG used in the invention terminates on
one end with hydroxy or methoxy, i.e., X 18 H or CH;z (“methoxy PEG”). 1t is noted
that the other end of the PEG, which 1s shown in formula (I) terminating in GH,
covalently attaches to an activating moiety via an cther oxygen bond, an amine linkage,
or amide linkage. When used in a chemical structare, the term “PEG” includes the
formula (1) above without the hydrogen of the hydroxyl group shown, lcaving the
oxygen available to react with a free carbon atom of a linker to form an ether bond.
More specifically, in order to conjugate PEG to a peptide, the peptide must be reacted

with PEG in an “activated” form. Activated PEG can be represented by the formula:
P Y

(PEG)-(A) (I
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where PEG (defined supra) covalently attaches to a carbon atom of the activation
moiety (A) to form an cther bond, an amine linkage, or amide linkage, and (A) contains
a reactive group which can rcact with an amino, azido, alkyne, imino, maleimido, N-
succinimuidyl, carboxyl, aminooxy, scleno, or thiol group on an amino acid residuc of a
peptide or a linker moicty covalently attached to the peptide, e.g., the toxin peptide

analog.

[00290]  Techniques for the preparation of activated PEG and its conjugation to
biologically active peptides are well known in the art. (E.g., sec U.S. Pat, Nos.
5,643,575, 5,919,455, 5,932,462, and 5,990,237, Kinstler et al., N-tcrminally
chemically modified protein compositions and mcthods, US Patent Nos. 5,985,265, and
5,824,784, Thompson et al., PEGylation of polypeptides, EP 0575545 B1; Petit, Site
specific protein modification, US Patent Nos. 6,451,986, and 6,548,644; S. Herman et
al., Poly(ethylene glycol) with reactive endgroups: I. Modification of proteins, J.
Bioactive Compatible Polymers, 10:145-187 (1995); Y. Lu et al., PEGylated peptides
HI: Solid-phase synthesis with PEGylating rcagents of varying molecular weight:
synthesis of multiply PEGylated peptides, Reactive Polymers, 22:221-229 (1994); A M.
Felix ot al., PEGylated Peptides [V: Enhanced biological activity of site-directed
PEGylated GRT analogs, Int. 1. Peptide Protein Res., 46:253-264 (1995); AM. Felix,
site-specific poly(cthylene glycolyylation of peptides, ACS Symposium Scrics
680(poly(ethylene glycoly): 218-238 (1997); Y. Ikeda et al., Polyethylene glycol
derivatives, their modified peptides, methods for producing themn and use of the
modified peptides, EP 0473084 B1; G.E. Means et al., Selected techniques for the
modification of protein side chains, in: Chemical modification of proteins, Holden Day,

Inc., 219 (1971)).

[80291] Activated PEG, such as PEG-aldchydes or PEG-aldehyde hydrates, can be
chemically synthesized by known means or obtained from commercial sources, ¢.g.,

Shearwater Polymers, (Huntsville, Al) or Enzon, Inc. (Piscataway, N.J.).

[00292]  An example of a useful activated PEG for purposes of the present invention is
a PEG-aldehyde compound (¢.g., a methoxy PEG-aldehyde), such as PEG-

sropionaldehyde, which 15 commercially available from Shearwater Polymers
Proy ¥y )
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(Huntsville, Al). PEG-propionaldehyde 1s represented by the formula PEG-
CH,CH,CHO. (See, e.g., U.S. Pat. No. 5,252,714). Also included within the meaning
of “PEG aldehyde compound” are PEG aldchyde hydrates, e.g., PEG acetaldehyde
hydrate and PEG bis aldehyde hydrate, which latter yiclds a bitunctionally activated
structure. (Sce., ¢.g., Bentley et al., Poly(ethylene glycol) aldehyde hydrates and related
polymers and applications in modifying amines, US Patent No. 5,990,237) (See., ¢.g.,
Bentley et al., Poly(cthylene glycol) aldehyde hydrates and related polymers and
applications in modifying aminces, US Patent No. 5,990,237). An activated multi-
branched PEG-aldehyde compound can be used (PEG derivatives comprising multiple
arms to give divalent, trivalent, tetravalent, octavalent constructs). Using a 4-arm PEG
derivative four {4) toxin peptide analogs arc attached to each PEG molecule. For
example, in accordance with the present invention, the toxin peptide analog can be
conjugated to a polycthylene glyeol (PEG) at 1, 2, 3 or 4 amino functionalized sites of

the PEG.

[00293] In being conjugated in accordance with the inventive method, the
polyethylene glycol (PEG), as described herein, is covalently bound by reductive
amination directly to at least one solvent-exposed free amine moiety of an amine acid
residue of the toxin peptide analog itsclf. In some embodiments of the inventive
method, the toxin peptide analog is conjugated to a PEG at onc or more primary or
secondary amines on the toxin peptide analog, or to two PEG groups at a single primary
amine site on the toxin peptide analog (e.g., this can occur when the reductive
amination reaction tnvolves the presence of excess PEG-aldehyde compound). We
have observed that when PEGylation by reductive amination is at a primary amine on
the peptide, 1t 15 not uncommon to have amounts (1 to 100% range) of reaction product
that have two or morc PEGs present per molecule, and if the desired PEGyiation
product is one with only one PEG per molecule, then this “over-PEGylation” may be
undesirable. When PEGylated product with a single PEG per PEGylation product
molecule is desired, an embodiment of the inventive method can be employed that
involves PEGylation using secondary amines of the pharmacologically active peptide,
because only one PEG group per molecule will be transferred in the reductive amination

reaction.
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[08294] Amino acid residues that can provide a primary amine moiety include
residues of lysine, homolysine, ornithine, o, B-diaminopropionic acid (Dap), o, -
diaminopropionoic acid (Dpr), and o, y-diaminobutyric acid {Dab), aminobutyric acid
{Abu), and g-amino-isobutyric acid (Aib). The polypeptide N-terminus also provides a
useful o-amino group for PEGylation. Amino acid residues that can provide a
sccondary amine moicty include e-N-alky! lysine, a-N-alkyl lysine, 6-N-alkyl ornithine,

a-N-alkyl ornithine, or an N-ferminal proline, where the alkyl is C; to Ce,
> p H v

802957  Another useful activated PEG for generating the PEGylated toxin peptide
analogs of the present invention is a PEG-maleimide compound, such as, but not Hmited
to, a methoxy PEG-maleimide, such as maleimido monomethoxy PEG, are particularly
useful for generating the PEG-conjugated peptides of the invention. (E.g., Shen, N-
malcimidyl polymer derivatives, US Patent No. 6,602,498; C. Delgado et al., The uses
and properties of PEG-linked proteins., Crit. Rev. Therap. Drug Carrier Systems, 9:249-
304 (1992); S. Zalipsky et al., Usc of functionalized poly{cthylenc glycol)s for
modification of polypeptides, in: Poly(ethylene glycol) chemistry: Biotechnical and
biomedical applications (J.M. Harris, Editor, Plenum Press: New York, 347-370 (1992);
S. Herman et al,, Poly(ethylene glycol) with reactive endgroups: 1. Modification of
proteins, J. Bioactive Compatible Polymers, 10:145-187 (1995); P.J. Shadle ct al.,,
Conjugation of polymer to colony stimulating factor-1, U.S. Patent No. 4,847,325; G.
shaw et al., Cysteine added variants 1L-3 and chemical modifications thereof, U.S.
Patent No. 5,166,322 and EP 0469074 B1; G. Shaw ct al., Cystcine added variants of
EPO and chemical modifications thercof, EP 0668353 Al; G. Shaw et al., Cysteine
added variants G-CSF and chemical modifications thereof, EP 0668354 A1, N.V. Katre
ct al., Interleukin-2 muteins and polymer conjugation thereof, U.S. Patent No.,
5,206,344; R.J. Goodson and N.V. Katre, Sitc-directed pegylation of recombinant

interfeukin-2 at its glycosylation site, Biotechnology, 8:343-346 (1990)).

[00296] A poly(cthylene glycol) vinyl sulfone 1s another useful activated PEG for
generating the PEG-conjugated toxin peptide analogs of the present invention by
conjugation at thiolated amino acid residucs, ¢.g., at C residues. (E.g., M. Morpurgo ct
al., Preparation and characterization of poly(cthylene glycol) vinyl sulfone, Bioconj.
Chem., 7:363-368 {1996}; sce also Harris, Functionalization of polyethylene glycol for
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formation of active sulfone-terminated PEG derivatives for binding to proteins and
biclogically compatible materials, U.S. Patent Nos. 5,446,090; 5,739,208; 5,900,461;
6,610,281 and 6,894,025, and Harris, Watcr soluble active sulfones of poly(ethylene
glycoly, WG 95/13312 Al). Another activated form of PEG that is useful in accordance
with the present invention, is a PEG-N-hydroxysuccinimide ester compound, for

example, methoxy PEG-N-hydroxysuccinimidyl (NHS) ester.

[00297] Heterobifunctionally activated forms of PEG are also useful. (See, e.g.,
Thompson et al., PEGylation reagents and biologically active compounds formed

therewith, U.S. Patent No. 6,552,170).

[06298] In still other erabodiments of the inventive method of producing a
composition of matter, the toxin peptide analog is reacted by known chemical
techniques with an activated PEG compound, such as but not hmited to, a thiol-
activated PEG compound, a diol-activated PEG compound, a PEG-hydrazide
compound, a PEG-oxyamine compound, or a PEG-bromoacctyl compound. (Sec, c.g.,
S. Herman, Poly(cthylenc glycol) with Reactive Endgroups: 1. Modification of Proteins,
J. Bioactive and Compatible Polymers, 10:145-187 {1995); S. Zalipsky, Chemistry of
Polycthylene Glycol Conjugates with Biologically Active Molecules, Advanced Dirug
Delivery Reviews, 16:157-182 (1995); R. Greenwald et al., Poly(ethylene glycol)
conjugated drugs and prodrugs: a comprehensive review, Critical Reviews in

Therapeutic Drug Carrier Systems, 17:101-161 (2000)).

(602991 An cven more preferred activated PEG for generating the PEG-conjugated
toxin peptide analogs of the present invention is a multivalent PEG having more than
one activated residues. Preferred multivalent PEG moictics include, but are not limited

to, those shown below:
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[00360] In still other embodiments of making the composition of matter, the inventive
toxin peptide analog 1s reacted by known chemical techniques with an activated multi-
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branched PEG compound (PEG derivatives comprising multiple arms to give divalent,
trivalent, tetravalent, octavalent constructs), such as but not Iimited to, pentaerythritol
tetra-polyethylenegiycol ether. Functionalization and activated derivatives , such as,
but not linmted to, N-succinimidyloxycarbonyl)propyl, p-nitrophenyloxycarbonyl, ( ~
COy-p-CeH4NOGy), 3«(N-maleimido)propanamido, 2-sulfanylethyl, and 3-aminopropyl.
Using a 4-arm PEG derivative, four toxin peptide analogs are attached to each PEG
molecule. For example, i accordance with the present invention, the toxin peptide

analog can be conjugated to a polyethylene glycol (PEG) at:

(2) 1, 2, 3 or 4 amino functionalized sites of the PEG;

{(b) 1, 2, 3 or 4 thiol functionalized sites of the PEG;

(¢) 1, 2, 3 or 4 malcimido functionalized sites of the PEG;

(d) 1, 2, 3 or 4 N-succinimidyl functionalized sites of the PEG;
(e} 1, 2, 3 or 4 carboxyl functionalized sites of the PEG; or

(N 1,2, 3 or 4 p-nitrophenyloxycarbonyl functionalized sites of the PEG.

[60301] The smallest practical size of PEG is about 500 Daltons (Da), below which
PEG becomes toxic. Above about 500 Da, any molecular mass for a PEG can be used
as practically desired, e.g., from about 1,000 Daltons {Da) to 100,000 Da (n 1520 to
2300). The number of PEG monomers {n) is approximated from the average molecular
mass using a MW = 44 Da for each monomer. it is preferred that the combined
molccular mass of PEG on an activated linker 1s suitable for pharmaceutical use. Thus,
the combined molccular mass of the PEG molecule should not exceed about 100,660
Da. In some embodiments, the combined or total average molecular mass of PEG used
in a PEG-conjugated toxin peptide analog of the present invention is from about 3,000
Da to 60,000 Da (total n is from 70 to 1,400), more preferably from about 10,600 Da to
40,000 Da (total n is about 230 to about 910). The most preferred combined mass for

PEG 18 from about 20,000 Da to 30,000 Da (total n 18 about 450 to about 680).

100362] Itwill be appreciated that “multimers” of the composition of matter can be
made, since the half-life extending moicty employed for conjugation to the toxin
peptide analog (with or without an intervening linker moiety) can be multivalent (e.g.,
bivalent, trivalent, tetravalent or a higher order valency) as to the number of amino acid
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residues at which the half-life extending moicty can be conjugated. ITn some
embodiments the peptide portion of the inventive composition of matter can be
multivalent (e.g., bivalent, trivalent, tetravalent or a higher order valency), and, thus,
some “multimers” of the inventive composition of matter may have morce that one half
life extending moiety. Consequently, it is possible by the inventive method of
producing a composition of matter to produce a variety of conjugated half-life
extending moiety peptide structurcs. By way of example, a univalent half-life
extending moiety and a univalent peptide will producce a 1:1 conjugate; a bivalent
peptide and a univalent half-life extending moiety may form conjugates wherein the
peptide conjugates bear two half-life extending moicty moietics, whereas a bivalent
half-life extending moiety and a univalent peptide may produce species where two
peptide entities are linked to a single half-life extending moiety; use of higher-valence
half-life extending moiety can lead to the formation of clusters of peptide entitics bound
to a single half-life extending moiety, whereas higher-valence peptides may become
encrusted with a plurality of half-life extending moiety moieties. By way of further
example, if the site of conjugation of a multivalent half-life extending moiety to the
toxin peptide analog is a cysteine or other aminothiol the methods disclosed by

D’ Amico et al. may be employed (D’Amico ct al., Method of conjugating aminothiol
containing molecules to vehicles, published as US 2006/0199812, which application 18

incorporated herein by reference in its entirety).

[66303] The peptide moieties may have morce than one reactive group which will react
with the activated half-lifc extending moiety and the possibility of forming complex
structures must always be considered; when it is desired to form gimple structures such
as 1:1 adducts of half-life extending moiety and peptide, or to use bivalent half-life
cxtending motety to form peptide:hali-life extending moiety:peptide adducts, it will be
beneficial to use predetermined ratios of activated half-life extending moiety and
peptide material, predetermined concentrations thercof and to conduct the reaction
under predetermined conditions (such as duration, temperature, pii, etc.) so as to form a
proportion of the described product and then to separate the described product from the
other reaction products. The reaction conditions, proportions and concentrations of the

reagents can be obtained by relatively simple tnal-and-error experiments which arc
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within the ability of an ordinarily skilled artisan with appropriate scaling-up as
necessary. Purification and separation of the products is similarly achieved by

conventional techniques well known to those skilled in the art.

{00304] Additionally, physiologically acceptable salts of the half-life extending
moiety-fused or conjugated to the toxin peptide analogs of this invention are also

encompassed within the composition of matter of the present invention.

[80305] The above-described half-life extending moicties and other half-life
extending moietics described herein are useful, either individually or in combination,
and as further described in the art, for example, in Sullivan et al.,, Toxin Peptide
Therapeutic Agents, US2007/0071764 and Sullivan et al., Toxin Peptide Therapeutic
Agents, PCUT/US2007/022831, published as WO 2008/088422, which are both
incorporated herein by reference in their entireties. The invention encompasses the use
of any single species of pharmaccutically acceptable half-lifc extending moicty, such as,
but not limited to, those described herein, in conjugation with the toxin peptide analog,

or the use of a combination of two or more like or different half-life cxtending moieties.

{06306] Linkers. A “linker moiety” as used herein refers to a biologically acceptable
peptidyl or non-peptidyl organic group that is covalently bound to an amino acid
residue of a toxin peptide analog or other polypeptide chain (e.g., an immunoglobulin
HC or LC or immunoglobulin Fe domain) contained in the inventive composition,
which linker moiety covalently joins or conjugates the toxin peptide analog or other
polypeptide chain to another peptide or polypeptide chain in the composition, or to a
half-life extending moicty. In some ecmbodiments of the composition, a half-life
extending motety, as described herein, is conjugated, i.e., covalently bound directly to
an amino acid residue of the toxin peptide analog itself, or optionally, to a peptidyl or
non-peptidyl finker moiety (including but not limited to aromatic or aryl linkers) that is
covalently bound to an amino acid residue of the toxin peptide analog. The presence of
any linker moiety is optional. When present, its chemical structure is not critical, since
it serves primarily as a spacer to position, join, connect, or optimize presentation or
position of one functional moiety in relation to one or more other functional moieties of

a molecule of the inventive composition. The presence of a linker moiety can be uscful
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in optimizing pharamcologial activity of some embodiments of the inventive
composition. The linker is preferably made up of amino acids linked together by
peptide bonds. The linker moiety, if present, can be independently the same or different
from any other linker, or linkers, that may be present in the inventive composition. As
staled above, the linker moiety, if present (whether within the primary amino acid
sequence of the toxin peptide analog, or as a linker for attaching a half-life extending
moicty to the toxin peptide analog), can be “peptidyl” in nature (i.¢., made up of amino
acids linked together by peptide bonds) and madc up in length, preferably, of from | up
to about 40 amino acid residues, morce preferably, of from 1 up to about 20 amino acid
residues, and most preferably of from 1 to about 10 amino acid residucs. Preferably,
but not necessarily, the amino acid residues in the linker are from among the twenty
canonical amino acids, more preferably, cysteine, glycine, alanine, proline, asparagine,
glutamine, and /or serine. Even more preferably, a peptidyl linker is made up of a
majority of amino acids that are sterically unhindered, such as glycine, serine, and
alanine linked by a peptide bond. It 15 also desirable that, if present, a peptidyl linker be
selected that avoids rapid proteolytic turnover in circulation iz vivo. Soame of these
amino acids may be glycosylated, as is well understooed by those in the art. For example,
a useful linker sequence constituting a sialylation site is X, XoNXXsG (SEQ 1D

NO:479), wherein X1, X5,X4 and Xs are each independently any amino acid residue.

180307] In other cmbodiments, the 1 to 40 amino acids of the peptidyl inker moiety
are sclected from glycine, alanine, proline, asparagine, glutamine, and lysine.
Preferably, a linker 15 made up of a majority of amino acids that are sterically
unhindered, such as glycine and alanine. Thus, preferred linkers include polyglycines,
polyserines, and polyalanines, or combinations of any of these, Some exemplary
peptidyl linkers are poly(Gly)ig, particularly (Gly)s, (Gly)s (SEQ 1D NO:480), (Gly)s
(SEQ ID NO:481) and (Gly); (SEQ 1D NO:482), as well as, GlyScr and poly(GlyuSer,
such as “L157 (GGGGSGGGGSGGGGS; SEQ 1D NO:483), poly(Gly-Ala),.4 and
poly(Ala);g. Other specific examples of peptidyl linkers include (Gly)sLys (SEQ 1D
NQO:484), and (Gly)sLysArg (SEQ ID NO:485). Other examples of useful peptidyl

linkers are: Other examples of useful peptidyl linkers are:

(Gly)Lys(Gly) (SEQ 1D NO:486),

- 268 -



WO 2012/125973 PCT/US2012/629537

(Gly);AsnGlySer(Gly), (SEQ 1D NO:487);
(Gly)sCys(Gly)s (SEQ 1D NO:488); and
GlyProAsnGlyGly (SEQ ID NG:489).

To explain the above nomenclature, for example, (Gly)sLys(Gly)s means Gly-Gly-Gly-
Lys-Gly-Gly-Gly-Gly (SEQ 1D NO:490). Other combinations of Gly and Ala are also

useful.

{00398] Other preferred linkers are those identified hercin as “L5” (GGGGS; or
“Gsb7; SEQ 1D NO:491), “L10” (GGGGSGGGGS; SEQ 1D NO:492); “L20”
(GGGGSGGGGSGGGGSGGGUS; SEQ IDNO:477) , “1.25”7
(GGGGSGGEGSGGGGSGGGGESGGGES; SEQ 1D NO:493) and any linkers used in

the working examples hercinafter.

{00309]  In somc embodiments of the compositions of this invention, which comprisc
a peptide linker moiety, acidic residues, for example, glutamate or agpartate residues,
are placed in the amino acid sequence of the linker moiety. Exampies include the

following peptide linker sequences:

GGEGGG (SEQ 1D NO:494);
GGEEEGGG (SEQ ID NO:495);
GEEEG (SEQ ID NO:496);

GEEE (8EQ ID NO:497);
GGDGGG (SEQ 1D NO:498);
GGDDDGG (SEQ ID NO:499);
GDDDG (SEQ 1D NO:500);

GDDD (SEQ 1D NO:501);
GGGGSDDSDEGSDGEDGGGGS (SEQ ID NO:502):
WEWEW (SEQ 1D NO:503);
FEFEF (SEQ ID NO:504);
BEEEWWW (SEQ ID NO:505);
EEEFFF (SEQ 1D NO:506);
WWEEEWW (SEQ 1D NO:507); or
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FFEEEFF (SEQ ID NO:508).

190316] In other embodiments, the linker constitutes a phosphorylation site, c.g.,
K2 Y X X5G (SEQ 1D NO:509), wherein X, X,, X4 and Xs are cach independently
any amino acid residuc; X X;5X4XsG (SEQ 1D NO:510), wherein X, X5, X4 and X
are each mdependently any amino acid residue; or XX TXaXsG (SEQ ID NO:511),

wherein X, Xy, X4 and X5 arc cach independently any amino acid residue.

[06311] The linkers shown here are exemplary; peptidyl linkers within the scope of
this invention may be much longer and may include other residues. A peptidy! linker
can contain, e.g., a cysteine, another thiol, or nucleophile for conjugation with a half-
life extending moiety. In another embodiment, the linker contains a cystcine or
homocysteine residue, or other 2-amino-cthanethiol or 3-amino-propanethiol moicty for
conjugation to maleimide, iodoacetaamide or thioester, functionalized half-life

cxtending moiety.

[68312] Another uscful peptidyl linker is a large, flexible linker comprising a random
Gly/Ser/Thr sequence, for example: GSGSATGGSGSTASSGSGSATH (SEQ 1D
NO:512) or HGSGSATGGSGSTASSGSGSAT (SEQ ID NG:513), that is estimated to
be about the size of a 1 kDa PEG molecule. Alternatively, a useful peptidy! linker may
be comprised of amino acid sequences known 1in the art to form rigid helical structures
(e.g., Rigid linker: -~AEAAAKEAAAKEAAAKAGG-// SEQ ID NO:514).

Additionally, a peptidy! linker can also comprisc a non-peptidyl segment such as a 6
carbon aliphatic molccule of the formula -CH,-CH,-CH,-CH,-CH,-CHy-. The peptidyl

linkers can be altered to form derivatives as described herein.

[00313] Optionally, a non-peptidyl linker moiety 1s also uscful for conjugating the
half-life extending moiety to the peptide portion of the half-life extending moiety-
conjugated toxin peptide analog. For exarmple, alkyl linkers such as ~-NH-(CH,)-C(O)-,
wherein s = 2-20 can be used. Thesc alkyl linkers may further be substituted by any
non-sterically hindering group such as lower alkyl (e.g., C;-Cq) lower acyl, balogen
{c.g., Cl, Br), CN, NH,, phenyl, efe.  Excmplary non-peptidyl linkers are PEG linkers

(e.g., shown below):
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wherein n is such that the linker has a molecular weight of about 100 to about 5000

Daltons (Da), preferably about 100 to about 500 Da.

180314] 1In onc embodiment, the non-peptidyl linker is aryl. The linkers may be
altered to form derivatives in the same manner as described herein. In addition, PEG
moietics may be attached to the N-terminal amine or selected side chain amines by
cither reductive alkylation using PEG aldehydes or acylation using hydroxysuccinimido

or carbonate esters of PEG, or by thiol conjugation.

[00315]  “Aryl” is phenyl or phenyl vicinally-fused with a saturated, partially-
saturated, or unsaturated 3-, 4-, or 5 membered carbon bridge, the phenyl or bridge
being substituted by 0, 1, 2 or 3 substituents sclected from Ci.g alkyl, Ci.4 haloalkyl or
halo. “Hetcroaryl” 18 an unsaturated 5, 6 or 7 membercd monocyclic or partially-
saturatcd or unsaturated 6-, 7-, 8-, 9-, 10- or 11 membered bicyclic ring, wherein at least
one ting 1s unsaturated, the monocyclic and the bicyclic rings containing 1, 2, 3 or 4
atoms selected from N, O and S, wherein the ring is substituted by 0, 1, 2 or 3

substituents selected from Cy_g alkyl, Cy.4 haloalkyl and halo.

[60316] Non-peptide portions of the inventive composition of matter, such as non-
neptidyl linkers or non-peptide half-life extending moicties can be synthesized by

conventional organic chemistry reactions.

[00317] The above is merely tllustrative and not an exhaustive treatment of the kinds

of linkers that can optionally be employed in accordance with the present invention.
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186318] Compositions of this invention incorporaling the isolated polypeptide
antagonists of the voltage-gated sodium channel Nay 1.3 and/or Nay1.7, in particular
GpTx-1 and GpTx-1 toxin peptide analogs of the present invention, whether or not
conjugated to a half-lifc cxtending moicty, are useful as therapeutic agents in the
treatment of pain, for example in humans. Clinical genetic information, replicated
independently by several groups, shows unambiguously that the product of the Nav1.7
(SCNYA) gene 1s a key control point for the perception of pain. in humans, loss-of-
function truncation mutations of the gene lead to complete insensitivity to all forms of
pain measured, whereas the human chronic pain syndromes primary erythromelalgia
and paroxysmal extreme pain disorder are caused by gain-of-function mutations in
Nayl.7 that lead to easier or more profonged Navl.7 channel opening. Remarkably, no
other major neurological abnormalitics arc present in patients carrying erther truncation
or gain-of-function mutations in Nay 1.7 (Goldberg et al., Clin Genet 71:311-319
{2007y, Cox et al., Naturc 444:894-898 (2006); Ahmad et al., Hum Mol Genet 16:2114-
2121 (2007); Fertleman et al,, Neurology 69:586-595 (2007)). Accordingly, a
therapcutic that blocks Nay1.7 can be expected to be of great utility for the treatment of

pain in humans.

[69319] Specific clinical chronic pain syndromes include, but are not limited to, pain
associated with, or due to, cancer, chemotherapy, osteoarthritis, fibromyalgia, primary
erythromclalgia, post-herpetic neuralgia, painful diabetic neuropathy, idiopathic painful
ncurcopathy, neuromas, paroxysmal extreme pain disorder, migraine, trigeminal
neuralgia, orofacial pain, cluster or other headaches, complex regional pain syndrome
(CRPS), farled back surgery syndrome, sciatica (including lower back pain), interstitial
cystitis and pelvic pain, inflammation-induced pain including cellulitis, and rheumatic
or joint pain. A Nay1.7 inhibitor can also have great utility for treatment of acute or
persistent pain, including but not hnited to pain following trauma, burns, or surgery.
Notably, inhibition of Nay1.7 18 not expected to result in the adverse effects on
cognition and on the gastrointestinal system that limit the use of opioid drugs. Again
unlike opioids, May1.7 inhibitors should not produce respiratory depression, patient
tolerance, or addiction. Moreover, Nay!.7 expression in humans and in non-human

primates is overwhelmingly in the peripheral nervous system, with hittle or no message
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or protein in the brain or spinal cord (Ahmad et al., Hum Mol Genet 16:2114-2121,
2007). Consistent with these studies, our data show that among CNS areas from post-
mortern humans examined with in situ hybridization, message RNA for Nay1.7 was
found only in light amounts in hypothalamic nuclei and in ventral motor areas of the
spinal cord and spinal cpendyma, areas with no known involvement in the pain
response. By contrast, no Nayl.7 was found in cercbral cortex, cerebellum, adrenal
medulla, pituitary, or dorsal or deep regions of lumbar spinal cord. Strong Nay1.7
cxpression was found in peripheral nerves including dorsal root ganghia, trigeminal
ganglia, and myenteric plexes of the stomach and intestine. (Sce, Figure 13A-E). This
suggests that an inhibitor of Nay 1.7 would cxert analgesic cfficacy via the peripheral
nervous system without a need for CNS penetrance. As peptides generally do not cross
the blood-brain barricr, a peptide inlubiter thus has an advantage over small molecules
with some CNS-penetrance in that a peptide should not produce common off-target side

effects mediated by the brain such as dizziness, confusion, or sedation.

[60328] The clintcal genetic data for Nay1.7 do not address whether Nay 1.7 maintaing
its key role in pain pereeption in patients with damage to and subsequent remodeling of
the nervous system. Such remodeling is likely a feature of many chronic pain
syndromes (Woolf and Ma, Neuron 55:353-364 (2007)). For such cases, antagonism of
the Nay1.3 sodium channcl may prove of great therapeutic benefit. Published resuits
show up-regulation of mRNA encoding Nay 1.3 in sensory neurons of rats subjected to
spinal nevve ligation surgery, a standard model for neuropathic pain in humans (Hains ct
al., J Neuroscl 24:4832-4839, 2004). This implies that for some chronic pain
syndromes, especially ncuropathic pain, inhibition of May1.3 in addition to Nay1.7 may
produce the best analgesic efficacy. Electrophysiological studics of the ccll bodics of
rat sensory ncurens show that spinal nerve ligation causes a dramatic shift in sodium
channel expression to the fast, tetrodotoxin-sensitive subtype most likely cncoded by
SCN9A (Nay 1.7y and SCN3A (Nay1.3) (see, Figure 14A-E). Again this implics that for
some pain syndromes, simultancous dual inhibition of Nav1.7 and Nav1.3 can produce

the most effective suppression of pain.

[80321] Accordingly, the present invention also relates to the use of one or more of

the inventive compositions of matter in the manufacture of a medicament for the
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treatment or prevention of a discase, disorder, or other medical condition described
herein, for example, but not limited to, chronic pain, acute pain, or persistent pain, or

any of the pain syndromes described hercin.

[00322] Such pharmaceutical compositions can be configured for administration to a
patient by a wide varicty of delivery routes, ¢.g., an intravascular delivery route such as
by mjection or infusion, subcutaneous (“s.c.”), intravenous (“1.v.”), intramuscular,
intraperitoneal (“1.p.”), epidural, or intrathecal delivery routes, or for oral, enteral,
pulmonary (e.g., inhalant), intranasal, transmucosal (e.g., sublingual administration),
transdermal or other delivery routes and/or forms of administration known in the art.
Delivery of a drug or pharmaceutical composition containing GpTx-1, or other
compositions of matter of the invention, may fake place via standard injectable
modalitics, whether sclf-administered or in hospital setting, or also via an implantable
delivery pump to achieve the most accurate dosing and the most stable plasma exposure
levels. The inventive pharmaceutical compositions may be prepared in liquid form, or
may be in dried powder form, such as lyophilized form, or crystalline form. For oral or
enteral use, the pharmaceutical compositions can be configured, for example, as tablets,
troches, lozenges, aqueous or oily suspensions, dispersible powders or granules,

cmulsions, hard ot soft capsules, syrups, elixirs or enteral formulas.

{00323] Pharmaceutical Compositions

106324] In General. The present invention also provides pharmaceutical compositions
comprising the inventive composition of matter and a pharmaceutically acceptable
carrier. Such pharmaccutical compositions can be configurcd for administration to a
patient by a wide variety of delivery routes, e.g., an intravascular delivery route such as
by injection or infusion, subcutancous, intramuscular, intraperitoneal, epidural, or
intrathecal delivery routes, or for oral, enteral, pulmonary {(e.g., inhalant), intranasal,
transmucosal (e.g., sublingual administration), transdermal or other delivery routes
and/or forms of administration known in the art. The mmventive pharmaceutical
compositions may be prepared in liquid form, or may be in dried powder form, such as
lyophilized form. For oral or cateral use, the pharmaceutical compositions can be

configurcd, for example, as tablets, troches, lozenges, aqueous or oily suspensions,
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dispersible powders or granules, emulsions, hard or soft capsules, syrups, elixirs or

enteral formulas.

[00325] In the practice of this invention the "pharmaceutically acceptable carrier” is
any physiclogically tolerated substance known to those of ordinary skill in the art useful
in formulating pharmaceutical compositions, including, any pharmaceutically
acceptable diluents, excipients, dispersants, binders, fillers, glidants, anti-frictional
agents, compression aids, tablet-disintegrating agents (disintegrants), suspending
agents, lubricants, flavorants, odorants, sweeteners, permeation or penctration
enhancers, preservatives, surfactants, solubilizers, emulsifiers, thickeners, adjuvants,
dycs, coatings, encapsulating material(s), and/or other additives singly or in
combination. Such pharmaceutical compositions can include diluents of various buffer
content (e.g., Tris-HCI, acetate, phosphate), pH and ionic strength; additives such as
detergents and solubilizing agents (e.g., Tween” 80, Polysorbate 80), anti-oxidants (e.g.,
ascorbic acid, sodium metabisulfite), preservatives (e.g., Thimersol®, benzy! alcohol)
and bulking substances (e.g., lactose, mannitol); incorporation of the material into
particulate preparations of polymeric compounds such as polylactic acid, polyglycolic
acid, etc. or into liposomes. Hyaluronic acid can also be used, and this can have the
cffect of promoting sustained duration in the circulation. Such compositions can
influence the physical state, stability, ratc of in viveo release, and ratc of in vivo

clearance of the present proteins and derivatives. Sece, e.g., Remington's Pharmaceutical

which are herein incorporated by reference in their entirety. The compositions can be
prepared in hquid form, or can be in dried powder, such as lyophilized form.
Implantable sustained release formulations arc also uscful, as are transdermal or
transmucosal formulations. Additionally (or alternatively), the present invention
provides compositions for use in any of the various slow or sustained releasc
formulations or microparticle formulations known to the skilled artisan, for example,
sustained relcase microparticle formulations, which can be administered via pulmonary,
intranasal, or subcutancous delivery routes. (See, e.g., Murthy et al., Injectable
compositions for the controlled delivery of pharmacologically active compound, U.S.

Patent No.6,887,487;, Manning et al., Solubilization of pharmaccutical substances in an
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organic solvent and preparation of pharmaceutical powders using the same, U.S. Patent
Nos. 5,770,559 and 5,981,474, Lieberman et al., Lipophilic complexes of
pharmacologically active inorganic mincral acid csters of organic compounds, U.5.
Patent No. 5,002,936, Gen, Formative agent of protein complex, US 2002/0119946 Al;
Goldenberg ct al., Sustained release formulations, WO 2005/105057 A1),

[003251  Onc can dilute the inventive compositions or increase the volume of the
pharmaceutical compositions of the mvention with an incrt material. Such diluents can
include carbohydrates, cspecially, mannitol, a-lactose, anhydrous lactose, ccliulose,
sucrose, modified dextrans and starch. Certain inorganic salts may also be used as
fillers, including calcium triphosphate, magnesium carbonate and sodium chloride.
Some commercially available diluents arc Fast-Flo, Emdex, STA-Rx 1500,

Emcompress and Avicell.,

[803277] A varicty of conventional thickeners arc uscful in creams, ointments,
suppository and gel configurations of the pharmacceutical composition, such as, but not
limited to, alginate, xanthan gum, or petrolatum, may also be crployed in such
configurations of the pharmaccutical composition of the present invention. A
permcation or penctration enhancer, such as polyethylene glycol monolaurate, dimethyl

sulfoxide, N-vinyl-2Z-pyrrolidone, N-(2-hydroxyethyl}-pyrrolidone, or 3-hydrozy-N-

methyl-2-pyrrolidone can also be employed. Useful techniques for producing hydrogel
matrices are known. (E.g., Feijen, Biodegradable hydrogel matrices for the controlled
release of pharmacologically active agents, U.S. Patent No. 4,925,677; Shah ctal.,
Biodegradable pH/thermosensitive hydrogels for sustained delivery of biclogically
active agents, WO 00/38651 A1), Such biodegradable gel matrices can be formed, for
example, by crosslinking a proteinaccous component and a polysaccharide or
mucopolysaccharide component, then loading with the inventive composition of matter

to be delivered.

100328]  Liquid pharmaccutical compositions of the present invention that are sterile
solutions or suspensions can be administered to a patient by injection, for example,
intramuscularly, intrathccally, epidurally, intravascularly (e.g., infravenously or

intraarterially), intraperitoneally or subcutancously. (See, ¢.g., Goldenberg ct al,,
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Suspensions for the sustained release of proteins, U.S. Patent No. 6,245,740 and WO
00/38652 A1). Sterile solutions can also be administered by intravenous infusion. The
inventive composition can be included in a sterile solid pharmaceutical composition,
such as a lyophilized powder, which can be dissolved or suspended at a convenient time
before administration to a patient using sterile water, saline, buffered saline or other

appropriate sterile injectable medium.
] Y

{88329] Implantable sustained release formulations are also uscful embodiments of
the inveantive pharmaccutical compositions. For example, the pharmaceutically
acceptable carrier, being a biodegradable matrix implanted within the body or under the
skin of @ human or non-human vertebrate, can be a hydrogel similar to those described
above. Alternatively, it may be formed from a poly-alpha-amino acid component.
(Sidman, Biodegradable, implantable drug delivery device, and process for preparing

e 3e}

and using same, U.S. Patent No. 4,351,337}, Other techniques for making implants for

delivery of drugs arc also known and useful in accordance with the present invention.

{88330]  In powder forms, the pharmaceutically acceptable carrier is a finely divided
solid, which 1s in admixture with finely divided active ingredient(s), including the
imventive composition. For example, in some cmbodiments, a powder form is uscful
when the pharmaccutical composition is configured as an inhalant. (See, e.g., Zeog et
al., Method of preparing dry powder inhalation compositions, WO 2004/017918; Trunk
ct al., Salts of the CGRP antagonist BIBN4096 and inhalable powdcred medicaments

containing them, U.S. Patent No. 6,900,317).

160331} One can dilute or increase the volume of the compound of the invention with
an incrt matertal. These diluents could include carbohydrates, cspecially mannitol, a-
lactose, anhydrous lactosc, cellulose, sucrose, modified dextrans and starch. Certain
inorganic salts can also be used as filicrs including calcium triphosphate, magnesium
carbonate and sodium chloride. Some coramercially available diluents are Fast-Flo™,

Emdex™ STA-Rx™ 1500, Emcompress™ and Avicell™,

[60332] Dusintegrants can be mcluded in the formulation of the pharmaceutical
composition into a solid dosage form. Materials used as disintegrants include but are not
limited to starch including the commercial disintegrant based on starch, Explotab™,
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Sodium starch glycolate, Amberlite™, sodium carboxymethylcellulose,
ultramylopectin, sodium algmate, gelatin, orange peel, acid carboxymethyl cellulose,
natural sponge and bentonite can all be used. Insoluble cationic exchange resin is
another form of disintegrant. Powdered gums can be used as disintcgrants and as
binders and these can include powdered gums such as agar, Karaya or tragacanth.

Alginic acid and its sodium salt are also uscful as disintegrants.

[66333]  Binders can be used to hold the therapeutic agent together to form a hard
tablet and include materials from natural products such as acacia, tragacanth, starch and
gelatin. Others include methy! cellulose (MC), ethy! cellulose (EC) and carboxymethy!
cellulose (CMC). Polyvinyl pyrrolidone (PVP) and hydroxypropylmethyl cellulose
(HPMC) could both be used in alcoholic solutions to granulate the therapeutic, An
antifrictional agent can be included in the formulation of the therapeutic to prevent
sticking during the formulation process. Lubricants can be used as a layer between the
therapeutic and the dic wall, and these can include but are not limited to; stearic acid
mmcluding its magnesium and calcium salts, polytetrafiuorocthylene (PTFE), Hquid
paraffin, vegetable oils and waxcs. Soluble lubricants can also be used such as sodium
lauryl sulfate, magnesium lauryl sulfate, polyethylene glycol of varicus molecufar

weights, Carbowax 4000 and 6000,

[80334] Glidants that might improve the flow properties of the drug during
formulation and to aid rearrangement during compression might be added. The glidants
2 [ z 2

can include starch, tale, pyrogenic silica and hydrated silicoaluminate.

[60335] To aid dissolution of the compound of this invention into the aqucous
environmment a surfactant might be added as a wetting agent. Surfactants can include
anionic detergents such as sodium lauryl sulfate, diocty! sodium suifosuccinate and
dioctyl sodium sulfonate. Cationic detergents might be used and could include
benzalkonium chloride or benzethoniurn chloride. The list of potential nonionic
detergents that could be included in the formulation as surfactants arc lauromacrogol
400, polyoxyl 40 stearate, polyoxyethylene hydrogenated castor oil 10, 50 and 60,

glyccrol monostearate, polysorbate 40, 60, 65 and 80, sucrose fatty acid ester, methy!
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celhulose and carboxymethy! cellulose. Thesc surfactants could be present in the

formulation of the protein or derivative either alone or as a mixture in different ratios.

[60336] Oral dosage forms. Also useful are oral dosage forms of the inventive
compositionss. 1f necessary, the composition can be chemically modified so that oral
delivery is efficacious. Generally, the chemical modification contemplated 1s the
attachment of at least onc moiety to the molecule itself, where said moiety permits (a)
inhibition of proteolysis; and (b) uptake into the blood stream from the stomach or
intestine. Also desired is the increase in overall stability of the compound and increase
in circulation time in the body. Moieties useful as covalently attached half-life
exicnding moieties in this invention can also be usced for this purpose. Examples of
such moictics include: PEG, copolymers of ethylene glycol and propylene glycol,
carboxymethyl ccllulose, dextran, polyvinyl alcohol, polyvinyl pyrrolidonc and

polyproline. See, for example, Abuchowski and Davis (1981), Soluble Polymer-

Enzyme Adducts, Enzymes as Drugs (Hocenberg and Roberts, eds.), Wiley-

Interscience, New York, WY, pp 367-83; Newmark, et al. (1982), 3. Appl. Biochem.

4:185-9. Other polymers that could be used are poly-1,3-dioxolane and poly-1,3,6-

tioxocane. Preferred for pharmaccutical usage, as indicated above, are PEG moileties.

{00337} For oral delivery dosage forms, it is also possible to use a salt of a modified
aliphatic amino acid, such as sodium N~(8-[2-hydroxybenzoyl} amine) caprylate
(SNAC), as a carrier to enhance absorption of the therapcutic compounds of thig
invention. The clinical cfficacy of a heparin formulation using SNAC has been
demonstrated in a Phase i trial conducted by Emisphere Technologies. See US Patent

No. 5,792,451, “Oral drug delivery compoyition and methods.”

[00338] In one cmbodiment, the pharmaceutically acceptable carrier can be a liguid
and the pharmaccutical compasition is preparced in the form of a solution, suspension,
emulsion, syrup, elixir or pressurized compesition. The active ingredient(s) (e.g., the
inventive comaposition of matter) can be dissolved, diluted or suspended in a
pharmaceutically acceptable liquid carricr such as water, an organic solvent, a mixture
of both, or pharmaccutically acceptable oils or fats. The liquid carrier can contain other

suitable pharmaccutical additives such as detergents and/or solubilizers (e.g., Tween 80,
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Polysorbate 80), emulsifiers, buffers at appropriate pH (e.g., Tris-HCI, acetate,
phosphate), adjuvants, anti-oxidants (¢.g., ascorbic acid, sodium metabisulfite),
preservatives (e.g., Thimersol, benzyl alcohol), sweeteners, flavoring agents,
suspending agents, thickening agents, bulking substances {c.g., lactose, mannitol),
colors, viscosity regulators, stabilizers, clectrolytes, osmolutes or osmo-regulators.
Additives can also be included in the formulation to enhance uptake of the inventive
composition. Additives potentially having this property are for instance the faity acids

oleic acid, hinoleic acid and linolenic acid.

186339]  Useful are oral solid dosage forms, which are desceribed gencrally in

Remington's Pharmaceutical Sciences (1990), supra, in Chapter 89, which is hercby

incorporated by reference in its entirety. Solid dosage forms include tablets, capsulcs,
pills, troches or lozenges, cachets or pellets. Also, liposomal or proteinoid cncapsulation
can be used to formulate the present compositions (as, for example, proteinoid
microsphercs reported in U5, Patent No. 4,925,673). Liposomal encapsulation can be
used and the liposomes can be derivatized with various polymers (c.g., U.S. Patent No.
5,013,556}, A description of possible solid dosage forms for the therapeutic 1s given in

Marshall, K., Modern Pharmaceutics (1979), edited by G. 5. Banker and C. 'T. Rhodcs,

in Chapter 10, which 1s hereby incorporated by reference in its entircty. In gencral, the
formulation will include the inventive compound, and inert ingredicnts that allow for
protcetion against the stomach environment, and release of the biologically active

material in the intestine.

130348] The composition of this 1nvention can be included in the formulation as finc
multiparticulates in the form of granules or pellets of particle size about 1 mm. The
formulation of the material for capsule administration could also be as a powder, lightly
compressed plugs or even as tablets. The therapeutic could be prepared by

COMPIession.

1663411 Colorants and flavoring agents can all be included. For example, the protein
{or derivative) can be formulated (such as by liposome or microsphere encapsulation)
and then further contained within an cdible product, such as a refrigerated beverage

containing colorants and flavoring agents.
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[06342} In tablet form, the active ingredient(s) are mixcd with a pharmaceutically
acceptable carrier having the necessary compression properties in suitable proportions

and compacted in the shape and size desired.

[00343] The powders and tablets preferably contain up to 99% of the active
ingredient(s). Suitable solid carriers include, for cxample, calcium phosphate,
magnesium stearate, talc, sugars, lactose, dextrin, starch, gelatin, cellulose,

polyvinylpyrrolidine, low melting waxes and 1on exchange resins.

{00344] Controlled release formulation can be desirable. The composition of this
invention can be incorporated into an incrt matrix that permits release by either
diffusion or leaching mechanisms e.g., gums. Slowly degenerating matrices can also be
incorporated into the formulation, e.g., alginates, polysaccharides. Another form of a
controlled release of the compositions of this invention is by a method basced on the
Oros™ therapeutic system (Alza Coorp.), 1.¢., the drug is enclosed in a semipermeable
membrane which allows water to enter and push drug out through a single small
opening duc to osmotic effects. Some enteric coatings also have a delayed relcasc

effect.

{60345] Other coatings can be used for the formulation. These include a variety of
sugars that could be appliced in a coating pan. The therapeutic agent could also be given
in a film-coated tablet and the materials used in this instance are divided into 2 groups.
The first are the nonenteric materials and include methylecliulose, cthyl cellulose,
hydroxycthyl cellulose, methylhydroxy-cthyl cellulose, hydroxypropyl cellulose,
hydroxypropyl-methyl cellulose, sodium carboxymethyl celiulose, providone and the
polyethylene glycols. The second group consists of the enteric materials that are

commonly csters of phthalic acid.

[00346] A mix of materials might be used to provide the optimum film coating. Film
coating can be carricd out in a pan coater or in a fluidized bed or by compression

coating.

[60347] Pulmonary delivery forms. Pulmonary delivery of the inventive

compositions is also useful. The protein (or derivative) is delivered to the Jungs of a
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mammal while inhaling and traverses across the lung cpithelial lining to the blood

strecam. (Other reports of this include Adjei et al., Pharma. Res. (1990) 7: 565-9; Adjci

ctal. (1990), Internatl. J. Pharmaceutics 63: 135-44 (leuprolide acetate); Braquet et al.
(1989}, J. Cardiovasc. Pharmacol. 13 (suppl.5): 5.143-146 (endothelin-1); Hubbard et al.
(1989), Annals Int. Med. 3: 206-12 (o l-antitrypsiny;, Smith et al. (1989}, J. Clin. Invest.

84: 1145-6 (o.1-proteinase); Oswein et al. (March 1990), "Aerosolization of Proteins,”

Proc. Symp. Resp. Drug Delivery 1, Keystone, Colorado (recombinant human growth

hormone); Debs et al. (1988), J. Immunol. 140: 3482-8 (interferon-~y and tumor nccrosis
factor o) and Platz et al., U.S. Patent No. 5,284,656 (granulocyte colony stimulating

factor).

{08348] Useful in the practice of this invention are a wide range of mechanical
devices designed for pulmonary delivery of therapeutic products, including but not
limited to nebulizers, metered dose inhalers, and powder inhalers, all of which are
familiar to thosc skilled in the art. Some specific examples of commercially available
devices suitable for the practice of this invention are the Ultravent nebulizer,
manufactured by Mallinckrodt, Inc., St. Louis, Missourt; the Acorn 1 nebulizer,
manufactured by Marquest Medical Products, Englewood, Colorado; the Ventolin
metered dose inhaler, manufactured by Glaxo Inc., Research Triangle Park, North
Caroling; and the Spinhaler powder imhaler, manufactured by Fisons Corp., Bedford,
Massachusetts. (Sce, e.g., Helgesson et al., Inhalation device, U.S. Patent No.
6,892,728, McDerment et al., Dry powder inhaler, WO 02/11801 Al; Ohki ct al,,
Inhalant medicator, U.S. Patent No. 6,273,086). All such devices require the use of
formulations suitable for the dispensing of the inventive compound. Typically, cach
formulation 1s specific to the type of device employed and can involve the use of an
appropriate propellant material, in addition to diluents, adjuvants and/or carricrs useful

in therapy.

[66349] The mventive compound should most advantageously be prepared in
particulate form with an average particle size of less than 10 pm (or microns), most

preferably 0.5 to 5 wm, for most effective delivery to the distal lung.
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{06356] Pharmaceutically acceptable excipients include carbohydrates such as
trehalose, mannitol, xylitol, sucrose, lactose, and sorbitol. Other ingredients for use in
formulations can include DPPC, DOPE, DSPC and DOPC. Natural or synthetic
surfactants can be used. PEG can be used (cven apart from its use in derivatizing the
protein or analog). Dextrans, such as cyclodextran, can be used. Bile salts and other
rclated enhancers can be used. Cellulose and cellulose derivatives can be used. Amino

acids can be used, such as use in a buffer formulation.

10863511 Also, the use of liposomes, microcapsules or microspheres, inclusion

complexcs, or other types of carriers is contemplated.

[00352] Formulations suitable for use with a nebulizer, either jet or ultrasonic, will
typically comprisc the inventive compound dissolved in water at a concentration of
about 0.1 to 25 mg of biologically active protein per mL of solution. The formulation
can also include a buffer and a simple sugar {(e.g., for protein stabilization and
regulation of osmotic pressure). The nebulizer formulation can also contain a surfactant,
to reduce or prevent surface induced aggrepation of the protein caused by atomization

of the solution in forming the acrosol.

1083531 Formulations for use with a metered-dose inhaler device will generally
comprise a finely divided powder containing the inventive compound suspended in a
propellant with the aid of a surfactant. The propellant can be any conventional material
cmployed for this purpose, such as a chlorofluorocarbon, a hydrochlorofluorocarbon, a
hydroflucrocarbon, or a hydrocarbon, including trichlorofluoromethane,
dichlorodifluoromethane, dichlorotetrafiuoroethanol, and 1,1,1,2-tetraflucrocthane, or
combinations thereof. Suitable surfactants mclude sorbitan trioleate and soya lecithin.
Oleic acid can also be useful as a surfactant. (Sce, ¢.g., Bickstrom et al., Aerosol drug
formulations containing hydrofluoroalkancs and alkyl saccharides, U.S. Patent No.

6,932,962).

{06354] Formulations for dispensing from a powder inhaler device will comprise a
finely divided dry powder containing the mventive compound and can also include a

bulking agent, such as lactose, sorbitol, sucrose, mannitol, trehalose, or xylitol in
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amounts which facilitate dispersal of the powder from the device, e.g., 50 to 90% by

weilght of the formulation.

1063551 Nasal delivery forms. In accordance with the present imvention, intranasal

delivery of the inventive composition of matter and/or pharmaccutical compositions is
also uscful, which allows passage thereof to the blood stream directly after
administration to the inside of the nose, without the necessity for deposttion of the
product in the lung. Formulations suitable for intransal administration include those
with dextran or cyclodextran, and intranasal delivery devices are known. (See, ¢.g,

Freezer, inhaler, U.S. Patent No. 4,083,368).

[06356] Transdermal and transmucosal {e.g., buccal) delivery forms). In some

embodiments, the inventive composition i configured as a part of a pharmaceutically
acceptable transdermal or transmucosal patch or a troche. Transdermal patch drug
delivery systers, for example, matrix type transdermal patches, are known and useful
for practicing some embodiments of the present pharmaceutical compositions. (E.g.,
Chien ct al., Transdermal estrogen/progestin dosage unit, system and process, U.S.
Patent Nos. 4,906,169 and 5,023,084; Cleary ct al., Diffusion matrix for transdermal
drug administration and transdermal drug delivery devices meluding same, U.S. Patent
No. 4,911,916; Teillaud ct al., EV A-based transdermal matrix system for the
administration of an estrogen and/or a progestogen, U.S. Patent No. 5.605,702;
Venkateshwaran et al., Transdermal drug delivery matrix for coadministering estradiol
and another steroid, U.5. Patent No. 5,783,208; Ebert et al., Methods for providing
testosterone and optionally estrogen replacement therapy to women, U.S. Patent No.
5,460,820). A varicty of pharmaccutically acceptable systems for transmucosal
delivery of therapeutic agents arc also known in the art and arc compatible with the
practice of the present invention. (E.g., Hetber et al,, Transmucosal delivery of
macromolccular drugs, U.S. Patent Nos. 5,346,701 and 5,516,523; Longenecker et al.,

Transmembranc formulations for drug administration, U.S. Patent Neo. 4,594,439).

10035871 Buccal delivery of the mventive compositions 1s also uscful. Buccal delivery
formulations arc known in the art for use with peptides. For ecxample, known tablet or

patch systers configured for drug delivery through the oral mucosa (c.g., sublingual
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mucosa), include some embodiments that comprise an inner layer containing the drug, a
permeation enhancer, such as a bile salt or fusidate, and a hydrophilic polymer, such as
hydroxypropyl cellulose, hydroxypropyl methyleetiulose, hydroxyethyl cellulose,
dextran, pectin, polyvinyl pyrrolidone, starch, gelatin, or any number of other polymers
known to be useful for this purpesc. This inner layer can have one surface adapted to
contact and adhere to the moist mucosal tissue of the oral cavity and can have an
opposing surface adhering to an overlying non-adhesive inert layer. Optionally, such a
transmucoesal delivery system can be in the form of a bilaycer tablet, 1n which the tnner
layer also contains additional binding agents, flavoring agents, or fillers,  Some useful
systems employ a non-lonic detergent along with a permeation enhancer. Transmucosal
delivery devices may be m {free form, such as a cream, gel, or ointment, or may
comprisc a determinate form such as a tablet, patch or troche. For example. delivery of
the mventive corposition can be via a transmucosal delivery system comprising a
laminated composite of, for example, an adhesive layer, a backing layer, a permeable
membrane defining a reservoir containing the inventive composition, a peel seal disc
underlying the membrane, one or more heat scals, and a removable release liner. (E.g.,
Ebert ct al., Transdermal delivery system with adhesive overlay and peel seal dise, U.S.
Patent No. 5,662,925; Chang et al., Device for administering an active agent to the skin
or mucosa, U.S. Patent Nos. 4,849,224 and 4,983,395). These examples are merely
llustrative of available transmucosal drug delivery technology and are not limiting of

the present invention.

[00358] Posages. The dosage regimen involved in a method for treating the above-
described conditions will be determined by the attending physician, considering various
factors which modify the action of drugs, ¢.g. the age, condition, body weight, scx and
diet of the patient, the severity of any infection, time of administration and other chinical
factors. Generally, the daily regimen should be in the range of 0.1-1000 micrograms of
the inventive comnpound per kilogram of body weight, preferably 0.1-150 micrograms

per kilogram.

[00359] By way of further illustration, the following numbered ecmbodiments arc

encompassed by the present invention:
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[60360] 1. A composition of matter comprising an isolated polypeptide

comprising the amino acid sequence of the formula:

Iy 2y 3y dvy Sq by Ty 8 Ov 10w 1l 12+ 13x, 14, 15

x:’!él Xaa Xaa x‘c]‘d Xazk Xﬂil Xﬁ.‘l xaa Xﬂ:l Xail X;m X;m X:iﬂ xﬂ‘c\ Aé’p
16 17

Xa‘d X'clﬂ

1B 19 20 21 22 23 <y 24 25 20~, 27, 28 29 3¢
xsa aa Xaa X{m Xan Xaa xfm X:m xaa )(_:m .X»aa Xna X{sa

i

r

Ko Ly X K K Ko O e Ko HISEQ D NO:4T5

or a pharmaceutically acceptable salt thereof,

wherein:
Ko Xt is absent; or Ko is any amino acid residue and Koo 18 any amino acid
residue; or X is absent and X..° is any amino acid residue;

Kaa ™ 15 Cys, 1f Ko~ is Cys; or Koo 18 SeCys, it Xy © 15 SeCys; or X7 is an

. . . . R
alkyl amino acid residue, if X,,"

is an alkyl amino acid residue;
Koa' i an acidic, hydrophobic, basic, or neutral hydrophilic amino acid residue;
Kaa 15 a Gly, Ala, hydrophobic, or basic amino acid residuc;

X' 18 a Gly, Ala, 2-Abu, Nle, Nva, or hydrophobic amino acid residue;

7o

Kaa 18 a Gly, Ala, aromatic, or hydrophobic amino acid residue;

Koo' 18 a basic, acidic, or neutral hydrophilic amino acid residue, or an Ala

residue;

Xa is a basic or ncutral hydrophilic amino acid residue;

LT Cys if BT Cys; or Ky, Wig SeCys if Ko is ScCys;

}{m” is any amino acid residuc;

X lis a Pro, acidic, noutral, or hydrophobic amino acid restdue;

Ko 18 any amino acid residue;

K ' 18 any amino acid residuc;

K" is a basic, neutral hydrophilic, or acidic amineo acid residue, or an Ala
residue;

H

Koo' s a Cysif Xy is Cys; or X' 15 a SeCys if Ko is SeCys;
X' ¥ is a Cys, SeCys, or an alkyl amino acid residue;

K is any amino acid residue;

Ko is a Pro, Gly, basic, or neutral hydrophilic residue;

K| is a basic, hydrophobic, or neutral hydrophilic amino acid residue;
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2% . . . . - .
Kulisa hydrophobic or basic amino acid residue;
} 23 . g , oy = . . .
X 18 a hydrophobic, basic, or neutral hydrophilic amino acid residue;
24 . . ‘ .
K™ 18 a Cys or SeCys residuc;
X' is a Ser, Ala, or a neutral hydrophilic amino acid residue;
w26 - PR . iy . . .
Kaa' 1 an Ala, acidic, basic, or ncutral hydrophilic amino acid residue;
X' 18 an acidic, basic, neutral hydrophilic or hydrophobic residue;
X 15 an aromaftic or basic amino acid residue;
2(A . . g0 . . g . . .
X2 is an acidic, basic, or ncutral hydrophilic amino acid residue;
P . rre - - - - - W
Koo is a Trp, S-bromoTrp, 6-bromoTrp, S-chloroTrp, 6-chloroTrp, 1-Nal, 2-
Nal, or thioTrp residuc;
o - 2
. 3t . .
Ko 15 a Cys or ScCys;

s 33
Xazl .

s a hydrophobic or aromatic amino acid residue;

Koo' is any aroino acid residuc;

Ko s a hydrophobic amino acid residuc;

cach of X, , X707, and X% is independently absent or 1s independently a

neutral, basic, or hydrophobic amino acid residue;

and wherein:

if X7 and X..'® are both Cys residucs, there 18 a disulfide bond between residue
X, and residuc Xmm; or if Xao and X '® are both ScCys residucs, there is a disclenide
bond between residue Xqo and residue Xm,lg;

if ¥ and X,,2* are both Cys residucs, there is a disulfide bond between

2

. 16 : ;24 . 10 < 24 e .
residuc X,o o and residue X, or if Xy, and X, arc both SeCys residues, there is a

diselenide bond between residue X' © and residue ){;,4124;

if X' and X, are both Cys residues, there is a disulfide bond between
residue X, and residue X0 or iF X, and X0 are both 5cCys residues, there is a
diselenide bond between residue X and residue Xoo ];

the amino-terminal residue is optionally acetylated, biotinylated, or 4-
pentynoylated, or PEGylated; and

the carboxy-terminal residuc is optionally amidated.

1663611 2. The composition of matter of Ermnbodiment 1 wherein Ko 18

sclected from Ala, Glu, Asp, Phe, Pro, He, Leu, Mct, Val, Trp, Tyr, Arg, Lys, His,
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homolysine, ornithine, arginine, N-methyl-arginine, w-aminoarginine, o-methyl-
arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-
methyl lysine, Dab, cyclohexylglycine (Chg), cyclohexylalanine (Cha), glycine,
norleucine, norvaline, 1-Nal, 2-Nal, 4-phenyl-phenylalanine (Bip), Gln, Asn, Ser, Thr,

rhosphoserine, phosphotyrosine, samma-carboxyglutarnic acid, and Cit residues.
: s B ¥ P

106362} 3. The composition of matter of Embodiments 1-2, wherein X, is
selected from Ala, Phe, Ile, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, homolysine,
ornithine, arginine, N-methyl-arginine, @-aminoarginine, o-methyl-arginine, 1-methyl-
histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-¢-methy! lysine, Dab,
glycine, norleucine, norvaline, 1-Nal, 2-Nal, 1"MNMe-Trp, cyclohexylglycine (Chg),

cyclohexylalanine (Cha), and 4-phenyl-phenylalanine (Bip) residucs.

180363] 4. The composition of matter of Embodiments [-3, wherein X' is
selected from Ala, Gly, 2-Abu, Phe, He, Leu, Met, Val, Trp, Tyr, proline, thiaproling,
methionine, glycine, norleucine, norvaline, [-Nal, 2-Nal, 1"NMe-Trp,
cyclopentylglycine (Cpg), phenylglycine, N-methyllcucine, N-methylphenylalanine, N-
methylvaline, cyclohexylglyeine (Chg), cyclohexylalanine (Cha), 2-chloro-
phenylalanine, 4-chloro-phenylalanine, 3,4-dichlorophenylalanine, 4-trifluoromethyl-

phenylalanine, and 4-phenyl-phenylalanine (Bip) residues.

60364} 5. The composition of matter of Embodiments 1-4, wherein 3, is
selected from Gly, Ala, Phe, He, Leu, Met, Val, Trp, Tyr, norlcucing, norvaline, Pro, 2-
pyridinylalanine, 1-Nal, 2-Nal, I"NMe-Trp, cyclohexylglycine (Chg), cyclohexylalanine
{Cha), 2-chloro-phenylalanine, 4-chloro-phenylalanine, 3,4-dichiorophenylalaning, 4-

triflucromcthyl-phenylalanine, and 4-phenyl-phenylalanine (Bip) residucs.

100365] 6. The composition of matter of Embodiments 1-5, wherein Koo' is

selected from Ala, Arg, Lys, His, homolysine, orntthine, N-methyl-arginine, w-
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aminoarginine, w-methyl-arginine, I-methyl-histidine, 3-methyi-histidine,
homoargiine, N-methyl-lysine, N-g-methyl lysine, Dab, Ser, Thr, Asn, Gln, Cit, Asp,

phosphoserine, phosphotyrosine, gamma-carboxyglutamic acid, and Glu residucs.

[80366] 7. The composition of matter of Embodiments 1-6, wherein Keo 18
selected from Ala, Pro, Met, Arg, Lys, His, homolysine, ornithine, arginine, N-methyl-
arginine, @-aminoarginine, o-methyl-arginine, I-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-¢-methyl lysine, Dab, Gln, Asn, Ser, Thr, and Cit

residues.

1843671 8. The composition of matter of Embodiments 1-7, wherein Xl s
sclected from Ala, Asp, Glu, Phe, Gly, His, {le, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser,
Thr, Val, Trp, Tyr, Pra, Atz, homolysinc, ornithine, N-methyl-arginine, o-
aminocarginine, o-methyl-arginine, I-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-
Nal, cyclohexylglycine (Chg), cyclohexylalanine (Cha), and 4-phenyl-phenylalanine

(Bip) residues.

[00368] 9. The composition of matter of Embodiments 1-8, wherein X' © is
selected from alanine, valine, leueine, 1soleucine, proline, scrine, thrconine, aspartic
acid, glutamatic acid, glycine, norleucine, norvaline, 1-Nal, 2-Nal, I’NMe-Trp, Cha,
and 4-pheunyl-phenylalanine (Bip), cyclohexylglycine {Chg), cyclohexylalanine (Cha),

asparagine, glutamine, methionine, hydroxyproline, phenylalanine, tryptophan, and

tyrosine.
. e L . . 13 -
[68365] 10. The composition of matter of Embodiments 1-9, wherein X, 7 18

selected from Ala, Asp, Glu, Phe, Gly, His, He, Lys, Leu, Mct, Asn, Pro, Gln, Arg, Ser,
Thr, Val, Trp, Tyr, Pra, Atz, homolysine, ornithine, N-methyl-arginine, o-

aminoarginine, @-methyl-arginine, I-methyl-histidine, 3-methyl-histidine,
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homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-
Nal, cyclohexylglycine (Chg), cyclohexylalanine (Cha), and 4-phenyl-phenylalanine
(Bip) residues.

[06376] 1. The composition of matter of Embodiments 1-10, wherein X,
15 selected from Ala, Asp, Glu, Phe, Gly, His, Ile, Lys, Leu, Met, Asn, Pro, Gln, Arg,
Ser, Thr, Val, Trp, Tyr, Pra, Atz, homolysine, ornithine, N-methyl-arginine, o-
aminocarginine, w-methyl-arginine, l-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, norlcucime, norvaline, 1-Nal, 2-
Nal, cyclohexylglycine (Chg), cyclohexylalanine (Cha), and 4-phenyl-phenylalanine

(Bip) residues.

164371 12. The composition of matter of Embodiments 1-11, wherein Kon'®

is selected from Ala, Pro, Met, Arg, Lys, His, Pra, Atz, homelysine, ornithine, arginine,
M-methyl-arginine, w-aminoarginine, w-mcthyl-arginine, 1-methyl-histidine, 3-methyl-
histidine, homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, Gln, Asn, Ser, Thr, Cit,

Asp, phosphoserine, phosphotyrosine, gamma~carboxyglutamic acid, and Glu residues.

180372} 13. The compaosition of matter of Embodiments 1-12, wherein Kaa”
is selected from Ala, Asp, Glu, Phe, Gly, His, He, Lys, Leu, Met, Asn, Pro, Gln, Arg,
Ser, Thy, Val, Trp, Tyr, homolysine, ornithine, N-methyl-arginine, @w-amincarginine, o-
methyl-arginine, |-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine,
N-s-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-Nal, cyclohexylglycine (Chg),

cyclohexylalanine (Cha), and 4-phenyi-phenylalanine (Bip) residucs,

1903733 14. The composition of matter of Embodiments 1-13, wherein Xu,
1y selected from Ala, Gly, Pro, Met, Arg, Lys, His, homolysine, ornithine, arginine, M-

methyl-arginine, w-amincarginine, w-methyl-arginine, -methyl-histidine, 3-methyl-
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histidine, homoarginine, N-methyl-lysine, N-c-methyl lysine, Dab, Gln, Asn, Ser, Thr, and

Cit residues.

160374} 15, The composition of matter of Embodiments 1-14, wherein ¥,,>
is sclected from Ala, Phe, Pro, e, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, homolysine,
ornithine, arginine, N-methyl-arginine, w-aminoarginine, w-methyl-arginine, I-methyl-
histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-s-methyl lysine, Dab,
cyclohexylglycine (Chg), cyclohexylalanine (Cha}, glycine, norleucine, norvaline, 1-

Nal, 2-Nal, 4-phenyl-phenylalanine (Bip), Gln, Asn, Ser, Thr, and Cit residues.

1060375] 16.  The composition of matter of Embodiments 1-15, wherein X,,>
is sclected from Ala, Phe, He, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, homolysine,
ornithine, N-methyl-arginine, w-aminoarginine, w-mothyl-arginine, -mecthyl-histidine,
3-methyl-histidine, homoarginine, N-methyl-lysine, N-e-methyl lysine, Dab, glycine,
norleucine, norvaline, 1-Nal, 2-Nal, 1"NMe-Trp, cyclohexyiglycine (Chg),

cyclohexylalanine (Cha), and 4-phenyl-phenylalanine (Bip) residues.

[08376] 17. The composition of matter of Embodiments 1-16, wherein X,*°
is selected from Ala, Phe, Pro, Ile, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, Pra, Atz,
hemolysine, ornithine, N-methyl-arginine, w-aminoarginine, w-methyl-arginine, 1-
methyl-histidine, 3-methyi-histidine, homoarginine, N-methyl-lysine, N-c-methyl lysine,
Dab, cyclohexylglycine (Chg), cyclohexylalanine (Cha), glycine, norleucine, norvaline,

I-Nal, 2-Nal, 4-phenyl-phenylalanine (Bip), Gln, Asn, Ser, Thr, and Cit residues.

1063771 18. The composition of matter of Embodiments 1-17, wherein X,

is selected from Ala, Gly Pro, Met, Gin, Asn, Ser, Thr, and Cit residues.

100378] 19. The composition of matter of Embodiments 1-18, wherein ¥,

1s selected from Ala, Pro, Met, Arg, Lys, His, homolysine, ornithine, N-methyl-
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arginine, w-aminoarginine, o-methyl-arginine, T-methyl-histidine, 3-mcthyl-histidine,
homoarginine, N-methyi-lysine, N-g-methyl lysine, Dab, glycine, Ghy, Asp, phosphoserine,

phosphotyrosine, gamma-carboxyglutamic acid, Gln, Asn, Ser, Thr, and Cit residues.

[00373%] 20. The composition of matter of Embodiments 1-19, wherein po
is selected from Thr, Leu, Ile, Val, Ser, Met, Gin, Asn, Phe, Tyr, Trp, norleucine,
norvahne, I-Nal, 2-Nal, cyclohexylglycine (Chg), cyclohexylalanine (Cha), 4-phenyl-
phenylalanine (Bip), Arg, Lys, His, homolysine, ornithine, arginine, N-methyl-arginine,
w-aminoarginine, w-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, Asp, Glu, phosphoscrine,

phosphotyrosine, gamma-carboxyglutamic acid, and Gly residucs.

2

{06388 21. The composition of matter of Embodiments 1-20, wherein o
i5 selected from Phe, Trp, Tyr, Arg, Lys, His, homelysine, oroithine, N-methyl-arginine,
@-aminoarginine, o-methyl-arginine, I-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, 1-Nal, 2-Nal, 2-pyridyl-alanine,
3-pyridyl-alanine, 4-pyridyl-alanine, 4-piperidinyl-alanine, and 4-phenyl-phenylalanine

{Bip) residucs.

{86381} 22, The composition of matter of Embodiments 1-21, wherein KD
15 selected from Ala, Asp, Glu, phosphoserine, phosphotyrosine, garnma-
carboxyglutamic acid, Phe, Gly, His, Lys, Asn, Pro, Gln, Arg, Ser, Thr, Tyr, Pra, Atz,
homolysine, ornithine, N-methyl-arginine, w-aminoarginine, v-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-c-methyl ysine,

and Dab residucs.

. - .. . . . p C e 33
1603821 23. The composition of matter of Embodiments 1-22, wherein X,
18 selected from Phe, e, Leu, Met, Val, Trp, Tyr, norleucine, norvaline, 1-Nal, 2-Nal,

PNMe-Trp, eyclohexylglycine (Chg), cyclohexylalanine (Cha), 2-chlovoe-
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phenylalanine, 4-chloro-phenylalanine, 3,4-dichlorophenylalanine, 4-trifluoromethyl-
phenylalanine, 2-pyridyl-alanine, 3-pyridyi-alanine, 4-pyridyl-alanine, 4-piperidinyl-

alanine, and 4-phenyl-phenylalanine (Bip) residues.

[06383] 24. The composition of matter of Embodiments 1-23, wherein 3,00
1s selected from Ala, Asp, Glu, Phe, Gly, His, Hle, Lys, Leu, Mct, Asn, Pro, Gln, Arg,
Secr, Thr, Val, Trp, Tyr, Pra, Atz, homolysine, ornithine, N-methyl-arginine, o-
aminoarginine, w-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, norieucine, norvaline, 1-Nal, 2-
Nal, 1"NMe-Trp, cyclohexylglycine (Chg), cyclohexylalanine (Cha), 2-chloro-
phenylalanine, 4-chloro-phenylalanine, 3,4-dichlorophenylalanine, 4-teifluoromethyl-
phenylalanine, 2-pyridyl-alanine, 3-pyridyl-alanine, 4-carboxy-phenylalanine, and 4-

phenyl-phenylalanine (Bip) residues.

160384] 25.  The composition of matter of Embodiments 1-24, wherein X,
is selected from Phe, Ile, Leu, Met, Val, Trp, Tyr, norleucine, norvaline, 1-Nal, 2-Nal,
I'NMe-Trp, eyclohexyiglyeine {Chg), cyclohexylalanine (Cha), 2-chloro-

phenylalanine, 4-chloro-phenylalanine, 3,4-dichlorophenylalanine, 4-trifluoromethyl-

phenylalanine, and 4-phenyl-phenylalanine (Bip) residues.

[60385] 26. The composition of matter of Embodiments 1-25, wherein each
of X, Xao |, and Xoo " is independently absent or is independently selected from Ala,
Phe, Gly, His, le, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, Tyr,
homolysine, ornithine, N-mcthyl-arginine, m-aminoarginine, o-methyl-arginine, -
methyl-histidine, 3-mcthyl-histidine, homoarginine, N-methyl-lysine, N-gc-methyl lysine,
Dab, norleucine, norvaline, 1-Nal, 2-Nal, cyclohexylglycine (Chg), cyclohexylalanine

{Cha), and 4-phenyl-phenylalanine (Bip) residues.
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[00386] 27. The composition of matter of Embodiments 1-26, wherein

3 -
Koland X,.'% are alkyl residues.

100387 28. The composition of matter of Embodiment 27, wherein Ko and

.18 . . .
Xaa - are, independently, Ala or 2-Abu residucs.

{66388] 29. The composition of matter of Embodiments 1-28, whercin the

carboxy-terminal residue is amidated.

100389 30, The composition of matter of Embodiments 1-29, wherein the

isolated polypeptide comprises the amino acid sequence of the formula:

e 203 4+, 5 6 7 8 D N0y 11 12+, 13 i4 4 15
Xaa Xaul (-Yb Xaa X-aa Ala’ }{zla Xflﬂ( Xaa CY% b, 2 Xaa /‘{ua -Xsm ASP
16 11, 18 19 <, 20 21 22 22 24 25
Kaa ) (y" (‘y-‘; Koo Koo Xaa” Xaa"Xaa (-yb Xaa
2=, 27, 28+, 29 30
Xaa -)‘:;13 San ){an Xaa

Cys” Lys™ Ko Ko Xaa” Kaa Kan Kaa 1) SEQ 1D NO:476.

(083981 31. The composition of matter of Embodiments 1-29, wherein Ko is
Ala.

[66391] 32 The composition of matter of Embodiment 31, wherein K 18
Glu.

[80392] 33, The composition of matter of Embodiments 31-32, wherein Xu

18 Asp, Glu, or Gln.

160393} 34, The composition of matter of Embodiment 31, comprising an
amino acid sequence selected from SEQ 1D NOS: 22, 252-263, 419-439, 518-521, 324,
525, 562-580, 602, 691, 692, 696-703, 715, 721-735, 737-749, 756, 757, 761, 762, 764-
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771, 787-796, 798, 800, 802, 803, 809-812, 1028, 1030-1040, 1043-1047, 1062-1065,
and 1068-1970.

160394] 3s. The composition of matter of Embodiment 31, comprising an
amino acid scquence selected from SEQ 1D NOS: 1082, 1096, 1110, 1124, 1135, 1146,
1157, 1165, 1173, 1181, 1192, 1203, 1214, 1222, 1230, 1238, 1249, 1260, 1271, 1279,
1287, 1295, 1306, 1317, 1328, 1336, 1344, 1352, 1360, 1368, 1376, 1384, 1392, 1400,
1408, 1416, 1424, 1432, 1440, 1448, 1456, 1464, 1472, 1480, 1488, 1496, 1504, 1512,
1520, 1528, 1536, 1544, 1552, 1560, 1568, 1576, 1584, 1592, 1600, 1608, 1616, 1624,
1632, 1640, 1658, 1672, 1686, 1700, 1711, 1722, 1733, 1741, 1749, 1757, 1768, 1779,
1790, 1798, 1806, 1814, 1825, 1836, 1847, 1855, 1863, 1871, 1882, 1893, 1904, 1912,
1920, 1928, 1936, 1944, 1952, 1960, 1968, 1976, 1984, 1692, 2000, 2008, 2016, 2024,
2032, 2040, 2048, 2056, 2064, 2072, 2080, 2088, 2096, 2104, 2112, 2120, 2128, 2136,
2144, 2152, 2100, 2168, 2176, 2184, 2192, 2200, 2208, 2216, 2234, 2248, 2262, 2276,
2287,2298, 2309, 2317, 2325, 2333, 2344, 2355, 2366, 2374, 2382, 2390, 2401, 2412,
2423, 2431, 2439, 2447, 2458, 2469, 2480, 2488, 2496, 2504, 2512, 2520, 2528, 2536,
2544, 2552, 2560, 2568, 2576, 2584, 2592, 2600, 2608, 2616, 2624, 2632, 2640, 2648,
2656, 2664, 2672, 2680, 2688, 2696, 2704, 2712, 2720, 2728, 2736, 2744, 2752, 2760,
2768, 2776, 2784, 2792, 2808, 2822, 2833, 2844, 2855, 2863, 2871, 2879, 2890, 2901,
2912, 2920, 2928, 29306, 2944, 2952, 2960, 2968, 2976, 2984, 2992, 3000, 3008, 3016,
3024, 3032, 3040, 3048, 3056, 3064, 3072, and 3080.

(80395} 36.  The composition of matter of Embodiment 31, comprising an

amino acid sequence selected from SEQ 1D NOS: 597-601 and 813-1027.

[00396] 37. The composition of matter of Embodiments 1-29, wherein Xl is
Gly.

{00397] 38. ?%cconmoﬁﬁonofnmﬁer0fEnﬁmdﬁnmﬁ37;whmeﬂ1XMmis
Glu.
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[64398] 39. ThccompDMﬁonofnmﬁerofEnﬁmdhnmﬁs3T38,whmmhlxmw

1s Asp, Ghu, or Gln.

[00399] 40, The composition of matter of Embodiment 37, comprising an
amino acid sequence selected from SEQ 1D NOS: 265, 751, 752, 754,755, 1081, 1095,
1109, 1123, 1134, 1145, 1156, 1164, 1172, 1180, 1191, 1202, 1213, 1221, 1229, 1237,
{248, 1259, 1270, 1278, 1286, 1294, 1305, 1316, 1327, 1335, 1343, 1351, 1359, 1367,
1375, 1383, 1391, 1399, 1407, 1415, 1423, 1431, 1439, 1447, 1455, 1463, 1471, 1479,
1487, 1495, 1503, 1511, 1519, 1527, 1535, 1543, 1551, 1559, 1567, 1575, 1583, 1591,
1599, 1607, 1615, 1623, 1631, 1635, 1657, 1671, 1685, 1699, {710, 1721, 1732, 1740,
1748, 1756, 1767, 1778, 1789, 1797, 1805, 1813, 1824, 1835, 1846, 1854, 1862, 1870,
1881, 1852, 1903, 1911, 1919, 1927, 1935, 1943, 1951, 1959, 1967, 1975, 1983, 1991,
1999, 2007, 2015, 2023, 2031, 2039, 2047, 2055, 2063, 2071, 2079, 2087, 2095, 2103,
2111, 2119, 2127, 2135, 2143, 2151, 2159, 2167, 2175, 2183, 2191, 2199, 2207, 2215,
2233, 2247, 2261, 2275, 2286, 2297, 2308, 2316, 2324, 2332, 2343, 2354, 2365, 2373,
2381, 2389, 2400, 2411, 2422, 2430, 2438, 2446, 2457, 2468, 2479, 2487, 2495, 2503,
2511, 2519,2527, 2535, 2543, 2551, 2559, 2567, 2575, 2583, 2591, 2599, 2607, 26135,
2023,20631, 2639, 2647, 2655, 2663, 2671, 2679, 2687, 2695, 2703, 2711, 2719, 2727,
27735, 2743, 2751, 2759, 2767, 2775, 2783, 2791, 2807, 2821, 2832, 2843, 2854, 2862,
2870, 2878, 2889, 2900, 2911, 2919, 2927, 2935, 2943, 2951, 2959, 2967, 2975, 2983,
2991, 2999, 3007, 3015, 3023, 3031, 3039, 3047, 3055, 3063, 3071, and 3079.

1004601 41, 'ﬁwcmmmﬂﬂmuﬁnmﬂmxﬁﬁn@e&mmﬁsL%&whwdnxmﬂs
2-Abuy

[00401] 42, The composition of matter of Embodiment 41, wherein X" is
Glu.
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[60402] 43, The composition of matter of Embodiments 41-42, wherein X,,”
1§ Asp, Glu, or Gin.

100483] 44, The composition of matter of Embodiment 41, comprising an
amino acid scquence sclected from SEQ 1D NOS: 605, 636, 649, 766, 707, 718, 753,
758,797,799, 801, 804, 807, 808, 1029, 1041, 1042, 1048, 1066, 1067, 1083, 1097,
PETLL 1125, 1136, 1147, 1158, 1166, 1174, 1182, 1193, 1204, 1215, 1223, 1231, 1239,
1250, 1261, 1272, 1280, 1288, 1296, 1307, 1318, 1329, 1337, 1345, 1353, 1361, 1369,
1377, 1385, 1393, 1401, 1409, 1417, 1425, 1433, 1441, 1449, 1457, 1465, 1473, 1481,
1489, 1497, 1505, 1513, 1521, 1529, 1537, 1545, 1553, 1561, 1569, 1577, 1585, 1593,
1601, 1609, 1617, 1625, 1633, 1641, 1659, 1673, 1687, 1701, 1712, 1723, 1734, 1742,
1750, 1758, 1769, 1780, 1791, 1799, 1807, 1815, 1826, 1837, 1848, 18506, 1864, 1872,
1883, 1894, 1905, 1913, 1921, 1929, 1937, 1945, 1953, 1961, 1969, 1977, 1985, 1993,
2001, 2009, 2017, 2025, 2033, 2041, 2049, 2057, 2065, 2073, 2081, 2089, 2097, 2105,
2113,2121,2129,2137,2145, 2153, 2161, 2169, 2177, 2185, 2193, 2201, 2209, 2217,
2235, 2249, 2263, 2277, 2288, 2299, 2310, 2318, 2326, 2334, 2345, 2356, 2367, 2375,
2383, 2391, 2402, 2413, 2424, 2432, 2440, 2448, 2459, 2470, 2481, 2489, 2497, 2505,
2513,2521, 2529, 2537, 2545, 2553, 2561, 2569, 2577, 2585, 2593, 2601, 2609, 2617,
2625, 2633,20641, 2649, 2657, 2665, 2673, 2681, 2689, 2697, 2705, 2713, 2721, 2729,
2737, 2745,2753, 2761, 2769, 2777, 2785, 2793, 2809, 2823, 2834, 2845, 2856, 2864,
2872, 2880, 2891, 2902, 2913, 2921, 2929, 2937, 2945, 2953, 2961, 2969, 2977, 2985,
2993, 3601, 3009, 3017, 3025, 3033, 3041, 3049, 3057, 3065, 3073, and 3081.

004041 45, The composition of matter of Embodiments 1-29, whercin X.." is
Nle.

[00405] 46, Thecxnnpomﬁen(ﬁﬂnaﬁerofihnbodhﬂent45,m&uxekyxaﬁ7is
Glu.
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[004066] 47. The composition of matter of Embodiments 45-46, wherein Ka™
is Asp, Glu, or Gln.

(56407} 48.  The composition of matter of Embodiment 45, comprising an
amino acid sequence selected from SEQ 1D NOS: 607, 638, 651, 1085, 1099, 1113,
1127, 1138, 1149, 1160, 1168, 1176, 1184, 1195, 1206, 1217, 1225, 1233, 1241, 1252,
1263, 1274, 1282, 1290, 1298, 1309, 1320, 1331, 1339, 1347, 1355, 1363, 1371, 1379,
1387, 1395, 1403, 1411, 1419, 1427, 1435, 1443, 1451, 1459, 1467, 1475, 1483, 1491,
1496, 1507, 1515, 1523, 1531, 1536, 1547, 1555, 1563, 1571, 1579, 1587, 1595, 1603,
1611, 1619, 1627, 1635, 1643, 1661, 1675, 1689, 1703, 1714, 1725, 1736, 1744, 1752,
1760, 1771, 1782, 1793, 1801, 1809, 1817, 1828, 1839, 1850, 1858, 1866, 1874, 1885,
1896, 1907, 1915, 1923, 1931, 1939, 1947, 1955, 1963, 1971, 1979, 1987, 1995, 2003,
2011, 2019, 2027, 2035, 2043, 2051, 2059, 2067, 2075, 2083, 2091, 2099, 2107, 2115,
2123,2131,2139,2147, 2155, 2163, 2171, 2179, 2187, 2195, 2203, 2211, 2219, 2237,
2251, 2265,2279, 2290, 2301, 2312, 2320, 2328, 2336, 2347, 2358, 2369, 2377, 2385,

393, 2404, 2415, 2426, 2434, 2442, 2450, 2461, 2472, 2483, 2491, 2499, 2507, 2515,
2523,2531, 2539, 2547, 2555, 2563, 2571, 2579, 2587, 2595, 2603, 2611, 2619, 2627,
2633, 2643, 2051, 2659, 2667, 2675, 2683, 2691, 2699, 2707, 2715, 2723, 2731, 2739,
2747,2755,2763, 2771, 2779, 2787, 2795, 2811, 2825, 2836, 2847, 2858, 2866, 2874,
2882, 2893, 2504, 2915, 2923, 2931, 2939, 2947, 2955, 2963, 2971, 2979, 2987, 2995,
3003, 3011,3019, 3027, 3035, 3043, 3051, 3059, 3067, 3075, and 3083.

[00408] 49, The composition of matter of Embodiments 1-29, wherein X" is
Nva.

60469 50. The composition of matter of Embodiment 49, wherein qu;27 18
Glu.

160410} 51, The composition of matter of Embodiments 49-50, wherein szg

15 Asp, Glu, or Gin.
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{00411} 52.  The composition of matter of Embodiment 49, comprising an
amino acid sequence selected from SEQ ID NOS: 606, 637, 650, 705, 708, 717, 759,
760, 805, 806, 1084, 1098, 1112, 1126, 1137, 1148, 1159, 1167, 1175, 1183, 1194,
1205, 1216, 1224, 1232, 1240, 1251, 1262, 1273, 1281, 1289, 1297, 1308, 1319, 1330,
1338, 1346, 1354, 1362, 1370, 1378, 1386, 1394, 1402, 1410, 1418, 1426, 1434, 1442,
1450, 1458, 1466, 1474, 1482, 1490, 1498, 1506, 1514, 1522, 1530, 1538, 1546, 1554,
1562, 1570, 1578, 1586, 1594, 1602, 1610, 1618, 1626, 1634, 1642, 1660, 1674, 1688,
1702, 1713, 1724, 1735, 1743, 1751, 1759, 1776, 1781, 1792, 1860, 1808, 1816, 1827,
1838, 1849, 1857, 1865, 1873, 1884, 1895, 1906, 1914, 1922, 1930, 1938, 1946, 1554,
1962, 1970, 1978, 1986, 1994, 2002, 2010, 2018, 2026, 2034, 2042, 2050, 2058, 2066,
2074, 2682, 2050, 2098, 2106, 2114, 2122, 2130, 2138, 2146, 2154, 2162, 2170, 2178,
2186, 2194,2202,2210, 2218, 2236, 2250, 2264, 2278, 2289, 2300, 2311, 2319, 2327,
2335, 2346, 2357, 2368, 2376, 2384, 2392, 2403, 2414, 2425, 2433, 2441, 2449, 2460,
2471, 2482, 2490, 2498, 25006, 2514, 2522, 2530, 2538, 2546, 2554, 2562, 2570, 2578,
2586, 2594, 2602, 2610, 2618, 26206, 2634, 2642, 2650, 2658, 2666, 2674, 2682, 2690,
2698, 2706, 2714, 2722, 2730, 2738, 2746, 2754, 2762, 2770, 2778, 2786, 2794, 2810,
2824, 2835, 2846, 2857, 2865, 2873, 2881, 2892, 2903, 2914, 2922, 2930, 2938, 2946,
2954, 2962, 2970, 2978, 2986, 2994, 3002, 3010, 3018, 3026, 3034, 3042, 3050, 3058,
3066, 3074, and 3082.

100412} 53, The composition of matter of Embodiment 1, comprising an
amino acid sequence sclected from SEQ 1D NOS: 3-30, 32-72, 74-134, 136-178, 180-
211, 218-239, 241-305, 307-363, 366-386, 388-432, 434474, 515-527, 532-588, 590,
591, 593-775, 777, 778, 780-738, 790-1049, and 1062-3086.

00413] 54. A composition of matter, comprising an amino acid sequence
selected from SEQ ID NOS: 3-134, 136-305, 307-386, 388-474, 515-527, 532-588, 590,
591, 593-1049, and 1062-3086.
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[06414] 55, Anisolated nucleic acid encoding any of SEQ ID NGS: 3-134,
136-305, 307-386, 388-474, 515-527, 532-588, 590, 591, 593-1049, or 1062-3086 that

does not include a non-canonical amino acid.

[36415] 56, An cxpression veetor comprising the nucleic acid of Embodiment
55.
[00416] 57. A recornbinant bost cell comprising the expression vector of

Embodiment 56.

100417} 58.  Thec composition of maticr of any of Embodiments 1-54, further
comprising an optional linker moicty and a pharmaccutically acceptable, covalently

linked half-life extending moicty.

188418) 59. The composition of matter of Embodiment 58, wherein the half-
life extending moiety 1s polyethylene glveol of molecular weight of about 1000 Da to

about 100000 Da, an IgG Fc domain, a transthyretin, or a2 human serum albumin.

68419 60. The composition of matter of Embodiment 58, wherein the half-
life extending moiety comprises a human immunoglobulin or & human tmmunoglobulin

e domain, or both.

160420] 61. The composition of matter of Embodiment 60 having a

configuration as sct forth in any of Figures 12A-N, or Figurcs 88-91.

00421} 62.  The composition of matter of Embodiment 60, wherein the

composition comprises a monovalent immunoglobulin-peptide or Fe-peptide conjugate.

- 300 -



WO 2012/125573 PCE/US2012/029537

(60422} 63.  The composition of matter of Embodiment 60, wherein the

composition compriscs a bivalent immunoglobulin-peptide or Fe-peptide conjugate.

(80423} 64. A pharmaccutical composition, comprising the composition of

matter of any of Embodiments [-534 or 58-63, and a pharmaccutically acceptable carrier.

[06424] 65. A method of preventing pain, comprising administering a
prophylactically effective amount of the composition of matter of any of Embodiments

1-54 or 58-63.

[60425] 66. A method of treating pain, comprising administering a
therapeutically effective amount of the composition of matter of any of Embodiments 1-

54, or 58-63.

{80426} 67. The method of Embodiment 66, wherein the pain is chronic pain,

acute pain, or persistent pain.

[00427] 68. The method of Embodiment 67, wherein the chronic pain is
associated with cancer, chemotherapy, osteoarthritis, fibromyalgia, primary
erythromelalgia, post-herpetic ncuralgia, pamful diabetic neuropathy, idiopathic painful
neuropathy, ncuromas, paroxysmal extreme pain disorder, migraine, trigeminal
neuralgia, orofacial pain, cluster headaches, complex regional pain syndrome (CRPS),
failed back surgery syndrome, sciatica, interstiiial cystitis, pelvic pain, lower back pain,

inflarnmation-induced pain, or joint pain.

[06428] 69. The method of Embodiment 67, wherein the acute or persistent

pain 1s associated with trauma, burn, or surgery.
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[66429] 70. The composition of matter of Embodiments 1-30, wherein XD

is an acidic or neutral hydrophilic residue.

(00430} 71. The composition of matter of Emsbodiment 70, wherein K 18
selected from Ala, Asp, Glu, Gly, Asn, Gin, Ser, Thr, phosphoserine, phosphotyrosine,

and gamma-carboxyglutamic acid residues.

[00431] 72.  The composition of matter of Embodiment 70, coroprising an

amino acid sequence selected from SEQ 1D NGS: 1071-2798.
100432} The following working examples are illustrative and not to be construed
in any way as limiting the scope of the present invention.

[66433] EXAMPLES

[60434]  Example 1: Isolation and purification of GpTx-1 from venom

[03435] Venom Sample Preparation. Venom from the tarantula Gammostola

porteri was extracted via electrical stimulation of an anesthetized spider. Venom
samples were collected, lyophilized, and dissolved in 0.1% wriflucroacetic acid (TFA) m
water to approximately | mg venom/mL. The crude venom solutions were desalted by
solid-phasc cxtraction (SPE) with Sep-Pak C18 cartridges (Waters, Milford, MA, USA)
equilibrated in 0.1% TFA, and cluted with 60% aqucous acctonitrile and then
evaporated. The dried material was dissolved in 0.1% TFA to 1 mg venom/mL
concentration and higher molecular components removed with a 10kDa molecular
weight cut-off Ultrafree-CL (Millipore). The <10 kDa venom cxtract was then dried

under in vacuo and stored at -80°C.
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[00436] Fractionation. The crude venom was fractionated by reversed phase
(RP) HPLC, collecting 84 samples in time slices. Less than 10 kDa venom extracts
were dissolved in 0.1% TFA to approximately 1mg venom/mL, and then separated by
C18 RP HPLC chromatography and collected into approximately | minute wide
fractions. HPLC method: Buffer A (0.1% TFA. in water) and buffer B (90%
acetonitrile/10% water containing 0.1% TFA) at | mL/min with a 1% /min gradient 0-
100% buffer B. The fractions were then transferred into a plate format, dricd under in

vacuo, and then stored at -80°C.,

(80437} The venom fractions were screened for activity in the Nay1.7 and Nay1.3
lonWorks® Quatrro (IWQ) assays. (See, Example 3 and Figure 1). Several fractions
with significant (>80% of control) Nav1.7 inhibitory activity were identified, the first of
which wag fraction 31. A second aliquot of fraction 31 was tested in the Nay1.7,
Nayl.3, and Nay1.5 W0 assays to confirm the activity of the “hit” and cvaluate
selectivity. The sample was then analyzed by high-resolution electro-spray ionization
(EST) and matrix-assisted laser desorption ionization time-of-flight (MALDI-TOF) mass
spectrometry {MS), which indicated that the fraction was a mixture of at fcast four
distinet peptide specics. (Sce, Figure 2 and Figure 3). Fraction 31 was then separated
by RP-HPLC, and the corresponding sub-fractions were sereened for activity in the
Nayl.7 and Nay1.5 assays. Sub-fraction 11 was the major peak in the RP-HPLC
chromatogram and showed > 90% inhibition of Nay1.7 activity. (Sec Figurc 4).
Deconvolution of sub-fraction 11 revealed the primary peptide sequence of GpTx-1. As
with all proteins, GpTx-1 is expected to have essentially zero access to the central
nervous system.

160438} GpTx-2 through GpTx-7 (BEQ 1D NGS:467-474; sec, Table 5A) were
identificd through transcriptomic analysis of the venom gland of Grammostola porteri
using expressed sequence tag methodologies. (Sce, Siang AS, Doley R, Vonk FJ, Kini
RM., “Transcriptomic analysis of the venom gland of the red-headed krait (Bungarus
flaviceps) using expressed sequence tags”, BMC Molecular Biology 2010, 11:24; Jiang
Y, LiY, Lec W, Xu X, Zhang Y, Zhao R, Zhang Y, Wang W., “Venom gland
transcriptomes of two elapid snakes (Bungarus multicinctus and Naja atra) and

evolution of toxin genes”, BMC Genomics 2011, 12:1; Wagstaff SC, Sanz L, Juérez P,
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Harrison RA, Calvete J1., “Combined snake venomics and venom gland transcriptomic
analysis of the ocellated carpet viper, Echis ocellatus.”, J Proteomics. 2009 71(6):609-
23; Magalhdcs GS, Junqueira-de-Azevedo 1L, Lopes-Ferreira M, Lorenzini DM, Ho PL,
Moura-da-Silva AM. “Transcriptome analysis of cxpressed sequence tags from the
venom glands of the fish Thalassophryne natterveri”, Biochimic 2006 88(6):693-9;
Wagstaft 5C, Harrison RA., “Venom gland EST analysis of the saw-scaled viper, Echis
ocellatus, reveals novel alpha9betal integrin-binding motifs in venom
metalloproteinases and a new group of putative toxins, renin-like aspartic protcases.”
Gene 2006 377:21-32).

[60439)] Peptide Sequencing: Edman degradation and de novo MS/MS. N-

terminal sequencing of peptides were performed by Edman degradation (Reference: (1)
Edman, P. (1950), "Method for determination of the amino acid scquence in peptides”,
Acta Chem. Scand. 4: 283--293; (2) Niall, H.D. (1973). "Automated Edman
degradation: the protein sequenator”. Meth. Enzymol. 27: 942--1010).
Phenylthiohydantoin (PTH)- amino acid derivatives were analyzed with an Appliced

Biosystems automatic 473A sequencer.

100440] De novo peptide sequencing was accomphished by tandem mass
spectrometry (References: Viado Dancik, Theresa A. Addona, Karl R. Clauser, James
E. Vath, Pavel A. Pevzner,, . Comp. Biol., Volume 6, 3/4, (1999); (2) Favrcau, P.,
Menin, L., Michalet, S., Perret, F., Chencval, Stocklin, M., Bulet, A. and Stocklin, R.,
Toxicon, 47(6),676-687, (2006}, (3) Favreau, P, Cheneval, G, Menin, L., Michalet, 5.,
Gaertner, H., Principaud, F., Thai, R., Ménez, A., Bulet, P. and Stécklin, R. (2007), The
venom of the snake genus Atheris contains a new class of peptides with clusters of
histidine and glycine residues. Rapid Communications in Mass Spectrometry, 21: 406~

412).

(60441 Examplc 2: Synthesis of GpTx-1 peptide analogs
(804421 Small-scale peptide synthesis.  Peptides were assembled using N*-Fmoc

solid-phase peptide synthesis methodologies with appropriate orthogonal protection and

resin linker strategies. The peptides were synthesized on a 0.012 ol scale using Rink
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Amide MBHA resin (100-200 mesh, 1% DVB, RFR-1063-Pl, 0.52 meq/g initial
loading, 408291, Peptides International, Louisville, KY). Dry resin (17 mg per well)
was added to a Phenomencx deep well protein precipitation plate (CEO-7565, 38710-1)
using a resin loader (Radley). Amino acids were added to the growing peptide chain by
stepwise addition using standard solid phasce methods on an autornated peptide
synthesizer (Intavis Multipep). Amino acids (5 molar equivalents, 120 ulL, 0.5 M in
DME) were pre-activated (1 min) with (1-Cyano-2-cthoxy-2-
oxoethylidenaminooxy)dimethylamino-morpholine-carbenium hexafluorophosphate
(COMU®; 5 molar equivalents, 170 uL, 0.35 M in dimethylformamide (DMF)) and
N,N-Diisopropylethylamine (DIEA; 7.5 molar equivalents, 70 pl., 1.25 M in
dichloromethane (DCM)). Pre-activated amino acids were transferred fo the
appropriate well, Resing were incubated for 30 min, drained, and the cycle repeated.
Following the 2™ amino acid incubation the plates were drained and washed with DME
8 times (3 mL per columm of 8 wells). The Fmoc groups were then removed by 2
scquential incubations in 500 pl. of a 20% piperidine in DMF solution. The 1
incubation was 5 min, the resin drained, and the 2™ incubation was for 20 min. The
resin was drained and washed with DMF 10 times (3 mL per column of 8 wells). After
removal of the final Fmoc protecting group, the resin was washed with DCM 5 times (3
mL per column of 8 wells) and allowed to air dry.

[006443] Cleavage. To the bottom of the filter plate was affixed a drain port
sealing mat (ArcticWhite, AWSM-1003DP). To the resin in each well was added
triisopropylsilane (100 L), DODT (160 pL), and water (100 pL) using a multichanncl
pipette. To the resin in each well was added TFA (1 mL) using a Dispenselte Organic
dispenser. To the resin was added a triangular micro stir bar, and the mixturc was
stirred for 3 h. The sealing mat was removed, and the cleavage solution was eluted into
a solid bottom 96-well deep well plate. The resin in each well was washed with and
additional I mL of TFA. The solutions were concentrated using rotary ¢vaporation
(Genevac). To each well in a new 96-well filter plate with a bottom scaling mat
attached was added 1 mL of cold dicthy! ether using a Dispensette Organic dispenser.
To the ether wag added the concentrated peptide solutions using a multichanne! pipette

with wide bore tips. The solution was agitated with the pipetie fo ensure complete
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mixing and precipitation. The white solid was filtered, washed with a second 1 mL of
cold ether, filtered, and dried under vacuum.

{06444} Folding. To the crude peptide in each well was added 0.9 mL of 50:50
water/acetonitrile with a multichannel pipette and a micro stir bar. The mixture was
stirred for 1 h. The solution was filtered into a solid bottom 96-well deep well plate.
To the crude peptide in each well was added another 0.9 mL of 50:50 water/acetonitrile
with a multichannel pipette. The solution was filtered nto the same solid bottom 96-
well deep well plate. Ina 4 L bottle was prepared 4.0 L of folding buffer (3.3 L water,
300 mL acetonitrile, 2.0 g oxidized glutathione, 1.0 g reduced glutathione, 400 mL | M
Tris-HCl pH 7.5). To 96 50-mL centrifuge tubes was added 40 mi of peptide folding
buffer using a Dispensette dispenser. To the folding buffer was added the 1.8 mL of
dissolved peptide using the Tecan automated liquid handler. The pH of the folding
solutions was measurcd to about 7.7. The folding reactions werc allowed to stand
overnight. To each tube was added 1 mi. of glacial acctic acid. To a 96-well filter plate
was added SP Sepharose High Performance as a slurcy (1 mE per welly with a
multichannel pipette. Using the Tecan automated liquid handler, the gel was

conditioned with folding buffer (3 x 0.9 mL), loaded with the folded peptide solution

20 mM NaOAc, pH = 4.0), and eluted manually on a vacuum manifold with 2 x 1 ml
(1 M NaCl, 20 mM NaGAc, pH = 4.0) into a solid bottom 96-well deep well plate.
[066445] Conjugation of peptides to PEG. Some GpTx-1 peptide analogs were

conjugated to azido-NPEGI0 (e.g., see, Table 30, Table 31, and Table 32, below). To |

mb of the folded peptide in the 1EX elution buffer was added in order 32-azido-
3,6,9,12,15,18,21,24,27 30-decaoxadotriacontan-1-amine (70 ul, 50 mM aqg.), tris(2-
phenyl-1-(1H-1,2,3-triazol-4-yhethyDamine (TBTA; 88 pl, 10 mM in DMSQO), {.-
ascorbic acid sodium salt (438 ul, 75 mM aq.), and copper(it) sulfate, anhydrous,
powder (188 nL, 35 mM aq.). The rcaction mixture turncd slightly cloudy after the
addition of the TBTA. After overnight incubation, the plate was centrifuged for § h at
1600 rpm to pellet any precipitate. The supernatant was transferred to a 96-well filter
plate with a multichannel pipette and filtered into a solid bottom 96-well plate.

{60446] Purification and characterization of molecules. The folded (conjugated)

peptide (2 mi) was purified by mass-triggered semi-prep HPLC (Agilent/LEAP 'Ariel’,
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Jupiter 5u C18 300 A, 100 x 10 mm 5 micron) with a gradient of 15-35% B over 45
min, with a 5 min flush, and 5 min equilibration at 8 mL/min. The collccted fractions
were pooled and reformatted into vials on the Tecan. Final QC (Phenomenex Jupiter 20
x 2 mm, 100 A, 5 micron column cluted with a 10 to 60% B over 10 min gradient at a
0.750 mL/min flow rate monitoring absorbance at 220 nm) and CLND quantification
were performed. Peptides with > 95% purity and correct (m/z) ratio were screened.
(See Figures 5 and 6 for LC-MS characterization of synthetic GpTx-1).

[60447] Large-scale peptide synthesis. Rink Amide Chem Matrix resin (0.2

mmol, 0.45 mmol/g loading, 0.444g, Matrix Innovation) was wcighed into a CS BIO
reaction vessel, The reaction vessel was connected to a channcel of the €S BIO 336X
automated peptide synthesizer, and the resin was washed 2 x DMF and allowed to swell
in DMF for 15 min. Fmoc-amino acid (1.6 mmol, Midwest Biotech or Novabiochem)
was dissolved i 2.5 mL of 0.4 M 6-chloro-t-hydroxybenzotriazole (6-CI-HOBt, Matrix
Innovation) in DMF. To the solution was added 1.0 mL of L.OM [,3-
disopropylcarbodiimide (DIC, Sigma-Aldrich) in DMFE. The solution was agitated with
nitrogen bubbling for 15 min to accomplish pre-activation and then added to the resin.
The mixturc was shaken for 2 h. The resin was filtered and washed 3 x DMF, 2 x
DCM, and 3 x DMF. Fmoc-removal was accomplished by treatment with 20%
piperdine in DMF (5§ mL, 2 x 15 min, Fluka). The resin was filtered and washed 3 x
DME. All residucs were single coupled through repetition of the Fmoc-amino acid
coupling and Fmoc removal steps described above.

[60448] Cleavage and linear peptide purification. After final Fmoc-removal from

the N-terminal residue, resin-bound linear peptide (0.2 mmol scale) wag transterred to a
25 mL solid phase extraction (SPE) filter tube, washed 3 x DMF and 3 x DCM, and
dried under vacuum. To the resin was added trisopropylsilanc (1.0 mL), 3,6-dioxa-1,8-
octanc-~dithiol (DODT, 1.0 mL), water (1.0 mL), triflucroacctic acid (TFA, 15 mL), and
a stir bar, and the mixture was stirred for 3 h. The mixture was filtered into a 50 mL,
centrifuge tube. The resin was washed with TFA (~ 5 mL), and the combined filtrate
was concentrated by rotary cvaoporation in a Genevac HT-12 (30°C chamber
temperature, pressure ramp from 500 to 50 mbar over 40 min and a final pressure of 8
mbar for 2 h). To the residue (~5 mL) was added 40 mL cold diethyl cther. A white

precipitate formed. The solid was stirred in the ether. The mixture was centrifuged (4
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min, 4,400 rpm), and the cther was decanted. To the tube was added another 40 mL of
cold cther, and the precipitate was stirred. The mixture was centrifuged, and the ether
was decanted. The solid was dried overnight under vacuum. The crude linear peptide
was purified by preparative LC-MS. The filtered sample (500 mg i 10 mL DMSO;)
was injected onto a preparative HPLC column (Jupiter 10u C18 300A, 250 x 50 mm 10
micron). The peptide was cluted with a 10-40%B over 60 min gradient at 50 mi/min,
followed by a 10 min flush and a 10 min cquilibration. The fractions were analyzed by
LC-MS, pooled, and lyophilized to afford purc the hinear peptide precursor.

[00449] Folding. Ina 2L FEP bottle was prepared a folding buffer with water
(944 mL), acctonitrile (55.5 mL), Tris-HCl pH 7.5 (111 mL), (+)-glutathione, oxidized
{680 mg, 1.110 mmol), and l-glutathione reduced (340 mg, 1.110 mmol). To the pure
lincar peptide (111 mg, 0.628 mmol) was added 2.5 mL acetonitrile and 2.5 mL water,
The mixture was vortexed to complete dissolution of the peptide. The peptide solution
was added to the folding buffer (0.1 mg/mL peptide concentration, I mM oxidized
glutathione, 1 mM reduced glutathione, 10% v/v acetonitrile, 0.1 M Tris pH 7.5). The
pH value was measured to be 7.7. The folding mixture was stirred at 80 rpm at room
temperature overnight. A small aliquot was removed and the sample was analyzed by

LC-MS to ensure that the folding was complete. The solution was quenched by the

[80450] Purification. The filtered solution (1110 mL, 111 mg peptide) was
loaded onto a preparative HPLC column (Phenomenex Synergi 4u MAX-RP 80A
AXIA, 250 x 30 mm) at 30 mL/min using an Agilent preparative loading pump. The
column was was flushed for 10 min with 10% B at 30 mL/min to clute the AcOH/TFA.
The column was attached to a prep HPLC, Agilent/LEAP prep LC-MS, and the peptide
was eluted with a 10-40% B gradient over 60 min, followed by a 10 min flush and a 10
min equilibration. The fractions were analyzed by LC-MS, pooled, and lyophilized to
afford pure folded peptide.

100451} Counterion exchange for peptide in vivo studies. A 4 ml SPE tube

contaiming VariPure IPE (Varian, PL-HCO3 MP-Resin, polymer-supported

hydrogencarbonate, 1.8 mmol/g, 100A, 150-300wm) was pre-conditioned with 2mL of

MeOH, followed by 2mL of water, draining by gravity. 2.0 mL of a <5.0 mM solution
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of purified folded peptide in water was applied to the bed. The device was washed with
4 x 2.0 mL of water to elute all of the peptide. To the eluent was added 50 L. of acetic
acid. The solution was concentrated by rotary evaporation (Genevac) to afford the
acetate salt of the purified folded peptide. A 100 mM stock solution of trifluorocthanol
{TFE) in deuterium oxide (D20} was prepared fresh by weighing 50 mg of TFE into a 5
mL volumetric flask, followed by addition of D20 to a final volume of 5 mL. A 5 mM
solution of TFE in D20 was then prepared by dilution for dissolving all samples for

19F-NMR. The solution was used to dissolve peptide to a concentration of 1 mM, and

The TFE integral (triplct at -76.75 ppm) was normalized to 5 and the integral of TFA
(singlet at -75.6) recorded. NMR tube was cut, and sample was recovered by rotary

evaporation (Genevac).

[604572] Example 3. Electrophysiology
160453} Cell lines expressing Nav channels. Stable cell lines constitutively

expressing human (h) voltage-gated sodium (Nav) channels (HEK293-hNav1.2, CHO-
hNav]l.3, HEK293-hNav1.4, HEK293-hNav!1.5, and HEK293-hNav1.7) or CHO cclls
cxpressing hNav1.8 under an inducible promoter were used for cxperiments.

[00454] lon-Works® (Guatro population patch clamp electrophysiology.

Adherent cells were isolated from tissue culture flasks using 0.25% trypsin-EDTA
treatment for 10 minutes and were resuspended in external solution consisting of 140
mM NaCl, 5.0 mM KCi, 10 mM HEPES, 2 mM CaCl,, | mM MgCl,, 10 mM Glacose,
pH 7.4, Internal solution consisted of 70 mM KCl, 70mM KF, 10 HEPES, SmM
EDTA, pH 7.3. Cells were voltage clamped, using the perforated patch clamp
configuration at room temperature (~22°C), to -1 10mV and depolarized to -10mV
before and 5 min after test compound addition. Compound dilutions contained 0.1%
bovine serum albumin to minimize non-specific binding. Peak inward currents were
mecasured from different cells for each compound concentration and Csy values were

calculated with Excel software. All compounds were tested in duplicate (n = 2).
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[68455] PatchXpress® 7000A electrophysiology. Adherent cells were isolated

from tissue culture flasks using 1:10 diluted 0.25% trypsin-EDTA treatment for 2-3
minutes and then were incubated in complete culture medium containing 10% fetal
bovine scrum for at least 15 minutes prior to resuspension in external solution
consisting of 70 mM NaCl, 140 mM D-Mannitol, 10 mM HEPES, 2 mM CaCl,, 1 mM
MgCly, pH 7.4 with NaOH. Internal solution consisted of 62.5 mM CsCl, 75mM CsF,
10 HEPES, 5 mM EGTA, 2.5 mM MgCly, pH 7.25 with CsOH. Cells were voltage
clamped using the whole ccll patch clamp configuration at room temperature (~22°C) at
a holding potential of -125mV with test potentials to -10mV (hNav1.2, hNav1.3,
hNavl.4, and hNav1.7) or -20mV (hNav1.5). To record from partially inactivated
channcls, cells were switched to a voltage that yielded ~20% channel inactivation. Test
compounds were added and Nav currents were monitored at 0.1 Hz at the appropriate
test potential. All compound dilutions contained 0.1% bovine serum albumin to
minimize non-specific binding. Cells were used for additional compound testing if
currents recovered to >80% of starting values following compound washout. 1Csg
valucs were calculated by pooling single point determinations at different compound
concentrations and fitting the resulting dataset with a Hill (4-paramcter logistic) fit in
DataXpress 2.0 software.

100456 Whole cell pateh clamp clecirophysiclogy. Cells were voltage clamped
: g P

using the whole cell patch clamp configuration at room temperature (~22°C). Pipette
resistances were between 1.5 and 2.0 M, Whole ccll capacitance and series resistance
were uncompensated. Currents were digitized at 50 kHz and filtered (4-pole Bessel) at
10 kHz using pClamp10.2. Cells were lifted off the culture dish and positioned directly
in front of a micropipette connected to a solution exchange manifold for compound
perfusion. Te record from non-inactivated channels, cells were held at -140 mV and
depolarized to -10 mV (0 mV for hNav1.8). To record from partially inactivated
channels, cells were held at -140 mV initially and then switched to a voltage that
yiclded ~20% channel inactivation. 10 ms pulses were delivered every 10 scconds and
peak inward currents were recorded before and after compound addition. Compound
difutions contained 0.1% bovine serum albumin to minimize non-specific binding. For
hiNav].8 channel recordings, tetrodotoxin (TTX, 0.5 uM) was added to inhibit

endogenous TTX-sensitive voltage-gated sodium channels and record only Nav1 8-
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mediated TTX-resistant currents. External solution consisted of: 140 mM Na(l, 5.0
mM KCl, 2.0 mM CaCly, 1.0 mM MgCly, 10 mM HEPES, and 11 mM Glucose, pH 7.4
by NaOH. Internal solution consisted of: 62.5 mM CsCl, 75 mM CsF, 2.5 mM MgCl,,
5mM EGTA, and 10 mM HEPES, pH 7.25 by CsOH. Escalating compound
concentrations were analyzed on the same cell and 1Csq values were calculated with
Clampfit 10.2 software and by fitting the resulting dataset with a Hill {4-parameter
logistic) fit in Origin Pro 8 software.

100457] DRO neuron isolation. Adult male and female C57BL/6 mice {Harlan

Laboratories, Indianapolis, EIN) were cuthanized with sodium pentobarbital (Nembutal,
80 mg/kg, L.p., Western Med Supply, Arcadia, CA) followed by decapitation. DRG
from cervical, thoracic and fumbar regions were removed, placed in Ca” and Mg*'-free
Hanks” Balanced Salt Solution (Invitrogen, Carlsbad, CA), and trimmed of attached
fibers under a dissecting microscope. DRG were scquentially digested at 37°C with
papain (20 U/ml, Worthington Biochemical Corporation, Lakewood, NJ) and L-cysteine
(25 uM) in Ca”' and Mg™ -frce Hanks’ (pH 7.4) for 20-30 min and then with
collagenase type 2 (0.9% w/v, Worthington Biochcmical Corporation) for 20-30 min.
Digestions were quenched with a 1:1 mixture of DMEM and Ham's F-12 Nutrient
Mixture (Invitrogen) supplemented with 10% calf serum (Invitrogen), and cells were
triturated with a fire-polished Pasteur pipette prior to plating on Poly-D-Lysine-coated
glass coverslips (Cole-Parmer, Vernon Hills, IL). Cells were maintained in a
humidified incubator at 28°C with 5% CO, for 3-7 days in the presence of 1% NSF-1
(Lonza, Basel, Switzerland} to increasce the expression of tetrodotoxin-sensitive sodium
channel currents.

[00458] Manual patch-clamp clectrophysiology for DRG neurons. DRG neurons

were voltage clamped using the whole-cell patch clamp configuration at room
temperature (21-24°C) using an Axopatch 200 B or MultiClamp 700 B amplifier and
DIGIDATA 1322A with pCLAMP software (Molecular Devices, Sunnyvale, CA).
Pipettes, pulled from borosilicate glass capillaries {World Precision Instruments,
Sarasota, FL), had resistances between 1.0 and 3.0 M. Voltage errors were minimized
using >80% series resistance compensation. A P/4 protocol was used for leak
subtraction. Cuirents were digitized at 50 kHz and filtered (4-pole Bessel) at 10 kHz.

Cells were lifted off the culture dish and positioned directly in front of a micropipette
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connected to a solution exchange manifold for compound perfusion. Cells were held at
-140 mV or a voltage yiclding approximately 20% inactivation and depolarized to -10
mV for 40 msce every 10 seconds. Tetrodotoxin (TTX, Sigma) was used following
peptide addition to block any residual TTX-sensitive sodium currents. Pipette solution
contained (in mM): 62.5 CsCl, 75 CsF, 2.5 MgCl,, 5 EGTA, and 10 HEPES, pH 7.25
by CsOH. Bath solution contained (in mM): 70 NaCl, 5.0 KCl, 2.0 CaCly, 1.0 MgCl,,
10 HEPES, and 11 glucose, 140 mannitol, pH 7.4 by NaOH. Data were analyzed with
Clampfit and Origin Pro8 (OriginLab Corp, Notthampton, MA).

[66459] Results of electrophysiology studies and structure-activity relationship.

Results of electrophysiology studics are shown in Table 6 through Table 32, below.
Extensive systematic analoging has given considerable insight inte how individual
positions within GpTx-1 (SEQ 1D NO:1) contribute to its overall VGSC activity profile.
Concerning the overall molecular framework, the disulfide bonds (or diselenide bonds)
between Cys9 (or SeCys9) and Cys23 (or SeCys23) (C2—C5) and between Cys16 (or
SeCys16) and Cys30 (or SeCys30) (C3—C0O) are essential for function. However,
simultaneous substitution of Cys2 and Cys17, as in [2-Abu2,17]GpTx-1 (SEQ 1D NO:
125), which removes the (C1—C4) disulfide bond, retains significant activity against
Nay1.7 and Nay1.3 with potentially improved sclectivity against Navi.4. (See, Table
29).

[00460] The N-terminal portion of GpTx-1, including the N-terminus, Aspl,
Leu3, and Gly4, is amenable to modification without affecting cither VGSC potency or
sclectivity in comparison with GpTx-1. {See, Table 7, Table &, Table 9, and Table 10).
Extension of the polypeptide chain by coupling additional amino acid{s) to to the N-
terrminus is well-iolerated. (Sec Table 7). Acetylation of the N-terminal aspartic acid
residue to give Ac-GpTx-1 (SEQ 1D NO:132) maintains potency at Nay1.7 and
mcrcases sclectivity against Nay1.3 and Nay 1.4 in the PatchXpress® (PX) format.
(See, Table 30). Aspl of GpTx-1 can be truncated or substituted with a variety of
amino acids with no impact on potency at Nay1.7 and Nay1.3 or selectivity against
Nayl.4 and Nay1.3. (See Table 8). Leu3 and Gly4 in GpTx-1 may be individually
replaced with a hydrophobic or a basic amino acid and still retain potency against

Nay1.7 and Nay 1.3, but these positions are less tolerant of substitution with acidic
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residucs. (See Table 9 and Table 10). However, substitution of glutamic acid for Leu3
increases sclectivity against Navl.4 in the PX assay format. (See Table 30).

[80461] Hydrophobic residues at positions 5 and 6 (Phe5 and Met6 in GpTx-1),
in relation to SEQ 1D NO:1, arc essential to Nay1.7 and Nayl.3 inhibitory potency.

(See Table 1] and Table 12). The identity of the amino acid at position 5 in GpTx-1
(SEG TD NO:1) also has great impact on the selectivity of the peptide between Nayl1.7,
Nay1.3, and Nay1.4. Substitution of aliphatic or aromatic hydrophobic residues for the
native phenylalanine maintains or increases potency against Nayl.7 while increasing
selectivity against Nay 1.4 and not reducing the sclectivity against Nayl.5. (See Table
[1). Tncorporation of alanine in [Ala5]GpTx-1 (SEQ ID NO:22) retains potency against
Nay1.7 while greatly increasing selectivity agaimst Nay 1.3 and Nav1.4 in the PX format.
Besides alanine, many other aliphatic residues may be incorporated at position 5 to
improve selectivity against Navl.4, including but not himited to glycine, 2-aminobutyric
acid (Abu), 2-aminoisobutyric acid {Aib), norvaline, valine, leucine, and isoleucine.
(See Table 30). Two para-substituted phenylalanine derivatives, [pl-Phe3JGpTx-1
(SEQ ID NO:247) and [Bip5]GpTx-1 (SEQ 1D NO:242) have increased potency against
Nay1.3 and are selective against Nay1.7. (Sce Tablc 30). Incorporation of hydrophobic
residues at position 6 incrcases potency against all four Nay sub-types tested in
proportion to their size. (See Table 12). A varicty of hydrophobic residues including
fcucine and phenylalanine can be incorporated at position 6 in combination with alanine
at position 5 to maintain good potency against Nav1.7 and sclectivity against Navl.4 in
the PX assay format. (See Table 30).

{06462] Whilc cach posttion has recognizable preferences, the sequence of amino
acids from Arg8 to Thr26 is quite tolerant of individual substitutions, with the exception
of Aspl4 relative to SEQ 1D NO:1. Peptides synthesized without an aspartic acid
residue at position 14 of GpTx-1 have not been isolated in sufficiently pure form for
screening, indicating this residue may be critical for proper folding of the peptide.

Basic or neutral hydrophilic amino acids are acceptable as substitutions for Arg7 and
Lys&, relative to SEQ ID NO:1, to maintain Nay1.7 and Nay 1.3 inhibitory potency. (See
Table 13). However, substitution of glutamic acid for Arg7 increases sclectivity against
Navl.4 in the PX assay format. (See Table 30). 1lel0, Proll, Aspi2, Asn13, Lysl5,

Argl8, and Prol9, relative to SEQ 1D NG:1, can be substituted with a variety of amino
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acids with little cffect on potency against Nay1.7 and Nay1.3. (Sce Table 14, Table 15,
Table 16, Table 17, and Table 18). The ability to substitute alternative residues for
Proll, i.e., [Glul1]GpTx-1 (SEQ ID NO:147) and [Trp1 11GpTx-1 (SEQ ID NO:171),
without affecting Nav1.7 activity is notable, since thig residue is conserved in the
peptide sequences of HWTXAIV SEQ 1D NO:528) and HWTX-L (SEQ 1D NG:529).
{Sec Table 15; Figurc 15A-B). Substitutions of acidic residues at positions 10 or 11 can
improve selectivity against Navl 4, i.c., [Aspl0]GpTx-1 (SEQ ID NOG:119),
[GIu10]GpTx-1 (SEQ I3 NO:146) , and [Glul 1]GpTx-1 (SEQ 1D NO:147) (Sec Table
30). Substitution of Asn13 improves the Frmoce solid-phase synthesis of the peptide
analogs, likely through reduction of aspartimide formation during subsequent Fmoc-
removal steps. Substitutions at postiion 18 can improve selectivity against Navl.4. (Sce
Table 18 and Table 30). Asn20, Leu2l, Val22, Ser24, Arg25, and Thr26, relative to
SEQ TD NG 1, may be individually substituted with non-acidic amino acids and retain
full Nav1.7 and Nav1.3 inhibitory potencics. (Sce Table 19, Table 20, Table 21, and
Table 22). The threonine at position 26 of GpTx-1 (SEQ ID NO:1) differs from the
conserved lysine in HWTX-IV (SEQ ID NO:528) and HWTX-1 (SEQ 1D NO:529; see
Figure 15A-B). Substitutions at this position increase selectivity against Nay 1.4 as in
[Lcu26]GpTx-1 (SEQ 1D NO:121) and [Glu26]CGpTx-1 (SEQ 1D NO:152). (See Table
30). The loop in GpTx-1 (BEQ 1D NO: 1) between Cys17 and Cys23 may be increased
or deereased in length by insertion or deletion of one amino acid residue without
substantial impact on the activity of the peptide against the VGSCs tested, as shown by
[Ser-Serl9]GpTx-1 (SEQ 1D NO:93) and [Glu18,desAsn20]GpTx-1 (SEQ 1D NO:134).
(Sce Table 18 and Table 29).

(60463} The C-termnal portion of the Gp'Tx-1 sequence is maost eritical for the
activity of the peptide against Nay1.7 and Nay1.3. Substitution of His27 in GpTx-1
(SEQ ID NO:1) with retention of potency and selectivity is best accomplished with
aromatic and basic residues. See Table 23). Residucs Lys28 and Val33, relative to
SEQ D NO: 1, arc most tolerant to substitution with a varicty of different amino acids
without affecting Nay 1.7 and Nay 1.3 inhibitory potency. {See Table 23 and Table 26).
[Arg28]1GpTx-1 (SEQ ID NO:72), [Glu28]GpTx-1 (SEQ ID NO:153), [Asp28]GpTx-1
(SEQ ID NO:750), [GIn28}GpTx-1 (SEQ ID NO:763), and [Glu33|GpTx-1 (SEQ ID

N©O:33), show increased selectivity against Nayi.4. (See Table 30). A trytophan (or
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thiotryptophan) at position 29 of GpTx-1 (SEQ ID NO:1) appears to be important to
obtain high levels of potency against Nay1.7 and Nay1.3. (See Table 24). Analogs with
large hydrophobic substitutions, [1-Nal29]GpTx-1 (SEQ ID NO:79) and [2-
WNal291GpTx-1 (SEQ 1D NO:129}, retain the most activity but are still 5-fold less potent
than GpTx-1, though they may have increased selectivity against Navl 4. (See Table
30). Lys31, relative to SEQ 1D NO:1, is also apparently important for potent inhibition
of Nav1.7 and Nay1.3 by GpTx-1. (Scc Table 25). The tyrosine at position 32 of GpTx-
1 (SEQ ID NO:1) can be substituted with aliphatic or aromatic hydrophobic amino
acids with rctention of potency against Nay1.7 and Nay1.3, but these substitutions often
increase activity against Nay 1.5 and Nayl.4, leading to reduced selectivity. (Sce Table
25). The phenylalanine at position 34 of GpTx-1 (SEQ 1D NO:1) can only be
substituted with other hydrophobic amino acids without losing potency against Nay 1.7
and Nayl.3, though large hydrophobic amino acids tend to increase potency and hence
reduce selectivity against May 1.4 and Nay1.5. (Sce Table 27). The C-terminus of
GpTx-1 (SEQ ID NO:1) 1s amenable fo extension by at lcast one amino acid with
retention of Nay inhibitory activity, but truncation of the C-terminus of GpTx-1 or
substitution of the native C-terminal amide with a free acid reduces potency against
Nay1.7 and Nay!.3. (See Table 28). Additional analogs of GpTx-1 (SEQ ID NO:1) that
combine individual substitutions have demonstrated further improvements in selectivity
against Nay1.4 and Nay1.5 and potency toward Nav1.7 and Navl.3, i.e,
[Ala5,Phe6,Leu26,Arg28]GpTx-1 (SEQ 1D NO:262) and [Ala5,Phe6,Glul0,2-
Abul3,Leu26,Arg28]1GpTx-1 (SEQ 1D NG:1035). (Sce Table 29 and Table 30). The
ICso of [AlaS]GpTx-1{1-34) (SEQ 1D NO:22) against partially inactivated hlNavi.2
channels was 0.265 uM.

[60464] Manual whole cell patch clamp electrophysiology was performed on
GpTx-1 (SEQ ID NO:1) and [AlaS|GpTx-1 (SEQ 1D NO:22) on human clones of
Navl.7, Navl.3, Navl.4, and Navl.5. Testing with 100 nM GpTx-1 showed complete
inhibition of the Nav1.7 current. (Sec Figure 20). The 1Csy value of Nav1.7 inhibition
for GpTx-1 was 7.40 aM. (See Figure 21). The effects of GpTx-1 addition in increasing
concenfrations and wash out on Nav1.7 current were recorded. (Sce Figure 22). Testing
with 300 nM GpTx-1 showed complete inhibition of the Navi.3 current. (Scc Figure

23). The ICs value of Nav1.3 mhibition for GpTx-1 was 16.8 nM. (See Figure 24).
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The effects of GpTx-1 addition in increasing concentrations and wash out on Nav1.3
current were recorded. (See Figure 25). Testing with 3.0 uM GpTx-1 showed partial
inhibition of the Nav1.4 current. (See Figure 26). The ICs value of Nav1.4 inhibition
for GpTx-1 was 2.9 uM and 0.26 uM for the closed and partially inactivated states,
respectively. (Sce Figures 27 and 28). The cffects of GpTx-1 addition in increasing
concentrations and wash out on Navl.4 current were recorded on the closed and
partially inactivated states, respectively. (Sec Figures 29 and 30). GpTx-1 18 morc
potent against hNav1.4 when channcls arc partially inactivated. Testing with 3.0 uM
GpTx-1 showed weak inhibition of the Navl1.5 current. (Sce Figure 31). The 1Cs, value
of Nav1.5 inhibition for GpTx-1 was 8.9 uM. (Sce Figure 32). The cffects of GpTx-1
addition in incrcasing concentrations and wash out on Wavl.3 current were recorded.
(Sce Figure 33). These results demonstirate that GpTx-1 (SEQ 1D NO:1) is & potent
dual peptide inhibitor of Nav1.7 and Nav1.3 with sclectivity against Navi.4 and
Nav{.5. Testing with 300 nM [Ala5]GpTx-1 (SEQ 1D NO:22) showed complete
inhibition of the Nav1.7 current. {(See Figure 34). The ICs, value of Nav1.7 inhibition
for [Ala5]GpTx-1 was 13.2 nM. (See Figure 35). The effects of [Ala5]GpTx-1 addition
11 increasing concentrations and wash out on Navl.7 current were recorded. (See Figure
36). These results demonstrate that [Ala5]GpTx-1 (SEQ ID NO:22) is also a potent
inhibitor of Nav1.7.

[868465] Manual patch clamp clectrophysiology was performed on GpTx-1 (SEQ
1D NO: 1) and [AlaS1GpTx-1 (SEQ 1D NO:22) on isolated mouse DRG neurons. The
cffects of GpTx-1 addition in increasing concentrations and wash out on sodium
channel current in mouse DRG neurons were recorded. (See Figure 37). The {Csg value
of TTX-sensitive sodium channel current inhibition for GpTx-1 was 7.1 nM. (See
Figure 38). Testing with 200 nM GpTx-1 showed almost complete inhibition of the
TTX-sensitive sedium current in mouse DRG neurons. (Sce, Figure 39). The cffects of
GpTx-1 addition in increasing concentrations and wash out on sodium channel current
in mouse DRG ncurons at a holding voltage that produced 20% inactivation were
recorded. {See Figure 40). The 1Csp value of TTX -sensitive sodium channel current
mmhibition with a holding voltage yielding 20% inactivation for GpTx-1 was 4.7 nM.
(See Figure 41). Testing with 200 nM GpTx-1 showed complete inhibition of the TTX-

sensitive sodium current in mousc DRG neurons with a holding voltage that yielded
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20% inactivation (Sce, Figure 42). The effects of [AlaS}GpTx-1 (SEQ ID NO:22)
addition in increasing concentrations and wash out on sodium channel current in mouse
DRG neurons were recorded. (See, Figure 43). The ICs) value of TTX-sensitive
sodium channel current inhibition for [Ala5]GpTx-1 (SEQ 1D NO:22) was 17.0 nM.
(See Figure 44). Testing with 300 nM GpTx-1 showed almost complete inhibition of
the TTX-sensitive sodium current in mouse DRG neurons. (Sec, Figure 45).

[60466] Manual whole ccll patch clamp electrophysiology was performed on
Homodimeric Conjugate 1 on human clones of Nav1.7 and Nav1.5 {sce, Example 5).
The effects of adding Homodimeric Conjugate | in increasing concentrations and wash
out on Navi.7 current were recorded. (Sec Figure 46). The ICsy value of Navl.7
inhibition for Homodimeric Conjugate 1 was 1.2 nM. (Sce, Figure 47). Testing with 3
nM Homodimeric Conjugate | showed that the compound was very slow to wash out
during an extended wash (10min}, and testing with 300 nM Homodimeric Conjugate |
showed that the compound did not wash out during an extended wash (10 min). (See
Figure 48). Testing with 300 nM Homodimeric Conjugate | gave complete inhibition
of the Nav1.7 current. {Sec Figurc 49). The cffects of Homodimeric Conjugate |
addition in increasing concentrations and wash out on Nav1.7 current with a holding
votage that yiclded ~20% inactivation were recorded. {Sce Figure 50). The [Cs value
of Nav1.7 inhibition with a holding votage that yiclded ~20% inactivation for
Homodimeric Conjugate | was 0.66 nM. (See Figure 51). Testing with 3 nM
Homodimeric Conjugate 1 gave complete inhibition of the Nav1.7 current with a
holding votage that yielded ~20% inactivation. (Sce Figure 52). The effects of
Homodimeric Conjugate 1 addition in increasing concentrations and wash out on
Mavl.5 current were recorded. (See Figure 53). The 1Csy value of Nav 1.5 inhibition for
Homodimeric Conjugate 1 was 75.5 nM. (Sec Figure 54). Testing with 2 pM
Homodimeric Conjugate | gave complete mhibition of the Mavl1.5 current. (Sce Figure
55). The effects of Homodimeric Conjugate 1 addition in increasing concentrations
and wash out on Nav1.5 current with a holding votage that yiclded ~20% inactivation
were recorded. (See Figure 56). The {Csy value of Nav1.5 inhibition with a holding
votage that yielded ~20% inactivation for Homodimeric Conjugate 1 was 57 nM. (Sce

Figure 57). Testing with 2 uM Homodimeric Conjugate 1 gave complete inhibition of
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the Nav1.5 current with a holding votage that yiclded ~20% inactivation. {Sce Figure
58).

166467} Potassium channcl study. Dorsal root ganglia were harvested from adult

Sprague-Dawley rats (aged 14 to 15 wecks), trimmed of conncective tissue, and
enzymatically dissociated with papain (3 mL calcium and magnesium-free Hank’s
buffer + 1 mg L-cysteine + 4 uL saturated sodium bicarbonate + 60 microliters papain,
Worthington biochemical) for 30 minutes at 37°C. The preparation was spun at 1000
rpm for 2 minutes and the pellet was resuspended for a second enzymatic incubation in
collagenase and dispase (4 mb calcium and magnesium-free Hank’s buffer + 120
microliters of collagenase / dispase mix 100 mg/mL from Roche) for 60 minutes with
gentie trituration every 10 minutes. Cells were spun again at 2000 rpm for 2 minutes,
resuspended in F-12 medium, plated on poly-D-laminin coated coverslips, placed in a
humidified 37°C incubator with 5% CO», and used for electrophysiological recording on
the same day.

[66468] Electrophysiological recordings were made with the whole-cell
configuration of the patch-clamp technique (Hamill OP et al., “Improved patch-clamp
techniques for high-resolution current recording from cells and cell-frce membranc
patches, Pfluger’s Archiv 391:85-100, 1981), with internal {pipette) solution containing,
in millimolar, 70 KF, 70 KCI, 10 HEPES, 5 HEDTA, pH 7.25 with KOF. External
solution contained, in millimolar, 140 NaCl, 5 KCI, 2 CaCl,, I MgCly, 10 HEPES, 10
glucose, pH 7.4 with NaQH. After formation of the whole-cell configuration of the
patch clamp, the cell was lifted off the dish bottom by moving the patch pipetic and
manually positioned in froat of a gravity-driven microperfusion array under electronic
control (Biol.ogique). Combined sodium and potassium currents were cvoked every 5
sceonds by a 20 ms test depolarization to 0 mV delivered from a holding potential of -
90 mV. [Ala5]GpTx-1 (SEQ 1D NO:22; 500 nM) peptide was added by switching
perfusion tubes, and while fast sodium currents {(presumably tetrodotoxin-scnsitive,
encoded at least partially by Nav1.7) stcadily decreased, reflectng block by peptide,
there was no change in the outward potassiurn currents. Currents shown in Figure 94
arc not leak-subtracted, but as the test pulse was to 0 mVY, contarnination by leak
currents should be minimal. The results shown in Figure 94 demonstrate that 500 nM

[AlaS]GpTx-1 (SEQ 1D NO:22) did not block voltage-gated potassium currents.

~ 318 -
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Table 6. Electrophysiology by IonWorks® Quattro: comparison of GpTx-1 (SEQ ID NO:1) and other toxins from Grammostola porteri,

SEQ WQ IWwQ waQ wQ
iD Amino Acid Sequence Dasignation Use Use Use Use Navt.4/ | Navtd4/ | Navil.7/
NO. Navi.7 | Navi5 | Navi4 | Navi. | Navt.7 | Navi3 | Navt3
(M) (M) (M) | 3 (uM)
GpTx-2(1-
467 | {H}-DCLGFMRKCSPDMNDKCCRPNLVCSRKHKWOKY El-{Amide} 34) 4.34 7.21 11.73 1.15 2.7 i0.2 3.8
GpTx-3(1-
468 | {H}-DCLGWFKGCDPDNDKCCEGYKCNRRDRWCOKYKL-{Amide} 33) 8.93 7.80 20.00 9.37 2.2 2.1 1.0
GCpTx-4(1-
469 | {H}-DCLGWFKGCDPDNDKCCENYKCNRREQWCOKYKL-{Amide} 33) 9.25 10.38 11.00 492 1.2 22 1.9
{H}-DCLGWFKGCDPDNDKCCENYKCNRROKWCOKYKLWK- GnTx-7(1-
473 | {FreeAcid} 35) 104 7.6 10.0 3.5 1.0 2.8 2.9
{H-DCLGWFKGCDPRNDKCCENYKCNRRDRWCKY KLVY- GpTx-7(1-
474 | {FreeAcid) 34) 40 | 78 | 108 | 14 2.6 77| 29
GpTx-1(1- ‘
1 {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVE-{Amide} 34) 13.09 1.93 249 22.8 0.9

ELOSTL/TIOT OM

LESHTO/TEBTSN/LDE
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Table 7. Electrophysiolegy by o

nWorks® Quattro: Position 0 additions relative to GpTx-1 (SEQ ID NO:1) and Ac-GpTx-1 (5

EQ ID NO:132).

SEQ WQ IWQ IWQ WQ
D Amino Acid Seguence Designation Use Use Use Use Navt.4/ | Navid/ | Navi7/
NO. Nav1.7 | Navi86 | Navi.4 | Navi. | Navl.7 | Navi3 | Navi3
W) | oMy oMy 3w
Ala-GpTx-
100 | {H}-ADCLGFMRKCIPENDKCCRPNLYCSRTHKWOKYVE-{Amide} 1{1-34) 0.37 19.58 7.07 0.32 19.2 21.9 1.1
Glu-GpTx-
17 | {H}-EDCLGFMRKCIPENDKCCRPNLVCSRTHKWCOKYVE-{Amide} 1{1-34) 0.26 12.77 3.63 0.18 13.9 18.7 1.3
Lys-GpTx-
36 | (HI-KDCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-{Amide} 1{1-34) 0.11 8.35 2.38 0.10 20.8 23.8 1.1
Arg-GpTx-
51 | {HI-RDCLGFMRKCIPDNDIKCCRFNLYCSRTHKWCKYVF-{Amide} 1{1-34) 0.17 15.08 2.58 .08 15.6 318 2.0
Trp-GpTx-
106 | (HI-WDCLGFMRKCIPDRDKCCRPNLYCSRTHKWCKYVF-{Amide} | 1(1-34) | 022 | 2196 3.83 0.25 17.5 15.1.4 0.9 |
{H}-[1-NaljDCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- 1-Nal-GpTx-
201 1 {Amide} 1(1-34)
{Acetyl}DCLGFMRKCIPDNDKCCRPNLVCSRTHRKWCKYVF- Ac-GpTx-
132 | {Amide} 1(1-34) 0.31 12.69 2.86 0.22 g.3 12.9 1.4
GpTx-1{1-
1 {H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} 34) 0.08 13.09 1.93 0.04 24.9 22.8 0.9

CLOSTU/TINT QA

LESOTG/TLOTS VLG
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Table 8. Electrophysiclogy by lonWorks® Quattro Position 1 substitutions or deletions relative to SEQ ID NO: 1.

IWQ IWQ WQ IWQ
SEQ | Amino Acid Sequernce Designation Use Use Use Use Navid4/ | Navtd/ | Nav17/
D Nav1.7 | Navi5 | Navi4 | Navi3 | Navi7 | Navl3 | Navl3
NO. (LM (uM) (uM) {pM)
{H-ACLGFMRKCIPDNDKCCRPNLVCSRTHRKWCKY V- [Ala1]GpTx-
20 {Amids} 1(1-34) .10 9.86 1.68 008 16.8 211 1.3
{H}-ECLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVEF- {Glu1IGpTx-
18 {Amide} 1(1-34) 0.22 |~ 14.16 3.48 0.15 157 23.2 1.5
{H}-KCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [Lys11GpTx-
37 [Amide} 1(1-34) 0.15 7.29 1.49 0.7 10.2 21.0 2.1
{H}-RCLGFMRKCIPDNDKCCRPNLVCERTHKWCKYVF- [Arg11GpTx-
B2 {Amide} 1(1-34) 0.11 8.78 1.45 9.1 12.9 18.2 1.2
{H-WCLGFMRKCIPDNDKCCRPNLYCERTHKWCKYVF- MTrpt1GoTx- -
81 {Amide} 1(1-34) g 6o 8.79 3.06 .1 561 30.4 0.6
{H}-[1-Nal]CLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [1-Nal1lGpTx-
77 {Amide} 1(1-34) 0.11 13.38 6.77 0.14 62.9 48.0 0.8
{HI-YCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE- [Tyr1)GpTx-
97 {Amide} 1(1-34) 0.16 10.61 .89 0.13 24.5 280 1.2
108 | {H}-CLGFMRKCIPDNDKCORPNLVCSRTHKWCKYVF-{Amide} CpTx-1(2-34) G Q7 §.22 1.10 0.05 14.8 20.3 1.4
{HI-[PEJCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [PENGPpT-
188 | {Amide) 1{1-34) 0.17 10.69 2.64 0.1 15.7 24.2 1.5
e 1]lGpTx-
189 | {H}-ICLGFMRKCIPDNDKGCRPNLYCSRTHRKWCKYVF-{Amide} 1(1-34) 0.10 8.15 1.34 007 13.1 20.3 1.5
{H}-PCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY VF- [ProliGpTx-
190 | {Amide} 1(1-34) 0.69 8.73 1.18 0ot 13.7 25.4 2.2
{H}-SCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY VE- [Seri]GpTx-
181 [ {Amide} 1(1-34) G.40 1.14 15.7 21.2 1.4
{HTCLGFMRKCIPDNDKCCRPNLVCERTHKWCKYVF- [Thr1GpTx-
182 ¢ {Amide} 1(1-34) 0.1 9.21 1.41 125 20.5 1.6
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- GpTx-1(1-34) !
1 {Amide} ©oOns 13.09 1.93 .08 24.9 22.8 0.9

ELOSTEL/TLOT G/

LESHTB/TIGTS I LOE



Table 9. Electrophysiclogy by lonWorks® Guattro: Position 3 substitutions relative to 3EQ ID NO: L

IWoO
WQ WaQ IWQ Use
SEQ | Amino Acid Sequence Designation Use Use Use Nav | Navid4/ | Nav14/ | Navi?/
o Mav17 | Navis | Navid | 1.3 Navi.7 Nav1.3 | Nav1.3
NGC. (uivh {ui) () | (UM
{H}-DCAGFMRKCIPDNDKCCRPNLVCSRTHKWCKY V- [Ala3]CpTx-
21 {Amide]} 1(1-34) 0.51 19.01 14.46 | 0.10 28.2 R
{H}-DCEGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVEF- [Giu3iGpTx-
18 | {Amide} 1(1-34) .67 10.47 B.34 0.83 12.5 10.0 0.8
{H}-DCKGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF- {Lys3]GpTx-
38 | {Amide} 1(1-34) o.0s 8.95 1.87 0.8 23.0 13,1 1.4
{H}-DCRCGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [Arg3]GpTx-
155 | {Amide) 1(1-34) .03 8.45 0.85 0.C3 28.7 18.0 0.6
{H}-DCQGFMRKCIPDNDKCCRPNLVCSRTHRKWCKYVE- [GIn3[GpTx-
98 | {Amide) 1(1-34) 0.25 16.40 5.25 0.24 20.7 215 1.0
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- GpTx-1(1-34) 1 c
1 {Amide} ‘ i 008 13.08 1.93 24.§ 22.8 0.9

CLOSTL/LIOT O/

LESOTH/TLOTST/ LD



Table 10. Electrophysiology by IonWorks® Quattro: Position 4 substitutions relative 1o SEQ 13 NO: 1.

€~

! IWQ WQ WQ IWQ
| SEQ | Amino Acid Sequence Designation Use Use Use Use Navi.4/ | Navid4/ | Navi7?/
. Nav1.7 | Navi8 | Navid | Nav1.3 | Navt7 | Navi3 | Navi3
F NG ) {10} {uih) {uhd) (LA
{H}-DCLAFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [Alad]GpTx-
141 | {Amide} 1{1-34) 0.27 11.30 3.24 0.21 12.0 16.4 1.3
{H}-DCLEFMRKCIPDNDKCCRPNLVCSRTHKWOKYVE- [Glud]GpTx-
24 | {Amide} 1(1-34) 174 | 17.61 | 850 1.33 4.9 6.4 1.3
{H}-DCLKFMRKCIPDNDKCCRPNLVCSRTHKWCOKYVE- ILysdlGpTx-
39 | {Amide} 1(1-34) 0.20 9.82 6.49 0.18 32.7 6.2 1.1
{H}DCLRFMRKCIPDNDKCCRPNLYCSRTHKWCKYVE- [Arg4]GpTx-
vvvvv 83 | {Amide} 1(1-34) 0.21 20.08 5.82 0.23 271 24.8 0.9
{H}-DCLWFMRKCIPENDKCCRPNLVCSRTHKWCKYVF- [Trpd4)GpTx-
168 | [Amide} 1(1-34) 10.33 0.52 10.0 18.3 1.8
[1-
{H3-DOL[1-NaifF MRKCIPDNDKCCRPNLVCSRTHKWCKYVFE- NaliGpTx-
160 | {Amide]} 1(1-34) 5.09 0.50 13.7 18.9 1.4
{H}-DCLGFMRKCIPDNDKCCORPNLVCSRTHKWCKYVF- GpTw-1{1-
1 {Amide} 34) 1.83 . 0.08 24.9 228 0.8

ELOSTHZIOT OM

LESOTY/TLOTS /LIS



e

ELOSTL/TIOT QM

VG IWQ WwQ el Nav1.4 | Navi.7
SEQ | Amino Acid Sequence Cesignation Use Use Use Use Nav1.4/ / /
i Navt. | Navi. | Navi. | Navt. Nav17 | Navti3 | Navil3
NO. 7 (M) | B (uM) | 4 (uM) | 3 (uM)
{H1-DOLGAMRKCIPDHNDKCCRPNLYCSRTHKWCOKYVF- [AlaBIGpTx-1(1- : _
22 {Amide} 34) .64 10.34 11.07 1.75 17.4 6.3 0.4
{H-DCLGEMRKCIPDNDKCCORPNLVCSRTHKWCKYVF- [GluB)GpTx=1{1~
143 | {Amice} 34) 17.67 10.01 2226 | 22.29 1.3 1.0 0.8
{H}-DCLGRMRKCIPDNDKCCORPNLVCSRTHKWCKYVF- [ArgB)GpTx-1{1~
186 | {Amide} 34) 3.63 12.64 | 2589 4.09 7.1 6.3 0.9
{HI-DCLCWMRKCIPDNDKCCRPNLVCSRTHKWCKY V- [Trp8]GpTx-1{1~
82 {Amide} 34) 0.15 3.32 2.30 0.11 15.8 214 1.4
{HI-DCLG[1-NallMRKCIPDND KCCRPNLVCSRTHKWCKYVFE- [1-Nal5}CpTx- :
105 | {Amide} 1(1-34) o080 1341 243 .t 25 .4 217 0.8
{H-DCLGIMRKCIPDNDKCCRPNLVCSRTHRKWCKYVE- [He8]|GpTx-1{1- :
88 | {Amide} 34) 2.36 6.65 10.78 .62 300, 17.3 0.6
{H1-DCLGIZ-NallMRKCIPDND KCCRPNLVCSRTHKWCKYVF- | [2-Nai5]GpTx- ; N
128 | {Amide} -84y 0.1 5.11 0.94 - 0056 8.2 17.3 2.1
{HI-DCLG{Bip]MRKCIPONDKCCRPNLYCSRTHKWCKYVF- [BipS]GpTx-1(1-
242 | {Amide} 34} 0.06 3.38 0.14 - 23 - -
{H}1-DCLGICha]MRKCIPDNDKCCRPNLYCSRTHKWCKYVF- [ChasjGpTx-1(1-
243 | {Amide} 34) 0.G1 5.99 0.64 0.02 47 .8 34.8 0.7
H1-DCLGpl- [pl-PhesiGpTx-
247 | PhelIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 1{1-34) 0.18 8.16 19.68 002 121901 11520 0.4
{H}-
DCLG[1T'NMeWIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- | [1'NMeW5sGpTx
264 | {Amide} -1(1-34) 0.09 8.17 2.81 (.09 32.9 30.5 (0.9
{H}-DCLGGMRKCIPODNDKCCRPNLVCSRTHKWCKY VF- IGlyB1GpTx-1(1-
265 | {Amide} 34) 0.75 7.47 10.73 1.24 14,3 8.6 0.6
{H}-DCLGHMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [HisBIGpTx-1(1-
266 | {Amide} 34) 4.74 6.62 14.86 8.37 3.1 1.8 0.6
{HI-DCLGLMRKCIPDNDKCCRPNLVCSRTHKWCKYVE- [Leud]GpTx-1(1-
_____ 267 | {Amide} L 343 0.17 7.40 12.14 0.30 70.9 40.0 0.6

LESCTH/TLOTS/LDS



Ay

{H-DCLGMMRKCIPDNDKCCRPNLYCSRTHKWCKYVE- Met5)GpTx-1(1-

| {Amidey o L ELN | 12.81 L1136 459 04
{H}-DCLGPMRKCIPRNDKCCRPNLVCSRTHKWCKYVEF- [Pro5iGpTx-1(1~
{Amids} 34) 8.61 9.7 6.6 0.7
{H}-DCLGTMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [ThrBIGpTx-1(1-
{Amide} 34) 15.25 12.7 7.1 0.6
{H}-DCLGYMRKCIPDNDKCCORPNLVCSRTHKWCKYVE- [Tyr8]GpTx-1(1-
{Amide} 34) 15.58 4.5 39 0.9
{H}-DCLGVMRKCIPDNDKCCRPNLVCSRTHRKWCKY V- [ValBIGpTx-1{1-
{Amide} 34) 13.22 19.7 13.5 0.7
{H}-DCLGIMRKCIPDNDKCCRPNLYCERTHKWCKYVE- [D-Phe8]GpTx-
{Amide} 1(1-34) >5 - - 0.4
{H}-
DCLGINMeTro]MRKCIPDNDRKCCRPNLVCSRTHKWCKYVF- {NMeTrp5iGpTx-
{Amide} 1(1-34) >5 12.8 16.3 1.3
{H-DCLG[PhgIMRKCIPDNRKCCRPNLYCSRTHKWCKYVF- PhgSiCpTx-1(1-
{Amide} 34) >5 28.4 15.4 0.5
{H}-DCLG[4CO2- [4CO2-F5]GpTx-
FIMRKCIPDNDKCCORPNLYCSRTHKWCKYVF-{Amide} 1(1-34) B.12 13 4.0 2.8
{H}-DOLGRPALIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- | [2PALBIGpTx- |
{Amide} 1(1-34) 8.25 5.7 286 0.5
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY V- GpTx-1(1-34)
{Amide} : 13.09 24.9 22.8 0.9

CLOSTI/TIGE QA&

LESOTHTEOTS /LD



Table 12. Electrophysiology by lonWorks® (uatiro: Position 6 substitutions relative to SEQ 1D NO:1.

WQ WQ W& Q)
SEQ | Aminc Acid Sscuence Designation Use Use Use Uss Navl.4/ | Navid4/ | Navi.7/
iD Navi7 | Navt 8 Navlid | Navi3 | Navl.?7 | Navil3 Nav1.3
NO. (L) {uih) (Ui (M)
IAlaBIGpTx-1(t-
23 | H}-DCLGFARKCIPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} 343 0.51 17.38 3.71 0.21 7.3 17.5 2.4
[GluBIGPTx-1{i- ' .
144 | {H-DCLGFERKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amidg] 34) 3.51 9.39 22,42 | 20.38 6.4 1.1 5.2,
[Lys8IGpTx-1(1-
154 | {H}-DCLGFKRKCIPDNDKCCRPNLVCSRTHKWCOKYVE-{Amide] 34) 1452 1 13958 | 2485 8.49 1.7 2.8 1.7
[ArgBlGoTx-1(1-
84 | H}-DCLGFRRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 34} 5.88 17.58 | 14.74 5.50 2.1 2.5 1.2
{TroBiCpTx-1(1- : :
170 | {(H}-DCLGFWRKCIPDNDKCCORPNLYCSRTHEWCOKYVF-{Amide} 34) 3.58 0.25 19.1 ¢ 1235 8.5
{H}-DCLGF[1-Nal]RKCIPDNDKCCRPNLYCSR THKWCKY V- {1-Nal5]GpTx- :
161 | {Amide} H{1-34) L .00 2.34 (.27 362 43,8 1.1
[PheslGpTx-1{1- |
89 | {H)-DCLGFFRKCIPODNDKCCRPNLVCSRTHKWCKYVF-{Amids) 34) AU I 821 ¢ 139 1.4
{H}-DCLGF[SeMelRKCIPDNDKCCRPNLYVCSRTHKWCKY VF- [SeMetb]CnTx-
3 {Amide} 1{1-34) 2.25 238 22.6 1.0
{H-DCLGFNIe]RKCIPDNDKCCRPRLYVCSRTHKWCKYVF- INIeBIGPpTX-1(1-
123 1 {Amide} 34) 0.43 8.1 23.3 2.9
{H-DCLGF[2-ADUIRKCIPDNDKCCRPNLVCSRTHKWCKY VF- [2-AbuB]GpTx-
124 | {Amide} 1{1-34) g.11 10.59 2.09 0,10 18.6 21.3 1.1
[LeuBlGpTx-1(1-
244 | {H-DCLGFLRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 34) 0.06 5.42 15.94 0.04 270.6 364.7 1.3
{H-DCLGF[Cha]RKCIPDNDKCCRPNLVCSRTHKWCKYVF- {ChabiGpTx-1{1-
2458 | {Amide} 343 0.02 2.37 0.10 - 6.3 - -
[AsnBICpTx-1{1-
278 | {(H}-DCLGFNRKCIPDNDKCCRPNLVCSRTHKWCKYVFE-{Amide) 343 56.88 10.27 | 21.18 6.28 3.1 3.4 1.1
[CInBICpT*-1{1-
279 | {H}-DCLGFQRKCIPDNDKCCRPNLVCSRTHKWCKYVE-{Amide} | 34) 8.62 7.57 14.08 5.96 1.6 2.4 1.4

CLOSTL/TINT QM

LESOTH/TLOTSR/LOL



Lzg

[GyBIGpTx-1(1-

280 | {H}-DCLGFGRKCIPDNDKCCRPNLYCSRTHKWCKYVE-{Amide} | 34) 0.18 | 820 289 (.01 | A8 205 13
[His8]GpTx-1(1-
281 | {H-DCLGFHRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} | 34) 472 | 10.08 | 17.82 | 7.77 3.8 2.3 0.6
Hleb]GpTx-1(1-
282 | {H}-DCLGFIRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 343 0.07 8.63 1.19 0.06 16.8 18.9 1.1
{ProglGpTx-1(1-
263 | {H)-DCLGFPRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} | 34) 076 | 1000 | 11.00 | 076 13.8 14.4 1.0
[Ser6lGpTx-1(1-
284 | {H}-DCLGFSRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide) | 34) 102 | 1694 | 2130 | 0.71 20.8 30.1 1.4
[Thi6]GpTx-1(1-
285 | (H-DCLGFTRKCIPDNDKCCRPNLVOSRTHKWCKYVF-{Amide} | 34) 059 | 18.71 | 4.25 0.28 7.2 15.4 2.1
[Tyr6IGp Tx-1(1-
286 | {H}-DCLGFYRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} | 34) 0.97 638 | 1159 | 052 11.9 222 1.9
ValB]GpTx-1{1-
287 | {H-DCLGFVRKCIPDNDKCCRPNLVCSRTHKWCKYVE-{Amide} | 34) 0.09 9.23 1.77 0.08 18.8 23.4 1.2
{H}-DCLGF[PhgIRKCIPDNDKCCRPNLVCSRTHKWCKYVE- [Phgb]GpTx-1(1-
288 | {Amide} 343 0.15 >5 288 0.09 19.5 32.2 1.7
{H}-DCLGFNMeTrp]RKCIPDNDKCCRPNLVCSRTHKWCKYVF- | [NMeTrp6]GpTx-
289 | {Amidey - T 1(1-34) 0.14 | 2145 | 369 0.24 26.5 1541 086
{H-DCLGFINMePhe]RKCIPDNDKCCRPNLYCSRTHKWCKYVF- | [NMePhe8]GpTx-
290 | {Amide} 1(1-34) 024 | 1056 i 2.59 0.14 10.7 18.8 1.8
{H}-DCLGFIp!-Phe]RKCIPDNDKCCRPNLYCSRTHKWCKY VF- [pI-PheBiGpTx-
291 | {Amide} 1(1-34) 0.02 0.95 0.04 . 26 - -
{(H}-DCLGF[1'NMeWIRKCIPDNDKCCRPNLVCSRTHKWCKYVF- | [1'NMeWG]GpTx-
292 | {Amide} 1(1-34) 0.04 5.66 0.42 0.03 10.2 16.6 1.6
{H-DCLGF4CO2-FIRKCIPDNDKCCRPNLYCSRTHKWCKYVF- | [4CO2-F6]GpTx-
293 | {Amide) 1(1-34) 1579 | 1111 | 2150 | 13.78 1.4 1.6 1.1
{H-DCLGF[2PALIRKCIPDNDKCCRPNLVCSRTHKWCKYVF- [2PALBIGPTx-
284 | {Amide} 1(1-34) 0.37 9.11 7.04 0.09 18.8 75.3 4.0
1 | {HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} GpTx-1(1-34) 008 ¢ 13.08 | 183 i 008 24.9 22.8 0.9
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Table 13. Electrophysiology by lonWorks® Quattro: Substitutions at position 7 or & relative 1o SEQ [D NO:1.

WQ Y] WQ IWQ
SEQ | Amino Acid Sequence Designation Use Use Use Use Navi.4f | Nav1.4/ | Navi.7/
iD Nav1.7 i Navi5 | Navi4 | Navi3 | Navti7? Navi 3 Navi.3
NO. {uM) (i) {u) (M)
[Ala71GpTx-
43 | {H)-DCLGFMAKCIPONDKCCRPNLVCSRTHKWCKYVE-{Amide} 1{1-34}) 0.94 21.55 4,72 0.83 5.0 5.7 1.1
[Glu71GpTx-
145 | {H}-DCLGFMEKCIPDNDKCCRPNLVCSRTHKWOKYVF-{Amide} 1(1-34) (.88 19.11 20.15 1.68 22.9 12.0 0.5
Lys71GpTx-
40 | {H-DCLGFMKKCIPDNDKCCRPHLYCSRTHKWCKYVF-{Amide] 1(1-34) 0.53 2328 6.48 0.47 121 13.8 1.1
{H-DCLGFMICIIKCIPDNDKCORPNLVC SRTHKWOKYVE- Cit71Gp T
115 | {Amide} 1(1-34) 0.63 14.37 6.52 0.56 10.3 11.7 1.1
{H-DCLGFMIK(Me2 JKCIPDNDKCCORPNLVCERTHRKWCKYVE- | [K(Me2)71Gp
295 | {Amide} Tx-1{1-34) 0.82 13.27 10.89 0.27 13.0 39.0 3.0
{HI-DCLGFMISDMATKCIPDNDKCCRPNLYCSRTHRWCKY V- ISDMATZIGPpT
296 | {Amide} x-1{1-34) 0.24 10.34 4.88 0.12 20.2 38.2 1.9
[AlaBYSpTx-
44 | {r3-DCLGFMRACIPDNDKCCRPNLYCSRTHRKWCKYVE-{Amide} 1(1-34) 0.49 16.77 4.73 0.41 9.6 11.4 1.2
[GluB]GpTx-
25 1 {H-DCLGFMRECIFDNDKCCRPNLVCSRTHKWCKYVE-{Amide} 1{1-34) 1.7¢ 24 .85 1348 1.36 7.9 9.9 1.2
[Arg8iGpTx-
65 | {M-DCLGFMRRCIPDNDKCCRPNLVCSRTHKWCKYVEF-{Amide} 1(1-34) 0.14 13.76 1.78 0.12 13.1 14.4 1.1
[TheB)GpTx-
118 | {HI-DCLGFMRTCIPDNDKCCRPNLVCSRTHKWCOKYVF-{Amide)} 1{1-34) 0.35 9.86 6.13 0.15 1740 413 2.4
{H-DCLGFMR[SDMAJCIPONDKCCRPNLVCSRTHKWCKY VE- [SDMAS)GpT
257 | {Amide} x=1{1-34) 0.20 8.05 5.47 0.20 28.0 27.1 1.0
{H}-DCLGFMRIK(Me2)JCIPDNDKCCRPNLVCSRTHKWCKYVF- | [K{Me2)8]Gp
288 | {Amide} Tx-1(1-34) 0.18 G.45 4.43 0.18 23.1 252 1.1
GpTx-1(1- - -
1 {H}-BCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} 34) 1.93 .08 24.9 22.8 0.9

CLOSTLTIOT G AL

LESGTH/TIOTS /LS



Table 14, Electronhvsiclogy by lonWorks® Cuattro: Substitutions at position 10 relative to SEQ 1D NG L.
iy o fe i) o i

SE IWQ IWQ WQ IWaQ
iD Amino Acid Sequence Designation Use Use Use Use Nav1.4/ | Nav1.4/ | Nav1l.7/
NO. Navi.7 | Navi® | Navid4 i Navi3 | Nav1i.7 | Nav1.3 | Navi3
_________ i oLy oMy | Gy | )
[Ala10lGpTx-1{1-
45 1 IHI-DCLGFMRKCAPDNDKCCRPNLVYCSRTHKWCKYVF-{Amide} 34), 0.2 i6.48 2.85 0.19 14.1 15.5 1.1
IGI10IGPpTX-1{1- : ! :
148 | {H-DCLGFMRKCEPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 34) RS 9.55 4.47 0.15 50.9 ¢ 2981 0.6
[Lyst0]GpTx-1{1-
41 {HI-DCLGFMRKCKPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} 34) 0.24 9.00 2.57 0.15 10.9 17.3 1.6
[Arg101GpTx-1(1-
B8 {HI-DCLGFMRKCRPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} 34} 0.18 15.24 0.88 0.11 5.4 8.0 1.5
[Trp101GpTx-1(1- ¢ o
83 | {M-DCLGFMRKCWPDNDKCCRPNLVCSRTHIKWOKYVF-{Amide} 34) 8.02 4,35 0.18 141 23.1 0.5
{H}-DCLGFMRKC[1-Nal]PDNDKCCRPNLVCSRTHRKWCKYVE- [1-Nal1ClGpTx-
78 | {Amide} 1(1-34) 0.15 10.03 9.02 0.21 56.3 42.9 0.7
[Asn101GpTx-
90 | {H}-DCLGFMRKCNPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} 1(1-34) 0.49 14.14 9.33 0.19 19.2 49,4 2.6
[Asp10]GpTx-
119 | {HI-DCLGFMRKCDPDNDKCCRPNLVOSRTHKWOKYVF-{Amide) 1(1-34) 0.22 11.34 8.36 0.15 374 RS 1.4
[Tyr10iGpTx-1(1-
298 | {M}-DCLGFMRKCYPDNDKCCRPNLVCSRTHKWOKYVF-{Amide] | 34) 0.14 5.41 0.96 0.67 6.7 145 2.2
{H}-DCLGFMRKC[NMeTrp]PDNDKCCRPNLYCSRTHKWCKYVE- | [NMeTrpt0]GpTx
300 | {Amide} -1(1-34) 0.08 9.88 1.93 0.07 24.4 28.9 1.2
Val0jGpTx-1(1-
301§ {HI-DCLGFMRKCVPDONDKCCRPNLVCSRTHKWCKYVE-{Amide} | 34) 0.10 7.88 1.41 0.08 13.6 15.3 1.1
[Phe10]1GpTx-
302 1 {M-DCLGFMRKCFPDNDKCCRPNLVCSRTHKWCKYVF-{Amide} | 1(1-34) 0.11 5.33 1.08 0.08 9.7 12.8 1.3
{LeutCiGpTx-1(1-
303 | {H-DCLGFMRKCLPDNDKCCRPNLVCSRTHEKWCKYVF-{Amide} | 34) 0.13 8.13 2.54 0.08 18.1 30.9 1.8
[His10]GoTx-1{1-
304 | {H}-DCLGFMRKCHPDNDKCCRPNLVCSRTHKWCOKYVF-{Amide} | 34) 0.05 5.368 0.69 0.03 15.0 208 1.4
[Seri0lGpTx-1{1-
305 | {H}-DCLGFMRKCSPDNDKCCORPNLVCSRTHKWCOKYVF-{Amide} | 34) 0.05 4.64 1.95 0.09 36.8 222 0.6
307 1 {H}-DCLGFMRKCMPDNDKCCRPNLVCSRTHKWCOKYVF-{Amide} | [Meti0iCGpTx-1(1- | 0.09 3.38 3.09 0.10 32.8 324 1.0
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[Prot01GpTx-1(1-

308 | {(M-DCLGFMRKCPPDNDKCCRPNLYCSRTHKWCKYVF-{Amide} | 34) 040 | >5 118 | 0.24 3.0 5.0 1.7
[Thri0ICpTx-1(1-
309 | {H}-DCLGFMRKCTPDNDKCCRPNLYCSRTHRWCOKYVE-{Amide} | 34) 0.10 >5 1.08 0.06 10.7 17.7 1.7
[4C02-
{H-DOLGFMRKCI4CO2-FIPDNDKCCRPNLVCSRTHKWCOKYVF- | F101GpTx-1(1-
310 | {Amide} 34) 0.28 | 6.87 | 394 | 023 14.2 17.3 1.2
(HI-DCLGFMRKC[ZPALIPDNDKCCRPNLVCSRTHKWCKYVF- | [2PAL10]GPTx-
311 | {Amide) 1(1-34) 0.19 8.83 2.91 0.04 15.4 66.3 4.3
1| {H)-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-{Amide) CpTx-1(1-34) | 006 : 1309 | 193 = 208 | 249 22.8 09
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Table 15. Electrophysiology by lonWorks® Quattro: Substitutions at position 11 or 12 relative to SEQ 1D NO:1.

| wa wWQ WQ WQ
I SEQ | Amino Acid Sequence Designation Use Use Use Use | Navi4/ | Navi4/ | Nav1.7/
| ID Navi. | Navi. | Navi. | Navi. | Navi7 | Navi3 | Navi.3
i NO. 7MY | B (MY | 4 (b | 3 (uM)
f {H}-DCLGFMRKCIADNDKCCRPNLVCSRTHKWOKY VF- [Alat11GpTx-
[ 46 {Amids} 1(1-34) 0.21 16.08 2.97 0.18 14.4 16.6 1.2
{H}-DCLGFMRKCGIEDNDKCCRPNLYCSRTHKWCKYVF- [Giutt]GeTx- T o
I 147§ {Amide} 1(1-34) 0.22 15.61 8.64 0.21 30.7 32,0 1.0
{H}-DCLGFMRKCIWDNDKCCRPNLVCSRTHKWCKYVF- [Trp11]GpTx- : !
[ 171 | {Amide} 1(1-34) . G.07 9.50 1.66 G4 22.4 | 36.9 1.6
{H}-DCLGFMRKCIPANDKCCRPNLVCSRTHKWCKYVE- [Ala121GpTx~
4 {Amide;} 1(1-34) 0.12 8.06 0.70 0.13 8.0 54 0.9
{H}-DCLGFMRKCIFENDKCCRPNLVOSRTHKWCKYVE- IGui2]GpTx-
28 | {Amide} 1(1-34) 0.26 5,45 2.24 0.19 8.5 11.9 1.4
: {H}-DCLCFMRKCIPKNDKCCRPNLYCSRTHKWCKY V- {Lys12]GpTx-
42 | {Amide} 1{1-34) 0.12 8.51 0.53 .09 4.5 5.8 1.3
{H}-DCLGFMRKCIPRNDKCCRPNLVCSRTHKWCKYVE- [Arg12]GpTx-
_,67 {Amide} 1{1-34) 0.11 5.00 0.52 0.14 4.8 3.8 0.8
; {HI-DCLGFMRKCIPWNDKCCRPNLVCSRTHKWCKYVF- [Trp121GpTx- !
172 | {Amide} 1(1-34) ~ 0.05 8.04 0.49 §.04 i0.4 12.7 1.2
[1" !
{H}-DCLGFMRKCIPI-NailNDKCCRPNLVCSRTHRKWCKYVEF- Nali2]GpT®- |
162 | {Amide} 1(1-34) 1 9.88 0.55 RS, 8.4 12.3 1.3
{H}-DCLGFMRRCIPSNDKCCRPNLYCSRTHKWCKYVF- [Ser12]GpTx- | !
21 {Amide} 1{1-34) 008 9.58 1.68 0.19 20.5 8.9 . 0.4
{H)}-DCLGFMRKCIPGNDKCCRPNLYCSRTHKWCKYVF- [Giy12iGpTx- | !
194 | {Amide} 1{1-34) 275 L 8764 0.510 0,047 6.8 10.9 1.6
[e12]GpTx-
185 | {H}-DCLGFMRKGIPINDKCCRPNLVCSRTHRKWCKYVF-{Amide} 1(1-34) 0.662 | 18322 i 5.834 | 0.607 8.8 9.6 1.1
fLeu12iGpTx : :
193 | {H}-DCLGFMRKCIPLNDKCCRPNLVCSRTHKWCKYVF-{Amide} ~1(1-34) . 0080 8832 ; 0586 | 0.07¢ 7.4 8.2 1.1
[Thri21GpTx- ! :
196 | {H}-DCLGFMRKCIPTNDKCCRPNLYCSRTHRWCOKY VE-{Amide} 1(1-34) 0,087 - 7.079 | 0.649 34174 6.7 8.8 1.3
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ITyr121GpTx- |
g H1-34)

GpTx-1(1-34)

197 | {H)-DCLGFMRKCIPYNDKCCRPNLYCSRTHKWCKYVF-{Amids)
{(H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF-

1| iAmide) 008 . 13.09 | 183
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Table 16, Electrophysiology by lonWorks® (Guattro: Substitutions at position 13 relative to SEQ 1D NO: 1.

IWQ WaQ IWQ IWQ
SEQ | Amino Acid Sequence Designation Use Use Usse Use | Navl.4/ | Mav1.4/ | Navi.7/
o Nav17 | Navi5 | Navi4 | Nav1.3 | Navl7 | Navl3 | Navi3
NO. () (M) (M) (M)
[Ala13iGpTx-
5 {H}-DCLGFMRKCIPDADKCCRPNLVCSRTHKWCKYVF-{Amide} 1{1-34) 0.17 8.15 2.64 0.18 15.9 16.9 1.1
[Glu18IGpTx-
27 {HI-DCLGFMRKCIPDEDKCCRPNLVCSRTHRKWCKYVF-{Amide} 1(1-34) 0.26 9.38 4.41 0.22 17.2 19.8 1.2
fLys13]GpTx-
48 {H}-DCLGFMRKCIPCKDKCCRPNLVCSRTHKWCKY VF-{Amide} 1(1-34) 0.21 972 2.44 0.13 115 19.1 17
[Arg13]GpTx-
103 | {HI-DCLGFMRKCIPDRDKCCRPNLVCSRTHKWCKYVF-{Amidel | 1(1-34) 0.18 15.96 4.64 0.22 24 214 0.7
{H}-DCLGFMRKCIPDWDKCCRPNLYCSRTHKWCKYVF- [Trp13lGpTx-
173 | {Amide} 1(1-34) Gy 17.20 | 2.8 05 6.2 19.3 1.9
ti-
{H}-DCLGFMRKCIPD[1-NallDKCCRPNLVCSRTHKWCKYVF- Nal13}GpTx-
163 | {Amide} 1(1-34) 8.27 2.84 24.9 324 1.3
1 {HI-DCLGFMRKCIPDNDKCCRPNLYCSRTHRKWCKYVF-{Amide} | GpTx-1(1-34) 13.09 | 1.93 24.9 228 0.9
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Table 17. Electrophysiclogy by IonWorks® Quattro: Substitutions at position 15 relative to SEQ ID NG:1.
tWQ Wwa WaQ WQ
SEQ | Amino Acid Sequence Designation Use Use Use Use Navi1.4/ | Navtid/ | Navi.7/
iD Nav17 | Nav1.53 | Navi4 | Navl.3 | Navi7? Navi.3 Navt.3
NO. (M) (UM} (uM) (M)
{H}-DCLGFMRKCIPDNDACCRPNLVCSRTHKWCKYVF- | [Ala181GpTx- 1.1
& | lAmidel 1(1-34) 0.22 9.64 4.68 0.19 215 24.2
{H}-DCLGFMRKCIPDNDECCRPNLVCSRTHKWCKYVF- | [Glu15]GpTx- 1.2
28 1 [Amide} 1(1-34) 0.59 12.09 875 0.49 14.8 17.8
{H-DCLGFMRKCIPONDRCCRPNLVCSRTHKWCKYVF- {Arg 151GpTx- 1.4
68 {Amide} -34) 0.20 18.14 227 0.14 11.2 18.0
{H}-DCLGFMRKCIPDNDQCCRPNLVCSRTHKWCKYVF- Gin‘iﬁijT.x» 1.1
92 | {Amide} 1{1-34) 0.13 7.60 242 0.12 18.3 20.9
{H}-
DCLGFMRKCIPDNDISDMAJGCCRPNLYCSRTHKWCKYY | [SDMA1SIGpTx-
312 | F-{Amide} 1(1-34) 0.14 9.67 1.56 0.15 14.0 13.0 0.9
{H}-
DCLGFMRKCIPDNDIK(Ma2)]CCRPNLVESRTHKWCKYV | [K(Me2)15]CpTx
313 | F-{Amide} -1(1-34) 0.19 10.13 4.75 0.13 24.4 36.6 1.5
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE- ; 0.9
1 {Amide} GpTx-1(1-34) ' 0.08 1 1309 1.83 008 24.9 22.8
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Table 18. Electrophysiology by fonWorks® Quattro: Substitutions at position 18 or 19 relative to SEQ 1D NO:1.

IWQ IWQ WQo IWQ
SEQ Use Use Use Use Nav1.4/ | Nav14/ | Nav1.7/
iD | Amino Acid Sequence Designation Navt.7 | Navi5 { Navi4 | Nav1i3 | Navi7 | Navl7 | Navil3
NO. (uM) (uM} (uM) (M)
{H}-DCLGFMRKCIPDNDKCCEPNLVCSRTHKWCKYVF- [Glu18]GpTx-
148 | {Amide} 1(1-34) 0.22 14.60 4.5 0.21 22.8 23.7 1.0
{H}-DCLGFMRKGIPDNDKCCKPNLYCSRTHKWCKY V- [Lys18]CpTx-
49 {Amide} 1{1-34) 0.30 17.56 3.78 0.21 12.5 18.1 1.4
{+}-DCLGFMRKCIPDNDKCCWPNLVCSRTHKWCKYVF- [Trp18IGpTx-
174 | {Amide} 1(1-34) 0.19 14.73 8.66 0.08 45,6 108.0 2.3
{HI-DCLGFMRKCIPONDKCCICIHIPNLYCSRTHRWCKYVF - [Cit18]1GpTx~ 23.1
116 | {Amide} 1{1-34) 0.17 11.00 5.24 0.23 30.7.. 0.8
{H}-DCLGFMRKCIPDNDKCCIK(Me2)IPNLVCSRTHKWOKYVE- | [K(Me2)18]Gp
314 | {Amide} Tx-1{1-34) 0.21 6.55 6.70 0.08 31.8 82.8 2.6
{H}-DCLGFMRKCIPDNDKCC[SDMAIPNLVCSRTHKWCKYVE- | [SDMATBIGPpT
315 | {Amide} %-1(1-34) 0.14 10.48 3.41 0.10 25.1 32.8 1.3
{H}-DCLGFMRKCIPDNDKCCIZPALIPNLVCSRTHKWCKYVE- [2PAL18]GpTX
316 | {Amide} -1(1-34) 0.19 9.17 9.85 0.06 51.9 167.0 3.2
{H}-DCLGFMRKCIPDNDKCCRKNLVCSRTHKWCKY V- [Lys18]GpTx-
50 | {Amide} 1{1-34) 0.12 10.63 4.29 0.18 8.2 24.2 0.7
{H}-DCLGFMRKCIPDNDKCCRRNLVCSRTHKWCKYVF- [Arg191GpTx-~ o
157 | {Amide} 1(1-34) 0.07 8.16 1.42 0.06 21.0 23.4 1.1
{H}-DCLGFMRKCIPDNDKCCRSNLYCSRTHKWCKYVF- [Seri9]GpTx-
181 | [Amide} 1(1-34) 0008 ¢ 11.382 | 3.107 0,031 355 1012, 2.9
[Ser-
{H}-DCLGFMRKCIPBNDKCCRSSNLYCSRTHKWCKYVF- Ber191GpTx- 20.6
93 | {Amide} 1(1-34) 0.27 13.92 6.67 0.32 24.3 0.8
{H}-DCLGFMRKCIPDNDKCCRGNLVCSRTHKWCKYVF- [Gly19]GpTx-
126 | {Amids} 1{1-34) G0 11.82 1.82 0.11 18.6 17.2 0.9
(H}-DCLGFMRKCIPONDKCCRPNLVCSRTHKWCKYVF- o
1 {Amide} GpTx-1{1-34) 0.08 13.08 1.93 5.0 24.9 22.8 0.9
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Table 19. Electrophysiology by IonWorks® Quatiro: Substitutions at position 20 or 21 relative 1o SEQ 1D NO:1.

8

WQ WQ IWQ WG
SEQ Use Use Use Use Nav1.4/ | Navid/ | Navi7/
1D | Amino Acid Sequence Designation Navi7 { Navi5 | Navid | Navi3d | Navi7 | Navi3 | Navi3d
NO. (M) (M) (uvh) ()
{H}-DCLGFMRKCIPDNDKCCRPALVCSRTHKWCOKYVF- [Al2201GpTx-
7 {Amide} 1{1-34) 0.69 18.53 7.13 0.41 10.4 175 1.7
{H}-DCLGFMRKCIPDNDKCCRPELVCSRTHRKWOKYVF- [Glu20]GpTx-
149 | {Amide} 1{1-34) 1.42 748 20.92 .02 14.7 208 1.4
{H}-DCLGFMRKCIPDNDKCCRPKLYCSRTHKWCOKYVF- [Lys20]GpTx~
51 | {Amide} 1(1-34) C.61 18.96 3.72 8.1 114 1.9
{H}-DCLGFMRKCIPDNDKCCRPRLVCSRTHKWCKYVF- [Arg20]1GpTx-
89 | {Amide} i(1-34) 0.17 14.91 1.42 8.5 17.8 2.1
{H}-DCLGFMRKCIPDNDKCCRPWLYCSRTHKWCOKYVF- [Trp201GpTx- '
175 | {Amide} 1(1-34) o 7.35 0.85 16.7 3748 2.3
{H}-DCLGFMRKCIPDNDKCCRP]1- [1-NalZ0}GpTx-
164 | NallLVCSRTHKWOKYVE-{Amide} 1(1-34) ;. 0.07 7.38 0.42 5.7 6.4 1.1
{H}-DCLGFMRKCIPDNDKCCRPYLVCSRTHKWCKYVE- Tyr201GpTx-
200 | {Amide} 1(1-34) 0.116 9.054 1.145 8.8 20.8 2.1
{H}-DCLGFMRKCIPDNDKCCRPGLVYCSRTHKWCOKYVF- [Gly20]GpTx-
198 | {Amide} 1(1-34) 1. 6.229 9.754 2.629 11.5 209 1.8
{H}-DCLGFMRKCIPDNDKCCRPFLVCSRTHKWCKYVF- [Phe20]GpTx- o
199 | {Amide} 1(1-34} 0.154 10.787 12.0 27 4 2.3
{H}-DCLGFMRKCIPDNDKCCRPNWYCSRTHKWCKYVE- [Trp21]GpTx-
476 | [Amide} 1(1-34) 515 13.75 2.65 005 _ 268 8.6 1.8
{H-DCLGFMRKCIPDNDKCCRPN]1- [1-Nal2f]GpTx- i
165 | NallVCSRTHKWCKYVF-{Amide} 1(1-34) ALY 10.83 3.17 4.09 38.9 355 0.8
{H}-DCLGFMRKCIPDNDKCCRPNMVCSRTHKWCKYVE- [Met21]GpTx-
120 | {Amide} 1(1-34) 0.14 9.54 178 0.09 12.9 193 1.5
[4C02-
{H}-DCLGFMRKCIPDNDKCCRPN[4CO2- F21iGpTx-1(4-
317 | FIVCSRTHKWCKYVF-{Amide} 34) 3.98 8.9C 19.74 3.67 5.0 5.4 1.1
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{H)- | |
DCLGFMRKCIPDNDKCCRPN[2PALIVCSRTHKWCKYVF- | [2PAL21]GpTx- | |

318 | {Amide} 1(1-34) 018 | 752 | 348 |
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE- o :

1| {Amide} GpTx-1(1-34) - DOB ¢ 1309 1 193 . 008
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Table 20. Electrophysiclogy by lonWorks® Cuatiro: Substimtions at position 22 relative to SEQ ID NO:1.

WQ IWQ WQ WaQ
SEQ lise Use Use Use Navi4/ | Navid/ | Navi.7/
D | Amino Acid Sequence Designation Navi? | Navls | Navt4 | Navi3 | Navl? Nav13 Nav1.3
NO. {unt) (M) (i) (i}
{H}-DCLGFMRKCGIPDNDKCCRPNLACSRTHKWCKY V- [Ala22iGpTx-
8 {Amids} 1(1-34) 0.38 20.43 13.76 0.32 40.1 437 1.2
{H-DCLGFMRKCIPDNDKCCRPNLECSRTHKWCKY V- IGlu221GpTx-
102 | {Amide} 1{1-34) 1.40 206.78 8.31 2.14 6.0 3.9 0.7
{H}-DCLGFMRKCIPODNDKCCRPNLKCSRTHKWCOKYVE- {Lys221GpTx- S
52 | {Amide) 1(1-34) 0.19 15.03 1.86 10.4 257 25
{H}-DCLGFMRKCIPDNDKCCRPNLRCSRTHKWCKY VF- [Arg221GpTx-
158 | {Amide} 1{1-34) GO 8.20 0.70 117 24.3 2.1
{HF-DCLGFMRKCIPDNDKCCRPNLWCSRTHKWCKYVF- [Trp221CpTx-
177 1 {Amide} 1(1-34) G.03 8.02 4.23 .08 i57.2 75,1 0.5
{H}-DCLEGFMRKCIPDNDKCCRPNLFCSRTHKWCKYVF- (Phe22]GpTx-
318 | {Amide} 1{1-34) G.70 >5 >5 1.02 - - 0.7
{H}-DCLGFMRKCIPDNDKCCRPNLPCSRTHKWCKYVF- [Proz2iGpTx-
320 | {Amide} B 1(1-34) >5 >5 >5 >5 ~ - -
{H}-DCLGFMRKCIPDNDKCCRPNLICSRTHIKWCKYVF- [He22]GpTx-1{1-
321 1 {Amide} 34) 0.08 11.81 1.54 0.07 19.3 206 1.1
{H}-DCLGFMRRCIPDNDKCCRPNLLCSRTHRWCKYVF- {Leuz2iGpTx-
322 | {Amide} 1(1-34) 0.0 9.58 0.83 £.07 9.3 114 1.2
{H}-DCLGFMRKCIPDNDKCCRPNLSCSRTHKWCKYVF- 1Ser22jGpTx-
323 | {Amide} 1(1-34) 0.10 4.42 1.44 0.08 14.7 16.1 1.1
{H}-DCLGFMRKCIPDNDKCCRPNLGCSRTHKWCKYVF- [Gly22]GpTx-
324 | {Amide} 1(1-34) 0.14 10.86 4.86 0.10 33.5 45.2 1.4
{H}-DCLGFMRKCIPDNDKCCRPNLNCSRTHKWCKYVF- [Asnz2iGpTx-
325 | {Amide} 11-34) 0.24 8.07 1.78 0.08 7.5 19.3 2.8
{H}-DCLGFMRKCIFDNDKCCRPNLHCSRTHKWCKY V- [His22jGpTx-
326 | {Amide)} 1(71-34) 0.41 15.64 2.51 0.10 5.0 241 4.0
{H}-DCLGFMRKCIPDNDKCCRPNLDCSRTHKWCKYVF- IAsp22]GpTx-
327 | {Amide} 1{1-34) 1.50 13.26 7.21 0.63 4.9 11.7 2.4
{H}-
DCLEGFMRKCIPDNDKCCRPNL[NMePhe]lCSRTHKWCKYVF- [NMePhe22iGp
328 | {Amide)} Tx-1(1-34) 20.60 20.39 18.40 7.37 0.9 2.5 2.8
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{F}-DCLGFMRKCIPDNDKCCRPNLTCSRTHKWOKYVE- [THr22]GpTx-

329 | {Amide} , _ _ _ 1(1-34) 0.12 459 | 138 | 008 13| 182 16
{HI-DCLGFMRKGIPDNDKCCRPNL[PhgICSRTHKWCKYVF. | [Phg221GnTx

330 | {Amide} 1(1-34) 0.18 4.69 1.82 0.07 10.0 25.0 25
{H-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVE- [Tyr22)GpTx-

331 | {Amide) 1(1-34) 0.56 426 | 7.91 0.50 14.1 15.9 1.1
(H-DCLGFMRKCIPDNDKCCRPNLMC SRTHKWCKYVE- Met22]GpTx-

332 | {Amide} 1(1-34) 0.09 4.61 0.43 0.08 4.9 55 1.1

[4C02-

{H}-DCLGFMRKCIPDNDKCORPNL{ACO2- F221GpTx-1(1-

333 | FICSRTHKWCKYVF-{Amide} 34) 5.77 7.50 | 2251 | 4.47 3.9 5.0 1.3
{H}-DCLGFMRKCIPDNDKCCRPNLZPALICSRTHKWCKYVE- | [2PAL22]GpTx-

334 | {Amide} 1(1-34) 033 | 1096 | 6.80 0.14 20.5 49.4 24
(F-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY VE- ‘

1 | [Amide) GpTx-1(1-34) 0.08 . 1309 | 193 .08 24.9 228 0.9
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Table 21. Electrophysiology by lonWorks® Quattro: Substitutions at position 24 or 25 relative to SEQ ID NO: L.

IWQ WQ IWGQ IWQ
SEQ Use Use Use Use Navi.4/ | Navid/ | Navi7/
o Amino Acid Sequence Designation Navi.7 | Navib | Navi4 | Nav1i3 1 Navi7 | Navt3 | Navi3
NO. (pih) () (UM} (M)
{H}-DCLGFMRKCIPDNDKCCRPNLVCARTHRKWCKYVE- [Ale241CpTx-
142 | {Amide} 1(1-34) 0.47 8.20 1.93 0.25 4.1 7.8 1.9
{HI-DCLGFMRKCIPDNDKCCRPNLYCERTHKWCIKYVF- [Glu241GpTx-
150 | {Amide} 1{1-34) 6.12 11.48 23.12 8.78 3.8 3.4 0.9
{H}-DCLGFMRKCIPDNDKCCRPNLYCSATHRKWCKYVF- [Ala25]1GpTx-
9 {Amide} 1{1-34) 0.30 18.78 6.19 0.84 20.8 7.3 0.4
{HI-DCLGFMRKCIPDNDKCCRPNLYCSETHRWCKYVF- [Glu25]GpTx-
181 | {Amids} 1{1-34) 0.71 13.99 16.27 117 22.8 13.9 0.6
{H}-DCLGFMRKCIPDNDKCCRPNLYCSKTHRKWCKY V- [Lys251GpTx-
53 i {Amide} 1{1-34) 0.38 15.21 3.89 0.24 10.4 16.2 1.6
{H}-DCLGFMRKCIPDNDKCCRPNLVCS[CH THKWCKYVE- [Cit28}EpTx-
117 | {Amide} 1(1-34) 0.32 8.87 10.49 0.51 32.3 206 0.6
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSIK(MeZ) THKWCKYVF- | [K(Me2)251GpT
| 335 i {Amide} x-1(1-34) 0.31 7.93 13.57 0.11 43.2 126.4 2.9
{H}-
DCLGFMRKCIPDNDKCCRPNLVCS[SDMA]THKWCKYVEF- {SDMAZ5IGPT
336 | {Amide} x-1(1-34) 014 9.22 2.68 0.11 19.8 23.5 1.2
{H}-DCLGFMRKCIFDNDKCCRPNLVCSRTHKWCKY VF- o
1 {Amide} GpTx-1(1-34) 0.08 13.09 1.83 0.08 24.9 22.8 0.9
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Table 22, Electronhysiclogy by TonWorks® Cuattro: Substitutions at position 26 relative to SEQ 1D NO: 1.
i) g5 Uy

WQ WQ waQ WQ

SEQ Use Use Use Use Navid/ | Navid/ | Navi1.7/

iD Amino Acid Sequence Designation Nav1.7 | Navis | Navt4 | Navi3 | Navi? Navi.3 Navi.3

NO. (Ui (uM) {uhvh (Ul
| {H}-DCLGFMRKCIPDNDKCCRPNLYCSRAHKWCKYVF-

10 | {Amide} [Al228]1GpTx-1(1-34) 0.25 1045 | 3.16 0.17 12.5 18.2 1.5
- {H}-DCLGFMRKCIPDNDKCCRPNLYCSREHKWCKY VF- ‘

152 | {Amide} [Glu2B]GpTx-1(1-34) | 068 | 17.15 | 2359 | 071 : ME 335 1.0
T {H-DCLGFMRKCIPDNDKCCRPNLVCSRKHKWCKYVF- i ‘

54 %Agnide} [Lys26]CGpTx-1(1-34) 505 | 796 | 075 o 145 430 3.0
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRRHKWCKYVF- | ) paym ! T

70 | {Amide} (Arg26iGpTx-1(1-34) 3.06 | 053 155 68.3 4.4
{F}-
DCLGFMRKCIPDNDKCCRPNLYCSRWHKWCKYVF- 0.83 1.4

178 | {Amide} [Tro28]GpTx-1(1-34) 0.0 5.84 0.2 19.7 27 A
(H-DCLGFMRKCIPDNDKCCRPNLYCSRKTKWCKYVF- | [Lys26;Thr27]GpTx- -

34 | {Amide} 1(1-34) 9.29 352 1.8
{HF-DCLGFMRKCIPDNDKCCRPNLVCSRLHKWCKYVF-

121 | {Amide) [Leu2d]GpTx-1(1-34) - 1020 | 345 46.6 0.9
{H-DCLGFMRKCIPDNDKCCRPNLVCSRHHKWCKYVF-

337 | {Amide} [His281GpTx-1(1-34) 0.10 4.52 10.31 124.4 12
{HF-DCLGFMRKCIPDNDKCCRPNLYCSRSHKWCKYVF-

338 | {Amide} [Ser2lGpTx-1(1-34) | 010 | 12.32 1.12 0.09 11.2 12.9 12
H)-
DCLGFMRKCIPDNDKCCRPNLYCSRAHKWCKYVF-

339 | (Amide} IGIN2BIGPTx-1(1-34) | 014 | 17.95 1.90 0.09 13.2 21.5 1.6
{(F-DCLGFMRKCIPDNDKCCRPNLVCSRY HKWCKYVF -

340 | {Amide} [Tyr28]GpTx-1(1-34) 0.08 551 1.24 0.08 16.2 197 1.2
{F3}-DCLGFMRKCIPDNDKCCRPNLVCSRFHKWCKYVF-

341 ! {Amide} Phe28iGpTx-1(1-34) | 0.08 5.88 1.47 0.10 18.8 15.2 0.8
I {H}-DCLGFMRKCIPDNDKCCRPNLVCSRNHKWCKYVF-

342 | {Amide} [Asn28]1GpTx-1(1-34) | 0.09 6.29 1.08 0.10 11.6 10.9 0.9
{H-
DCLGFMRKCIPDNDKCCRPNLYCSRBHKWCKYVF-

343 | {Amide} [Giy261GpTx-1(1-34) 0.10 4.07 0.99 0.09 10.1 11.1 1.1
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{H}-DCLGFMRKCIPDNDKCCRPNLYCSRVHKWCKYVF-
{Amide}

[Val26]GpTx-1(1-34)

0.04

{H-DCLGFMRKCIPDNDKCCRPNLVCSRPHKWCKYVF-
{Amide}

Pro26iGpTx-1{1-34)

0.16

H-
DCLGFMRKCIPDNDKCGRPNLVCSRMHKWCKYVF-
{Amide}

Met281CpTx-1{1-34)

0.04

6.02

{H}-DCLGFMRKCIPDNDKCCRPNLVCSRDHKWCKYVF-
{Amide}

[Asp26]GpTx-1(1-34)

0.96

6.64

{H}-DCLGFMRKCIPDNDKCCRPNLVCSRIHKWOKYVE-
{Amide}
11

[le26]GpTx-1(1-34) | .

{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRZPALIHKWCIKYV
F-{Amide}

[2PAL26]GRT*-1(1-
34)

0.26

0.03

{H}-DCLGFMRKCIPDNDKCCRPNLVCSR[4CO2Z~
FIHKWCKYVE-{Amide}

[4CO2-F25]GpTx-
1(1-34)

0.40

{H}-DCLGFMRKCIPDNDKCCRPHNLVCSRTHKWCKYVF-
{Amide}

CpTx-1{1-34}

[AIRAtS
.:.J-\E
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Table 23. Electrophysiclogy by TonWorks® Quattro: Substitutions at position 27 or 28 relative to SEQ ID NO:1.

waQ WQ IWQ iwaQ

SEQ Use Use Use Use Nav1.4/ | Navid/ | Navi7/

1D | Amino Acid Sequence Designation Navt 7 | Navl5 | Navl4 | Navli.3 | Navl7 | Navi3 Nav1.3

NO. (L) {(pM) (M) (M)

{H}-
DCLGFMRKCIPDNDRCCRPNLVCSRTAKWCKYVE- [Ala271GpTx-

11 {Amide] 1{1-34) 0.95 14.71 3.94 1.15 4.1 3.4 0.8
(H)- 27)GpTx-

DCLGFMRKGIPDNDKCORPNLVCSRTEKWCKYVF- | EBUZHCPT

29 {Amide} ) B8.54 15.16 21.40 12.28 2.5 1.7 0.7
{H- [Lys271GpTx-

DCLGFMRKCIPDNDKCCRPNLYCSRTRKKWCOKYVF- ‘1(3._5,;’

55 | {Amide} ’ 1.51 11.53 5.16 2.48 4.1 2.5 C.6
{H}-

DCLGFMRKCIPDNDKCCRPNLVCSRTRKWCKYVF- IArG2716pTx-

71 | {Amide} 1(1-34) 0.51 5.22 2.61 0.51 52 5.1 1.0
{H)-

DCLGFMRKCIPDNDKCCRPNLVCSRTWKWCKYVE- (Tn271GpTx-
84 {Amide} 1{1-34) 0.32 5.59 2.57 0.59 8.0 4.4 0.8
(-
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRT[1- Nal271GpTx-

166 | NallKWCKYVF-{Amide} 1{1-34) 0.30 0.88 0.62 0.43 2.0 1.5 0.7
{H- | |
DCLGFMRKCIFDNDKCCRPNLVCSRTFRKWCKYVEF- [Phe27iGpTx-

109 | {Amide} 1{1-34) 0.22 2.08 2.92 0.53 13.2 5.5 0.4
{Hy-

DCLGFMRKCIPDNDKCCRPNLVYCSRTYKWOKY V- [Tyr271GpTx-
110 | {Amide} 1(1-34) G.19 6.39 578 0.31 258 18.4 0.6
(H-
8l
DCLGFMRKCIPDNDKCCORPMLVCSRTLKWCKY V- [Leu27iGpTx-
111 | {Amide) 1(1-34) 1.15 6.19 $.04 1.01 7.9 8.9 1.1
[4C02-
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRT4CO2- F271GpTx-1(1-
351 1 FIKWCKYVF-{Amide} 34y | 1544 | 685 | 1935 8.41 1.3 2.3 1.8
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(H)-
DCLGFMRKCIPDNDKCCRPNLVCSRTZPALIKWCKYY | [2PAL27]GPTX

352 | F-{Amide} -1(1-34) 0.09 2.93 61.4 1.8
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRTISDMAKWCKY | [SDMA271GRT

353 | VF-{Amide} x-1(1-34) 2.00 984 | 24 4.1 0.8
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTIK(Me2)JKWCK | [K(Me2)271Gp

354 | YVF-{Amide} Ti-1(1-34) 7.00 11.94 | 3.82 3.1 1.8
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHAWCKYVF- | [Ala28]GpTx-

12| {Amide) 1(1-34) 0.36 686 | 0.6 10.4 05
(H)-
DOLGFMRKCIPDNDKCCRPNLVCSRTHEWCKYVF- | [Glu28]GpTx- 4

153 | (Amide) 1(1-34) 034 13,93 175 04
(M-
DCLGFMRKCIPDNDKCCRPNLVCSRTHRWOKYVF- | [Arg28]GpTx-

72| {Amide} 1(1-34) o8 7.55 5801 1 0.6
{H}-
DCLGFMRKGIPDNDKCCRPNLYCSRTHIK(Me2)WCK | [K(Me2)281Gp

355 | YVF-{Amide} Tx-1(1-34) 0.27 14.42 765 1.4
-
DCLGFMRKCIPDNDKCCRPNLVCSRTH{SDMAJWCKY | [SDMA28]GpT

356 | VF-{Amide} x-1(1-34) 0.18 5.01 221 0.8
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF-

1| {Amide) GpTx-1(1-34) | 08 1.93 24.9 22.8 0.9
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Table 24. Electrophysiology by lonWorks® Quattro: Substitutions at position 29 relative to SEQ ID NO:1.

WQ WQ WQ WwaQ
SEQ Use Use Use Use Navt.4/ { Navi.4/ | Navl7/
ID | Amino Acid Sequence Designation | Nav1.7 | Navi5 | Navi4 | Navi3d | Navt7? Nav1.3 Nav1.3
NO. (i) () (1M} ()
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKACKYVE- [Ala291GpTx
47 1 {Amide} ~-1(1-34) 11.74 16.17 4,49 27.50 0.4 02 0.4
{H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKECKYVE- [Glu28]GpTx
30 | {Amide} -1(1-34) 18.06 18.91 23.83 16.05 1.3 15 1.1
{H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKKCKYVF- [Lys291GpTx
568 | {Amide} -1(1-34) 20.10 14.74 27.34 24.53 1.4 1.1 0.8
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHIKRCKY VF- [Arg291GpTx
104 | {Amide} -1(1-34) §.73 18.76 7.35 14.39 68| 0.6 0.9
[1-
{H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKI1-NaljCKYVF- NalZ81GpTx-
79 1 {Amide} 1(1-34) 0.46 9.25 16.28 1.55 35, 10.5 0.3
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKYCKYVFE- [Tyr29]GpTx
113 | {Amide} -1{1-34) 1.46 9.48 9.52 4.03 8.5 2.4 Goeb
{H}-DCLGFMRKCIPBNDKCCRPNLVCSRTHKRLCKYVF- [Leu29iGpT
114 1 {Amide} X-1{1-34) 6.95 7.27 23.17 9.80 3.3 2.4 0.7
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKFCKYVF- [Phez20lGpT
112 | {Amide} *-1(1-34) 2.18 6.21 15.18 4.82 7.0 3.1 0.5
[2-
{H}-DCLGFMRKCIPDNDKCCRPNLYC SRTHK[Z2-NallCKY V- Nal28]GpTx-
128 | {Amide} 1(1-34) 0.58 11.67 9.46 0.73 16.2 12.9 0.8
{H)}- INMeTrp29]
DCLGFMRKCIPDNDKCCRPNLYCSRTHKINMe TrpjCKYVF- GpTx-1{1-
357 | {Amide} 343 >5 >5 >5 >3 - - -
[pl-
{H}-DCLGFMRKCIPDNDKCCRPNLYGCSRTHK[p-Phe]CKYVF- | Phe28]1GpTx
358 | {Amide} -1(1-34) 1.01 14.90 12.88 1.27 12.8 10.2 0.8
{H}~ (INMePhe29]
DCLGFMRKCIPDNDKCCRPNLVCSRTHK[MNMePhe]CKYVE- GpTx-1{1-
359 | {Amidel 34) 19.15 18.84 15.35 7.38 0.8 2.1 2.6
{H}-DCLGFMRKCIPDNDKCCRPNLVOSRTHKIBIRICKYVF- [Bip29]GpTx
360 | {Amide} -1(1-34) 4.79 8.77 19.69 6.98 4.1 2.8 0.7

CLOESTITIOT Osh

LESSTOTIOTSVLOL



iy

[H)- [1'NMeW29]
DCLGFMRKCIPDNDKCORPNLVCSRTHK[1'NMeWICKYVF- | GpTx-1(1-

361 | {Amids) 34) 3.8 | 1224 | 7.04 | 4.58 1.8 1.5 0.9
{(HF-DCLGFMRKCIPDNDKC CRPNLVCSRTHK[PRgICKYVF- | [Phg29]GpT

362 | {Amide} %-1(1-34) 552 | 7.85 | 16.33 | 3.8 3.0 5.1 1.7

[4cOo2-

{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHK4C02- F29]GpTx-

363 | FICKYVF-{Amide} 1(1-34) 15.03 | 1877 | 1934 | 14.94 13 13 1.0
HIDCLGFMRKCIPDNDKC CRPNLVCSRTHKWCKY V- Cpix-1(1- '

1| {Amide} 34) 5,05 1 13,08 | 193 . 008 24.9 2238 0.9
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Table 25. Electrophysiology by IonWorks® Quattro: Substitutions at position 31 or 32 relative to SEQ ID NO:1.

wQ wQ wQ

SEQ IWQ Usse Use Use Use | Navid/ | Navid/ | Navl7/

D | Amino Acid Sequence Designation Navi.7 Navi5 i Navi4 | Navli3 | Navl.7 | Navi.3d Nav1.3

NO. (uM) (uM) (M) {(uM)
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCAYVF- [Ala31iGpTx-

13 | {Amide} 1(1-34) 7.94 14.54 5.96 7.39 0.7 0.8 1.1
{HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCEYVF- [GIu311GpTx-

31 | {Amide} 1(1-34) 22.56 21.69 20.41 13.06 0.9 1.8 1.8
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCRYVF- [Arg31]1GpTx- S

73 | {Amide} 1{1-34) 1.36 8.17 7.14 4.95 52 1.4 0.3
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCWYVF- [Trp31]GpTx-

179 | {Amids} 1(1-34) 23.61 10.84 21.31 10.17 0.9 2.1 2.3
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCI2PALIYVF- | [2PAL31IGpTX

364 | {Amide} ~1{1-34) 10.95 9.49 21.73 16.93 2.0 1.3 0.6
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWC[SDMALYVF- [SDMA31IGPT

365 | {Amide} x-1(1-34) 4.15 14.21 10.75 455 2.6 2.4 0.9
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKAVF- [Ala32]GpTx-

14 | {Amide} 1(1-34) 0.80 20.61 5.96 0.77 7.5 7.8 1.0
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKEVF- [Glu32iGpTx-

32 | {Amide} 1(1-34) 13.95 22.80 22.80 9.14 1.6 2.5 1.5
{H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKKVF- [Lys321GpTx-

57 | {Amide} 1(1-34) 4.96 10.89 15.71 4.19 3.2 3.8 1.2
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKRVF- [Arg32]GpTx-

159 | {Amide) 1(1-34) 1.02 8.65 18.71 0.87 18.4 21.5 1.2
{HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKWVF- [Trp32)GpTx- -

85 | {Amide) 1(1-34) 205 6.74 4.99 0.18 5.5 1 313 0.8

{1-

{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKI1-Nal]VF- | Nal32lGpTx-

167 | {Amide) 1{1-34} 3.96 0.15 38
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKITNMeWIVF- | [TNMeW32]G

248 | {Amide} pTx-1(1-34) 0.08 14.44 21.36 0.03 372.6 806.3 2.2
{+)-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKOVF- [GIN321GpTx-

366 ! {Amide) 1{1-34) 4.87 21.01 12.08 2,39 25 5.1 2.0
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{H-DCLGFMRKCIPDNDKCCRPNLVCSRTHIKWCKIVE-

[1e32]GpTx-

367 | {Amide} ooiMdes4y o 4007 4 871 | 133 606 | . 1891 230 1.2
H1-DCLGFMRKCIPDNDKCCRPRNLVCSRTHKWCKMVE- Mel321GpTx-

368 | {Amidel 1(1-34) 0.35 8.21 5.99 0.14 17.1 42.9 2.5
{HI-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKTVF- [Thr32]1GpTx-

369 | {Amide} 1(1-34) 3.54 11.05 11.19 3.28 3.2 3.4 1.1
{Hi-
béLGFMRKCIPDNDKCCRPNLVCSRTHK\f\/CKiNMePhe}\/F- INMePhe32]G

370 | {Amide} pTX-1(1-34) >5 >5 >5 >5 .
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWOKNMeTrplVE- | [NMeTrp32iGp

371 | (Amide} Tx-1(1-34) 4 88 >5 >5 >5 - -
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- Val32]GpTx-

372 | {Amide} 1(1-34) 0.15 14 81 1.59 0.08 10.7 19.5 1.8
{H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKLVF- [Leu32]GpTx-

373 | {Amide} 1(1-34) 0.12 8.83 1.49 0.08 10.0 14.1 1.4
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[PhgIVF- | [Phg32]GpTx-

374 | {Amide) BRI 0.14 706 | 1.80 0.10 13.2 18.9 1.4
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[ChalVF- | [Cha32]GpTx-

375 | [Amidel 1(1-34) 0.05 8.88 0.39 0.02 8.0 16.7 2.1
{H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKIBIpIVF- | [Bip321GpTx-

376 | {Amide} 1(1-34) 0.03 2.90 0.19 0.00 7.0 68.6 9.8
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKFYF- [Phe32]GpTx-

377 | {Amide} 1(1-34) 0.05 6.84 0.67 0.05 12.3 13.7 1.1
{HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHRKWCKGVF- [Gly32IGpTx-

378 | {Amide} 1(1-34) 0.71 11.18 7.97 0.62 11.3 12.8 1.1
{H-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKNVE- [Asn32iGpTx-

379 | {Amide} 1(1-34) 4.86 1056 8.40 6.85 1.7 1.2 0.7
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKHVF- [His32]GpTx-

380 | {Amide} 1(1-34) 0.60 10.16 7.18 0.75 11.9 9.8 0.8

[ph-

{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKpi- Phe321GpTx-

381 | Phe]VF-{Amide} 1(1-34) 0.03 4.44 0.30 0.01 11.7 49.6 4.3
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKSVF- [Ser321GpT«

382 | {Amide) 1(1-34) 3.65 >5 >5 1.47 - - 2.7
(H-DCLGFMRKCIPDNDKCCRPNLVCSRTHRKWCKPVE- [Pro32]GpTx-

383 | {Amide) 1(1-34) >5 >5 >5 >5 - -

CLOSTI/TI0T GA

LESOTOMTEOTS /L



{H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCK[ZRPALIVF- | [2PAL3ZIGHTX
384 | {Amide) -1(1-34; 0.81 7.65 16.08 0.66 23.4 288
[4C02-
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK[4CO2- F3zZiGoTx-1(1-
385 | FIVF-{Amide} 34) 11.42 7.70 19.26 4.08 1.7 4.8
{H}-DCLGFMRKCIPDNDKCCRPNLVYCSRTHKWCKYVF-
1 {Amide} GpTx-1(1-34) 13.09 1.93 24.9 22.8

ELOSTI/TTOT O/

(323

LESOTU/TIGTS/ LD



H

St

ophysiclogy by lonWorks® Qua

ttro: Substitulions at position 33 relative to SEQ 1D NO: 1.

WwaQ WG fWQ jve]

SEQ Use Use Use Use Navi.4/ i Navl4/ | Navi7/

10 Navi7 | Navi5 | Navi4g | Navt.3 | Navi? Nav1.3 Navi.3

NO. | Amino Acid Sequence Dasignation (LMD )] (L) (uvi)
{H}-DCLGFMRKCIPDNDKCCRPNLVYCSRTHRKWCKYAF- {Ala33iGpTx-

15 | {Amide} 1(1-34) 0.33 18.60 4.40 035 13.5 12.5 0.8
{H}-DCLGFMRKCIPDNDKCCORPNLYCSRTHKWCKYEF- [Clu33jGpTx : ‘

33 | {Amide} -1{1-34) 0.55 11.48 10.25 0.3% 18.4 263 1.4
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYKF- [Lys33]1GpTx

58 | {Amide} -1(1-34) : 5.58 1.28 007 18.6 19.3 1.0
{F}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYRF- [Arg33]CpTx .

74 | {Amide} -1{1-34) ) 9.55 2.11 26.7 8.0 1.5
[H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWOKYWE- | [Trp33]GpTx .

180 | {Amide} -1{1-34) ; 9.08 0.83 12.0 701 59

[1- :

{(H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHRWCKY!1- Nal331GpT*-

168 1 NalF-{Amide} 1{1-34) g.0G 1574 0.57 (.02 9.2 267 2.9
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYQF- | [GIn331GpTx

95 | {Amide} -1(1-34) 0.12 10.59 $.56 0.11 867 1.1
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHEWCKYIF- {He33iGpTx-

248 1 {Amide} 1{1-34) 0.15 6.89 21.83 0.09 142.1 238.9 1.7

[pl-

[H}-DCLGFMRKCIPDNDKCCRPNLVCERTHRKWCKY[pi- Phe33]GpTx

249 | Phe]F-{Amide} ~1{1-34) 0.09 7.78 11.54 G.08 127.3 192.8 1.5
{H}- [T NMeW33]
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY [T NMeW | GpTx-1{1-

250 | [F-{Amids} 34) 0.09 535 7.87 0.07 88.5 120.1 1.4
{H)-
DCLCFMRKCIPDNDKCCRPNLVCSRTHKWCKY[Chalr- [Cha3d3lCoT

386 | [{Amice} x=1{1-34} 0.07 12.18 112 (.07 154 15.5 1.0
{H3- [NMePhe33]
DCLGFMRKCIPDNDKCCRPMLVCSRTHKWCKY [NMePhe | CpTx-1(1-

388 | IF-{Amide} 343 1.28 >5 4.91 1.08 3.8 4.5 1.2

CLESTL/TIOT O/

LESGTH/TEOTSR/ LD
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Table 27. Electrophysiology by lonWorks® Quattro: Substitutions at position 34 relative to SEQ 1D NO: 1.
waQ wWaQ WwQ waQ
SEQ Use Use Use Use | Navl.4/ | Navid/ | Navl7/
iD | Amino Acid Sequence Designation Nav1.7 | Navi.b | Navt.4 | Navi. | Navi? Nav1.3 Navi.3
NO. (M) (M) (M) 13
{H-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWOKYVA- [Ala34]GpTx-
101 ¢ {Amide} 1(1-34) 7.18 9.33 16.41 4.76 2.3 35 1.5
{H}-DCL GFMRKCIPDNDKCCRPNLVGSRTHKW CKYVE- [Giu34iGpTx
34 | {Amide} -1(1-34) 16.98 16.75 16.97 | 1117 1.0 1.5 1.5
{H}-DCLGFMRKCIPDNDKCCORPNLYVCSRTHRWCKYVK- [Lys34]GpTx
59 | {Amide} -1(1-34) 5.68 18.08 20.18 7.74 3.6 2.6 0.7
{HI-DCLGFMRKCIPDNDKCCORPNLVCSRTHKWCKYVR- [Arg341GpTx
75 | {Amide} -1(1-34) 3.58 8.99 22.67 4.69 6.3 4.8 0.8
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVW- [Trp341GnTx-
88 [ {Amide} 1(1-34) 0.26 10.02 6.70 018 S8 383 1.4
[1-
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYV]1- Nal34iGpTx- °
80 | Nail-{Amide} 1(1-34) 0.02 10.24 0.94 0.063 404 31.5 0.8
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVI- [lle34]GpTx-
968 | {Amide} 1(1-34) 0.28 10.79 5.33 0.28 18.8 19.0 1.0
{H}-DCLGFMRKCIPDNDKCORPNLYCSRTHRKWCKYVL- [Leud4iGpTx
122 | {Amide} -1(1-34) 0.24 8.45 3.31 0.13 13,5 254 1.9
[2- ,
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY V]2~ Nal34]GpTx-
130 | Nall-{Amide} 1(1-34) ' 3.59 0.34 JURYE 8.7 14.3 1.6
[D-
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKY VY- Phe34iCpTx-
404 | {Amide} 1(1-34) 0.98 20.72 6.15 0.52 6.3 11.8 1.8
{H}-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYV[Chal- | [Cha34]GpTx !
405 | {Amide} -1(1-34) P02 5.53 6.65 0.0 26.3 57.7 22
{H}-DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYV[Phgl- | [Phg34]GpTx !
406 | {Amide} -1(1-34) [ 0.04 5.95 0.27 002 6.2 11.9 1.9

LLOESTL/TIOT QM

LESOTO/TERLS VLI



£6¢

H-
CLEGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVNMeTrp}-

INMeTrm34]
GpTx-1{1-

407 | tAmide) 34) 5.85 | 1016 | 1029 | 464 15 2.2 1.5
- [NMePhe34]
DCLGFMRKCIPDNDKCCRPNLYGSRTHKWCKYVINMePhel- | GpTx-1(1-

408 | {Amide) 34) 10.05 | 1885 | 929 | 456 0.9 2.0 2.2
HI- [TNMeW34]
DCLGFMRKCIPONDKCORPNLYCSRTHKWCKYVT'NMeW]- | GpTx-1(1-

409 | {Amide} 34y 0.09 5.1 122 | 0.07 14.1 183 1.3
H)- [4C02-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVI4CO2-F]- | F341GpTx-

410 | {Amide} 1(1-34) 9.19 741 | 2192 | 831 2.4 35 {5
{H-
DCLGFMRKCIPDNDKGCRPNLYCSRTHKWCOKYV[ZPALL | [2PAL34IGP

411 | {Amide} Tx-1(1-34) 5.82 816 | 21.31 | 483 3.7 4.4 1.2
{H]-DCLGFMRKCIPDNDKCCRPNLVCSRTHKWOKYVE- GpTx-1(1-

1| {Amide} 34) 13.09 | 1.93 24.9 22.8 0.9

ELO6STI/TIOT G

LESHTOH/TIBTSV/ L3



Peg

el WQ Wa WQ

SEQ Use Use Use Use 3

iD | Amino Acid Sequence Designation | Nav1.7 | Navi3 | Navi4d | Navi3

NO. (HM) (M) (LM) (UM}
{E’J}- 2Ty gL
DCLGFMRKCIPDNDKCCRPNLYCSRTHKWOKY VFA- :410)—]A><i; * !

16 | {Amide} N 0.41 14.15 7.43 0.26 17.6 272 1.5
{H- . e | GPTX1(1-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCOKYVFE- 34)-Glu

35 | {Amide) 4.47 1959 | 2173 2.47 4.9 8.8 1.8
¥y , : GpTx-1(1- ‘
DCLGFMRKCIPDNDKCGRPNLVCSRTHKWCKYVFK- | 20

80 | {Amide} ¥S 0.59 1253 | 7.00 0.21 11.8 2.8
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVFR- | GpTx-1(1~

76 | {Amide} 34)y-Arg 0.30 9.73 5.53 e 185 3.8
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF2- | GpTx-1(1-

131 | Nali-{Amide} 343-Z2-Nai 2.55 0.44 0.02 9.2 18.2 2.0
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVEW- | GpTx-1(1-

87 | {Amide} 34)-Trp 0.0 7.87 2.69 0.07 36.0° 07
{HI- GpTx-1(1-
DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVFW- | 34)-Trp-

133 | [FreeAcid} FreeAcid 0.48 8.28 2.15 0,11 4.5 18.9 4.4
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVF[Z- | GpTx-1(1-

412 | Nalj-{Amids} 34)-2-Nal 0.05 2.55 0.44 0.02 9.2 18.2 2.0
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVE[4 | GpTx-1(1-

413 | CO2-F]-{Amide} 34)4CO2-F | 1.15 8.65 1234 | 535 10.7 23 0.2
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHKWCKYVF]2 | GpTx-1(1-

414 | PAL}-{Amide) 34)-2PAL 0.25 9.29 9.78 | 083 38.1 15.5 0.4

ELOSTL/TIOT O/A

LESSTH/TLOTS /LD



{H-

DCLGFMRKCIPDNDRKCCRPNLVCSRTHKWCKYV- GpTx-1{1-

[Amids} 33} 4.5
{HDCLGFMRKCIPEDNDKCCRPHLVESRTHKWCKY- | GpTx-1(1-

{Amide} 32) 11.4
{HI-DCLGFMRKCIPDNDKCCRPNLVCSRTHRKWCK- GpTx-1{1-

{Amide 31) 8.9

{H)- GpTx-1(1-
DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCKYVE- 34)-

{Freeloid} FreeAcid 3.
{H)-

DCLGFMRKCIPDNDKCCRPNLVCERTHKWCKYVE- GpTx-1{1-

{Amide} 34) 1.93

CLOSTUTLGT G/

LESGTO/TIOTS /LD



Table 29, Electrophysiology by lonWorks® Quattro: Substitutions, additions or deletions at multiple positions relative to SEQ 1D NO:1.

CLESTL/TIOT OM

98¢

iwa WwQ waQ wQ

SEQ Use Use Use Use

> | Amino Acid Sequence Designation Navi7 | Navl.8 | Navid | Navt.3 .

NC. {piM) (V) (i) (1)

[All D-isomerlGpTx-

2 {H}-dcigimricipdndkecrpnivesrinkwekyvi-{Amide} | 1{1-34) 7.51 11.27 18.01 21.05 2.4 0.9 0.4 %
{Hr-
DALGFMRKCIPDNDKCARPNLVCSRTHKWCK

140 | YVF-{Amids} [Ala2, 171GpTx-1{1-34) 2.45 18.95 15.39 0.79 6.3 19.4 | 3.1
{H}-D[2-AbulLGFMRKCIPONDKC2- [2-Abu2,171GpTx-1(1- :

125 | AbulRPNLVCSRTHKWCKYVF-{Amide} 343 0.30 9.51 11.58 024 380 48.6 1.2
{H}-DCLGFMRK[2-AbulIPDNDKCCRPNLV[2- [2-Abu8,231GpTx-1(1-

135 | AbuJSRTHKWCKYVF-{Amide} 34) 8.14 9.21 20.81 12.27 28 1.7 0.7
{H}- ' ’
DCLGFMRKCIFDNDKCCRPNLVCSRTHKWCK | [2-Nal34]1CGpTx-1(1-

139 1 YV[2-NallW-{Amide] 34%Trp 0.11 2.12 0.30 27 6.5 2.4
{H}-

DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK | [Lys32;1-Nal341GpTx~ : :

89 | KVI1-Nallw-{Amide} 1{1-34-Trp .11 9.14 2.19 018 280G 20.3 0.7
{H}-DCLG[2-

NalIMRKCIPODNDKCCRPNLVCSRTHKWCOKYV] | {2-Nai5,34]1GpTx-1({1-

136 | 2-Nall-iAmide} 34) 0.14 5.14 0.29 2.1 10.7 1 5.1
{H}-DCLG[2-

NallMRKCIPDNDKCCRPNLVCSRTHKWCKYV] | [2-MNalb; 1-Nal341GpTx- '

137 | 1-Nail-{Amide} 1{1-34) 0.11 3.15 0.24 | (.02 2.2 10.4 4.7
{H)-

DCLGFMRKCIPONDKCCEGLVCSRTHKWCEKY | [Glu18;desAsni20]GpT

134 | VF-{Amide} *x-1(1-34) 0.89 11.54 8.95 G.51 16.0 17.7 1.8
{H)

DCLGFMRKCIPDNDKCCRPNLVCSRTHKWCK | [1-Nal34]GpTx-1(1- :

138 | YV[1-NallW-{Amide} 34¥Tp 0.13 2.57 0.55 . 047 4.3 7.8 1.8
{F}-

DCLGFMRKCIPDNDKCCRPNLVCSRTHRKWCK 1 [Lys32]GpTa-1{1-34)-
127 | KVEW-{Amide} Tip 0.73 18.21 8.41 0.70 11.5 12.0 1.0

LESOTOH/CIOTS YLD



LSE

{H-
DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCK

4
g

[AIa5; Trp33JGpTx-1{1

252 | YWF-iAmide} 34) 025 | 500 3.86 16.7 97 0.6
{H}-
DCLGAMRKCIPDNDKCCRPNLYCSRTHKWCK | [Ala5;Trp321GpTx-1(1- -

253 | WVF-{Amide} 34) 027 | 500 5.00 18.6 95 05
{H}-
DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCK] | [Ala5; 1-Nal32]GpTx-

254 | 1-Nai]VF-JAmide} 1(1-34) 006 | 5.00 4.43 77.9 216 0.3
H)-
DCLGAMRKCIPDNDKCCRPNLVCSRLHKWCK | [Ala5;Leu26]GpTx-1(i-

255 | YVF-{Amide} 34) 0.of 5.00 5.00 0:59 17.7 74 0.4
{(H1-DCLGA[H-
NallRKCIPDNDKCCRPNLVCSRTHKWCKYVE- | [Ala5; -Naig]GpTx-

256 | {Amide} 1(1-34) 610 1 5.00 (15 1 008 114 195 1.7
HF
DCLGAFRKCIPDNDKCCRPNLVCSRTHKWCK | [Ala5:Phe8]GpTx-1(1-

257 | YVF-{Amide} 34) 007 500 224 0.08 32.0 48.8 15
{H)-
DCLGAMRKCIPDNDKCCRPNLVCSRTHKWCK | [Ala5; 1-Nal33]GpTx-

258 | Y[1-Nal[F-{Amide} 1(1-34) 03% | 500 4.83 080 12.6 6.0 0.5
{F1-DCLGAMRKC[1-
NalJPDNDKCCRPNLVCSRTHKWCKYVF- [Ala5;1-Nal10]GpTx-

259 | {Amids} 1(1-34) 150 500 5.00 3.3 1.6 05
fH-
(A
DCLGAMRKCIPDNDKCCRPNLYCSRTHRWCOK | [Ala5;Arg281GpTx-1(1-

260 | YVF-{Amide} 34) o 5.00 500 | 0.2 15.2 20.6 1.4
{H}-
DCLGAWRKCIPDNDKGCRPNLVCSRTHKWCK | [Ala5; Trp6]GpTx-1(1-

261 | YVF-{Amide} 34) 401 1 500 5.00 5.0 75 15
{H-
DCLGAFRKCIPDNDKCCRPNLVCSRLHRWCK | [Ala5:Phe6;Leu26;Arg

262 | YVF-{Amide} 28]GpTx-1(1-34) 005 1500 5.00 1105 | 1311 1.2
{H}.
DCLGAFRKCIPDNDKCCRPNLYCSRLHKWCK | [Ala5;Phes;Leu261GpT

263 | YVF-{Amide} x-1(1-34) G081 500 5.00 63.11 1051 1.7

CLESTL/TIOL OM

LESOTHTIOLE/LOL



Hy
DCLGAMRKCIPDNDKCCRPNLYCSRTHKWCK

[Ala5:Glu33IGpTx-1(1-

BT

419 | YEF-{Amide} 34) 400 | 9.04 3.58 1.1
HY
DCLGAMRKCIPDNDKCCRPNLVCSRTHRWCK | [Ala5;Arg28; 1-

420 | Y[1-NalF-{Amide} Nal331GpTx-1(1-34) 0.20 | 7.50 0.32 0.6
{H-DCLGAMRKCIPDNDKCCRP]1- [Alas; 1-Nal20]1CpTx-

421 | NallLVCSRTHKWCKYVF-{Amide) 1(1-34) 016 | 4472 0.25 0.6
{H)-
DCLGAMRKCIPDNDKCCRPWLYCSRTHKWCK | [Alas; Trp20]GpTx-1(1-

422 | YVF-{Amide} 34) 0.28 >5 0.39 0.7
{H}-
DCLGAMRKCIPWNDKCCRPNLVCSRTHKWOK | [Ala5; Trp12iGpTx-1(1-

423 | YVF-{Amide} 34) 0.43 >5 1.09 0.4
{H-
DCLWAMRKCIPDNDKCCRPNLVCSRTHKWOK | [Trpd;Alas1GpTx-1(1-

424 | YVF-{Amide} 34) 0.49 >5 117 0.4
{Hi-{1-
NallCLGAMRKCIPDNDKCORPNLYCSRTHKW | [1-Nal:Ala5)GpTx-

425 | CKYVE-{Amide) 1(1-34) 0.50 >5 0.77 0.6
{H)-
DCLGAMRKCIPDNDKCCRPNLYCSRTHRKWGOK

426 | YAF-{Amide) [Ala5,33]GpTx-1(1-34) | 0.58 >5 1.58 0.4
{(H-DCLGAMRKCIPDIT- [Ala5; 1-Nal13]GpTx-

427 | Nall[DKCCRPNLVCSRTHKWCKYVF-{Amide} 1(1-34) 0.65 >5 1.18 0.6
-
DCLGAMRKCIPDWDKCCRPNLVCSRTHKWCK | [AlaS; Trp131GpTx-1(1-

428 | YVF-{Amide} 34) 0.67 >5 1.10 0.6
{Hy
DOLEAMRKCIPDNDKCCRPNLYCSRTHKWCK | [Glud;AlasiGpTx-1(1-

429 | YVF-{Amide) 34) 4.84 >3 3.99 1.2
H-
DCLGAMRKCIPDNDKCCRPNLYCSRTHKWCK | [Alab, GluddiGpTx-1(1-

430 | YVE-{Amide} 34) >5 >5 >5
-
DCLGAMRKCIPONDKCCRPNLYCSRTHKWCK

431 | YVA-{Amide} [Al25,341GpTx-1(1-34) | >5 >5 5 >5

CLESTL/TIOT O/

LESOTH LGS/ LD
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{H)-
DCLGFMRKCSPDNDKCCRPNLYCSRIKHKWC

467 | KYE]-{Amide} GpTx-2 7.21 2.7 10. 3.8
{H)-
DCLGWFKGCDPRNDKCCEGYKONRRDKWCK

468 | YKL-{Amide} GpTx-3 7.80 93 1.0
{H}-
DCLGWFKGCDPONDKCCENYKCNRREQWCK

488 | YKL-{Amide} GpTx-4 10.38 492 1.9
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHRKWCK

1 YVF-{Amide} GpTx-1{1-34) 0.9
- GpTx-8(1-35)
DCLGWFKGCDPDNDKCCEGYKONRRDKWCK

471 | YKLWK-{FreeAcid} 14.8 55
{H}- GpTx-5(1-34)
DCLGWFKGCDPDNDKCCEGYKCNRRDRWCK

472 | YKLW-{FreeAcid} 73 2.4
{H}-
DCLGFFRKCIPDNDKCCRPNLVCSRTH[AZ(20 | [Phed Atz(20kDa

593 | kDa PEG)WCKYVF-{Amide} Peq)28]CpTx-1(1-34) 15.6 0.8
HI-DCLGFFRKCIPDNDKCCRPNL[AIZ(20kDa [Phe6 Atz{20kDa

584 | PEGIICSRTHKWCKYVF-{Amide} Pegj22iGpTx-1(1-34) 11.0 0.6
{H}-DCLGFMRKC]1-
Nal]PDNDKCCRPNLYCSRTHKECKYVF- [1-Nal10;Glu281GpTx-

585 | {Amide} H1-34) 18.9 0.9
{H}-
DCLGI3PaliMRKCIPDNDKCCRPNLVYCSRTHK

596 | WOKYVF-{Amide} [3Pal5]GpTx-1(1-34) >5 0.5
{H}- [Alab;Phed; Tyr13;Arg2
DCLGAFRKCIPDYDKCCRPNLVCSRTHRWCK | 8]GpTx-1(1-34)-

597 | YVF-{FreeAcid} FreeAcid 7.35 -
{H}-
DCLGALRKCIPDNDKCCRPNLVCSRTHGWCK | [Alab;leus;Gly281CoT

568 | YVF-{FreeAcid} x-1{1-34)-FresAcid 12.57 -
{H)-
DCLGALRKCIPDNDKCCRPHNLYCSRTHHWCK | [AlaB;Leud;His28]CpT

583 | YVF-{FreeAcid} x-1(1-34)-FreeAcid 12.85 ;72 -

ELERTL/TINL QM
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£9¢

{H)-
DCLGALRKCIPDNDKCCRPNLVCSRTHKWCK

[Alab5;LeuBiGpTx-1(1-

600 | YVF-{FreeAcid} 34 FreeAcid L5 11283 | =5 34 - - -
tHi-
DCLGALRKCIPDNDKCCRPNLVCSRTHNWCK | [Ala5;Leus;Asn28]GpT |

601 | YVF-{FresAcid} x-1(1-34)-FreeAcid P51 10.02 >3 1 28 - - -
{HF-
DCLGaFRKCIPDNDKCCRPNLYGSRTHKWOKY | [D-Ala5:Phe]GpTx- | :

602 | VF-{Amide} 1(1-34) 24 13 81 1 27 3.8 3.0 0.8
{H)- ;
DCLG[bAIaJFRKCIPDNDKCCRPNLVCSRTHKW | [bAIaS;Phe6]GpTx-1(1- |

603 | CKYVF-{Amide} 34) 153 . 95 9.1 118 0.6 0.8 13
(-

DCLGIAIbIFRKCIPDNDKCCRPNLYCSRTHKW | [Aib5;Phe6]GpTx-1(1- !

604 | CKYVF-{Amide} 34) 044 | 64 79 | 08 17.9 12.8 0.7
{H}-DCLG[2 ‘

AbuJFRKGIPDNDKCCRPNLYCSRTHKWCKYVE | [2-Abu5;PheblGpTx- !

505 | -{Amide} 1(1-34) 9.5 56 | 0.3 33.2 15,5 0.5
{H)-

DCLG[NvajFRKCIPDNDKCCRPNLVGSRTHKW | [Nva5;Phes]GpTx-1(1- |

606 | GKYVF-{Amide) 34) 008t L 78 2.7 0,17 32.3 16.1 0.5
{H}- |
DCLG[NIeJFRKCIPDNDKCCRPNLVCSRTHKW | [Nie5;Phe6]GpTx-1(1- | .

607 | CKYVF-{Amide} 34) 0.015 | 113 10 1 0067 64.4 151 0.2
{Hj-

DCLGIOCtyIGIFRKCIPDNDKCCRPNLVCSRTH | [OctylG5;Phe6]GpTx-

608 | KWCKYVF-{Amids} 1(1-34) 13 | 202 | 158 | 218 14 0.7 0.5
{H-

DCLG[TIe]FRKGIPDNDKCCRPNLYVCSRTHKW | [Ties;Phe]GpTx-1(1- |

609 | CKYVF-{Amide] 34) 0081 | 67 4.6 0.26 56.4 17.6 0.3
(H- ’

DCLG[hLeuFRKCIPDNDKCCRPNLVCSRTHK | [hLeusPhesiGpTx- |

610 | WCKYVF-{Amide} 1(1-34) 0.011 | 82 0.76 | 0,041 70.1 18.7 0.3
{H}-

DCLGMFRKCIPDNDKCCRPNLVCSRTHKWCK | {Met5;Phe6]GpTx-1(1- |

611 | YVF-{Amide} 34) L0043 | 133 24 04 557 | 209 0.4
{Hi- [LeudPheblGpTxi(1- -

612 | DCLGLFRKCIPDNDKCCRPNLVCSRTHKWOKY | 34) L0057 | 20.1 34 1 092 59.8 156 0.3
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$9¢

FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVE-
{Amide}

1(1-34)

‘ <L~§} -DCLGHMBY-

FIFRKCIPDNDKCCRPNLYCSRTHKWCKY VE-

[41BU-F5,PheBlGpTx-

626 | {Amide) 1(1-34) 4.7 0.26 5.0 12,6 25
- ,
DCLGINMeVallFRKCIPDNDKCCRPNLYCSRTH | [NMeVals;PhebiGpTx- |

627 | KWCKYVF-{Amide) 1(1-34) Lo 60 4.2 226 16.9 0.7
{H)-
DCLGINMeleulFRKCIPDNDKCCRPNLVCSRT ) [NMelLeud;FPhedlGpTx-

628 | HKWCKYVF-{Amide) 1(1-34) 0.0 8.4 14 17.9 15.0 0.8
{H}- )
DCLGINMePhelFRKCIPDNDKCCRPNLVCSRT | [NMePhes;Phe6]GpTX -

629 | HKWCKYVE-{Aride) ~1(1-34) 0077 | 138 13 L oows 473 14.0 0.8
HIDCLGR-CF-
FIFRKCIPDNDKCCRPNLVCSRTHKWCKYVF- | [2-CHF5:PheBIGpTx-

630 | (Amide} 1(1-34) 5.8 0.35 53| 389 6.6
()
DCLG[hPhe]FRKCIPDNDKCCRPNLVCSRTHK | [hPhe5;PheblGpTx-

631 | WCKYVF-{Amide) 1(1-34) 49 0.18 94! 384 4.1
JHY-
DCLGISaFRKCIPDNDKCCRPNLVCSRTHKW | [Sar5;Phe6]GpTx-1(1-

632 | CKYVF-{Amide] 34) 0081 105 7.6 11.2 17.0 15
{H}- '
DCLGaLRKCIPDNDKCCRPNLYCSRTHKWCKY | [D-Ala5:LeusiGpTx-

633 | VF-[Amide) 1(1-34) L1077 106 115 10 0.9 0.9
- |
DCLGIbAl]LRKCIPDNDKCCRPNLVCSRTHKW | [oAlaS;Leus]GoTx-1(1-

634 | CKYVF-{Amide) 34) 53 1 141 | 220 . g 24 12 0.5
I=n :
g
DCLGIAIBILRKCIPDNDKCCRPNLVCSRTHKW | [AibS:Leus]GpTx-1(1- |

635 | CKYVF-{Amidel 34) ezno148 | 148 64.5 39.1 0.6
{H)-DCLG[2-
Abu]LRKCIPDNDKCCRPNLVCSRTHKWCKYVE | [2-AbuSiLeus]GpTx- -

636 | -{Amide] 1(1-34) 029 L 167 6.5 1.9 23.8 6.7 0.3
- |
DCLGINVAILRKCIPDNDKCCRPNLYCSRTHKW | [Nva5iLeuslGpTx-1(1- |

637 | CKYVF-{Amide) 34) 0095 | 8.0 5.1 71 53.7 7.2 0.1

ELOSTL/TIOT O/L

LESHTH/TIVTSN/LO



H-
DCLGINIg]LRKCIPDNDKCCRPNLVCSRTHKW

[NlebileutiGpTx-1{1-

CKYVF-{Amide} 34) 19.2 0.3
{H)-

DCLGIOctyIGILRKCIPDNDKCCRPNLYCSRTHK | [OctylG5;LeubIGpTx- ‘

WCKYVF-{Amids] 1(1-34) ( 3.5 0.4
{H}- [Alab,Phebd,Prat13 Leu

DCLGAFRKCIPD{Pra]DKCCRPNLVCSRLHRW | 28,Arg28]GpTx-1( 1~
| CKYVF-{Amide} 34) 0503 ¢ 54.6 1.2
DCLGMLRKCIPDNDKCCRPNLVCSRTHKWCK | [Mei5;Leug]GpTx-1(1-

YVF-{Amide} 34) 0,069 18.5 0.3
{H}-

DCLGI3PallLRKCIPDNDKCCRPNLYCSRTHKW | [3Pai5;Leu]GpTx-1(1-

CKYVF-{Amide} 34) 7 - 0.4
{H}-

DCLGSLRKCIPDNDKCCRPNLVCSRTHKWCK | [Ser5;LeubiGpTx-1(1-

YVF-{Amide} 34) 15 - 0.4
{H- %

DCLGVLRKCIPDNDKCCRPNLVCSRTHKWCK | [Vai5iLeus]GpTx-1{1-

YVF-{Amide} 34 z - 0.3
{H}-DCLGIDIMeO-

FILRKCIPDNDKCCRPNLVCSRTHKWCKYVF- | [DiMeO-

{Amide} F5,LeublCpTx-1(1-34) 2.4 - 0.9
[H}-

DCLG[SarLRKCIPDNDKCCRPNLVCSRTHKW | [Sar5;Leub]GpTx-1(1-

CKYVF-{Amide} 34) 08z 7 - 0.6
{H)- '

DCLGaMRKCIPDNDKCCRPNLYCSRTHKWCK :

YVF-{Amide} [D-AlaSIGPTx-1(1-34) =~ 4.5 - -
{F}- :

DCLG[bAIa]MRKCIPDNDKCCRPNLYCSRTHK :

WCKYVF-{Amide} [DABBIGPTX-1(1-34) 4.7 5 - -
{H}-DCLG2- :

AbUIMRKCIPDNDKCCRPNLYCSRTHKWCKYY

F-{Amide} [2-AbuSIGpTx-1(1-34) (109 5 - 0.5
{Hi}-

DCLG[Nva]MRKCIPDNDKCCRPNLVCSRTHKW | [NvaSIGpTx-1(1-34) >5 - 0.3

ELOSTI/TIOL O

STHTROTS /LD

S

LE



L€

CKYVF-{Amide}

DCLG[NIg]MRRKCIPDNDKCCRPNLVYCSRTHKW

851 | CKYVF-{Amide} [NieBIGpTx-1(1-34) >5 3.0 39.6 i7.6 0.4
{H}-DCLG[DIMeO-
FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVF- | [DibteO-FEIGpTx-1(1-

852 | {Amide} 34) 8 >5 =5 3 - - 0.8
{H}-DCLG[DICI-
FIMRKCIPONDKCCRPNLVCSRTHKWCKYVE-

653 | {Amide} [DICI-FBIGPTX-1(1-34) 014 >5 1.2 8.8 7.7 2.0
{H}-DCLG4CFS-
FIMRKCIPODNDKCCRPNLYCSRTHKWCKYVF- | [4CF3-FBIGpTx-1(1-

654 | {Amide} 34) 032 >5 1.3 (072 4.1 18.4 4.4
{H}-DCLG[4-F-
FIMRKCIPDNDKCCRPNLYCSRTHKWCKY V-

655 | {Amide} [4-F-F3]CGpTx-1(1-34) 0.28 >5 1.9 7.1 26.8 3.8
{F)-
DCLG[NMeVallMRKCIPDNDKCCRPNLVCSRT | [NMeVal5|GpTx-1{1-

656 | HKWCKYVF-{Amide) 34y Z >5 >5 2.5 - - 0.5
{H}-
DCLG[NMePhe]MRKCIPDNDKCCRPNLVCSRT | [NMePheBlGpTx-1(1-

657 | HKWCKYVF-{Amids} 343 i >5 >5 - - 1.3
{H}-
DCLEISariMRKCIPDNDKCORPNLYCSRTHEKW

858 | CKYVF-{Amide} [Sar8iGpTx-1(1-34) 5 >5 >5 2.0 - - 0.7
{H}- '
DCLG[TIe]LRKCIPDNDKCCRPNLVCSRTHRWC | [Tle5;LeudiCpTx-1(1-

589 | KYVF-{Amide} 343 026 >5 >3 - - 0.4
{H)-
DCLGIhLeuILRKCIPDNDKCCRPNLVCSRTHK | [hleubLeu6]GpTx-

860 | WCKYVF-[Amide} 1(1-34) >5 (.80 25.6 13.6 0.5
Hr-
DCLGLLRKCIPDNDKCCRPNLVCSRTHKWCKY

861 | VF-{Amide} [Leu5 61CGpTx-1(1-34) >5 3.4 (.32 36.0 10.6 0.3
-
DCLG[ThIJLRKCIPDNDKCCRPNLVCSRTHKWC | [Thib;Leub]GpTx-1{1-

562 | KYVF-{Amide} 24) >5 0.93 427 13.6 0.3

663 | {Hi- [CpabileudlCpTx-1(1- >5 2.2 36.6 9.1 0.2

ELOSTL/TLOT OM

LESHTOIBTEN/LDA



ELESTL/TIOT OM

8%¢

DCLGICpgILRKCIPDNDKCCRPNLYCSRTHKW | 34)

CRKYVF-{Amide}y o o I
{1 :

DCLG{ChglLRKCIPODNDKCCRPNLYCSRTHKW | {Chg5;leuBlGpTu-1(1~

564 | CRYVF-{Amide} 34) >5 1.3 U 65.3 1.4
{H}-DCLG4-Bz-

FILRKCIPODNDKCCRPNLYCSRTHKWCKYVEF- | [4-Bz-F5;Leub]GpTx- : .

865 | {Amide} 1(1-34) Hus P05 057 - 0030 - 25 19.1
{H}-DCLGIDICH ‘ ; ; :
FILRKCIPENDKCCRPNLVCSRTHKWCKYVF- | [DICHF5LeuBlGpTx- : :

666 | {Amide} 1(1-34) 45 0.32 0016 ¢ 10.9 20.2
{(HDCLG[p- ' :
Phejt.RKCIPDNDKCCRPNLVCSRTHKWCKYVE | [pl-Phe5;LeusGpTx- ; _

687 | ~{Amide} 1(1-34} 012+ =5 039 : 017 3.2 233
{H}-DCLG[4CF 3~ ; :
FILRKCIPDNDKCCRPNLVCSRTHKWOKYVF- [4CF3-F5;Leub]GpTx-

668 | {Amide} 1(1-34) 4.4 0.47 26 42.8 6.3
{H}-DCLG[4-F-

FjLRKCiPDNDKCCRPNLVCSRTHKWCKY'\/F- [4-F-F5;Leus]GpTx- e .

669 | {Amide} 1{1-34) >5 078 | 0037 8.6 20.9

{; {}-DCLG[4-Me- ‘ :
FILRKCIPDNDKCCRPNLVOSRTHKWCOKYVE - [4-Me-F5;LeubiGpTx-

676 {Amlqe} 1(1-34) g =5 0.99 52 17.9
{H)-DCLG4tBu- :

FILRKCIPDNDKCCRPNLVCSRTHKWOKYVF- | [41Bu-F&;Leud]GpTx- -

671 | {Amide} 1(1-34) .94 >3 0.43 3.1 8.5
{H}-

DCLG[NMeVallLRKCIPDNDKCCRPNLVCSRTH | [NMeVal3 LeublGpTx-

672 | KWCKYVF-{Amide} 1(1-34) >5 >5 . -
{H}-

DCLGi\M@‘_eu}LR}(’“ODNSKCCRPNLVCSRT [NivieLeu5;LeusGpTx-

673 | HKWCKYVF-{Amide} 1(1-34) , >5 >5 - -
{H]-

DCLOINMePhe]LRKCIPDNDKCCRPNLVCSRT | [NMePhe5;Leub]GpTx-

874 | HKWCKYVF-{Amide} 1(1-34} , >3 3.5 14.3 11.3
{H)-DCLG[2-Cl-

FILRKCIPDNDKCCRPNLVCSRTHKWOKYVF- | [2-C-F5;LeubiCpTx-
675 | {Amide} '(1—34) >5 0.92 . 0072 14.0 i2.9

LESOSTHTIOTS LI



69E

-
DCLG[hPhelLRKCIPDNDKCCRPNLVCSRTHK

[hPhe5:LeuBlGpTx-

576 | WCKYVF-{Amide} 1(1-34) 0.6 >5 0.80 56.2 14.6 0.3
H-
DCLG[CctyiGIMRKCIPDNDKCCRPNLVCSRTH :

877 | KWCOKYVF-{Amide} [OotviGBIGpTx-1(1-34) - § 17 >5 0.89 5.2 5.1 1.0
- :
1
DCLG[TIeIMRKCIPDNDKCCRPNLVCSRTHKW

878 | CKYVF~{Amide} [Te5]GpTx-1{1-34) 0.7t >5 >5 - - 0.5
{H)-
DCLG[hLeu]MRKCIPDNDKCCRPNLVCSRTHK

879 | WCKYVF-{Amide} (hleusiGpTx-1(1-34) “J.g;}.:’;s >5 2.2 (.94 26.0 9.4 0.4
{H)-
DCLG[Cha]FRKCIPDNDKCCRPNLVCSRTHRW | [ChabPhe6iGpTx-1{1-

680 | CKYVF-{Amide} 34) . D,Qi_* 3.5 (.38 M>_ 20.1 1.9 0.6
{H)-
CLGEIChalLRKCIPDNDKCCORPNLVESRTHKWY | [Cha5;LeubiGpTx-1{1-

581 | CKYVF-{Amide} 34) >5 (.86 37.9 10.9 0.3
{H}-
DCLG[ThJMRKCIPDNDKCCRPNLVCSRTHKW

682 | CKYVF-{Amide} IThiB1GpTx-1(1-34) .31 >5 2.8 1,26 26.6 10.3 0.4
{H)-
DCLG[CpgIMRKCIPDNDKCCRPNLYCSRTHKW

683 | CKYVF-{Amide} [CpybiGpTx-1(1-34} .22 >5 >5 (.00 - - 0.4
{H}~
DCLG[ChgIMRKCIPDNDKCCRPNLVO3RTHKW

684 | CKYVF-{Amide} [Chg5lGpTx-1{1-34) 013 >5 4.6 a8 341 12.6 0.4
{HIMDCLGH4-Bz-
FIMRKCIPDNDKCCRPNLVCSRTHRWOKYVF-

685 | {Amide} [4-Bz-FEIGCpTx-1(1-34) >5 3.3 B 48 21.2 4.4
{H}-DCLG{4-Me-
FIMRKCIPDNDKCCRPNLVCSRTHRWCKYVEF- [4-Me~-FEIGpTX-1(1-

686 | {Amide} 34) 04 >5 2.2 G 4.5 12.5 2.8
{H}-DCLG4BuU-
FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

587 | {Amide} [4t1Bu-FEIGpTx-1{1-34) >5 1.2 (04 4.5 9.4 2.1
{HI- ' [NMeLeuB])CpTx-1(1-

888 | DCLGINMeLeulMRKCIPDNDKCCRPNLYCSRT | 34) (.28 >5 >5 873 - - 0.4
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GLE

HKWCKYVF-{Amide}

[H-DCLG[2-CF
FIMRKCIPDNDKCCRPNLVCSRTHKWCKYVE-

689 | {Amide} [2-CLF5]CpTx-1(1-34) ;- © >5 1.9 142 182 1.3
(H-
DCLGIhPhe]MRKCIPDNDKCCRPNLVCSRTHK

690 | WCKYVF-{Amide} [nPhe5IGpTx-1(1-34) >5 2.3 16 258 13.0 0.5
-
DCLGAMRKCIPDNDKCCRPNLYCSRTHEWCK | [Ala5;Glu28IGpTx-1(1-

691 | YVF-{Amide} 34) >5 >5 . - -
-
DCLGAMRKCIPDNDKCCRPNLVCSRTHKWOK] | [Alas; {'NMeW32]GpTx

692 | 1'NMeWVF-{Amide} ~1(1-34) - 5 5 0 ; ) 03
-
DCLGMMRKCIPDNDKCCRPNLVCSRTHKWCK | [Mets; 1'NMeW32)GpT

693 | [1'NMeW]VF-{Amice} x-1(1-34) >5 4.3 95.0 43.0 0.5
{H)-
DCLRMMRKCIPDNDKCCRPNLVCSRTHKWOK | [Argd;Met5iGpTx-1(1-

694 | YVF-{Amide} 34) >5 >5 - - 03
{H}-
DCLGFMRKCIPDNDKCORSNLYCSRTHKWCK]

695 | 1'NMeWIVF-{Amide} >5 0.68 2030 29.1 28.9 1.0
{H}-
DCLGALRKCIPDNDKCCRPNLYCSRTHKWOK

6898 | YVF-{Amide} >5 >5 - - 0.4
-
DCLGAGRKCIPDNDKCCRPNLVCSRTHKWGK

897 | YVF-{Amide) >5 >5 4 - - 1.8
{H}-
DCLGAYRKCIPDNDKCCRPNLYCSRTHKWCK | [AlS; Tyi6]GpTx-1(1-

898 | YVF-{Amide) 34) >5 >5 - - -
{H}-
DCLGA[1'NMeWIRKCIPDNDKCCRPNLYCSRT | [Alas: 1'NMeWB]GpTx-

699 | HKWCKYVF-{Amide] 1(1-34) 5 >5 052 - - 1.1
H-
DCLGAMRKCDPDNDKCCRPNLVCSRTHKWE | [Ala5;Asp101GpTx-1(1

700 | KYVF-{Amide) 34) 35 >50 - . 0.9

701 | {H)- [Ala5Asp10:GIi121Gp 43 >50 - - 0.6
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ELE

DCLGAMRKCDPENDKCCRPNLYVCSRTHKWC
KYVF-{Amide}

Tx-1(1-34)

[SSOUUUIEISTOU—— T

Hr- L
DCLGAFRKCOPDNDKCCRPNLVCSRTHKWCK | [Ala5;Phe6;Asp10]GpT

702 | YVF-{Amide} x-1(1-34) 072 43 >50 a7 - : 1.9
{H}- '
DCLGAFRKCIPENDKCCRPNLVCSRTHKWCK | [Ala5;Phes;Glu12]GpT

703 | YVF-{Amide} x-1(1-34) 001 1 a5 15 .20 239 73.9 3.1
H)- |
DCLGVMRKCIPDNDKCCRPNLYCSRTHEWCK | [Val5;Glu28]GpTx-1(1-

704 | YVF-{Amide} 34) “poe 1o4g >50 . - -
s
DCLGINVa]MRKCIPDNDKCCRPNLVCSRTHEW | [Nva5;Glu28|GpTx- :

705 | CKYVF-{Amide} 1(1-34) 043 1| 33 >50 - - 0.1
H}-DCLG[2-
AbUIMRKCIPDNDKCCRPNLVCSRTHEWCKYVY | [2-Abu5;Glu28)GpTx-

706 | F-{Amide} 1(1-34) A4 50 >50 - - -
[H}-DCLG[2- [2- .
AbUILRKCIPDNDKCORPNLYCSRTHEWCKYVFE | Abub:Leus;Gluzs]GpT

707 | -{Amide} x-1(1-34) 2 | s >50 - - -
{H}-
DCLGINVa]LRKCIPDNDKCCRPNLVCSRTHEW | [Nva5;Leus;Glu28]GpT

708 | CKYVF-{Amide} x-1(1-34) o L 31 >50 - - 0.1
{H-
DCLGVLRKCIPDNDKCCRPNLVCSRTHEWCK | [Val5;Leus;Giu2g|GpT

709 | YVF-{Amide} x-1(1-34) ' L 43 >50 18 - - 0.2
{H)- ,
DCLGVMRKCDPDNDKCCRPNLVCSRTHKWG | [Val5Asp101GpTx-1(1-

710 | KYVF-{Amide} 34) 08¢ 35 >50 3 - - 05
H- |
DOLGVMRKCIPENDKCCRPNLYCSRTHKWCK | [Val5:Glut2]GpTx-1(1-

711 | YVF-{Amide} 34) 0AY_ 26 >50 - - 0.6
Hr |
DCLGVMRKCDPENDKCCRPNLVCSRTHKWC | [Vai5Aspi0;GiuiziGp | j

712 | KYVF-{Amide Tx-1(1-34) 046 1 34 >50 - - 0.3
{H)-
DCLGVMRKCIPDNDKCCRPNLYVCS[CITHKW | [Val5;Cit25]1GpTx-1(1-

713 | CKYVF-{Amide) 34) 36 =50 42 - - 0.2
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£LE

VF-{Amide)

{H}-
DCLGA[NIe]RKCIPDNDKCCRPNLVCSRTHEW

[AlaB;Nies;GluZBiGpTx

727 | CKYVF-{Amide} -1(1-34) 0511 34 34 X 66.8 10.1 0.2
{H}- ,
DCLGALRKCIPDNDKCCRPNLYCSRTHEWCK | [Ala5Leus;Glu28|GpT

728 | YVF-{Amide} x-1(1-34) 43 41 26.7 6.3 0.2
HE- |
DCLGAFRKCIPDNDKCCRPNLVCSRTHEWCK | [Ala5;Phe6:Giu281GpT .

729 | YVF-{Amide} x-1(1-34) R 48 >50 - - 0.6
HF
DOLGA[NIE]RKCIPDNDKCCRPNLVCSATHKW | [Ala5,25;NIeB]GpTx-

730 | CKYVF-{Amide} 1(1-34) st 1 47 49 58.0 29.3 0.5
{H}-
DCLGALRKCIPDNDKCCRPNLVCSATHKWCKY | [Ala5,25:Leub]GpTx-

731 | VF-{Amide} i(1-34) 060 | 38 37 81.5 13.2 0.2
Hr
DCLGAFRKCIPDNDKCCRPNLVCSATHKWCK | [Ala5,25:Pheb]GpTx-

732 | YVF-{Amide} 1(1-34) L 020 1 >BD 45 0.6 156.1 73.7 05
-
DCLGANIEIRKCIPDNDKCCRPNLVCSETHKW | [Ala5;Nie8 Glu25]GpTx | ‘

733 | CKYVF-{Amids} -1(1-34) 1 33 42 52 25.9 8.1 03
{H}- y
DCLGALRKCIPDNDKCCRPNLVCSETHKWCKY | [Alas;Leus;Glu25]GpT -

734 | VF-{Amide} x-1(1-34) 418 41 >50 0.2 - - 0.2
H)- S
DCLGAFRKCIPDNDKCCRPNLVCSETHKWCK | [Ala5;PhesGlu251GpT .

735 | YVF-{Amide} x-1(1-34) R 41 48 16 32.0 13.3 0.4
{H)}-
DCLGFFRKCIPDND[PralCCRPNLVCSRTHKW | [Phe,Prat5]GpTx-

736 | CKYVF-{Amide} 1(1-34) >3 32.6 >50 55 - - -
{H}- ,
DCLGAMRKCIPDNDKCCRPNLYCSRTHHWCK | [Alas;His28]GpTx-1(1- .

737 | YVF-{Amide} 34) ' 19.2 466 117.3 287 0.2
) ~
DCLGAMRKCIPDNDKCCRPNLVCSRTHSWCK | [Ala5;Ser28]GpTx-1(1- -

738 | YVF-{Amids] 34) , 219 >50 - - 0.4

739 | M- [Ala5;GInZBIGOTx-1(1- 20.5 46.0 72.5 20.5 0.3
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DCLGAMRKCIPDNDKCCORPNLYCSRTHQWCK

| YVF-{Amide}

{H}-
DCLGAMRKCIFPDNDKCCRPNLVCSRTH[3Pal]

34)

[Ala5;3Pal281GnTx-

¥LE

740 | WCKYVF-{Amide} 34 RS 311 w5 -
[Ala,4-

{H-DCLGAMRKCIPDNDKCCRPNLVGSRTHA- | aminoF28]GpTx-1(1-

741 | aminoF IWCKYVF-{Amide 34) 11 2.3 -
-
DCLCGAMRKCIPDNDKCCRPNLVCSRTHIK(AC)) | [Alad;K(Ac)28]CGpTx-

742 | WCKYVF-{Amide} 1(1-34) 11 25 13.1
H-
DCLGAMRKCIPDNDKCCRPNLYCSRTHISOMA | [Al25;SDMA28IGpTx-

743 | IWCKYVF-{Amide} -3y 022 1 265 | 465 b 1 43.1
Hy-
DCLGAMRKCIPDNDKCCRPNLVCSRTH{hArG] | [Ala5hArg28iGpTx-

744 | WCKYVF-{Amide} 1{1-34) G.47 -
{H}-
DCLGAMRKCIPDNDKCCORPNLVCSRTHIR(Me)] | [Ala5;R(Mej28lGpTx-

745 | WOKYVF-IAmide} 1{1-34) 0.25 0.50 -
{H}- ‘
DCLEGAMRKGIPDNDKCCRPNLVCSRTHOmW | [Ala5;0rm28]CGpTx-1(1-

746 | CKYVF-{Amide} 343 0.2 -
{H}-
DCLGAMRKCIPDNDKCCRPNLVCSRTH{DaplW | [Ala5;Dap28]GpTx-

747 | CKYVF-{Amide} 1(1-34) 44.4
{H}-
DCLGAMRKCIPDNDKCCRPNLYVCSRTHICHW | [Ala5,CitZ8]GpTx-1(1-

748 | CKYVF-{Amide} 343 Ry 2.7 -
{H)-
DCLGAMRKCIPDNDKCCRPNLYCBRTH[HGH] [AlaB;HCH28]ICpTx-

749 1 WCKYVF-{Amide} 1{1-34; RN N 20.1
{H}-
DCLGFMRKCIPDNDKCCRPNLYCSRTHDWCK

750 1 YVF-{Amide] [Asp28IGpTx-1(1-34) 073 i 64.1
{H}-
DCLGGVRKCIPDNDKCORPNLVCSRTHKWCK | [Gly5: VaisiGpTx-1{1-

751 | YVF-{Amide} 34) w5 -
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SLE

{H}-
DCLGGIRKCIPDNDKCCRPNLYCSRTHKWCKY

[Gly5;ileB]GpTx-1{1-

752 1 VF-{Amide} 34) -5 25 4 44.7 e - - -
{H}-DCLG|2-
Abul{NIe]RKCIPDNDKCCRPNLVCSRTHKWCK | [2-Abu5:NIe81GpTx-
753 | YVF-{Amide) 1(1-34) 006 ;402 >50 BIE - - 0.4
H)- :
DCLBGFRKCEPDNDKCURPNLVCSRTHKWCK | [Gly5;Phed;Glut10lGpT
754 1 YVF-{Amide} x-1(1-34) - 035 34.2 >50 - - 1.1
H)-
DCLGGFRKCIPDNDKCCRPNLVCSRTHEWCK | [Glys;Phes;GluzZ8iGpT
755 | YVF-{Amide} 1{1-34y >3 153 >80 5 - - -
4-Pen-{Alah;Pheb;2-
{4-Pen}-DCLGAFRKCIPD[Z- Abui13;Arg28iGpTx-
756 | AbulDKCCRPNLVCSRTHRWCKYVF-{Amide)} 1{1-34) 44 4 >350 - - 0.7
{4-Pen}-DCLGAFRKCIPD[Z- 4-Pen-[Alab;Phet;2-
757 | AbulDKCCRPNLYCSRTHKWCKYVF-{Amide} Abu131GpTx-1(1-34) 34.9 >50 - - 2.5
4-Pen-[2-
{4-Pen)-DCLG[2-AbU]LRKCIPD{2- Abu5,13;LeulGpTx-
758 | AbulDKCCRPNLVCSRTHKWCKYVF-{Amide} 1(1-34) 327 23.7 51.8 34.5 0.7
4-Pen-[Nva5;Lsu6;2~
{4-Pen}-DCLG[Nva]LRKCIPD[Z- Abu13;Arg28iGpTx-
759 | AbulDKCCRPNLVCSRTHRWCKYVF-{Amide} 1{1-34) 0.40 46.2 28.0 276.8 121.0 0.4
{4-Pen)-DCLGINvalLRKCIPD[2- 4-Pen-[Nvab;Leub.2-
760 | AbulDKCCRPNLVCSRTHKWCKYVF-{Amids} Abut31GpTx-1(1-34) 01 35.2 27.4 0.2 145.4 108.2 0.8
{H}- ‘
DCLGAMRKCIPDNDKCCRPNLVCSRTHIGUAIW | [Ala5;Guf2BICpTx-H{1- .
761 | CKYVF-{Amide} 343 08 26.9 >50 .63 - - 0.2
{H}-
DCLGAMRKCIPDNDKCCRPNLVCSRTHIDabIW | [Alab;Dab28]GnTx-
762 | CKYVF-{Amide} 1(1-34) >50 G885 - - 0.4
{H}-
DCLGFMRKCIPDNDKCCRPNLVCSRTHQWOK !
763 | YVF-{Amide} [GIn281CGpTx-1(1-34) LG 227 >50 Rery - - 0.7
{H}- :
DCLGAMRKCIPDNDKCCRPNLVCSRTHFWCK | [AlaB;Phe281GpTx-1(1- .
764 | YVF-{Amide} 34} | 414 >50 28 - -
765 | {H}- [Ala5; Tyr281GpTx-1(1- 42.0 46.8 1.4 58.8 33.2 0.8

ELOSTH/TIOT OAL

LESGTO/TIOTSA/LOL



9LE

1 YVF-{Amide}

DCLGAMRKCIPDNDKCCRPNLVCERTHYWOK

{H}-
DCLGAMRKCIPDNDKCCRPNLYVCSRTHLWCK | [Ala5;Leuz8]GpTx-1(1-

766 | YVF-{Amide} 4 49.3 36.9 | 27 334 13.7 0.4
)

DCLGAMRKCIPDNDKCCRENLYCSRTHNWCK | [Ala5:Asn28]GpTx-1(1-

767 | YVF-{Amide} 34) 7 50 433 32 25.6 13.6 0.5
{H}-

DCLGAMRKCIPDNDKCCRPNLYCS[CIH[THKW | [Ala5;Cit25]GpTx-1(1-

768 | CKYVF-{Amide} 34) 23.5 >50 - - 0.5
- \

DCLGAMRKCIPDNDKCCRPNLVCSRTHDWCK | {Ala5;Asp28]GpTx-1(1-

769 | YVF-{Amide} 34) =5 39.0 >50 - - -
{H}-

DCLGAMRKCIPDNDKCCRPNLYCSRTHMWCK | [Ala5;Met28]1GpTx-1(1- - .

770 | YVF-{Amide} 34) 4G | 454 =50 41 . - 0.3
(- ‘
DCLGAMRKCIPDNDKCORPNLVCSRTHIK(Me)] | [Ala5:K(Me)28]GpTx-

771_| WCKYVF-{Amide} 1(4-34) 40.1 >50 18 - - 0.9
{H}-

DCLGFMRKCIPDNDKCCRPNLYCSRTH[pSIW

772 | CKYVF-{Amide] (pS28I1GpTx-1(1-34) 060 50 >50 - - 1.1
{H)-

DCLGTMRKCDPENDKCCRPNLYCSRTHKWCK | [Thi5:Asp10;GIu12]Gp

773 | YVF-{Amide} Tx-1(1-34) 45 28.4 >50 - - 1.3
{H-DCLGFMRKC[I-

NalJPDNDKCCRPNLVCSRTHKWCKYEF- [1-Nal10:Glu33]GpTx- :

774 | {Amide} 1(1-34) 0a0 | 283 127 | 083 42.8 24.2 0.6
(HI-DCLGFMRKC-

Nal]PDNDKCCRPNLVCSR THKWCKEVF- [1-Nal10;Glu32]GpTx-

775 | {Amide} 1(1-34) > 28.6 21.3 25 - - -
(H}-DCLGFMRKC[-

NailPDNDKCCRPNLVCSRTHKWCE Y VF- [1-Nal10;Glu31]GpTx-

776 | {Amide} 1(1-34) >5 | 268 28.5 - - -
{H}-DCLGFMRKC[1-

NallPDNDKCCRPNLYCSRTHKWCKY AF- [1-Nal10:Ala33]GpTx-
777 | {Amide} 1(1-34) 020 | 395 8.6 2 43.7 42.4 1.0
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LLE

{H-DCLGFMRKC[1-

NallPDNDKCCRPNLVCSRTHKWCKAVF- [1-Nal10;Ala32]GpTx-

778 | [Amide} 1(1-34) 35.0 15.8 31.0 36.2 1.2
{H}-DCLGFMRKC[1-
NallPDNDKCCRPNLVCSRTHKWCAYVF- [1-Nali10;:Ala311GpTx-

779 | {Amide} 1(1-34) 5 36.5 38.0 - 12.0 -
{H)-DCLGFMRKC1-
Nal[PDNDKCCRPNLVCSRTHEWCKYVF- [1-Nal10:Glu28]GpTx-

780 | {Amide} 1(1-34) 075 27.5 28.9 37.3 26.4 0.7
{H}-DCLGFMRKC[1-
Nal]PDNDECCRPNLVCSR THKWCKYVF- [1-Nal10;Glu15IGpTx-

781 | {Amide} 1(1-34) .. 0.83 34.3 24.8 26.6 217 0.8
{H}-DCLGFMREC 1~ '
NallPONDKCCRPNLVCSRTHKWCKYVF- [Glug;1-Nai10iGpTx-

782 | {Amide} 1(1-34) {1 30.7 12.4 11.2 10.1 0.9
{H}-DCLEFMRKC[1-
NallPDNDKCCRPNLVCSRTHKWCKYVF- [Glud;1-Nal10]GpTx-

783 | {Amide} 1(1-34) 1.3 29.1 18.5 14.1 9.1 0.6
{H)-{1-
NallCLGFMRECIPDNDKCCRPNLVCSRTHKWC | [1-Nal1;Glu8iGpTx-

784 | KYVF-{Amide} -84y \ 32.0 26.6 25.9 29.0 1.1
{H}-{1-
NallCLGFMEKCIPDNDKCCRPNLVCSRTHKWC | [1-Nal1,Glu7]GpTx-

785 | KYVF-{Amide} 1(1-34) 1.8 30.6 27.7 9 154 14.7 1.0
{H}-{1-
NalJlCLGFERKCIPDNDKCCRPNLVCSRTHKWC | [1-Nalt;GlublGpTx-

786 | KYVF-{Amide) 1(1-34) L5 26.3 33.9 - - -
{H}-
DCLGAMRKCIPDNDKCCRPNLVCSREHKWCK | [Ala8;Glu26]GpTx-1(1- |

787 | YVF-{Amide} 34) Po»5 1273 24.9 & - -
{H)-
DCLGAMRKCIPDNDKCCRPNLVCSRTEKWCK | [Ala5;Glu27]GpTx-1(1- . |

788 | YVF-{Amide} 34) L1297 27.1 B - - -
{H}- :
DCLGAMRKGIPDNDKCCRPNLYCSRTHKWCE | [Ala5;Glu31]GpTx-1(1- .

789 | YVF-{Amide} 34) 31.8 21.5 5 - - -
{H)- [Ala5]GpTx-1(1-34)-

790 | DCLGAMRKCIPDNDKCCRPNLYCSRTHKWCK | Glu .5 28.5 25.5 5 - - -
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8LE

YVFE-{Amida}

-
DCLGAIMETO1IRKCIPDNDKCCRPNLVCSRTH

[Ala5, Met(Q)B]GpTx-1

791 | KWCKYVF-{Amide} isomert > 385 >50 - -
.-!1
DuLuAﬁW""OﬂRKu“-‘D DKCORPNLVCSRTH | [Alab,Met{O)0iEpTx-1

792 | KWCKYVFE-{Amids} isomer2 48.8 43.0 - - -
1H}-
béLGAFRKCEPD‘Pra]ﬁKCSRPNLVCSRTHK‘V\! [Alas;PhedPraidiGpT |

793 | CKYVF-{Amide} x-1(1-34) 0.5z 28.8 12.3 B 23.0 2684 1.1
{H}-DCLGAFRKCGIPDIK{Ac- [Ala5;Phel; K{Ac- a

794 | Pra)]DKCCRPNLVCSRTHEWCKYVF-{Amide} Pra)i3]CpTx-1(1-34) 37.8 >30 670 - - 1.3

[Alab;Phet; K{Ac-

{HI-DCLGAFRKCIPDIK(Ac- Prayi3;Arg28JGpTx- -

785 | Pra)]DKCCRPNLVCSRTHRWCKY VF-{Amide} 1(1-34) N 24.6 18.0 1425 23.1 70.8 3.1
{Hy- ?
DCLGALRKCIPD[Pra]DKCCRPNLVCSRLHRW | [Ala5:Leud 28Pral3A

796 | CKYVF-{Amide] rg28iGpTx-1{1-34) L on.er 36.4 >50 ¥ - - 0.5
{H}-DCLG2- [2- ) i
ABUlLRKCIPD{Pra]DKCCRPNLVCSRTHKWCK | Abub;Leub;Pral3iGpT

797 | YVF-{Amide} _ x-1{1-34} 26.6 50.8 28.7 0.6
{H}- [AlaB;Pheg;CluiGPral .
DCLGAFRKCEPD[PralDKCCRPNLVCSRLHRW | 3;LeuZ8ArgZ8iGpTx-

788 | CKYVF-{Amide} 1(1-34) >50 (.08 - - 1.0
{H}-DCLGZ-ABUILRKCIPDK{Ac- [2-Abub;Leut; K{Ac-

799 | Pra)]DKCCRPNLVCSRTHKWCKYVF-{Amide) Pray131GpTx-1(1-34) | 48.5 65.1 68.4 1.1
{3~ [Ala5;LeuB 268:GlutO;P
DCLGALRKCEPD[Pra]DKCCRPNLVCSRLHRW | rat3,Arg281GpTx-1(1-

800 | CKYVF-{Amide} 343 >50 1. - - 0.5

[2-Abub;Leud;K{4-

{H-DCLG[2-AbulLRKCIPD[K(4- Pen)13;Arg28]GpTx-~

801 | Pen)]DKCCRPNLVCSRTHRWCKYVF-{Amide} 1(1-34) >50 .51 - - 0.7
{H)- -
DCLGALRKCIP[Pra]NDKCCRPNLVCSRLHRW | [AlaB;Leut.26,Pral12;A

802 | CKYVF-{Amide} rg281GpTx-1(1-34) 12.3 (.54 46.8 227 6.5
{H}- [Ala5;Phet;Praiz;leu
DCLGAFRKCIPIPraiNDKCORPNLVCSRLHRW | 26;Arg28]GpTx-1(1~

803 | CKYVF-{Amide} 34) AL 38.5 2.5 0,12 19.9 20.7 1.0
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6LE

(H-DCLG[2-ABUIFRKCIPDIK(4-
m
s

{2-Abu3;Phed; K(4~

| 804 | Pen)|DKCCRPNLVCERTHKWCKYVF-{Amide} Pen)?ﬁiGaTX~Tg’i;\$4)_ 0.54 >50 53 10.5 15.2 1.5
[Nva5;LeuB;K(4-
{(H)-DCLG[NvajL.RKCIPD{K(4- Pen)i3;Arg28lGpTx-
805 | Pen)]DKCCRPNLVCSRTHRWCKYVF-{Amide} 1(1-34) 37.5 12.2 38.4 457 1.2
{H}-DCLG[NvalLRKCIPD[K(4~ [Nvab;Leub;K(4-
806 | Pen))BKCCRPNLVCSRTHKWCKYVF-{Amide} Pem131GpTx-1{1-34) 34.2 8.3 28.9 215 0.7
4-Pen-[2-
{4-Pen}-DCLG[2-AbU]LRKCIPD2- Abub,13;Leub:Arg2B8lG
807 | AbulDKCCRPNLVCSRTHRWCKYVF-{Amide} pTx-1(1-34) P388 >50 - - 0.6
[2-Abub;Leus;K(4-
{H}-DCLG[Z2-AbUulLRKCIFDIK(4- Pen)13;GluzBiCpTx-
808 | Pen))DKCCRPNLVCSRTHEWCKYVE-{Amide} 1(1-34) I >5 4. - - 0.4
{H)-
DCLGAFRKCIPDNDKCCRPNLVCSRTHRWCK | [Ala8;Pheb;Arg28iGpT
_ 809 ! YVF-{Amide] #*=1{1-34) 6.3 1 >3 =5 - - 1.0
{H-
DCLGALRKCIPDNDKCCRPNLVCSRTHRWCK | [Ala5;Leut; Arg281GpT
810 | YVF-{Amide} x-1(1-34) 02 0 >5 >5 8.2 - - 1.0
{H}- Gly-Ser- :
GSDCLGAFRKCIPDNDKCCRPNLVCSRTHRW | [Alab;Phe,Arg28IGpT =
811 | CKYVF-{Amide} x-1(1-34) 53 1 >5 >5 33 B 3 10
{H}- sly-Ser- :
GSDCLGALRKCIPDNDKCCORPNLVCSRTHRW | [Ala5;LauB;Arg28]GpT .
812 | CKYVF-{Amide} X-1{1-34) >3 >5 - - 1.0
{H)-
DCLGAFRKCIPDNDKCCRPNLVCSRTHRWCK | [Ala5;Phe6; Arg28]GpT
813 | YVFW-{FreeAcid} -1(1-34)-Tro-FreeAcld % >5 >8 =G - - -
{F}-
DCLGALRKCIPDNDKCCRPNLVCSRTHRWCK | [Ala5;Leub;Arg28]GpT -
814 | YVFW-{FreeAcid} x-1(1-34)-Trp-FreeAcid 3 >5 >5 RS - - 1.0
{H} Gly-Ser-
GSDCLGAFRKCIPDNDKCCRPNLVCSRTHRW | [AlaB;PheB;Arg281GpT
815 | CKYVFW-{FresAcid} x-1(1-34)-Trp-FreeAcid =5 >5 >5 5 - - -
{H}- Gly-Ser- , ,
GSDCLGALRKCIPDNDKCCRPNLVCSRTHRW | [AlaB;Leus;Arg28iGpT
816 | CKYVFW-{FreeAcid} x-1(1-34)-Typ-FreeAcid | >5 >5 =5 - - -
817 | {Hi- [Ala5;Pheb; Arg28]GpT | >5 >5 0.5 - - 3.0
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UBe

DCLCATRKCTPDI\ KCCRPNLVCSRTHRWCK
| YVFF-{FreeAcid)

{H}-
DCLGALRKCIPDNDKCCRPNLVCSRTHRWCK

x-1{1-34)-Phe-
FreeAcid

[Ala5;Leus,Arg281GpT

X-1{1-34)-Phe-

818 | YVIF-{FreeAcid} i”—'reeAcid >5 >5 2.9
Gly-Ser-

{H}- [AlaB:Phet;Arg28iGpT
GSOCLGAFRKCIPDNDKCCRPNLVCSRTHRW | x-1(1-34)-Phe-

818 | CKYVFF-{Freshcid} rresAcid 1.9 >5 >5 3.5 3.0

Gly-Ser-

{H3- [Alab;LeuBArg28iGeT
GSDCLGALRKCIPDNDKCCRPNLYCSRTHRW | x-1(1-34)-Phe-

820 | CKYVFF-{FreeAcid} FreeAcid a. >5 >5 1.0
{H}- Cly-Ser-
GSDCLGAFRKCIPONDKCCRPNLYCSRTHRW [AlaS;F’heS;Ar\}Ame

821 | CKYVE-{FresAcid} x-1{1-34)-FresAci 3.z >5 >5 22 1.0
{+H- Gly-Ser- A
GCSDCLGALRKCIPONDKCCRPNLVCSRTHRW | [AlaS;Leut; Arg28]GpT

822 | CKYVF-{FresAcid} %-1{1-34)- FreeAcic 37 >3 >5 3.7 1.0
{H}-
DCLGAFRKCIPDNDKCCRPNLVCSRTHRWCK | [Ala5;Phes;Arg28]GpT

823 | YVF-{FreeAcid} x-1{1-34-FresAcid 3.4 >3 >5 BE 1.0
DCLCGAFRKCIPDMOKCCRPNLVCSRTHAWCK | [Alab,28,Phel]GpTx-

824 | YVF-{FreeAcid} 1(1-34)-FreeAcid >5 >5 5 -
{H})-
DCLGAFRKCIPDNDKCCRPNLVCSRTHDWCK | [Ala5;Phed;Asp28]GpT

825 | YVF-{FreeAcid} %-1{1-84 )-FreeAcid 8 >5 >5 =5 -
[y
DCLGAFRKCIPDNDKCCRPNLVCSRTHEWCK | [AlaB;Phed;Glu28]GpT

826 | YVF-{FreeAcid} X-1(1-34)-Freehcid >5 >5 g -
{H}-
DCLGAFRKCIPDNDKCCRPNLVCSRTHGWCK | [Ala5;Pheb:Gly28]GpT .

827 | YVF-{FresAcid} X-1(1-34)-FreeAcid >3 >5 -
{H)-
DCLGAFRKCIPDNDKCCRPNLVCSRTHHWCK | [Ala5;Phel His28]GpT

828 | YVF-{FreeAcid] X-1(1-34)-FresAcid >5 >5 -

829 | {H}- [AlaB;PheBlCpTx-1(1- >5 >5 3 -
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I8¢

DCLGAFRKCIPDNDKCCRPNLVCSRTHKWCK | 34)-FreeAcid :
| YVE-{FresAcid} . I -
-
DCLGAFRKCIPDNDKCCRPNLVCSRTHLWCKY | [Ala5;Phet;Leuz8IGpT

830 | VF-{FreeAcid} x-1{1-34)-FreeAcid RE L >5 >5 >3 - -
{H3- :
DCLGAFRKCIPDNDKCCRPNLVCSRTHMWCK | [Ala5;Phet;Met28]1GpT -

831 | YVF~{FreeAcid} %-1(1-34)-FreeAcid ' 5 1 >3 >5 5 - -
{H}-
DCLGAFRKCIPDNDKCCRPNLVCSRTHANWCK | [Ala5;Phet;Asn28iGoT .

832 | YVF-{FreeAcid} X-1{1-34)-FreeAcid =3 >3 >5 1,5 - -
(HF- |
DCLGAFRKCIPDNDKCCRPNLVCSRTHPWCK | [AlaB;Phet Pro28]CpT |

833 | YVF-{FreeAcid! x-1(1-34)-FreeAcid oo i >5 >5 =5 - -
{H)-
DCLGAFRKCIPDNDKCCRPNLVCSRTHQWCK | [Ala5;Phe6;GIn28]CpT |

834 | YVF-{FreeAcid} %x-1(1-34)-Freehci G i >»B >5 - -
{H-
DCLGAFRKCIPDNDKCCRPNLVCSRTHSWCH [AlaB;Phed;Ser28)GpT

835 | YVF-{FreeAcid} x-1(1-34)-FresAcid 25 1 >B >5 »E - -
{H}-
DéLGAFRKCiPDADKCCRPNLVCSRTHRWCK [Ala5,13;Pheb;Arg28]G

838 | YVF-{FreeAcid} pTx-1(1-34)-FresAcid [ >5 3 : 3.1
{H}- [Alad;Phed;Aspi3;Arg
DCLGAFRKCIPDDDKCCRPNLVCSRTHRWCK | 28]GpTx-1(1-34)-

837 | YVF-{FreeAcid} FreeAcid LB >8 >5 - -
{H3- [Ala5;Phe8;Giu13;Arg2 -
DCLGAFRKCIPDEDKCCRPNLVCSRTHRWCK | 81GpTx-1(1-34)- '

838 | YVF-{FreeAcid} FreeAcid 5 1 >5 >5 9 - -
H)- : |
DCLGAFRKCIPDFDKCORPNLVCSRTHRWCK | [Ala5;Pheb,13;Arg28]G -

839 | YVF-{FreeAcid} pTx-1(1-34)>FresAcid | 5o > >h 1.2 - -
{H}- [Ala5;Phe8;Gly13;Arg2 |
DOLGAFRKCIPDGDKCCRPNLVCSRTHRWCK | 8]GpTx-1(1-34}-

840 | YVF-{FreeAcid} FreeAcid : . >5 >5 RN - -
{H}- [Alab;Phe6;His13;Arg2
DCLGAFRKCIPDHDKCCRPNLVCSRTHRWCOK | 8]GpTx-1{1-34}- N

841 : YVF-{FreeAcid} : FreeAcid 5o > >5 . -
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8¢

{H}- [Ala5;Pheb; lis13,Arg28
DCLGAFRKCIPDIDKCCRPNLVCSRTHRWCKY | JGpTx-1(1-34)- 1

842 | VF-{FreeAckd} FresAcid S L35 >5 3.0 -
[H1- [Ala5;Phed;Lys13Arg2 - ;

DCLCA”R'/C5?’DKDKCCRPN%.VCSRTHRWCK 8iCpTx-1(1-34)- : !

243 | YVF-{FreeAcid FrasAcid P28 >5 b3 11.8
{HI}- [Ala5;Phes;Leuil Arg :

DCLGAFRKCIPDLDKCCRPNLVOSRTHRWOCKY | 28]GpTx-1(1-34}-

844 | VF-{FreeAcid} FreeAcid 15 1 >5 >5 1.0
{H}- rAlao Phed;Met13 A“g
DCLGAFRKCIPDMDKCCRPNLVCSRTHRWCK | 28]GpTx-1(1-34} .

845 | YVF-{FreeAcid} FreeAcd =« 4 1.7 . >5 >5 o8 5.8
{+)- [Ala5;Phes;Pro13;Arg2 | : '
DCLGAFRKCIPDPDKCCRPMNLVCSRTHRWCK 1 81CpTx-1(1-34})- ’

848 | YVF-{FreeAcid} FreeAcid 25 1 >5 >5 . 24 1.0
{H1- [Ala5,Pheb;GIn13Arg2 ©
DCLGAFRKCIPDGDKCCRPNLYVCSRTHRWCK | 8]GpTx-1(1-34)- ; :

847 | YVF-{FreeAcid} FreeAcid =5 >5 >5 -
- ;
DCLGAFRKCIPDRDKCCRPNLVCSRTHRWCK | [Ala5;Pheb;Arg13,28]G :

848 | YVF-{FreeAcid} pTx- 1(1—34}—“?9&%@ A5 1 >5 >5 8 7.1
- (A5 Preb.Ser13 Arg? ;

DCLGAFRKCIPDSEDKCCRPNLVCSRTHRWOK | 81GpTw-1(1-34)- e

849 | YVF-{FreeAcid} Freepcid @G @B >5 -
H- [Ala5;Phed ThridArg2
DCLGAFRKCIPDTDKCCRPNLVCSRTHRWCK | 8]GpTx-1(1-34)-

850 | YVF-{FreeAcid} FreeAcid 5 >5 >5 -
{H)- [Ala5:Phe6:Vali3;Arg2
DCLGAFRKCIPDVDKCCRPNLVGSRTHRWCK | 81GpTx-1(1-34)- :

851 | YVF-{FreeAcid} FreeAcid . »3 1 >5 >5
- [AlaB;Pheb; Trpi3,AmG2 -

CLCAFRKCIPDWDKCCRPMLVCSRTHRWC! BlGpTx-1(1-34}- -

852 | YVF-{FreeAcid} FreeAcid Po>5 >5 »5 -
- :

DCLGALRKCIPDNDKCCRPNLYCSRTHRWOK | [Ala5;Leu;Arg28iGpT

853 | YVF-{FreeAcid} x-1{1-34)-FreeAcid T >5 ) -
{H- [Ala5:Leu6Asp281GpT . |

854 | DCLGALRKCIPDNDKGORPNLYCSRTHDWCK | x-1(1-34)»-FreeAcid = >5 55 -

ELOSTETIOT O/

LESETWEXOTS VL. Dd



YVF-{FreeAcid}

{H)-

DCLGALRKCIPDNDKCCRPNLVCSRTHEWCK | [Ala5;Leut;Glu28]GpT . ,. :
855 | YVF-{FreeAcid) x1(1-34)FreeAcid . »5 1 > >5 LEE

{H}-
DCLGALRKCIPDNDKCCRPNLVCSRTHLWCKY | [Ala5;Leus,28]GpTx-

CLESTYTINT O/

886 | VE-{FreeAcid} 1(1-34)-FresAcid 4 L5 >5 1 41
Hy- = |
DCLGALRKCIPDNDKCORPNLYCSRTHMWC [AlaS;Leut:Met28lGpT - : :

857 | YVF-{FreeAcic} *-1(1-34)-Frasfcid R ) 5 »5
{H}- : ;’ ‘ '
DCLGALRKCIPRDNDKCCRPNLVCSRTHQWCK | [Ala5;Leud,GInZ8[GpT ;

858 | YVF-{FreeAcid} x~1{1-34)-FreeAcid Co»h o 3B >5 5
{H}- :

U
DCLGALRKCIPDNDKCCRPNLVCSRTHEWCK | [Ala5;Leud;Ser28jGpT ; ;
859 | YVF-{FreeAcid) x1(1-34)Freencld . =5 . >5 5 9

{Hi-
DCLGALRKCIPDADKCCRPNLYCSRTHRWCK | [Alab,13;Leu;Arg28]G -

£89¢

880 | YVF-{FreeAcid) pTx-1(1-34)}-FreeAcid = =5 | >5 >5 A5
- [Alab;Leut;Asp13;AQ2 i :
DCLGALRKCIPDDDKCCRPNLVCSRTHRWOK | 8iGpTx-1(1-34)- ; 4

881 | YVF-{FreeAcid} FreeAcid CosG >5 >5 5 mE
{H}- [Alas;Leu6;Glu13;Arg2 ‘
DCLGALRKCIPDEDKCCORPNLVCSRTHRWCK | 81GpTx-1(1-34)- 5

862 | YVF-{FreeAcid} FreeAcid . w5 . >5 >5 i »5
{H)}- [Ala5:Leub:Phe 13 Arg o
DCLGALRKCIPDFOKCCRPNLVCSRTHRWOKY | 28]1GpT-1{1-34)- x 4

863 | VF-{FreeAcid) Freepoid S5 >3 >5 1 b
{H}- [{AlaS;Leud;His13Arg2 :
DCLGALRKCIPDHDKCCRPNLVCSRTHRWCK | 8lGpTx-1(1-34)- : : :

864 | YVF-{FreeAckl} FreeAcid T >5 135
{H}- [Ala5:Leut;He13;Arg28 .

CLGALRKCIPDIDKCCRPNLVCSRTHRWCKY | 1GpTx-1(1-34)- : | :

865 | VF-{[FreeAcid} FreeAcid T 5 oonh o
{H}- [Ala5 Leub Lysi3.Ag2 :
DCLGALRKCIFDKDKCCRPNLVCSRTHRWCK | 81GpT«-1(1-34)- :

866 | YVF-{FresAcid} FresAcid =5 >5 =3

867 | {H- [Ala5Leus 13;Arg28]G © >3 >5 >5
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DCLGALRKCIPDLDKCCRPNLVCSRTHRWOKY
VF-{FresAcid}

pTx-1(1-34 -Fresicid

{H}-
DCLGALRKCIPDMDKCCRPNLVCSRTHRWCK

{A}éé; LeuB;Met1 S;ArEjQ'
BIGnTx-1(1-34)~

veg

868 | YVF-{FresAcid} rresAcid noo 20 =5
{H}- [{Ala51eu6,Gini3Arg2 |
DCLGALRKCIPDODKCORPNLVCSRTHRWCK | 8]GpTx-1{1-34)- :

889 | YVF-{FreeAcid} FreeAcid >0
{Hy |
DCLGALRKCIPDRDKCCRPNLVESRTHRWCK | [Alab;Leub Arg13.28]G

870 | YVF~{FreeAcid} pTx-1(1-34)-FresAcid ! >5 A
{H}- [Ala5;Leu6;Ser13Arg2 -
DCLGALRKCIPDSDKCCORPNLVCSRTHRWCK | BiGpTx-1(1-34)- ;

871 | YVF-{FreeAcid} FreeAcid : >5
- [Ala5;Leus;Val13:Arg2 -
DCLGALRKCIPDVDKCCRPNLYCSRTHRWCK | 8]1GpTx-1(1-34)- ’

872 | YVF-{FreeAcid} FreeAcid N e I
{H}- [Ala5;Leut;Tyr13;Arg2 ;
DCLGALRKCIPDYDKCCRPNLYCSRTHRWCK 1 8IGpTx-1(1-34}- i

873 1 YVF-{FreeAcid} FreeAcid 4.8 >5
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Table 30. Electrophysiology by PatchXpress®

Navl.3 Navl.4 Navl.h Navl.7 Navl.4/ | Navl5/ | Navi4/ | Navl.s/ | Navl.3/
Use Use Use ise Navl3 Navl.3 Nav1.7 Navl.7 Navl.7
SEQ 1C50 50 1CS 1C50 Use Use Use Use Use
iD {1M) (i) {(um) (M)
NO: Designation
1 GpTx-1{1-34) 0.010 0.241 >10 0.005 24 >1000 48 >2000 2.0
528 | Huwentoxin-{V 0.022 4.5 25.3 0.032 205 1150 141 791 0.7
529 | Huwentoxin-i $.805 24.89 >30 0.717 28 33 35 47 1.3
530 | KillA 0574 | 0021 . - .. 0144 0 0 0 0 4.0
531 1 ProTxil 0.015 0.032 0.104 0.002 2 7 13 A3 8.3
72 [ArgZSEGpT_"-'!('E -34) A 0.007 72 728 _ ;.7
22 | AEsiGs ' ' 35 578 72
[3-Nai34]GpTx-1{1
80 | 34) 0.007 0.17%9 1.860 0.004 28 266 45 465 1.8
70 1 [Arg26iGpTx-1{1-34) 0.010 0.109 0.573 0.005 11 57 22 115 2.0
87 | GpTx-1{1-34)-Trp 0.015 0.640 2.660 0.009 43 177 71 296 1.7
55 | [GIn33iGpTx-1{1-34} 0.010 0.286 8.250 0.006 25 825 48 1375 1.7
77 1 [1-Nal1]GpTx-1{1-34} 0.066 0.439 7.6 0.023 7 115 19 330 2.9
[1-Nal10])GpTx-1{1-
78 | 34) 0.039 0.402 12.91 0.005 10 331 80 2581 7.8
89 [Pheb|GpTx-1{1-34} 0.016 0.14% 3.155 0.015 S 197 9 211 1.1
[Lys28; Thr271GpTx-
54 | 1{1-34} 0.016 0.462 1.353 0.004 29 87 116 348 4.0
121 | [Leu26]GpTx-1(1-34) 0.023 0.508 5.00¢ 0.003 22 218 169 1668 7.7
123 | [MNleb]GpTx-1{1-34) 0.00% 0.066 4 0.008 7 124 8 137 1.1
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[1-Nalg}GpTx-1{1-34) 0,115 0.003

[1-Nal32]GpTx-1{1-

34) 0.061 0.004

[Trp6lGpTx-1{1-34) 0.234 0.022

(Trp221GpTx-1(1-34) 0.689 0.039 22

[T p331003>\ 1(1-34) 0.096 0.018

[Glu33]GpTx-1(1-34} 2.753 0.027

(Giu18]GpTx-1{1-34) 1.635 0.018

(Bip5iGpTx-1(1-34) 0.103 0.062

[Cha5)GpTx-1{1-24) 0.126 0.003

[Leub]GpTx-1{1-34) 0.365 0.026

[Chab]GpTx-1{1-34} 0.092 .003

[1'NMeW321GpTx-

1{1-34) 0.154 0.006

[Glu261GpTx-1{1-34) 6.41 0.052

(Trp18]GpTx-1{1-34) 1.46 0.024

[pl-Pre5]GpTy-1{1-

34) 1.1 0.247

[1e33]GpTx-1{1-34; 1.94 0.037

[pl-Phe33]GpTx-1{1-

34) (.388 0.026

[1'NMeW331GpTx-

1(1-34) 0.398 0.054

{Arg28;1-

Nal32]GpTx-1{1-34) 193 1.7
2.

\JDT)\*_-.\') 3/-4‘
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88¢

{{Phed Atz13*]GpTx-
1(1-34)})13)GpTx-
1{1-34); * = £t

{(Homodimeric
Conjugate 1)

[Phet,Atz(EtO-
PEG4*-

{[Pheb, Atz13*1GpTx-
1{1-34))}13]1GpTx-
1(1-34); * = Et

{Homodimeric

Conjugate 2) 0.046 | 0299 | 0.863 | 0.019 19 16 45 2.4

19 | [GIu3IGpTx-1(1-34) - 3.81 >10 0.041 - 93 >244 -

21 1 [Ma3GpTx-1(1-34) - 0.569 >10 0.012 - 47 >833 -

63 | [Arg4IGpTx-1(4-34) - 0.165 5 0.003 - 55 1667 -

39 | [Lys4IGpTx-1(1-34) - 0.327 10.6 0.006 - 55 1767 -

265 | [Gly5IGpTX-1(1-34) - 12.8 >10 0.009 - 1422 | >1111 -
88 | [eBIGpTx-1(1-34) - 2.12 >10 0.002 - 1060 | >5000 -

268 | IMet5|GpTx-1(1-34) : 0.978 >10 0.002 - 489 >5000 -
272 | [ValBiGpTx-1{1-34) - 4.41 >10 0.018 - 745 >556 -
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468

K(MeZ)BIGpTx-1{1-

288 134 0.884 >10 0.004 221 >2500
ISDMABIGDTX-1(1-

2897 34 0.57 >10 0.005 114 >2000

118 { [Thr8iGnTx-1(1-34} 0.888 >10 0.008 98 >1111
{Asp10]GpTx-1{1-

118 1 34) 2.45 >10 0.003 817 >3333

148 | [Glu101GpTx-1{1-34) 1.3 >10 0.002 850 >5000
{Asn10iGPTX-1{1-

80 134 0.749 >10 0.002 375 >5000

147 | [Glul1]CpTx-1(1-34) 1.87 >10 0.002 835 >5000
[1-Nali31GpTx-1(1-

163 | 34) 0.291 7.33 0.002 1486 3665

28 | IG1S5IGpTx-1(1-34) 2772 10 0.02 136 500
[2-Abu2,171GpTx-

125 | 1(1-34) 0.947 10 0.021 45 478
[2PAL18IGPpTX-1{1-

318 | 34) 1.57 13.7 0.603 523 4567

116 | [CH18]GpTx-1(1-34) 0.833 10 0.002 417 5000

49 | [Lys18IGpTx-1{1-34) 0.58 16.4 0.002 290 82300
[K(Me2)18]GpTx-

314 1 1(1-34) 0.774 10 0.608 158 2000
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LESOTHTYOTSH/ LD



ISDMA18IGPTx-1(1-
34)

10

0.008

1667

A

[Lys191GpTX-1(1-34)

0.22

0.003

3033

Tyr221GpTx-1(1-34)

2.03

>10

0.018

0.428

5.2

0.006

1.86

0.607

266

>10

0.004

465

[K(MeZ)251GpTx-
1(1-34)

4
w
(oY)

0.008

[£1a281GpTx-1{1-34)

0.012

[G25ICpTX-1(1-34)

>10

0.028

[His261GpTx-1({1-34)

0.003

[4CO2-F26]GpTx-
1(1-34)

>10

0.065

>154

[Glu28]1GpTx-1(1-34)

>385

[Asp2B]GpTX-1(1-
34)

=667

[GIN281GpTx-1(1-34)

0.004
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A%

[K(Me2)281Gp

=
=<
H

385 1 1(1-34) 1.43 8.74 0.011 - 130 795
[1-Nal281GpTx-1{1-

79 34} 5.92 >10 0.033 - 179 >303
[2-Nal28iGpTx-1{1-

129 1 34) 7.37 >10 0.068 - 112 >152
[2PAL3Z2IGnTx-1{1-

384 | 34) 4.95 =10 0.035 - 142 >256
[4CO2-F331GpTx-

403 | 1(1-345 0.742 >10 0.603 - 247 >3333
[ZPALISIGpTX-1(1-

402 | 34) 0.277 3.46 0.01 - 28 346
[AlaB;Leu8lGpTx-

896 | 1(1-34) 11.248 >10 0.03 - 375 >333
[AtaS; NlebIGpTx-

727 1(1-34) 2.828 >0 0.01 - 283 >1000
[AlaB; T NMeWsIGpT

698 i x-1(1-34) 4.5 >140 0.081 - 38 >186
IAlaS;Glu29]Go Tx-

437 111343 >10 >10 >10 - >1 =1
[3Pal5PhediGpTx-

613 | 1(1-34) 12.3 >10 0.063 -] 195 >158
[2-Abub;leuB]GpTx-

636 | 1{1-34) 3211 >10 0.022 - 146 >455
[AibS;LeuB}GpTs-

¢35 | 1(1-34) 6.89 >10 0.02 - 345 >500
[Leus,81GpTx-1(1-

661 | 34) 4,387 >1( 0.011 - 3998 >909
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£68

[Met5;LeublGpTx-

641 | 1{1-34) 3.591 >10 0.27 13 >37 -
[NiMel.eub;LeublGp

673 | Tx-1{1-34) 1.883 =10 0.012 158 >833 -
INMePhed;LaubiGp

874 1 Tx-1(1-34) 1.232 11.26 0.012 103 538 -
[NivieVal3;LeuslGpT

672 | x-1{1-34) 5.495 >10 0.05 110 >200 -
[Nva5;Gluz8iGpTx-

705 1 1(1-34) >10 >10 $.056 >178 >179 -
{Nva5Leudb]GpTx-

637 | 1{1-34) 5.928 >10 0.083 120 >120 -
[Sar3;Phes|GpTx-

632 | 1(1-34) 2.4 >10 0.025 36 >400 -
[Ser5;PhetiGpTx-

617 | 1(1-34) 3.63 >10 0.024 151 >417 -
[Tleb;LeuBiGpTx-

659 | 1(1-34) 5.662 >10 0.017 345 >588 -
[Val5;Leud]CpTx-

544 | 1{1-34) £.666 >10 0.2 33 >50 -
[Ala5; 1" NMeW3Z1Gp

692 | Tx-1{1-34) 2.81 >10 0.018 156 >556 -
[Arg4;MetSIGpTx-

694 | 1(1-34) 1.127 13.222 0.029 39 456 -
DiMe G-
F5,Phe8lGpTx-1{1-

620 | 34) 5.09 >10 0.033 154 >303 -
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Gly-Ser-
Alab;Leub; Arg28iG

812 | pTx-1{1-34) $.77 >10 0.012 814 >833
[AlaB;Leus;Arg28]G
pTx-1{1-34)-Trp-

814 | FresAcid >10 >10 0.05 >200 >200
Alas;Phet Arg28iGp
Tx~1{1-34)-Phe-

817 | FreeAcid 7 >10 8.118 50 >86
Gly-Ser-
[Ala5;Phe8;Arg28]G
pTx-1{1-34)Fhe-

819 | FreeAcid >7 >10 0.047 >14G >213
Gly-Ser-
[Ala5;Leub; Arg281G
pTx-1{1-34)-Phe-

820 | FreeAcid >10 >10 0.055 >179 >179

414 1 GpTx-1(1-34)-2PAL 1.01 >10 R R R 37 >370
[Ala5,GluzB]GoTx-

435 | 1(1-34) >10 >10 0.614 >18 >18
[Alab,Guf28iCpTx-

761 1 1(1-34) 5.08 >10 0.008 1018 >2000
[AlaB;DabZ8]GpTx-

782 | 1(1-34) 13.7 >10 0.013 1054 >769
[Ala8;hArg28iGpTx-

744 1 1(1-34) >10 >0 0.014 >714 >714
[Ala5HCI2BIGnTx-

749 1 1(1-34) >10 >10 0.028 | >400 >400
[AlaB;HIsZBIGpTx-

737 | 1(4-34) >10 >10 0.025 >385 >385
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L&E

[Ala5;Cit28]GpTx-

748 1 1(1-34) >10 >10 0.03 >333 >333
[AlaB;GInZ8]GpTx-

738 1 1(1-34) >10 =10 0.037 »270 >270
[Alab;SDMAZ8)GpT

743 | x-1(1-34) >10 >10 0.041 »244 =244
[Ala5,Ser28]GpT

738 | 1(1-34) >10 >10 0.045 >222 >222
[Ala5:R(Me)28]GpTx

745 | ~1(1-34) >10 >10 0.051 >196 >196
[Ala8.:0rm28i1CeTx-

748 | 1(1-34) >10 >10 0.058 >169 >188
[2-AbuB;NIesIGpTx-

783 | 1{1-34) 0.94 =10 0.001 940 >10000
IAlaB;Asp 101G Tx-

700 | 1{1-34) >10 >10 0.05 »>200 >200
(Val5,Glu28iGpTx-

704 | 1(1-34) >10 >10 0.028 >345 >345
[VaiB;Leud;Glu28ia

708 | p=1{1-34) >10 >10 6.086 >118 >116
[Ala5;Asp10:Glui2)

701 | GpTx-1{1-34) >10 >10 0.554 >18 >18
Val5Aspi0iGpTx-

710 | 1{1-34) >10 >10 0.174 >57 >57
(Valz,Glu12iGpTx-

711 1 1{3-34) 11.96 >1G 0.074 182 >135
Va5 Aspt0,Glul2]

712 | CpTx-1(1-34) >10 >10 0.116 >86 =BG

CLESTL/TIOT QM
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6¢

51GpTx-

(Val5;Git2
(1 Q4\

>16

>357

6.08

5.04

=250

[Alas;Nies, GluiCiGp
Tx-1{1-84)

>10

0.098

>104

724

[Ala5;Phe6;Glu10]G
pTx-1(1-34)

/.

11.07

>10

0.079

>127

726

(Aiab;Leus, Glui2lG
pTx-1({1-34)

>16

727

[Alab;Nieg; Cluz8]Gp
T-1(1-34)

[Alab,Phet Atz{2
KDa EtC-PEGH-
{{Ala5,Pheb Atz137
LeuZ8 Arg28iGpTx-
1{1-

343113, Leu2b Ar 028
1GpT-1(1-34); 7

£t

{Homodimeric
Conjugate 3}

2.2

18.2

1028

Bimin{iong chainl-[2-
Abuf,13;Leus; fl.zgz
1GpTx-1{1-34)

27.3

>10

G.011

[Alab;Phes;Gluto;K(
Blotin}13;LeuZ8;Arg
281GpT-1(1-34)

>10

478

Biotin-Ahx-
[AlaB,Phe6 Alz{2
kDa EtO-PEG*-
[Biotin}-Ahx-
[Ala5,Phet Alz13"L

>10

0.091

=110
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665

eu26,Arg281GpTx-
(i-

341}1)13,Leu26 Arg28
IBpTH=1(1-34), * =
Et

{(Homodimeric
Conjugate 4)

DOTA-[Ala5]GpTx-
1032 | 1(1-34) >10 >10 0.152 =88 >66
[Ala5:Phe; K(DOTA
yi3;LeuZ8;Arg28]Gp
1033 | Tx-1(1-34) 13.1 >10 0.0275 478 >364
30 | [Giu29iCpTx~1(1-34) >10 =10 >10 - -
22 1 [AiaBlGpTx-1{1-34) 10.428 >10 0.034 07 >294
22 | [AlaBiCpTx-1{1-34) 10.392 >10 $.03 346 >333
153 | IGu281CpTx-1 18.1 >10 0.0501 361 >200
[AlaB;Phet;Arg28](
808 | pTx-1{1-34) 3.29 >10 0.012 274 >833
[Alab;Leud;Arg28iG
810 | pTx-1(1-34) 6.89 >10 0.008 766 >1111
[Alas,Phes 2-
Abu13,LeuZ8 Arg28]
1034 | GpTx-1{1-34) 7.26 >10 0.0047 1545 >2128
[AlaB,Phe,Glu10,2-
Abu13,Leu26 Arg28]
1035 | GpTx-1(1-34) 16.6 >10 0.0035 4743 >2857
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1oy

§281GpTx-1{1-34)

1039

[Ala5;Phet, Gluig At
Z(PEG11-{(2-
hydroxyethylithio)ac
etamide)13;Leu28;A
rg281GpTx-1(1-34)

>10

>10

>478

>476

1040

[Ala5;Phes;Glut( AL
Z(PEG3-((2-
hydroxyethylithio)ac
elamide)13;Leu2GA
rg281GpTx-1(1-34)

>10

0.013

458

>769

1041

((2-
Hydroxysthylthio)ac
etamide-NPEG11-
triazole-[2-
Abu5,13;Leu;Arg28
1GeTx=1(1-34)

>10

>10

0.087

>115

>115

1042

[2-

Abub5,Leus, K(sthyi-

triazole-PEGT1-{(2-

hydroxyethyl)thio)ac
etamide)13,Arg28}G
pTx-1(1-34)

>10

0.018

549

>556

1043

[Alab;Leud 26Atz(P
EG11-((2-
hydroxyethylithio)ac
etamide)13:4rg28]G
pTx-1(1-34)

>10

>10

0.021

>476

>476

1044

[Ala5;Leus 26 Giut
G,Atz(PEGT1-((2-
hydroxyethyl)thiojac
etamide}t3;Arg28}G
pTx-1{1-34)

>10

>10

0.054

>188

1045

(2-
hydroxyethyljthio)ac
etamide-NPEG 11~
{riazole-

w
o
i

>10

0.074

130
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oWy

Ala5,Pheb 2-
Abu13,Arg28]GpTx-
1(1-34)

Fe-peplide

-- Conjugate 1 2.88 >10 0.002 1440 >5000
Fe-peptide

-~ Conjugate 2 13.7 >10 0.08 171 >125
Immunoglobulin-

- peptide Conjugale 1 >10 >10 0.565 >18 >18
immunoglobulin-

- peptide Conjugata 2 8.73 =10 0.026 259 >385
Fe-peptide

- Conjugate 1 >10 >10 0.694 14 >14
Fc-peptide

- Conjugate 2 15.2 >10 0.168 30 >59
Immunocglobulin-

-- peptide Conjugate 1 >10 >10 0.716 >14 >14
fmmunoglobulin-

-~ pepiide Conjugate 2 7.51 >10 0.079 95 =127
Fe-peplide

- Conjugate 3 >10 >10 1.45 >7 >7
Fo-peptide

-~ Conjugate 4 >10 >10 0.474 >21 >21
‘mmunoglobulin-

- peptide Coniugate 3 >1(} >10 0.0677 >130 >130
immunoglobulin-

-- peptide Conjugate 4 >10 >10 0.126 >79 >79

CLESTL/TIOT OML
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£oF

= >10 >10 1.46 >7 >7
Fe-peplide

- Conjugaie 6 >10 >10 0.264 >38 >38
immunogtobuiin-

-~ peptide Conjugate 5 >10 >10 0.927 >11 >4
Immunogiobulin-

- peptide Conjugate 8 >10 >10 0.271 >37 >37
Fo-peptide

- Conjugate 7 N.D N.D. 1.034 - -
Fe-peplide

- | Conjugate 8 >10 >10 0.473 > >21
Immunoglobulin-

- | peptide Conjugate 7 7.87 >10 0456 1 - 1 - 0 17 >22
Immunoglobulin-

-~ peptide Conjugate 8 0.607 9.24 0.148 4 62
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Table 31. Electrophvsiology by IonWorks® Quattro: comparison of GpTx-1 peptide analog PEG conjugates.
wQ | tWQ | WG | IWQ
Use Use | Use Use

SEQ Navi | Navi | Navi | Navi | Navi4/Nav | Navi4/Nav | Navi.7/Nav

D | Amino acid sequence Designation 7 5 A 3 1.7 1.3 1

NO: DB RO EECL)]
{H}-[Atz(aminc-
PEG10)DCLGFFRKCIPDNDKCCRPNLVCSRTHKW | Atz{amino-PEG10)-

532 | CKYVF-{Amide} [PheBiCpTx1(1-34) 0.084 1 495 | 0.85 | 0.034 11.3 277 2.4
{H}-[Atz(amino- [Az{amino-
PEG10)JCLGFFRKCIPDNDKCCRPNLVCSRTHKWC | PEG10Y;PheliGpTx1(1-

533 | KYVF-{Amide} 343 0.0411 6891 | 0.25 {0,019 8.1 128 2.1
{H}-DCLGIAtz{(amino- [ALz{amino-
PEG10)JFRKCIPDNDKCCRPNLVCSRTHKWCKYVE | PEG10)5;Phe8lGpTxi(1- | 16.25 18.79

534 | -{Amide} 34) 7 14.9 8.5 3 0.5 05 1.0
{H}-DCLGF[AZ{amino-
PEG10)RKCIPDNDKCCRPRNLVCSRTHKWCKYVF- | [Atz{amino-

535 | {Amide} PEG10)61GpTx1(1-34) 5.4 6.15 12026 6.7 3.7 30 0.8
{H}-DCLGFFRKC[Atz{aminc-
PEG10)JPDNDKCCRPNLVCSRTHKWCKYVF- [Pheb;Alz{(amino-

536 | JAmide} PEG10)10IGpTx1(1-34) 0.03¢ | 795 1 0.32 | 0.013 8.3 24.6 3.0
H-DCLGFFRKCIAtz{amino-
PEG10)]DNDKCCRPNLVCSRTHKWCKYVE- [Phed;Atz{amino-

537 | [Amide} PEG10)111GpTx1(1-34) 0.136 | 8.02 | 1.10 | 0.056 8.1 18.68 2.4
{F}-DCLGFFRKCIP[Atz{amino-~ [Pheg;Atz(amino-

538 | PEG10)INDKCCRPNLVCSRTHKWCKYVF-{Amide} | PEG10121CpTx1(1-34) 0.050 | 631 | 0.16 | 0.016 3.2 2.8 3.1
{H}-DCLGFFRKCIPD[AZz(amino- [Phe6;Atz(amino-

515 | PEG10)IDKCCRPNLYCSRTHKWCKYVF-{Amide} PEG10)131GpTx1(1-34) 0.025 { 4710 | 06400 | 0.0180 16.2 39.5 2.4
{H}-DCLGFFRKCIPDND[Atz{amino- [Phe;Atz{amino-

526 | PEG10)JCCRPNLYCSRTHKWCKYVE-{Amide} PEG1OYSIGpTX1(1-34) 0.048 | >5 | 1.177 ] 0.024 26.8 50.1 1.9
{H}-DCLGFFRKCIPDNDKCCRPIAtz(amino- [PheB;Atz(amino-

539 | PEG10)LVCSRTHKWCKYVF-{Amide} PEG10)20]GpTx1{i-34) 05381 8Y 56 ]0.250 10.4 22.4 2.1
{H}-DCLGFFRKCIPDNDKCCRPN[Atz(amino- [PheB;Atz{(amino-

540 | PEG10)IVCSRTHKWCKYVF-{Amide} PEG10)21IGpTx1(1-34) 0.763 | 114 12.0 | 0.587 5.8 205 1.3
{H}-DCLGFFRKCIPDNDKC CRPNL{AIz(amino- [Pheb;Atz{amino-

516 | PEG10)JCSRTHKWCKYVF-{Amide} PEG10)22]GpTx1(1-34) | 0111 | 7.8 | 1.1 |0.059 10.1 19.1 19
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{H}-DCLGFFRKCIPDNDKCCRPNLVCARz(amino-

[PhesAtz{amino-

541 | PEGI0)RTHKWCKYVF-{Amide} | PEG10)241CGpTx1(1-34) 17381 82 | 88 |0.701 51 127y 25
{H}-DCLGFFRKCIPDNDRKCCRPNLYCS[AzZ{amine- | [Phe6;Atz{amino-

542 | PEG10)]THKWCKYVF~Amide} EG10)251GpTx1(1-34) 0.304 | 10.2 40 10206 13.1 19.3 1.5
(H3-DCLGFFRKCIPDNDKCCRPNLVCSRIAZ(amine- | [Phe6Atz(amino-

543 | PEGI10)HKWCKYVF-{Amide} PEG10)28]CpTx1(1-34) 0.631 8.0 94 | 0478 14.9 19.6 1.3
{H}-
DCLGFFRKCIPDNDKCCRPNLVCSRTAIz{amino- [Pheb;Atz{amino-

544 | PEG10)JKWCKYVF-{Amide} PEG10271GpTx1{1-34) 28 >5 >5 3.7 idiiaia R 0.7
H)- A
DCLGFFRKCIPDNDKCCRPNLVCSRTHAtz(amino- | ELCIAZETTe: o

545 | PEG10WCKYVF-{Amide} ' ' =P 00491 59 | 223 | 0.036 453.4 625.5 1.4
{H}-
CLGFFRKCIPDNDKCCRPNLVCSRTHK[Atz{amino | [Phed;Atz{aminc-

546 | -PEG10)JCKYVF-{Amide} PEG10)29]1GpTx1(1-34) 0.31 >5 >5 1.1 HtHHE R 0.3
{H}-
DCLGFFREKCIPDNDKCCRPNLYCSRTHRKWOCK[ALZ( | [Phe8;Atz{amino-

547 | amino-PEG10)VF-{Amide} PEG10)32]CpTx1(1-34) 5.0 >5 >5 >5 G T HHHARE
{H}-
DCLGFFRKCIPDNDKCCRPNLVCSRTHKWCKYIAtLz | [Phed,Atz{amino-

517 | (amino-PEG10)F-{Anmide} PEG10Y331CpTx1(1-34) 0.10 >5 11 10032 10.3 33.5 3.3
(-
DCLGFFRKCIPDNDKCCRPNLVCSRTHKWCKYVIA | [Phe;Atz{amino-

548 | {z{amino-PEG10)-{Amide} PEG10)34]GpTx1(1-34) 5.0 >5 >5 1.6 S AN 3.2
{H)-
DCLGFFRKCIPDNDKCCRPNLVCSRTHKWCKYVF] | [Phe8iGpTx1{1-34)-

549 | Atz(amino-PEG10)]-{Amide} Afz{aminc-PEG10) 0.36 >5 >5 (.12 AR FHEHHE 3.0
{H}-[Atz(amino- Atz{amino-PEG10)-
PEG10)DCLGFFRKCIPDNDKCCRPNLYCSRTHKW | [Phet; 1-Nal34]GpTxi(1-

550 | CKYV[1-Nall-{Amide} 34) 0028 | 680 | 0.15 | 0.004
{H}-[Atz(amino- [Az{amino-
PEG10)JCLGFFRKCIPDNDKCCRPNLVCSRTHKWC | PEG10)1;Phes;1-

551 | KYV[1-Nall-{Amide} Nal34}1GpTx1(1-34) 0.03¢ | 43 | 0.36 | 0.014 9.2 249 27
{H}-DCLGIAtz(amino- [Az{amino-
PEG10)JFRKCIPDNDKCCRPNLYCSRTHKWCKYV] | FEG10)5:Phet;1-

552 | 1-Nall-{Amide} Nal34]GpTx1(1-34) 46 >5 >5 2.5 A THEHRHHE 1.8
{H}-DCLGF[Afz(amino- [{Atz(amino-PEG10)8;1-

553 | PEG10)IRKCIPDNDKCCRPNLVCSRTHKWCKYV1- | Nal341GpTx1(1-34) 4.1 >5 >5 >§ B FHEHEHE FEEHHE
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PEG10)IGAFRKCIPDNDKCCRPNLVCSRTHKWCK
YVF-{Amide}

PEG10)3.Ala5.Pheb]GpT
x1{1-34)

{H}-DCLIAlz(amino-~
PEGTOAFRKCIPDNDKCCRPNLYCSRTHKWCKYV

{Atz{amino-
PEG10)4;Ala5;PhebiGpT

LO¥

564 | F-{Amide} x1{1-34} 2.2 >5 RS 2.0
{H}-DCLGA[Az{amino-
PEG10)RKCIPDNDKCORPNLVCESRTHKWCKYVF- | [Alab;Atz{(amino-

565 | {Amide} PEG10)81GpTx1(1-34) 5.0 >3 >8 BIFEET HHHHHE
{H)-DCLGAF[Atz{amino-
FPEG10)IKCIPDNDKCCRPNLVCSRTHKWCKY V- IAlab;Phet Alz(amino-

588 | {Amide} PEGIO7IGpTX1(1-34) 5.0 >5 >5 FHHEH R
{H}-DCLGAFRIAtz{amino-
PEG10)]JCIPDNDKCCRPNLVCSRTHRWCKYVF- [Alab;Phet;Atz(amino-

567 | {Amide} PEGI108IGpTx1{1-34) 23 >5 HHHEH 1.6
{F}-DCLGAFRKC[AtZz(amino-
PEG10)]PDNDKCCRPNLVCSRTHKWCOKYVF- IAlaB; Phet Atz(amino-

568 | {Amide} PEG10)101CpTx1(1-34} 0.26 >5 R 3.5
{H}-DCLGAFRKCIPAlz{amino- (Alab;Phet;Atz(amino-

519 | PEG10)INDKCCRPNLVOSRTHKWOKYVE-{Amide} | PEG10Y12I1GpTx1(1-34) 0.17 >5 1.9
{H}-DCLGAFRKCIPD[Atz{aminc- [AlaB;Phet; Atz{amino-

520 | PEG10)IDKCCRPNLVCSRTHKWCKYVE-{Amide} PEG10)131CoTxi(1-34) D.27 >5 FEE 2.5
{H}-DCLGAFRKCIPDND{Atz(amino- [Ala5;Pheb: Atz(amino-

524 | PEGI10)ICCRPNLYCSRTHKWCKYVF-{Amids] PEGI0)YBIGPT®I(1-34) 0.21 >5 17.5 2.3
{H}-DCLGAFRKCIPDNDKCClAtz{amino- [Alab;Pheb Atz(amino-

559 | PEG10)PNLVCSRTHKWCKYVF-{Amide} PEG10)18iGpTxi(1-34) 0.23 >5 HEEHE 2.2
{H}-DCLGAFRKCIPDNDKCCR[Atz{amino- [Alab:Phe Atz{amino-

570 | PEGI0)NLVCSRTHKWCKYVE-{Amide} PEG10}191GpTx1(1-34) 0.64 >5 R 1.2
{FH3-DCLGAFRKCIPDNDKCCRP{AIz{amino- [Alab;Fheb Atz{amino-

571 | PEG10)ILVCSRTHKWCKYVF-{Amide} PEG10)20iGpTx1(1-34) 5.0 >5 FEHA 1.3
{H}-DCLOAFRKCIPDNDKCCRPN[Atz(amino- Alab;Phet: Atz(amino-

572 | PEG10)VCSRTHEWCKYVF-{Amide) PEG10)21i1GpTx1{(1-34) 5.0 >5 SR 2.8
{H}-DCLGAFRKCIPDNDKCCRPNL[AIz{amino- [Alab;Phet:Atz{amino-

525 | PEG10)JCSRTHKWCKYVF-{Amide} PEG10)221CpTx1(1-34) 0.65 >5 HEEHE 2.9
{HI-DCLGAFRKCIPDNDKCCRPNLVC[Atz{(amino- [Ala5;Phe, Atz(amino-

573 | PEG10)RTHKWCKYVFE-{Amids} PEG10)24]GpTxi{1-34) 5.0 >5 5 i HHEHE
{H}-DCLGAFRKCIFPDNDKCCRPNLVCS[Atz{aminc- | [Alad;Pheb;Atz{amino-

574 | PEG1O)JTHEWCKYVF-{Amide} PEG10)251CpTx1(1-34) 0.90 >5 1.8 HHHEHE 0.6

575 | {H}- [Ale5;Pheb Atz{amino- 5.0 >5 >5 HEHE i
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DCLGAFRKCIPDNDKCCRPNLVCSRT[AtzZ(amino-
PEG10)JKWCKYVF-{Amidel

(H}- o
1
DCLGAFRKCIPDNDKCCRPNLYCSRTH[Atz{amino-

PEG10)27]GpTx1(1-34)

[Ala5;Phet; Atz{amino-

576 | PEG10WCKYVF-{Amide} PEG10)28]GpTx1(1-34) 1.7 >5 >5 1.7 HHFHH R 1.0
{H-
DCLGAFRKCIPDNDKCCRPNLYCSRTHKAlz(amino | [Alad;Pheb Atz{amino-
577 1 -PEG10)JCKYVF-{Amide} PEG10)29]GpTx1(1-34) 5.0 =5 >5 >5 A HEHEH FHEHEE
{H}-
DCLGAFRKCIPDNDKCCRPNLYCSRTHRKWCKIAtZ{ | [Alab;Pheb;Atz{(amino-
578 | amino-PEGI10)IVF-{Amids} PEG10)32]GpTx1(1-34) 5.0 >5 >5 >5 A R T
Hr-
DCLGAFRKCIPDNDKCCRPNLYCSRTHKWCKY[ALz | [Aleb;Pheb Atz{amino-
521 | {(amino-PEG10)F-{Amide} PEG10)331GpTx1(1-34) 1.5 >5 >5 0.41 SRR R 3.7
Hr
DCLGAFRKCIPDNDKCCRPNLVCSRTHKWCKYVF] | [Ala5;Pheb]CpTxi(1-34)-
579 | Atz(amino-PEG10)]-{Amide} Atz(amino-PEG10) 5.0 =5 >5 >5 FEHHH B A
{H-
DCLGAFRKCIPDNDKCCRPNLVCSRTHKWCKYVE | [Ala5;PheblGpTx1(1-34)-
580 | W[Atz(amino-PEG10)-{Amide} Trp-Atz{amino-PEG10) 1.2 >5 >5 .77 T SRR 1.8
{H}-[Atz{amino- [Atz{(amino~
PEG1MCLGFFRKCIPDNDKCCRPNLVCSRLHKWC | PEG10)1;Phed;Leu2B]Gp
581 | KYViF-{Amide] Tx1(1-34) §.025 1 622 | 0.28 {0018
{H}-DCLG[Atz{amino- [Atz{amino-
PEG10)JFRKCIPDNDKCCRPNLVCSRLHKWCKYVF | PEG10)5;Pheb;Leu2b]Gp
582 | ~{Amide} Tx1(1-34) 7.5 808 | 1721 4.0
{H}-DCLGF[AZ(amino- [Atz{amino-
PEG10)RKCIPDNDKCCRPNLVCSRLHKWCKYVF- | PEG10)6;Leu28iGpTx1(1
583 | {Amide} -34) 7.4 836 | 2081, 58
{H}-DCLGFFRKC[Atz(amino- [Phe8;Atz{amino-
PEG10)PDNDKCCRPNLVCSRLHKWCKYVF- PEG10}10;Leu2B]GpTx1(
523 | [Amide} 1-34) 10027 | 749 | 050 | 0.014
rH}_
1
DCLGFFRKCIPDNDKCCRPNLVCSRLHK]Alz(amino | {Pheb;LeuZ6;Atz{amino-
584 | -PEGIOICKYVF-{Amide} PEG10)291GpTx1(1-34) 0.76 >5 >5 1.6 HHHEHE HHHHAE 0.5
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Table 32. Nav1.7 Use 1C50 of conjugated GpTx-1 peptide analogs by PatchXpress®,

Navl.7
Use

SEQ 1IC50

iD | Designation (i)

NO:

1 | GpTx-1{1-34) 0.005
[Phe6; Atz{(amino-PEG10}13]GpTx1{1-

515 | 34) 0.022
[Phe6;Atz{amino-PEG10Y131GpTx1{1-

‘515 34) 0.003
{Phe6;Atz{amino-PEGI0)22]1GpTx1{1-

516 | 34) 0.003
[Phe6;Atz{aminc-PEG10)33]1GpTx1(1-

517 1 34) 0.027
[Atz{amino-

518 | PEG10)1;Ala5;Phe6]GpTx1{1-34) 0.264
[Ala5;Phes;Atz(amino-

519 | PEG10)12]GpTx1{1-34) 0.039
[Alab;Phes;Atz(amino-

520 | PEG10)13]1GpTx1(1-34) 0.093
[Ala5;Phe6;Atz{amino-

521 | PEG10)33]GpTxL(1-34) 0.296
[Phe6;Atz{amino-PEGL0)33;1-

522 | Nal34]GpTx1(1-34) 0.003
[Phe6;Leu?6;Atz{amino-

523 | PEG10)33]GpTx1{1-34) 0.020
[Alal;Phes;Atz{amino-

524 | PEG10)15]1GpTx1(1-34) 0.020
IAlaB;Phe6;Atz{amino-

525 | PEG10)22]GpTx1(1-34) 0.119
[Phes;Atz{amino-PEGI0)15]GpTx1(1-

526 | 34) .06
[Phe6;Atz{amino-PEG10}12;1-

527 | Nal34]GpTx1(1-34) 0.014
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[06469] Example 4: Plasma stability studies

[60470] The stability of GpTx-1 peptide and GpTx-1 peptide analogs were studied in
human, rat and mouse plasmas. Peptide stock solutions were made from GpTx-1 peptide and
GpTx-1 peptide analog reference standards in 50/50 (v/v) methanol/water and stored at -20 °C. 1
mg/mL peptide stock solutions were used to prepare 20 ng/mL peptide working solutions in
HPLC grade water. The peptide working solutions were stored In a refrigerator at 2 to 8°C prior
to use.

[06471] Stability samples were prepared by adding 225 ul plasma into the vials containing
25 of 20 pg/mL peptide working solutions and were incubated at 37°C. The initial
concentration was 2 ug/mL for cach peptide in human, rat, or mouse plasma. 25 pl plasma
samples at five time points (0, 2, 4, 8 and 24 hours) were aliquoted mto the appropriate well of a
96-well plate, followed by the addition of 25 ul of internal standard solution (100 ng/mL, NAV
peptide analog made in 50/50 methanol/water) and 106 pL of 0.1% formic acid and the samples
were vortex mixed. An Oasis HEB Elution 96-well solid phase cxtraction plate was used to
extract GpTx-~1 or GpTx- peptide analog peptides from the pretreated plasma samples and the
extracts were injected (10 pub) onto the LC-MS/MS system for analysis.

(06472} The LC-MS/MS consisted of an Acquity UPLC system (Waters, Milford, MA)
coupled to a 5500 QTRAP mass spectrometer (AB Scicx, Toronto, Canada) with a Turbo
TonSpray” ionization source. The analytical column was an Acquity UPLC BEH Cjg

2.1 mm x 50 mm column. The mobile phases were 0.1% formic acid in acelovitrile/water {5/95,
v/v, mobile phase A) and 0.1% formic acid in acetonitrile/water (95/5, v/v, mobile phase B). Data
was collected and processed using AB Sciex Analyst™ software (version 1.5).

[60473] The plasma stability of the tested peptides were derived from the peak area ratios
corresponding to peptides and internal standard obtained from the LC-MS/MS analysis, all data
were normalized to the value at O-hr time point. Results are shown in Table 33, Table 34, and
Table 35, below. GpTx-~1 and GpTx-1 peptide analogs tested showed remarkable stability n

human, mouse, and rat plasma, likely due to their compact, disulfide-stabilized structure.

417 -



W 2012/125973 PCT/IUS2012/029537

Table 33. Stability of GpTx-1 and GpTx-1 peptide analogs in human plasma.

% peptide remaining
GpTx-1(1- {1-
incubation 34); Nal10]GpTx | [AlaBlGpTx | GpTx-1(2- Ac-GpTx-

time SEQ D ~1(1-34}; -1(1-34); 34, 1(1-34);
(hr) NO:1 SEQ D SEQ D SEQID SEQID
NO:78 NQO:22 NO:108 NO:132

0 100 100 100 100 100

2 102 g9 105 107 100

4 101 93 99 92 104

8 98 97 101 91 101

24 93 82 105 82 97

Table 34. Stability of GpTx-1 and GpTx-1 peptide analogs in mouse plasma.

% peptide remaining
Gphx-i(1- {1-
incubation 34y Nal10]GpTx- | [AlaB]CpTx | GpTx-1(2- | Ac-GpTx-

time SEQID 1(1-34),; ~1(1-34); 34); 1(1-34),
(hr) NO:1 SEQID SEQ D SEQID SEQID
NO:78 NO:22 NO:108 NO:132

0 100 100 100 100 100

2 103 g8 106 100 105

4 105 92 107 95 103

8 97 92 105 87 103

24 93 88 99 81 106

Table 35. Stability of GpTx-1 and GpTx-1 peptide analogs in rat plasma.

% peptide remaining

(-
incubation Nai10]GpTx-
time GpTx-1(1-34), 1(1-34);
(hr) SEQ 1D NO:1 SEQID

NQO:78
0 100 100
2 110 104
4 109 106
6 100 108
8 111 112
24 a1 89

- 412 -
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(064741 Example 5: PEGvlated conjugates of GpTx-1 peptide analogs studies
[06475] To identify sites with GpTx-1 that could be modified with a half-life extending

moiety, a set of positional analogs was prepared containing propargylglycine at each non-
cysteine position. After folding, the alkyne-containing peptide was subjected to copper catalyzed
[.3-dipolar cycloaddition with a ~500 Da MW azido PEG to obtain the site-specifically
PEGylated peptides with a triazole linkage, thus converting the propargyliglycine or Pra residuc
in the sequence to a 3~(1,2,3-triazol-4-yhalanine or Atz residue. Electrophysiclogical screcning
of this serics of analogs (Table 30, Table 31, and Table 32, above) identificd scveral positions
within GpTx-1, mcluding the N-terminus and positions 1, 10, 12, 13, 15,22, 28, and 33 of SEQ
1D NO:1, where a large chemical moiety could be introduced without significantly reducing
potency at Nay!.7 or Nay!.3. In general, these locations tend to be on the hydrophilic surface of
GpTx-1, away from or around the periphery the hydrophobic binding face. Having identified
these positions, larger MW conjugates (20 kida PEG; SEQ 1D NO:590) and homodimeric
constructs of [Phe6; Atz131GpTx-1(1-34) (SEQ 1D NO:591) or [Ala5;Phet; Atz13]GpTx-1(1-34)
(SEQ ID NO:1028) or Biotin-Ahx~[AlaS,Phe6,Atz13,Leu26,Arg281GpTx-1(1-34) (SEQ D
NG:1031) were prepared (See, Figure 81A) and tested { Sce, Table 30, and Figures 46-58). Four
of these homedimers, with different sized PEG linkers covalently linked to cach of the two
peptides at position 13 relative {o the native GpTx-1 sequence (SEQ 1D NG:1), were designated
as follows (* = cthyl):

1604761 [Phe6,Atz(2 kDa EtO-PEG*-{[Phe6, Atz 3¥]GpTx-1(1-34) ) 131GpTx-1(1-34)
(“Homodimeric Conjugate 1) (See, Figure 81A);

(00477} [Phc6,Atz(500 Da EtO-PEG*-{[Phe6, Atz13*1GpTx-1(1-34) ) 131GpTx-1(1-34)
(“Hormodimeric Conjugate 27);

160473} [Ala5,Phe6, Atz(2 kDa EtO-PEG*-{{Ala5,Phc6,Atz13% Leu26,Arg281GpTx-1(1-
313, Len26, Arg28]GpTx-1(1-34; ("Homodimeric Conjugate 37);

160479} Biotin-Ahx-[Ala5,Phe6,Atz(2 kDa EtCG-PEG*- {Biotin-Ahx-

[Ala5,Phe6,Atz13% Leu26,Arg281GpTx-1{1-34) )13, Leu26,Arg281GpTx-1{1-34)

{“Homodimeric Conjugate 47).
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xampic 0. N structure determination of OGpTx-
H6488] E ple 6: NMR d inati £ GpTx-1

(60481} The structure of GpTx-1 was obtained by high resolution NMR spectroscopy m
water, pH ~3 and T=298 K. The data were collected on a Bruker Avance 111 800 MHz
spectrometer using standard 2D experiments. (See Wutchrich, NMR of Proteins and Nucleic
Acids, John Wiley & Sons, Canada, (1986)). The structure was calculated from 500 NOE
constraints (216 long-range), 45 dihedral angles constraints, 11 hydrogen-bond constraints and 3

disulfide-bond constraints, using Cyana 2.1 software. The final RMSD for the backbone atoms

lowest energy conformations of the peptide backbone, Figure 8 for the overlay of the heavy
atoms from the 20 lowest cnergy conformations of the peptide, and Figure 9 for a ribbon
representation of the peptide backbone). The structure confirms the disulfide conncctivity of the
six cysteine residucs as Co—Cyq, Co—Lg3, and Cy6—Csp or a C1—C4, C2---C5, C3—-C6 pattern,
making GpTx-1 a member of the inhibitory cystine knot (ICK)) family of peptides.

[60482] The folded structure of GpTx-1 (SEQ ID NO:1) is amphipathic in nature with a
flat hydrophobic face on one side of the molecule and a hydrophilic (mostly cationic) face on the
opposite side. The systematic analoging of GpTx-1, in particular the positional scanning with
alanine and glutamic acid, identifies several residues as being critical for activity at Nay!1.7 and
Nay1.3. These residucs, namely Phes, Met6, His27, Trp29, Lys31, Tyr32, and Phe34, releative
to SEQ ID NO:1, are clustered on the one face of GpTx-1. Residucs 27 through 34 of SEQ 1D
NO:1 form a C-terminal B-strand, while Phe5 and Met6 are adjacent to that strand and form the
remainder of this hydrophobic face. Since changes that alter the nature of this face disrupt
activity against Nayl.7 and Nay 1.3, this may be the portion of the molecule that interacts with

the VGSCs at the binding interface. (See Figurel0 and Figure 11},

(60483 Example 7: Preliminary pharmacokinetic defermination in mice

{60484 Pharmacokinetic studies. Preliminary pharmacokineiic (PK) studies were

conducted. One PK study was conducted with 7 week-old male CD-1 mice from Charles River
Laboratories. The mice had catheters placed in the carotid artery by the vendor.  [Ala5}GpTx-1
(SEQ ID NO:22) was dosed intravenously to 3 mice and subcutaneously to 3 mice. GpTx-1
(SEQ ID NO:1) was dosed subcutaneously to 3 mice. All doses were at 1 mg/kg and 1.v.
injections were made via the lateral tail vein. Blood samples for 1.v.-desed animals were taken at

3,15, 30 min and 1, 2, 4, 6, &, and 24 hours post dose, blood samples for s.c.-dose animals werc
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taken at 15, 30 min and 1, 2, 4, 6, 8, and 24 hours post dose. For each sample 15 uL of blood
was collected via the carotid artery catheter and mixed in 35 pul of 0.1 M citrate buffer. Samples
were then frozen at -80°C until analysis.

[D0485] Another PK study was conducted with 7 week-old unmodified male CD-1 mice
from Taconic. [AlaS}GpTx-1 (SEQ 1D NO:22) was dosed to 12 mice at 1 mg/kg subcutaneously
and to 12 mice at T mg/kg intravenously via the lateral tail vein. At 0.5, 1, 2, 4, 8 and 24 hours
post-dose, 2 mice from each dose route were cuthanized and blood samples and brains were
collected. Brains were weighed and frozen at -80°C immediately. Blood samples were collected
m EDTA-treated microtainers and centrifuged at 13000 rpm for 5 minutes, after which plasma
was extracted and frozen at -80°C in a 96-well plate.

[6043806] Another PK study was conducted with 7 week-old unmodified CD-1 mice from
Taconic. [Ala5]GpTx-1 (SEQ ID NO:22) was dosed to 21 mice at 5 mg/kg subcutaneously. At
0.5,1,1.25,1.5, 2, 3, and 4 hours post-dose, 3 mice were cuthanized and blood samples and
brains were collected. Brains were weighed and frozen at -80°C immediately. Blood samples
were collected in EDTA-treated microtainers and centrifuged at 13000 rpm for 5 minutes, after
which plasma was cxtracted and frozen at -80°C in a 96-well plate.

[66487) LC-MS/MS Analytical Procedure. Peptide stock solutions (1 mg/mL) were made

from peptide reference standards in 50/50 (v/v) methanol/water and stored at -20 °C. 1 mg/mL
peptide stock solutions were used to prepare 100 pg/mL peptide working solution in 50/50 (v/v)
methanol/water. The peptide working solutions were stored in a refrigerator at 2 to 8°C.
[00488] Standard samples were prepared in citrate-buffered mouse blood (blood/0.1M
citrate buffer, 30/70, v/v). Standards concentrations of 5, 10, 25, 50, 100, 250, 500 and 1600
ng/mL were prepared by serial dilution of a freshly prepared 5000 ng/mL solution in citrate-
buffercd mouse blood using the 100 pg/mL peptide working solution. 25 pl blood samples were
aliquoted into the appropriate well of a 96-well plate, followed by the addition of 50 ul of
internal standard solution (100 ng/mL, peptidc analog made in 30/50 methanol/water) and 150
ul. of 0.1M ZnSOy and the samples were vortex mixed for 5 min, then centrifuge for 10 min at
4000 rpm. Supernatant was then extracted using an Oasis HLB uElution 96-well solid phase
exiraction plate to extract peptides and the extracts were injected (10 pl) onto the LC-MS/MS
system for analysis.

[00489] The LC-MS/MS consisted of an Acquity UPLC system (Waters, Milford, MA)
coupled to a 5500 QTRAP mass spectrometer (AB Sciex, Toronto, Canada) with a Turbo

< ® - . . . oy -
lonSpray" ionization source. The analytical column was an Acquity UPLC BEH Cig
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2.1 mm * 50 mm column. The mobile phases were 0.1% formic acid in acetonitrile/water (5/95,
v/v, mobile phase A) and 0.1% formic acid in acetonitrile/water (95/5, v/v, mobile phase B). Data
was collected and processed using AB Scicx Analyst® software (version 1.5).

160490} The calibration curve was derived from the peak area ratios (peptide /internal
standard) using 1/x” weighted lincar loast-squares regression of the area ratio versus the
concentration of the corresponding peptide standard. The regression equation from the calibration
standards was uscd to back calculate the measured concentration for each standard and blood
samples.

[66491] Results. In the pharmacokinetic studies, GpTx-1 (SEQ 1D NO:1) was found to be
lethal to the mice at | mg/kg and 0.5 mg/kg i.v. doscs. A 1 mg/kg s.c. dese of GpTx-1 (SEQ ID
NO: 1) fo mice was tolerated and showed measureable plasma concentrations for 1 h. (See,
Figure 16). A I mg/kgiv. dose of [Ala5]GpTx-1 (SEQ ID NO:22) was tolerated in mice with an
approximate in vivo half-life of 15 min. (See, Figure 17A and Figure 17B). A 1 mg/kg s.c. dosc
of [Ala5)GpTx-1 (SEQ 1D NO:22) also gave measurable exposurce in blood. {See, Figurc 178},
in another study, a 5 mg/kg s.c. dose yielded peptide concentrations in the plasma that were
sustained at about 0.6 uM, 40-fold over the in vitro Nav1.7 I1Csy by PatchXpress® (PX), for 3 h
with a calculated t1/2 = 0.6 h, higher than the I mg/kg s.c. and i.v. doses and suitable for further

in vivo testing. {Sec, Figure 17B).

[60492] Example 8: lon channel counterscreens
(00493} Cardiac 1on channel counterscreens (hERG and hNavl.5).
1664954 Cardiac ion channel counterscreens (hERG and hNav1.5) were conducted as

described below, for which representative results are shown in Figures 18 and 19A-B.

(60495} Counterscreen against the cloned human Navl 5 sodium channel using the

PatchXpress system.

[664986] Cell line. HEK293 cells stable transfected with human hNav1.5 were purchased

from Cytomyx, Inc.

-416 -



WO 2012/125973 PCT/US2012/629537

(60457 The extracellular (HB-PS) recording solution contained 70 mM NaCl, 67 mM N-
methyl-D-glucamine, 4 mM K1, 1.8 mM CaCly, 1 mM MgCly, 10 mM HEPES, 10 mM Glucose
adjusted to pH 7.4 with HCI. The internal recording solution contained 130 mM CsF, 10 mM
NaCl, 10 mM EGTA, 2 mM MgCls, 10 mM HEPES adjusted to pH 7.20 with CsOH. Stock
solutions of reference standard or test articles were diluted into HB-PS prior to application. Test
articles included either peptides or peptide conjugates described herein. A standardized step
protoco! was used to elicit ionic current through the hNav1.5 sodium channel. Cells are held at
—80 mV. Onset and steady state block of hNav1.5 sodium current due to Test Article was

measured using a pulse pattern with fixed amplitudes (conditioning prepulse: —120 mV for 50

acquired at 10 kHz and filtered at 3 kHz, in episodic mode. When whole cell configuration was
established, cells were washed for 3 minutes, followed by appiying control vehicle for 5 minutes.
The DataStable PC function of the PatchXpress scripting utility with then allow the cxperiment
to begin only when the bascline current was stable or an additional 5 minutes had elapsed. Then
control and each concentration of test articie was applied for 5 minutes. There were 3 additions
for each concentration with [-minute interval.  To determine ICsy, Test Article at 1 uM, 3 uM,
10 uM and 30 pM was applied to cells cumulatively (without washout between test article
concentrations; n > 3 where n = number of cells). Electrophysiological data acquisition was
performed using PatchXpress Commander v1.4 (Molecular Devices, Sunnyvale, CA) and
analyses was performed using DataXpress v2.04 (Molecular Devices, Sunnyvale, CA). The three
peak inward currents before and after test article application were used to calculate the
percentage of current inhibition at each concentration. Acceptance criteria for a good recording
include: (1) scal resistance > 200 ML, (2) access resistance < 10 M£2, (3) peak tail current > 200
pA, (4) leakage current < 25% of the peak tail current, (5) rundown < 2.5%/minutc in control

vehicle.

[ 004981 Countersereens against the human 1Ky (hERG) potassium channel using the

. ®
PatchXpress™ system.
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[60499] Cell culture. HEK293 cells stably expressing human ERG (hERG) potassium
channel were purchased from Millipore (Cat. # CYL3039). Growth media for the HEK-hERG
cells contains DMEM/F12 (Invitrogen # 11320), 1X Non Essential Amino Acid (Gibco # 11140),
10% Fetal Bovine Serum (Gibeo # 16000) and 400 wg/ml geneticin (Gibeo # 10131-027). Cells
were maintained in culture at 37°C in a humidified 95% air, 5% CO; environment. Seeding
density for a T75 Corning flask is four million cells, and a subcultivation ratio of 1:3 is
performed twice weekly or whenever the cell density reaches 80% confluency. Cells are lifted
from a T75 flask on the day of PatchXpress 7000A" experiments by using 0.05% trypsin-EDTA
{Sigma) for 3 minutes at 37°C. They are then re-suspended in growth media for at least thirty
minutes at 37°C in a hunidified 95% air, 5% €O, atmosphere before loading onto the SealChip

recording chambers (AVIVA Biosciences).

[00500] Electrophysiology Recording by PatchXpress™ 7000A (Molecular Devices). The

intracellular solution for whole cell patch clamp recordings contained (in mM) potassium
chloride (70), potassium fluoride (60), magnesium chloride (2), ethylene glycol tetraacetic acid
(EGTA, 11), magnesium adenosine triphosphate (5 and HEPES (10). The pH was adjusted to
7.2 with KOH, and the final osmolarity was set at 295 mOsm. The extracellular solution
contains (in mM) sodium chloride (135), potassium chloride (4), magnesium chioride (1),
calcivm chloride (1.8), HEPES (10) and glucose (10). pH is adjusted to 7.4 with NaOH, and the

final somolarity was sct at 305 mOsm.

[00501] After achieving wholc cell recording mode, cells are held at a holding potential of
-30 mV. A volfage step to -50 mV from holding voltage of -80 mV for 500 msec is used to
establish a bascline or reference point for the peak outward tail current measurement. This is
followed by a depolarizing step to +30 mV for 2s to drive the channels to the inactivated state. A
step back to -50 mV for 2s removes inactivation and thereby revealing the maximum peak
outward tail current. Voltage steps arce repeated once cvery 10 sec. Total hERG outward tail
current is determined by the difference between the peak outward tail current at the repolarizing

-50 mV step and the first baseline current at -50 mV prior to channel activation.

[00502] Tost sample preparation. Test compounds (up to 10 uM), which included the

peptides and peptide conjugates described herein, were serially diluted into the extracellular
recording buffer containing 0.1% w/v bovine serum albumin (BSA) and subscquently transferred
to glass perfusion reservoirs. Three pL of the serial dilutions were then transferred to nine
bundred ub of assay buffer containing 0.1% w/v BSA in assay buffer.
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[60503] PatchXpress® Procedure. Cumulative concentration response curve is generated

from 4 concentrations (0.3, 1, 3, and 10 uM) for drug potency measurement. Each concentration
of the test compound is added 3 times separated by 60 sec to ensure complete cxchange of assay
buffer in the recording chamber. There is a three minute wait time between subsequent
additions. Prior to test compound addition, two glass vials containing assay buffer and vehicle
control (0.3% DMSO) are used as controls (i.e., [ x assay buffer, 1 x 0.3% DMSO, and 4

cscalating concentrations of test compound).

(06504 Data Analysis. Outward hERG tail current from every successful whole cell
recording must be visually inspected for quality. The general criteria for good quality recordings
arc: 1) holding current at -80 mV must not excecd 300 pA during the drug addition procedure, 2)
peak outward tail current must be greater than 300 pA and 3) peak outward tail current docs not
change by greater than 2.5%/min during the eight minute control period in 0.3% DMSO.

Poteney estimates are generated by Protocol Engine (Amgen) using nonlinear mixed models to
quantify the consistency of the assay from cell to cell and to provide an accurate measurement of

drug potency over the population of the same ccll type (Miu ef al., 2006, JALA 11:195).
[60505] Results of counterscreen for GpTx-1 (SEQ ID NO:1) and [Ala5}GpTx-1 (SEQ ID
NO:22) against hERG arc shown in Figure 18. Results of countersereen for GpTx-1 (SEQ [D

NO:1) and [Ala5]0pTx-1 (SEQ ID NO:22) against hNav1.5 are shown in Figures 19A and 19B8.

[00506] Example 9 In vivo pain models

[06567] The compositions of the present invention can be tested 1n any relevant in vivo
pain models. Examples include:

[00508] Tagctile Allodynia- Von Frey Test. Von Frey filaments arc used to assess

mechanical scnsitivity in rodents. Mice are placed on a wire mesh floor, enclosed in an
individual testing chamber and allowed to acclimate unti] calm. Calibrated filaments of various
bending forces are then appliced fo the paw of a mouse to measure the response to a non-nNOXIoUs
tactile (e.g., touch) stimulus. The pattern of responses and non-responses to the series of
filaments determines the animal’s mechanical threshold. This threshold is used as the endpoint
of the assay.

[00569] Rat Neuropathic Pain Model. Male Spraguc-Dawley rats (200 g) are ancsthetized

with isoflurane inhalant anesthesia and the left lumbar spinal nerves at the level of L5 and L6 are
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tightly ligated (4-0 silk suture) distal to the dorsal root ganglion and prior to entrance into the
sciatic nerve, as first described by Kim and Chung (An cxperimental model for peripheral
neuropathy produced by segmental spinal nerve ligation in the rat. Pain 50:355-363, (1992)).
The incisions are closed and the rats are allowed to recover. This procedure results in
mechanical (tactile) allodynia in the left hind paw as assessed by recording the pressure at which
the affected paw (ipsifateral to the site of nerve injury) is withdrawn from graded stimuli (von
Frey ilaments ranging from 4.0 to 148.1 mIN) applied perpendicularly to the plantar surface of
the paw (between the footpads) through wirc-mesh observation cages. A paw withdrawal
threshold (PWT) is determined by scquentially increasing and decreasing the stimulus strength
and analyzing withdrawal data using 4 Dixon non-parametric test, as described by Chaplan, S.R.,
et al. (Quantitative assessment of tactile allodynia in the rat paw. J. Neurosci. Meth, 53:55-63
(1994)).

(605101 Rat CFA Inflammatory Pain Model. Male Spraguc-Dawley rats (200 g) are

injected i the {eft hindpaw with complete Freund’s adjavant (CEA). This proccdure results in
mcchanical {tactile) and themal allodynia in the left hind paw as assessed by recording the
pressure at which the affected paw is withdrawn from graded stimuli (von Frey filaments ranging
from 4.0 to 148.1 mN) applicd perpendicularly to the plantar surface of the paw (between the
footpads) through wire-mesh observation cages or by applying radiant heat. PWT is determined
by sequentially increasing and decreasing the stimulus strength and analyzing withdrawal data
using a Dixon non-parametric test, as described by Chaplan et al. (1994). Rats are included in
the study only if they do not exhibit motor dystunction {¢.g., paw dragging or dropping) or
broken skin and their PWT is below 39.2 mIN (equivalent to 4.0 g). At appropriate times after
CFA injection rats arc treated with test peptides and/or test vehicle-conjugated peptides (usually
a screening dose of 60 mg/kg) or control solution (PBS or other vehicle) once by s.¢. injection
and PWT is determined. Avcrage paw withdrawal threshold (PWT) was converted to percent of
maximum possible cffect (YsMPE) using the following formula: %MPE = 100 * (PW'T of treated
rats — PWT of control rats)/(15-PWT of control rats). Thus, the cutoff value of 15 g (148.1 mN
for mechanical allodynia) 1s equivalent to 100% of the MPE and the control response 1s
equivalent to 0% MPE.

[60511] Preferred molecules of the present invention are expected to produce an
antinociceptive effect with a PDwith appropriate exposures compared to 1Csg on the target.

[G0512] Mouse Formalin Pain Model Experimental Procedure. Formalin injection into a

rodent paw evokes a well-studied form of pain quantitated by the number of times the animal
flinches its paw. The pain following formalin injection comes in two characteristic phases: a first
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phase lasts approximately ten minutes and likely corresponds to the immediate pain mediated by
peripheral neurons. The second phase, beginning approximately ten minutes after formalin
injection and lasting for another 30 to 40 minutes, corresponds to sensitization of neurons in the
spinal cord and hyperactivity of peripheral pain-sensing neurons. Cormpounds represented in this
application were tosted to see 1f they reduce the number of flinches in phase 11 of the formalin
responsc and so are potential analgesic drugs (Bregman H et al,, “Identification of a potent, state-
dependent inhibitor of Nav1.7 with oral efficacy in the {ormalin model of persistent pain.” J Mcd
Chem 54(13):4427-4445,2011).

[00513] Male CD-1 mice (8-12 weeks of age, Harlan Laboratories, Frederick, MD) were
used for all in vive cfficacy cxperiments. Animal subjects had free access to food (Teklad
Global Soy Protein-Free Extruded Rodent Diet 2020X) and water and were maintained on a 12-h
light/dark cycle for the entire duration of the study. All animals were housed on standard solid-
bottomed caging with corn cob bedding in groups of 4 animals per cage. The animal colony was
maintained at approximately 21°C and 60% humidity. All experiments were conducted in
accordance with the International Association for the Study of Pain guidelines.

[60514] On test day, during or before acclimation, the animals were dosed with either an
imvestigational compound or vehicle. Following dosc administration, all mice (n=12) were
conditioned to behavioral analysis chambers {(dimensions: 10cm diameter, 14em tall cylinder
with lid on top of elevated glass) for 5 minutes prior to the formalin injection. Video cameras
were set underneath for recording the mouse behavior (5 minute acclimation and 40 minute test
session). At test time, mice were lightly restrained in a cloth glove and injected with 20ul of a
2% formalin solution into the dorsal surface of the left hind paw using an insulin syringe (U100,
0.3¢cc, 28-30G). Immediately following the formalin injection, animals were returned to the
chamber and observed for 40 minutes. Paw lifting/licking behavior was recorded in 5 minute
intervals after which ipsilateral and contralateral paw widths were measured. After study
completion animals werc immediately cuthanized.

[80515] In the first mouse formalin pain model study, [AlaS]GpTx-1(1-34) (5EQ 1D
NGO:22) was dosed at 5 mg/kg s.¢. 1-hour pre-treatment with morphine at I mg/kg s.c. 30-min
pre-treatment ag the positive coatrol. (See, Figure 59). The peptide bad no effect in the first or
acute phase (0-5 minutes post formalin injection). (See, Figure 60). The peptide significantly
reduced the time spent lifting and/or licking the affected paw during the second phase (5-40
minutes post formalin injection) compared to vehicle (PBS). (See, Figure 61). In this
experiment the | mg/kg s.c. dose of morphinc used as a positive control did not significantly
reduce pain response in the animals, and it was increased to 3 mg/kg in the following studics.
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The terminal plasma exposurce (peptide plasma concentrations at 45 min post formalin injection)
for the peptide was 0.80 + §.21 uM. Neither the peptide nor the morphine positive control
significantly reduced the paw edema caused by formalin injection relative to the vehicle (PBS).
(See, Figure 62).

[60516] The mouse formalin pain model was repeated with 1-hour pre-treatment doses of
5,1.67, and 0.5 mg/kg s.c. to determine the dose response of [Ala5]GpTx-1(1-34) (SEQ ID
NO:223. (See, Figure 63). The peptide had no effect at any dose in the first phasce (0-5 rinutes
post formalin injection). (See, Figure 64). The pesitive control, a 3 mg/kg s.c. dose of morphine,
did significantly reduce the time spent lifting/licking the affected paw in the first phasc. The 5
mg/kg s.c. dose of [AlaS]GpTx-1(1-34) (SEQ 1D NG:22) demonstrated a significant reduction of
the time spent lifting/licking , the second phase of the study, as did the morphine positive
control. (See, Figure 65). However, the lower peptide doses (1.67 and 0.5 mg/ kg s.c.) had no
significant effect relative to the vehicle in the second phase. Terminal exposures (peptide plasma
concentrations at 45 min post formalin injection) were0.58 £ 0.26 pM, 0.15 £ 0.05 uM, and 0.04
+0.2 uM for the 5.0, 1.67, and 0.5 mg/kg doscs, respectively. Neither the peptide nor the
morphine positive control significantly reduced the paw edema caused by formalin injection
relative to the vehicle (PBS). (See, Figure 66). In the first two mouse formalin experiments,
[AJa5]GpTx-1{1-34) (SEQ 1D NO:22) demonstrated a significant reproducible reduction in paw
lifting/licking at plasma concentratons between 0.60-0.80 pM. One other peptide was tested in
the formalin pain model, [Glu29]GpTx-1(1-34) (SEQ 1D NOG:30). The substitution of glutamic
acid for tryptophan at position 29 greatly reduces potency against Navl.7, so [Glu29]GpTx-1
was prepared and tested as a negative control. A 5 mg/kg s.c. dose of [Glu291GpTx-1 had no
significant effect on the time spent lifting/licking in the formalin pain model in mice with a
terminal mean peptide plasma concentration of 0.502 +0.271 uM, demonstrating that peptide
Navl.7 potency corrclates with efficacy in the formalin pain model. (See, Figures 95-98).
(805171 The mouse formalin pain model was repeated with 1-hour pre-treatment doses of
5,3, and 1 mg/kg s.c. to further investigate the dose response of [Ala51GpTx-1(1-34) (SEQ 1P
NO:22). (Sce, Figure 67). The peptide had no effect at any dosc in the first phase {0-5 nunutes
post formalin injection). (See, Figurc 68). The 5 mg/kg s.c. dose of peptide demonstrated a
significant reduction of the time spent Lifting/licking in the sccond phase of the study, as did the
morphine positive control. However, the lower peptide doses did not show a reduction in
lifting/licking behavior relative to the vehicle control in the second phase. The 1 mg/kg s.c.
group was not significantly different from the vehicle control whereas the 3 mg/kg s.c. group
appeared to significantly increase time spent lifting/licking. (Sec, Figure 69). Terminal
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exposurces (peptide plasma concentrations at 45 min post formalin injection) were 1.84 + 0.18
uM, 0.53 £0.23 uM, and 0.20 + 0.05 uM for the 5, 3, and 1 mg/kg doses, respectively. Neither
the peptide nor the morphine positive control significantly reduced the paw edema caused by

formalin injection relative to the vehicle (PBS). (See, Figure 70).

1685 18] Mouse Open Field Analysis Experimental Protocol. To verify that efficacy in the
formalin model produced by a test compound 18 not due to sedation or damage to the animal,
compounds were also tested for their effects on the overall movement of animals (open-field
testing). Naive animals are administered test compound and placed in a novel environment, and
the movements the animal undergoes during exploration of the novel environment are
automatically recorded. Reductions in movement of 50% or morc mean that cfficacy in the
formalin test cannot be ascribed {o truc analgesia.

[06519] Male CD-1 mice (8-12 weeks of age, Harlan Laboratories, Frederick, MID) were
used for all in viveo efficacy experiments. Animal subjects had frec aceess to food {Tcklad
Global Sey Protein-Free Extruded Rodent Diet 2020X) and water and were maintained on a 12-h
light/dark cycle for the entire duration of the study. All animals were housed on standard solid-
bottomed caging with corn cob bedding in groups of 4 animals per cage. The animal colony was
maintained at approximately 21°C and 60% humidity. All experiments were conducted in
accordance with the International Association for the Study of Pain guidelines.

106520] On test day, animals were dosed with cither an investigational compound or
vehicle and given at lcast 30 minutes to acclimate to the testing room. Mice (N=8) were placed
in a clean open field chamber (Kinder Scientific Photobeam Activity System) at the appropriate
time after dose administration. The changes in overall animal movement were recorded on the
system for 60 minutes under Hights off conditions.  The following parameters were evajuated:
lotal basic movement, tolal rearing, total time rcaring, and total fine movement.

(606521 Results of the open ficld analysis. [ARSIGpTx-1(1-34) (SEQ 1D NO:22) at 3

mg/kg s.c. dosc with a i-hour pre-treatment time had no effect on the total basic movement, total
finc movement, total rcaring, or total time rearing in CD-1 mice. No doses of peptide
significantly decreascd cxploratory behavior in relation to the vehicle contrel. However, ata 5
mg/kg s.c. dosc with a 1-hour pre-treatment the peptide significantly reduced the total fine
movement and total time rearing components of locomotor activity in CD-1 mice relative to the
vchicle., Total basic movement and total rearing were also reduced. (Sce, Figures 71-74).

Terminal exposures {peptide plasma concentrations at 2 b post peptide injection) were 1.79 £

the 3 mg/kg dose, which had no significant effect on locomstor activity, resulted in a peptide
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plasma concentration equivalent to those that had demonstrated reproducible efficacy in the
formalin pain model. Higher peptide plasma concentrations (> 1.5 uM) resulted in significant
effects on locomotor activity, as was demonstrated by a repeat open field analysis of
[AlaS]GpTx-1(1-34) (SEQ 1D NO:22) at a 5 mg/kg dose with a terminal exposure of 2.1 + 0.47
uM. (See, Figures 99-102). Three other peptides were tested in the open field analysis:
[Glu20]CpTx-1(1-34) (SEQ 1D NO:30), [Glu281GpTx-1(1-34) (SEQ 1D NO:153), and
[Ala5,Phe6,Glul0,2-Abul3,Leu26, Arg281GpTx-1 (5EQ 1D NG:1035). The substitution of
glutamic acid for tryptophan at position 29 greatly reduces potency against Nay1.7, so
[Glu29)GpTx-1 (BEQ 1D NO:30) was prepared and tested as a negative control. A 5 mg/kg s.c.
dose of [Glu29]GpTx-1 had no significant ¢ffect on the locomotor activity of mice in the open
field analysis with a terminal mean peptide plasma concentration of 0.77 1 £ 0.272 uM. (Sce,
Figures 103-106). A 5 mg/kg dose of [Glu28]GpTx-1(1-34) (SEQ D NO:153) significantly
reduced locomotor activity in the open field analysis with a terminal mean peptide plasma
concentration of 1.28 £ 0.403 uM, similar to the result with the 5 mg/kg dose of [Ala51GpTx-1
(SEQ 1D NO:22). (Sce, Figures 107-110). A 5 mg/kg dose of [Ala5,Phet,Glul0,2-
Abul3,Leu26,Arg281GpTx-1 (SEQ 1D NOG:1035) in the apen field analysis resulted i moribund
behavior or lethality 1 animals at a terminal mean peptide plasma concentraiton of 1.72 4:0.313
wivi.

3

106522 Mouse Veratriding Pain Model Experimental Protocol. Veratridine is a

nonselective activator of voltage-gated sodium ion channels (Hille B, Yon Channcls of Excitable
Membranes, Smauer Associates, Sunderland MA 2001) that causes a painful flinching (paw
licking and Iifting or guarding) response when injccted into the rodent paw. Accordingly, testing
compounds like those of the present invention fhat arc sodium channcl inhibitors quantifics not
only their effect on pain, but on pain caused by sodium channel activation. That is, cffects of a
test compound on veratridine-induced paw lifting and licking not only measures analgesic
efficacy but the in vivo receptor occupancy of sodium channels.

[60523] Male CD-1 mice (8-12 weeks of age, Harlan Laboratorics, Frederick, MD) were
uscd for all in vivo cfficacy experiments. Animal subjects had free access to food (Teklad
Global 5oy Protein-Free Extruded Rodent Dict 2020X) and water and were maintained on a 12-h
light/dark cycle for the entive duration of the study. All animals were housed on standard solid-
bottomed caging with corn cob bedding in groups of 4 animals per cage. The animal colony was
maintained at approximately 21°C and 60% humidity. All experiments were conducted 1n

accordance with the International Association for the Study of Pain guidelines.
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[66524] On test day, during or before acclimation, the animals were dosed with cither an
investigational compound or vehicle. Following dosc administration, all mice (n=12) werc
conditioned to behavioral analysis chambers (dimensions: 10cm diameter, 14cm tall cylinder
with lid on top of elevated glass) for 5 minutes prior to the veratridine injection. Video cameras
were sct underneath for recording the mouse behavior (5 minute acclimation and 20 minute test
scssion). At test time, mice were lightly restrained in a cloth glove and injected with 20ull of
Ing of veratridine (Sigma-Aldrich #V 109) in 1% cthanol in phosphate buffered saline suspension
into the dorsal surface of the left hind paw using an insulin syringe (U100, 0.3¢cc, 28-30G).
Immediately following the veratridine injection, animals were returned to the chamber and
observed for 20 minutes. Paw lifting/licking behavior was recorded in 5 minute intervals afler
which ipsilateral and contralateral paw widths werc measured. A fter study completion animals
were immediately euthanized.

[00525] in the first mouse veratridine pain model, [AlaS]GpTx-1(1-34) (SEQ 1D NO:22)
was dosed at 5 mg/kg s.c. with a 1-hour pre-treatment time, and mexilctine was dosced at a 30
mg/kg intraperitoneal (“1.p.”) dose with a 30 minute pre-treatment time as a control. The anti-
nociceptive effect was measured on the veratridine-induced {1 ug injection in the dorsal paw)
spontancous nociceptive behaviors in CD-1 mice. Overall there was a good paw lifting response
from the vehicle group that was significantly reversed with mexilctine. At 5 mg/kg,
[AlaS1GpTx-1(1-34) (SEQ 1D NO:22) was unable to significantly reducc the lifting behavior.
(See, Figare 75). There is no reduction of paw edema across all groups. (See, Figure 76).
However, in examining the time course of the experiment the peptide did appear to have some
effect during the 10-15 and 15-20 minute time bins. (Sce, Figure 77). Torminal exposure
{peptide plasma concentration at 1.5 h post peptide injection) was 0.70 = 0.10 uM for the 5
mg/kg dose.

(00526} In the repeat of the mouse veratridine pain model, [Ala5]GpTx-1(1-34) (SEQ 1D
NGZ2Z) was dosed at | and 5 mg/kg s.c. with a I-hour pre-treatment time, and mexilctine was
doscd at a 30 mg/kg t.p. dose with a 30 minute pre-treatment time as a control. There wag a
robust paw lifting response from the vehicle group that was significantly reversed with
mexiletine. At 1 and 5 mg/kg, [AlaS]GpTx-1(1-34) (BEQ 1D NO:22) had no effect of the lifting
behavior. (See, Figure 78). Therc was no reduction of paw edema in any of the groups. (See,
Figure 79). The peptide doses had no significant effect throughout the time course of the
cxperiment. (See, Figure 80). Terminal exposures (peptide plasma concentration at 1.5 h post
peptide injection) were 0.72 = 0.13 pM and 0.09 - 0.05 uM for the 5 and 1 mg/kg doses,

respectively.



WO 2012/125973 PCT/US2G12/029537

(66527 The foregoing cxample of in vivo pain models for the screen of therapeutic
cmbodiments of the inventive molecules are non-limiting. The skilled practitioner is aware of

other relevant pain models.

[60528] Examplc 10: Preliminary Cardiac Safcty Assessment
[60529] Isolated Perfused Rabbit Heart (Langendorff Preparation). The

effects of [ATaS]GpTx-1(1-34) (SEQ ID NO:22) in the isolated perfused rabbit heart
{(Langendorff preparation) assay were determined as described below, for which resulfs are

shown below in Table 36 and Table 37,

intervals in the igolated perfused rabbit heart assay (Langendorft preparation). The peptide had
no delaying cffcets on ventricular repolarization (QTc or JTe mtervals). The peptide had no
cffects on heart rate (HR). The peptide also had no cffects on ventricular depolarization and
conduction (QRS and PR intervals). (Abbreviations: HE, heart rate; PR interval, time mterval
from onsct of atrial depolarization (P wave) to onsct of ventricular depolarization (QRS
complex); QRS duration, time interval from onset to end of QRS complex, which is the duration
of ventricular depolarization; Q7T interval, time intcrval from onset of QRS complex to end of T
wave, which 1s the duration of ventricular depolarization and repolarization; QT¢ nterval, Q7
interval corrected with HR; JT interval, the difference between QT interval and QRS duration
(JT = QT - QRS), which 1s the duration of ventricular repolarization; and J¥e¢ interval, JT

interval corrected with HR.)
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Table 37, Effects of 1 uM [AlaS]GpTx-1{1-34) (SEQ 1D NO:22) on hemodynamic parameters in
the isolated perfused rabbit heart assay (Langendorff preparation). The peptide had no effects on
LV contractihty (dP/dt+) and no cffects on coronary blood flow (CF). The peptide had no direct

cffects on coronary vasculature. (Abbreviations: LVEP, left ventricular systolic pressure;

LYDP, Ieft ventricular diastolic pressure; dP/dt-+, maximal rate of increase in LV pressure;

LVSP-LVDP; and CF, Coronary flow.)

Hoskivad Valuae 880 ! ; :

(83530 Acquisition and Acclimatization. Six female New Zealand White

rabbits, 14 — 22 wecks old and 2.5 — 3.5 kg were obtained from Harlan Laboratories. Upon
receipt, rabbits were examined by veterinary personnel to cnsure acceptable health status.
Veterinary care was provided by the veterinarians and staff. Rabbits were acclimated for at
least 7 days prior to use. Unhcalthy rabbits were not used for the study.

[0D531] Method of identification. Each rabbit was assigned an identification

number by the supplier. An car tag containing the identification nuniber was affixed to cach
rabbit by the supplier. This identification number was displayed on a cage card, along with
the rabbit's date of arrival, date of birth, source, and sex. The identification numbers of the

3

rabbits used in the study and their final weights were recorded 1n notebooks. Composition of

Perfusion Medium. The perfusion medium consists of modified oxygenated Krebs-Henseleit
buffer (37°C at the heart) composed of (mM): NaCl (120), KCI (4.7), MgS04 (1.2), KHPO,
(1.2), d-glucose (11.1), CaCly (1.8), NaHCO3 (25), and Ma-pyruvate (2.0). This perfusion
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medium 18 constantly bubbled with 95% 0,/5% CO,. For testing [AlaSiGpTx-1(1-34) (SEQ
1D NO:22), 1% BSA was added in the buffer.

Anesthesia and Heart Removal. Each rabbit was anacsthetized with pentobarbital (50 mg/kg, 1V,

car vein). Complete suppression of pain was assessed by pinching a paw (pedal withdrawal
reflex). Rabbits were restrained in a rabbit cage restrainer while anesthesia induction was taking
place to aveid injury to the animal and the investigator.

100532] Exposing the heart: Once the animal was ancsthetised the heart was
excised. The diaphragm was accessed by a transabdominal incision and cut carefully to

expose the thoracic cavity. The thorax was opened by a bilateral incision along the lower

margin of the last to first ribs, the thoracic cage was then reflected over the animals head,
cxposing the heart. To remove the heart, the organ was cradled gently between the fingers to
avoid injury and lifted slightly before incising the aorta, vena cava and pulmonary vessels.

[DG533] Isolated Heart Preparation Perfused by Langendorff Apparatus.

Hearts were rapidly removed, mounted on a Langendorff apparatus, and perfused with
oxygenated Krebs-Henseleit buffer under constant pressure. Spontancously beating (unpaced)
hearts were included in the study if they exhibited acceptable and stable bascline values for
cach parameler (mechanical, heart rate, cardiac interval, cte) during the cquilibration period.
Perfusion buffer temperature was maintained ~ 37°C throughout the study period.

1006534} Experimental Plan.  Each individual heart (N = 4 total) was equilibrated for

approximately 30 to 60 minutes. Following this equilibration peried, bascline measurements
were collected for approximately 10 minutes in 1% BSA. After this period, hearts were exposed
to [AlaS1GpTx-1(1-34) (SEQ 1D NG:22) at 1 uM for 20 minutes. Cardiac parametcers were
measurcd continuously during the study using a computerized data acquisition system. (See Qu
et al.,, BeKm-1, A Peptide Inlubitor of hERG potassium currents, prolongs Qe intervals in
isolated rabbit heart, J. Pharmacol. Exp. Ther. (337):2-8 (2011) for details and validation
studics.)

[00535] Electrocardiographic Meagurements. Simultaneous 2-lead surface-

contacted electrocardiograms were recorded with flexible unipolar electrodes placed on the
heart, one over the epicardium of ventricles and the other over the epicardium of the left atria.

[66536] Hemodynamic Measurements. The latex balloon in the left ventricle

(LV) was cxpanded with water to achieve a LVEDP of approximately 5-10 mmHg. The
balloon was connected with tubing to a pressure transducer to measure LVEDP and LYSP.
Coronary perfusion pressure (CPP) was measured with a pressure transducer connected to a
side-arm port of the aortic block.
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008371 Data Analysis. For analysis, left ventricular pressure (LVP) and CPP
were automatically performed with Notocord. Mcasurements from the final 30 sec of the
equilibration peried and each dose exposure period were evaluated and used to determine
effects. Electrocardiograms (ECGs) were analyzed with EMKA ccgAUTO software (EMKA
Technologics, Paris, France) and I minute consecutive ECG waveforms (30 scconds before
the next event marker) were analyzed for HR, PR, QRS and QT mtervals. Values from cach
individual heart were pooled to determine an average for cach variable at individual
concentrations. Average percent change of each variable between baseline and each
concentration were also determined. For HR correction of QT intervals, Fridericia’s equation
was used (QTeP=QT/RR™). Data are presented as average percent change of each variable
between bascline and cach concentration. A > 10% change in HR, PR, GRS, QTc, and JTc
and a > 15% change in +dP/dt and CF arc considered drug-related. All values are presented as

mean + 8.0,

j’ ]
\ﬂs.&

I

160538] Results. Atal uM concentration, [AlaS]1GpTx-1{1-34) (SEQ ID
NO:22), had no effects in the isolated perfused rabbit heart assay (Langendorff preparation).
The peptide had no delaying effects on ventricular repolarization (QTc or JTc intervals) and
had no effects on heart rate. The peptide also had no cffects on ventricular depolarization and
conduction {(QRS and PR intervals). The peptide had no effects on LV contractility (dP/dt+)
and no cffeets on coronary bleod flow (CF). The peptide had no direct effects on coronary

vasculature.

Example 11: Site specific peptide conjugation

{00539 The following protocol was used to site-specifically conjugate toxin peptide
analogs (see, Table SA and Table 5B for toxin peptide analog amino acid scquences) to either a

human immunoglobulin at a linkage site on the heavy chain (C273 of SEQ 1D NG:3087 ) oron a

human immunoglobulin Fc domain (at C52 of SEQ 1D NO:3089).

(605461 Preparation of peptide-linker constructs. Alkyne-containing peptides were
subjected to copper catalyzed 1,3-dipolar cycloaddition with azido-PEG bromoacetamides of two
differing lengths to obtain the site-specifically PEGylated peptides with a triazole linkage, thus
converting a propargylglycine or Pra residue in the sequence to a 3-(1,2,3-triazol-4-ylalanine or
Atz residue. (Sce, Figure 818). Peptide containing either propargylglycine (Pra) at position 13
or 4-pentynoyl (4-Penj at the N-terminus (7.4 mM 1n 6.7 mL water), azido-PEG1 1-
bromoacetamide {150 mM, 0.964 mL m water), tris({1-benzyl-1H-1,2,3-triazol-4-
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yhmethylDamine (TBTA, 10 mM, 2.2 mL in DMSO0), sodium ascorbate (50 mM, 10.1 mL in
water), and copper (11) sulfate (35 mM, 2.9 mL in watcr) solutions were prepared fresh. Peptide
and reagents were added in the following order to a 56 mL centrifuge tube to achicve the
following final concentrations. Peptide stock solution (6.7 ml.) was added for a final
concentration of 3.7 mM, followed by addition of azido-PEGI | -bromoacetamide (0.402 mL) for
a final concentration of 4.5 mM. TBTA (0.603 mL) was added for a final concentration of 0.45
mM and mixed thoroughly. Sodium ascorbate (4.522 mL) was then added for a final
concentration of 16.9 mM and mixed thoroughly. CuS0, (1.292 mL) was added for a final
concentration of 3.4 mM. The solution was allowed to stand for 1 h at which time it was judged
to be complete by LC-MS. To a 25mL SPE filter tube was added SP Sepharosc High
Performance as a slurry (8 mL) with a pipette. The gel was conditioned with wash buffer (50 mi.
20 mM NaOAc, pH = 4.0), loaded with the peptide solution, washed (50 mL, 20 mM NaOAc, pH
= 4.0 and 50 mL, 20 mM NaOAc, pH = 4.0, 0.1M NaCl), and cluted with 45 ml 1M NaCl, 20
mM NaQAc, pH = 4.0) into a 50 mL centrifuge tube. The product mixture was purificd by
loading onto a preparative HPLC column (Phenomencx Luna 5u C18(2) 100A AXIA, 250 x
30mim) at 30 mL/min using an Agilent prep loading pump. The column was was flushed for 10
min with 10% B. The column was attached to a prop HPLC (Agilent), and the peptide was cluted
with a 10-40% B gradient over 60 min, followed by a 10 min flush and a 10 min cquilibration.
The fractions were analyzed by LC-MS, pooled, and lyophilized to afford pure peptide-linker
construct for conjugation to Ig(s or Fe domain.

jO054 1] Antibody Preparation/Reduction. Anti-DNP mAb (E273C, higG1) (kappa/igGlz)

was concentrated to ~5mg/ml in reaction buffer (20mM sodium phosphate pH 6.8, 2mM EDTA).

{05472 The amino acid sequence of the human IgG heavy chain monomer that was used

was the following (variable region is underlined: ©273 linkage site is italicized and underlined):

106543} QVOLVESGOGYVOPGRSLRLSCAASGETESSYGOMBEWVROAP
GRGLEWYAVIWYDGENKYYADSVEGRETISRDNSKNTLYLOMNSIRAEDTAVYYC

ARYNENYGMDYWGOOGTIVIVSS
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166544 The amino acid sequence of the human JeG kappa light chain monomer that was

used was the following {variable region 1s underlined):

[09545] PIOMTOSPESYSASYVODRVTITORASOGISRREAWYQOKPGKAPKLLIYAA

SSLOSGVPSRFSGSGSGTDFTLTISSLOPEDFATY Y COQANSFPFTEGPGTK VDIKR

[08546] The amino acid scquence of the human 1gGlz Fe domain monomer that was used

was the following {(C52 Jinkage site is italicized and underlined):

(00547 DKTHTCPPCPAPELLGGPSVELFPPKPRKDTLMISRTPEVTCVVY
DVSHEDPCVKINWYVDGYEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEY
KCKVSNKALPAPTEK TISK AKGOPREPQVYTLPPSREEMTRNQVSLTCLVEGFYPSDIA
VEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSR WQOGNVESCSVMIEALHN

HYTOKSLSLSPGK/SEQ 1D NO.: 3089,
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Table 38. Immunoglobulin-peptide conjugates and Fe domain-peptide conjugates made.
“Monovalent” conjugate molcecules had one toxin peptide (i.e., peptide covalently conjugated via
linker to one HC or Fc domain monomer in the molecule, but not to the other HC or Fe domain
monomer) in the molecule; “Bivalent” conjugate molecules had two toxin peptides (i.c., one
peptide covalently conjugated via linker to cach HC or Fc domain monomer in the molecule).

SEQ IDNOS: 1046, 1047, and 1048 arc as set forth in Table SA.

SEQ ID
Designation SEQ Linker and residue NOS Monovalent
IDNO | posiiion of linkage on of or Bivalent
of toxin peptide mmunoglob
fOxIn ulin
peptide MONOMErs
in
conjugated
molecule
PEGTI-
1046 (acctamidomethyl) 3089; 3089 | Monovalent
Fe-peptide Conjugate 1 linker at residue 13
sidechain
PEGII-
1046 (acctamidomethyl) 3089; 3089 | Bivalent
Fe-peptide Conjugate 2 linker at residuc 13
sidechain
PEGTT-
Immunoglobulin-peptide 1046 (acetamidomethyl) 3087; 3088; | Monovalent
Conjugate | linker at residuc 13 3087; 3088
sidechain
PEGII-
Immunoglobulin-peptide 1046 {acctamidomethyl) 3087; 3088; | Bivalent
Conjugate 2 linker at residue 13 3087; 3088
sidechain
1047 PEGHE- 3089; 3089 | Monovalent
Fe-peptide Conjugate 3 (acetamidomethyl)
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linker at residuc 13

linker af residuc 13

sidechain

sidechain
PEGI1T-
1047 (acctamidomethyl) 3089; 3089 | Bivalent

Fe-peptide Conjugate 4 linker at vesidue 13

sidechain

PEGII-
Immunoglobulin-peptide 1047 (acetamidomethyl) 3087; 3088; | Monovalent
Conjugate 3 Jinker at residue 13 3087; 3088

sidechain

PEGHI-
Immunoglobulin-peptide 1047 {acctamidomethyl) 3087; 3088; | Bivalent
Conjugate 4 linker at residue 13 3087; 3088

stdechain

acctamidomethyl-
Fe-peptide Conjugate 5 1648 NPEG1 1 -triazole jinker | 3089; 3089 | Monovalent

at N-terminal

acetamidomethyl-
Fe-peptide Conjugate 6 1048 NPEG] I-triazole linker | 3089; 3089 | Bivalent

at N-terminal

acctamidomethyt-
Immunoglobulin-peptide 1048 NPEG! I-triazole Hinker | 3087; 3088; | Monovalent
Conjugate 5 at W-terminal 3087; 3088
Immunoglobulin-peptide acctamidomethyl-
Conjugatc 6 1048 NPEG1-triazole linker | 3087; 3088; | Bivalent

at N-terminal 3087; 3088

PEG3-
Fe-peptide Conjugate 7 1046 (acetamidomethyl) 3089; 3089 | Monovalent

linker at residuc 13

sidechain

PEG3-
Fe-peptide Conjugate 8 1046 (acctamidomethyl) 3089; 3089 | Bivalent
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PEG3-
Immunoglobulin-peptide 1046 (acetamidomethyl) 3087; 3088; | Monovalent
Conjugate 7 linker at residue 13 3087; 3088
sidechain
PEG3-
Immunoglobulin-peptide 1046 (acetamidomethyl) 3087, 3088; | Bivalent
Conjugate 8 linker at residue 13 3087; 3088
stdechain
(00548 Reduction of engincered cysteines was done by incubating mAb with a 1:1 molar

ratio of TCEP to cysteine (2:1 TECP to mAb) at room temperature for 30 minutes. TCEP was
removed using a Zeba spin desalting cotumn (& 7 kD Picrce) equilibrated with reaction buffer.
Large scale preps were concentrated to appropriate volume prios to loading using amicon ultra
(10,000-30,000MWCO) centrifugal concentrators.

[60549] Peptide preparation. Lyophilized peptide-linker containing a bromoacctamide

functionality was resuspended in water at 20mg/ml immediately prior to conjugation reaction.

{1005501 Conjugation reaction. Peptide and reduced mAb were mixed at a 2.5:1 molar ratio

of peptide to cysteine (5:1 peptide to mADb) i reaction buffer at mAb concentration of 5 mg/ml
and incubated for 12-16 hours at 4°C. The engineered free cysteines in the immunoglobulin react
with the bromoacetamide functionality n peptide-linker to form a site-specific immunoglobulin-
peptide conjugate with a stable thioacetamide Jinkage. (See, Figure 81B and Figure 82). If one
cysteine reacts, then the result 1s a monovalent immuneoglobulin-peptide conjugate, and if both
cysteines react, then the result 18 a bivalent immunoglobulin-peptide conjugate

(o551 Purification of conjugates. Following incubation, conjupation rcaction was
H ; X

desalted to removed excess free peptide and loaded onto a HiTrap SP-HP colomn (GE
Healthcare; Iml column for preps <10mg, 5mi column for preps >10mg). Column was rinsed in
5 column volumes of 90% buffer A (10mM sodium phosphate pH 6.5, 5% ethanol) 10% buffer B
(10mM sodium phosphate pH 6.5, 5% ethanol, 1M NaCl). Conjugates (sce, Tablc 3¥) were
eluted over a 20 column volume gradient from 0% buffer B to 70% buffer B. Unmedified mAb
clutes first followed by monvalent imunoglobulin-peptide conjugate (1 peptide per mAb),
followed by bivalent imunoglobulin-peptide conjugate (2 peptides per mAb). Higher order
conjugates resulting from over reduction of the mAb elute later. {See, Figure 83 for mADb

mmunoglobulin-peptide conjugates and Figure 84 for Fe domain-peptide conjugates).
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Following purification, conjugates were formulated into ASSU storage buffer (106 mM sodium
acetatc pH 5.0, 9% sucrosc) and concentrated to 10mg/ml to be stored at -80°C.

(00552 Analysis of conjugates. Conjugates were nm on reducing SDS-PAGE to confirm

conjugation to heavy chain (increase in size by ~5kD) and non-reducing SDS-PAGE to confirm
internal disulfides remained intact. (See, Figure 83 for mADb imunoglobulin-peptide conjugates
and Figure 84 for Fe domain-peptide conjugates). Conjugates were run on analytical SEC to
detcrmine if aggregation was present (Superdex-200 10/300 column i 100mM sodium
phosphate, 250mM NaCl, pH 6.8 with isocratic clution —1 ml/min for 35 min). (Scc, Figure 85).

180553] LC-MS-TOF analysis of conjugates. LC/MS spectrometry of peptide conjugates

was recorded using an Agilent 6224 TOF LC/MS spectrometer with a non-reduced method.
After calibration, a 5 ug intact sample was loaded onto a Zorbax 300SB C6 column (1 x 50 mm,
3.5 um, Agilent Technologies) opcration at 75°C with a {low rate of 50 ul/min. Peptide-
conjugate was eluted from the column using a gradient of 90% n-propanol with 0.1% TIFA
{Buffer By and 0.1% TFA in water {Buffer A). The gradient condition was 20% fo 90 % buffer B
in 14 min. (Sce, Figure 86 for bivalent mAb-peptide conjugate and Figure 87 for bivalenl Fe
domain-peptide conjugate). The MS spectra indicate the addition of two peptides to the
immunoglobulin and immunoglobulin Fe domain, respectively. The presence of multiple peaks
18 due to the different glveosylation isoforms.

100554 Specific Reaction Results. From 100 mg of Anti-DNP mADb (E273C, higGl) and

15 mg of peptide-linker contruct (SEQ 1D NO:1062) were obtained 22 mg of bivalent conjugate
(lmmunoglobulin-Peptide Conjugate 2) and 11 mg of monovalent conjugate (Imunoglobulin-
peptide Conjugate 1). Samples were concentrated to 10 mg/mL in A55U buffer and stored as
aliquots at -80°C.

(06555] Modcls of Peptide Conjugates. For illustrative purposes only, models of Fe-

peptide Conjugate 1, Fe-peptide Conjugate 2, Immunoglobulin-peptide Conjugate 1, and
Immunoglobulin-peptide Conjugate 2 were created (MOE; Chemical Computing Group:
Monutreal, Quebec, Canada, 2010). (Sce, Figurces 88-91). A homology modcl of the anti-DNP
mAb (E273C) bigGl (comprising immunoglobulin monomers SEQ 1D NO:3087; SEQ 1D NO:3088;
SECQ 1D NO:3087; SEQ 1D NO:3088) and anti-DNP mAb (ES2C) higG1 Fe domain (homodimer
of SEG 1D NO:3089) was constructed from an immunoglobulin crystal structure (1HZH . pdb)
using the program MOE (MOE; Chemical Computing Group: Montreal, QGuebec, Canada, 2010).
The sites of conjugation, Cys273 in the immunoglobulin and Cys52 in the immunoglobulin Fe
domain, are indicated. The PEGI1 linkers are depicted in an arbitrary conformation connecting
the appropriate cysteine residuefs) in the immunoglobulin and immunoglobulin Fo domain to the
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Atz13 residue(s) in the peptide(s). A homology model of the peptide (SEQ 1D NO:1046) was
constructed from the NMR structure of GpTx-1 (MOE; Chemical Computing Group: Montreal,
Quebec, Canada, 2010) and is displayed in an arbitrary relative orientation to the
immunoglobulin and immunoglobulin Fo domain. One or two peptides are shown to reflect the

monovalent or bivalent nature of each peptide conjugate.

[B0556) Example 12: Preliminary pharmacokinetics of peptide conjugates in mice
{00557 Pharmacokinetic (PK) studies of toxin peptide conjugates. A

prefiminary PK study was conducted with 7-week-old unmodified CD-1 mice from Taconic,
Fe-P2 ( Fe-Peptide Conjugate 2) or its control Fe (SEQ 2 NO:10662) were dosed
subcutancously at | mg/kg or 10 mg/kg fo four scparate groups of twelve mice. In a scparate
cohort, Ab-P2Z (immunoglobulin-peptide Conjugate 2) or its control Ab (anti-DNP mAb
(E273C, higGl; comprising mmunoglobulin monomers SEGQ 1D NO:3087; SEQ 1D NG:3088;
SEQ D NO:3087; SEQ 1D NO:3088) were dosed subcutancously at 1 mg/kg or 10 mg/kg to
four separate groups of twelve mice.  Subcutancous injections were delivered at the nape of
the neck. At0.5, 1,2, 4, § and 24 hours post-dose, 2 mice from each of the four dose routes
were cuthanized and blood samples and brains were collected. Braing were weighed and
frozen at -80°C immediately. Blood samples were collected in EDTA-treated microtainers
and centrrfuged at 13000 rpro for 5 minutes, after which plasma was extracted and frozen at -
&0°C m a 96-well plate.

(60558 LC-MS/MS Analytical Procedure. Peptide conjugate (Immunoglobulin-Peptide

Conjugate 2 or Fe-Peptide Conjugate 2) stock solutions (100 ug/mL) were made from conjugate
reference standards in DPBS with 1% BSA and stored at -20 °C. Standard samples were
prepared in mouse serom. Standards concentrations of 25, 58, 100, 250, 500, 1000, 2500, 5000
and 10,000 ng/mL were prepared by serial dilution of a freshly prepared 13,000 ng/mL solution
in mouse serum using the 100 ug/mL peptide conjugate stock solutions. 25 ul serum samples
were aliquoted mto the appropriate well of a 96-well plate, followed by the addition of 25 pi of
intcrnal standard solution (1pg/mL, aDA-1gG2 uniformly labeled with [N, “Csl-Leu made in
DPBS with 1% BSA). Plasma samples were then processed by immunoaffinity capture in 96~
well plate format using magnetic beads immobilized with anti-human Fe mouse antibody,
followed by trypsin digestion and solid phase extraction using an Gasis HLB pElution 96-well
solid phase extraction plate to extract tryptic peptides, the extracts were injected (10 pL) onto the

LC-MS/MS system for analysis.
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[60559] The LC-MS/MS consisted of an Acquity UPLC system (Waters, Milford, MA)
coupled to a 5500 QTRAP mass spectrometer (AB Sciex, Torento, Canada) with a Turbo
TonSpray® ionization source. The analytical column was an Acquity UPLC BEH Cis (100 x 2.1
mm, 1.7 um). The mobile phascs were 6.1% formic acid in acetonifrilc/water (5/95, v/v, mobile
phase A) and 0.1% formic acid in acetonitrile/water (95/5, v/v, mobile phase B). N-tcrminal
DCLGAFR (SEQ 1D NO:1050) from peptide SEQ 1D NG:1062 was used as surrogate peptide for
peptide conjugate (Immunoglobulin-Peptide Conjugate 2 or Fe-Peptide Conjugate 2)

quantitative analysis.

[00560] Data was collected and processed using AB Scicx Analyst” software (version
1.5).
(08561} The calibration curve was derived {rom the peak area ratios (peptide /internal

standard) using 1/x” weighted lincar least-squares regression of the area ratio versus the
concentration of the corresponding peptide conjugate standard. The regression equation from the
calibration standards was uscd to back calculate the measured concentration for cach standard
and mouse serum samples.

{(60562] Results of the preliminary PX studies showed that exposures for the peptide
conjugates were slightly lower than for the unmodified 1gG and Fe, respectively. (See, Figure 88
and Figure 89). In both cases, a 10 mg/kg s.c. dosc resulted in plasma concentrations at or near
the In vitro Nav1.7 1Csq of the respective peptide conjugates at 24 h. Cpay for (Fe-Peptide
Conjugate 2) was reached between 8 and 24 11, but Cmax for (fmmunoglobulin-Peptide
Conjugate 2) occurred at or after 24 h. An accurate n vivo ty,; was not able to be calculated due
to the brevity of the experiment. Immunoglobulin-Peptide Conjugate 2 and Fe-Peptide
Conjugate 2 were both tested in the open field analysis in mice at a 10 mg/kg s.c. dose with a 24
h pre~treatment time and had no significant effect on the locomotor activity of the animals. (See,
Figures 111-114), Immunoglobulin-Peptide Conjugate 2 and Fe-Peptide Conjugate 2 were both
tested in the formalin pain model in mice at a 10 mg/kg s.c. dosc with a 24 h pre-treatment time
and had no significant effect on the spent lifting/licked the affected paw during cither the first or
sccond phase of the study. (Sec, Figures 115-117). 1t is likely that the dosc was not sufficient to

cover the target in vivo and observe efficacy.
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Abbreviations
Abbreviations used throughout this specification are as defined below, unless otherwise defined in

specific circumstances.

Ac acetyl (used to refer to acetylated residues)
AcBpa acetylated p-benzoyl-L-phenylalanine

ACN acefonitrile

AcOH acetic acid

ADCC antibody-dependent cellular eytotoxicity

Ad aminoisobutyric acid

bA beta-alanine

Bpa p-benzoyl-Lephenylalanine

BrAc bromoacetyl (BrCH,C(O)

BSA Bovine serum albumin

Bzl Benzyl

Cap Caproic acid

CBC complete blood count

CNS central nervous system

COPD Chronic obstructive pulmonary discase

CTL Cytotoxic T lymphocytes

DCC Dicylcohexylearbodiimide

Dde [-(4,4-dimethyl-2,6-dioxo-cyclohexylidenc)othy!
DOPC 1,2-Dioleoyl-sn-Glycero-3-phosphocholine
DOPE 1,2-Dioleoyl-sn-Glycero-3-phosphocthanolamine
DPPC 1,2-Dipalmitoyl-sn-Glycero-3-phosphocholing
DRG dorsal root ganglion

DEPC 1,2-Distearoyl-sn-Glycero-3-phosphocholine
DTT Dithiothreitol

EAE experimental antoimmune cncephalomyelitis
ECL enhanced chemiluminescence

EST-MS Electron spray ionization mass spectrometry
£t cthyl

FACS fluorescence-activated cell sorting

Fmoe fluorenylmethoxycarbonyl

HOB1 I-Hydroxybenzotriazole

HPLC high performance liquid chromatography
HSL homoscrine lactone

B inclusion bodies

S 438 -



WL 2012/125973

IWQ

KCa
KLH

Kv

Lau

LPs
LYMPH
MALDI-MS
Me

MeO
MeOH
MHC
MMP
MW
MWCO
I-Nap
Nav, Nay
NEUT

PBMC
PBS
Phf
PCR
PD
Pee
PEG
Pic
PR
PNS
PX
pY
RBS
RT

POT/US2012/029537

IonWorks® Quattro
calcium-activated potassivm channel (including (KCa, BKCa, SKCa)
Keyhole Limpet Hemocyanin
voltage-gated potassium channel
Lauric acid

lipopolysaccharide

tymphocytes

Matrix-assisted laser desorption ionization mass spectrometry
methyl

methoxy

methanol

major histocompatibility complex
matrix metalloproteinase
Molecular Weight

Molecular Weight Cut Off
I-napthylalanine

voltage-gated sodium channel
neutrophils

norleucine
N-methyl-2-pyrrolidinonc

acetate

polyacrylamide gel clectrophoresis
peripheral blood mononuclear cell
Phosphate-buffered saline
2.2,4,6,7-pendamethyldihydrobenrzo furan-5-sulfonyl
polymerase chain reaction
pharmacodynamic

pipecolic acid

Poly(ethylene glycol)

picolinic acid

pharmacokinetic

peripheral nervous system
PatchXpress®

phosphotyrosine

ribosome binding site

room temperatare (25 °C)
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Sar
SDS
STK
t-Boc
tBu
TCR
TFA
TG
THF
Trt
TIX

sarcosine

sodium dodecy! sulfate
serine-threonine kinases
tert-Butoxycarbonyl
tert-Baty]

T cell receptor
trifluoroacetic acid
trigeminal ganglion
thymic humoral factor
trityl

tetrodotoxin
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CLAIMS
What is claimed:
1. An isolated polypeptide comprising the amino acid sequence of the formula:
Xaalxaaz CyS 3Xaa4xaaSxaasxaa7xaagxaagcysmxaallxaalzxae13Xa314A5p15 Xaam Cysl7
Cysj_gxaalg Xaazo XaaZJ.XaaZZXaaZB Cy524X3325 xaazsxaaZ7XaaZBXa329Trp30
CVS31LYS32T\/ r33xaa34ph e35 XaaSGXaaS'lxaaSS
or a pharmaceutically acceptable salt thereof,
wherein:
X, is absent and X5~ is any amino acid residue;
X,," is an acidic, hydrophobic, basic, or neutral hydrophilic amino acid residue;
X,." is a Gly, Ala, hydrophobic, or basic amino acid residue;
X.." is a Gly, Ala, 2-Abu, 2-Aib, lle, Leu, Val, Nle, or Nva;
X, is a Gly, Ala, aromatic, or hydrophobic amino acid residue;
Xaa® is a basic, acidic, or neutral hydrophilic amino acid residue, or an Ala residue;
X, is a basic or neutral hydrophilic amino acid residue;
X, is any amino acid residue;
Xs52 is a Pro, acidic, neutral, or hydrophobic amino acid residue;
Xaa is any amino acid residue;
X, is any amino acid residue;
Xaa16 is a basic, neutral hydrophilic, or acidic amino acid residue, or an Ala residue;
X5~ is any amino acid residue;
X.> is a Pro, Gly, basic, or neutral hydrophilic residue;
X..2* is a basic, hydrophobic, or neutral hydrophilic amino acid residue;
Xaa22 is a hydrophobic or basic amino acid residue;
X. is a hydrophobic, basic, or neutral hydrophilic amino acid residue;
X2 is a Ser, Ala, or a neutral hydrophilic amino acid residue;
X,.% is an Ala, acidic, basic, or neutral hydrophilic amino acid residue;
X2 is an acidic, basic, neutral hydrophilic or hydrophobic residue;
X522 is an aromatic or basic amino acid residue;
X..2 is an acidic, basic, or neutral hydrophilic amino acid residue;
Xao ' Is any amino acid residue;
each of X,.™° , X, and X,,™ is independently absent or is independently a neutral, basic, or

hydrophobic amino acid residue;
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and wherein the isolated polypeptide selectively inhibits Nav1.7 sodium channels relative to

Navl.4 and Nav1.5 sodium channels.

2. The isolated polypeptide of Claim 1 wherein Xaa is selected from Ala, Glu, Asp, Phe,
Pro, lle, Leu, Met, Val, Trp, Tyr, Arg, Lys, His, homolysine, ornithine, arginine, N-methyl-arginine, ®-
aminoarginine, m-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-
lysine, N-s-methyl lysine, Dab, cyclohexylglycine {Chg), cyclohexylalanine {Cha), glycine, norleucine,
norvaline, 1-Nal, 2-Nal, 4-phenyl-phenylalanine (Bip), Gin, Asn, Ser, Thr, phosphoserine,

phosphotyrosine, gamma-carboxyglutamic acid, and Cit residues.

3. The isolated polypeptide of Claim 1, wherein X, is selected from Ala, Phe, lle, Leu,
Met, Val, Trp, Tyr, Arg, Lys, His, homolysine, ornithine, arginine, N-methyl-arginine, w-aminoarginine,
w-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-¢-
methyl lysine, Dab, glycine, norleucine, norvaline, 1-Nal, 2-Nal, 1’'NMe-Trp, cyciohexylglycine {Chg},

cyclohexylalanine (Cha), and 4-phenyl-phenylalanine (Bip) residues.

4. The isolated polypeptide of Claim 1, wherein X,,’ is selected from Gly, Ala, Phe, lle,
Leu, Met, Val, Trp, Tyr, norleucine, norvaline, Pro, 2-pyridinylalanine, 1-Nal, 2-Nal, I’NMe-Trp,
cyclohexylglycine (Chg), cyclohexylalanine {Cha), 2-chloro-phenylalanine, 4-chioro-phenylalanine,
3,4-dichlorophenylalanine, 4-trifluoromethyl-phenylalanine, and 4-phenyl-phenylalanine (Bip)

residues,

5. The isolated polypeptide of Claim 1, wherein X,,° is selected from Ala, Arg, Lys, His,
homolysine, ormithine, N-methyl-arginine, w-aminoarginine, wo-methyl-arginine, 1-methyl-histidine,
3-methyl-histidine, homoarginine, N-methyl-lysine, N-e-methyl lysine, Dab, Ser, Thr, Asn, Gin, Cit,

Asp, phosphoserine, phosphotyrosine, gamma-carboxyglutamic acid, and Glu residues.

6. The isolated polypeptide of Claim 1, wherein X’ is selected from Ala, Pro, Met, Arg,
Lys, His, homolysine, ornithine, arginine, N-methyl-arginine, @-aminoarginine, o-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, homoatginine, N-methyl-lysine, N-e-methyl lysine, Dab, Gln,

Asn, Ser, Thr, and Cit residues.
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7. The isolated polypeptide of Claim 1, wherein X,,™ is selected from Ala, Asp, Glu, Phe,
Gly, His, ile, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, Tyr, Pra, Atz, homolysine, ornithine,
N-methyl-arginine, w-aminoarginine, o-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-Nal,
cyclohexylglycine (Chg), cyclohexylalanine (Cha}, and 4-phenyl-phenylalanine {Bip) residues.

8. The isolated polypeptide of Claim 1, wherein X,

is selected from alanine, valine,
leucine, isoleucine, proline, serine, threonine, aspartic acid, glutamatic acid, glycine, norleucine,
norvaline, 1-Nal, 2-Nal, 1’'NMe-Trp, Cha, and 4-phenyl-phenylalanine (Bip), cyclohexylglycine (Chg),
cyclohexylalanine (Cha), asparagine, glutamine, methionine, hydroxyproline, phenylalanine,

tryptophan, and tyrosine.

9, The isolated polypeptide of Claim 1, wherein X, is selected from Ala, Asp, Glu, Phe,
Gly, His, ile, Lys, Leu, Met, Asn, Pro, Gln, Arg, Ser, Thr, Val, Trp, Tyr, Pra, Atz, homolysine, ornithine,
N-methyl-arginine, w-aminoarginine, w-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-Nal,

cyclohexylglycine {Chg), cyclohexylalanine {Cha), and 4-phenyl-phenylalanine (Bip) residues.

10.  The isolated polypeptide of Claim 1, wherein X,,™* is selected from Ala, Asp, Glu, Phe,
Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, Tyr, Pra, Atz, homolysine, ornithine,
N-methyl-arginine, @-aminoarginine, -methyl-arginine, I-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-Nal,

cyclohexylglycine {Chg), cyclohexylalanine (Cha), and 4-phenyl-phenylalanine (Bip) residues.

11. The isolated polypeptide of Claim 1, wherein Xl is selected from Ala, Pro, Met,
Arg, Lys, His, Pra, Atz, homolysine, ornithine, arginine, N-methyl-arginine, w-aminoarginine, o-
methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methyt
lysine, Dab, Gln, Asn, Ser, Thr, Cit, Asp, phosphoserine, phosphotyrosine, gamma-carboxyglutamic

acid, and Glu residues.
12.  The isolated polypeptide of Claim 1, wherein X,," is selected from Ala, Asp, Glu, Phe,

Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, Tyr, homolysine, ornithine, N-methyl-

arginine, w-aminoarginine, o-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine,
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N-methyl-lysine, N-e-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-Nal, cyclohexylglycine {Chg},

cyclohexylalanine (Cha), and 4-phenyl-phenylalanine (Bip) residues.

13, The isolated polypeptide of Claim 1, wherein X,,~ is selected from Ala, Gly, Pro, Met,
Arg, Lys, His, homolysine, ornithine, arginine, N-methyl-arginine, w-aminoarginine, w-methyl-
arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-e-methy! lysine,
Dab, Gln, Asn, Ser, Thr, and Cit residues.

14, The isolated polypeptide of Claim 1, wherein Xpot

is selected from Ala, Phe, Pro, lle,
Leu, Met, Val, Trp, Tyr, Arg, Lys, His, homolysine, ornithine, arginine, N-methyl-arginine, o-
aminoarginine, w-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-
lysine, N-g-methyl lysine, Dab, cyclohexylglycine (Chg), cyclohexylalanine {Cha}, glycine, norleucine,

norvaline, 1-Nat, 2-Nal, 4-phenyl-phenylalanine {Bip}, Gin, Asn, Ser, Thr, and Cit residues.

15.  The isolated polypeptide of Claim 1, wherein X,,> is selected from Ala, Phe, lle, Leu,
Met, Val, Trp, Tyr, Arg, Lys, His, homolysine, ornithine, N-methyl-arginine, w-aminocarginine, @-
methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-ge-methyl
lysine, Dab, glycine, norleucine, norvaline, 1-Nal, 2-Nal, 1I’NMe-Trp, cyclohexylglycine (Chg),

cyclohexylalanine {Cha), and 4-phenyl-phenylalanine (Bip) residues.

16.  The isolated polypeptide of Claim 1, wherein X,,> is selected from Ala, Phe, Pro, lle,
Leu, Met, Val, Trp, Tyr, Arg, Lys, His, Pra, Atz, homolysine, ornithine, N-methyl-arginine, ®-
aminoarginine, w-methyl-arginine, 1-methyl-histidine, 3-methyi-histidine, homoarginine, N-methyl-
lysine, N-g-methyl lysine, Dab, cyclohexylglycine (Chg), cyclohexylalanine (Cha), glycine, norleucine,

norvaline, 1-Nal, 2-Nal, 4-phenyl-phenytalanine {Bip}, Gin, Asn, Ser, Thr, and Cit residues.

17.  The isolated polypeptide of Claim 1, wherein X,, is selected from Ala, Gly Pro, Met,

Gln, Asn, Ser, Thr, and Cit residues.

18. The isolated polypeptide of Claim 1, wherein X, is selected from Ala, Pro, Met,
Arg, Lys, His, homolysine, ornithine, N-methyi-arginine, w-aminoarginine, o-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, hamoarginine, N-methyl-lysine, N-e-methyi lysine, Dab, glycine,
Glu, Asp, phosphoserine, phosphotyrosine, gamma-carboxyglutamic acid, GIn, Asn, Ser, Thr, and Cit

residues.
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19.  The isolated polypeptide of Claim 1, wherein X,,” is selected from Thr, Leu, lle, Val,
Ser, Met, Gin, Asn, Phe, Tyr, Trp, norleucine, norvaline, 1-Nal, 2-Nal, cyclohexylglycine {Chg),
cyclohexylalanine {Cha), 4-phenyl-phenylalanine (Bip), Arg, Lys, His, homolysine, ornithine, arginine,
N-methyl-arginine, ®-aminoarginine, ®-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-g-methy! lysine, Dab, Asp, Glu, phosphoserine, phosphotyrosine,

gamma-carboxyglutamic acid, and Gly residues.

20. The isolated polypeptide of Claim 1, wherein X,,~* is selected from Phe, Trp, Tyr, Arg,
Lys, His, homolysine, ornithine, N-methyl-arginine, ®-aminoarginine, w-methyl-arginine, 1-methyi-
histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab, 1-Nal, 2-Nal, 2-
pyridyl-alanine,  3-pyridyi-alanine,  4-pyridyl-alanine, 4-piperidinyl-alanine, and 4-phenyl-

phenylalanine (Bip) residues.

21. The isolated polypeptide of Claim 1, wherein X.. is selected from Ala, Asp, Glu,
phosphoserine, phosphotyrosine, gamma-carboxyglutamic acid, Phe, Gly, His, Lys, Asn, Pro, GIn, Arg,
Ser, Thr, Tyr, Pra, Atz, homolysine, ornithine, N-methyl-arginine, w-aminoarginine, m-methyl-
arginine, 1-methyl-histidine, 3-methyi-histidine, homoarginine, N-methyl-lysine, N-s-methyl lysine,

and Dab residues.

22. The isolated polypeptide of Claim 1, wherein X, is selected from Ala, Asp, Glu, Phe,
Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp, Tyr, Pra, Atz, homolysine, ornithine,
N-methyl-arginine, o-aminoarginine, o-methyl-arginine, 1-methyl-histidine, 3-methyl-histidine,
homoarginine, N-methyl-lysine, N-e-methyl lysine, Dab, norleucine, norvaline, 1-Nal, 2-Nal, 1’NMe-
Trp, cyclohexylglycine {Chg), cyclohexylalanine (Cha), 2-chloro-phenylalanine, 4-chloro-
phenylalanine, 3,4-dichlorophenylalanine, 4-trifluoromethyl-phenylalanine, 2-pyridyl-alanine, 3-
pyridyl-alanine, 4-carboxy-phenylalanine, and 4-phenyl-phenylalanine (Bip) residues.

23. The isolated polypeptide of Claim 1, wherein each of X,,>% , X..>, and Xaao is
independently absent or is independently selected from Ala, Phe, Gly, His, ile, Lys, Leu, Met, Asn,
Pro, Gln, Arg, Ser, Thr, Val, Trp, Tyr, homolysine, ornithing, N-methyl-arginine, w-aminoarginine, ®-
methyl-arginine, 1-methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-e-methyl
lysine, Dab, norleucine, norvaline, 1-Nal, 2-Nal, cyclohexylglycine (Chg), cyclohexylalanine (Cha), and

4-phenyl-phenylalanine (Bip) residues.
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24. The isolated polypeptide of Claim 1, wherein the carboxy-terminal residue is

amidated.

25. The isolated polypeptide of Claim 1, wherein the isolated polypeptide comprises the
amino acid sequence of the formula:

Asp-Cys-Leu-Gly-Xaa®-Xaa®-Arg-lys-Cys-Xaa''-Pro-Asp-Xaa®®-Asp-Lys-Cys-Cys-Arg-Pro-Asn-
Leu-Val-Cys-Ser-Arg-Xaa’’-His-Xaa-Trp-Cys-Lys-Tyr-Val-Phe, wherein:

Xaa® is a Gly, Ala, 2-Abu, 2-Aib, lle, Leu, Val, Nle, or Nva residue;

Xaa® is a Gly, Ala, Phe, We, Leu, Met, Val, Trp, Tyr, norleucine, norvaline, Pro, 2-
pyridinylalanine, 1-Nal, 2-Nal, 1’"NMe-Trp, cyclohexylglycine {Chg), cyclohexylalanine {Cha), 2-chloro-
phenylalanine, 4-chloro-phenylalanine, 3,4-dichlorophenylalanine, 4-trifluoromethyl-phenyialanine,
or 4-phenyl-phenylalanine (Bip) residue;

xaa'lis a Ala, Asp, Glu, Phe, Gly, His, lle, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp,
Tyr, Pra, Atz, homolysine, ornithine, N-methyl-arginine, w-aminoarginine, o-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methyl lysine, Dab,
norleucine, norvaline, 1-Nal, 2-Nal, cyclohexylglycine (Chg), cyclohexylalanine (Cha), or 4-phenyl-
phenylalanine (Bip) residue;

Xaa™ is a Ala, Asp, Glu, Phe, Gly, His, lie, Lys, Leu, Met, Asn, Pro, Gin, Arg, Ser, Thr, Val, Trp,
Tyr, Pra, Atz, homolysine, ornithine, N-methyl-arginine, w-aminoarginine, w-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-e-methyl lysine, Dab,
norieucine, norvaline, 2-Abu, 1-Nai, 2-Nal, cyclohexyiglycine (Chg), cyclohexylalanine (Cha), or 4-
phenyl-phenylalanine {Bip) residue;

Xaa®® is a Thr, teu, lle, Val, Ser, Met, Gln, Asn, Phe, Tyr, Trp, norleucine, norvaline, 1-Nal, 2-
Nal, cyciohexylglycine {Chg), cyclohexylalanine {Cha), 4-phenyl-phenylalanine (Bip), Arg, Lys, His,
homolysine, ornithine, arginine, N-methyl-arginine, w-aminoarginine, e-methyl-arginine, 1-methyl-
histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-e-methyl lysine, Dab, Asp, Gly,
phosphoserine, phosphotyrosine, gamma-carboxyglutamic acid, or Gly residue; and

Xaa®®

is a Ala, Asp, Glu, phosphoserine, phosphotyrosine, gamma-
carboxyglutamic acid, Phe, Gly, His, Lys, Asn, Pro, Gin, Arg, Ser, Thr, Tyr, Pra, Atz,
homolysine, ornithine, N-methyl-arginine, w-aminoarginine, o-methyl-arginine, 1-
methyl-histidine, 3-methyl-histidine, homoarginine, N-methyl-lysine, N-g-methyl!

lysine, or Dab residue.
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26. The isolated polypeptide of Claim 25, wherein Xaa® is Ala.

27. The isolated polypeptide of Claim 25 or Claim 26, wherein Xaa® is Phe or Leu.

28. The isolated polypeptide of Claim 27, wherein Xaa'® is Glu.

29. The isolated polypeptide of any one of Claims 25 to 28, wherein Xaa® is Atz.

30. The isolated polypeptide of any one of Claims 25 to 29, wherein Xaa®® is Leu.

31. The isolated polypeptide of any one of Claims 25 to 30, wherein Xaa™ is Arg.

32. The isolated polypeptide of Claim 1, wherein Xé,a6 is Ala.

33.  The isolated polypeptide of Claim 32, wherein X,,* is Glu.

34, The isolated polypeptide of Ciaim 32, wherein Xaazg is Asp, Glu, or Gin.

35. The isolated polypeptide of Claim 32, comprising an amino acid sequence selected
from SEQ ID NOS: 22, 252, 255-263, 419-429, 435, 436, 438, 439, 518-521, 524, 525, 562-576, 579,
580, 602, 691, 696-703, 715, 721-735, 737-749, 756, 757, 761, 762, 764-771, 787, 788, 790-796, 798,
800, 802, 803, 809-812, 1028, 1030-1040, 1043-1047, 1062-1065, and 1068-1070.

36. The isolated polypeptide of Claim 32, comprising an amino acid sequence selected
from SEQ ID NOS: 1082, 1096, 1110, 1124, 1135, 1146, 1157, 1165, 1173, 1181, 1192, 1203, 1214,
1222, 1230, 1238, 1249, 1260, 1271, 1279, 1287, 1295, 1306, 1317, 1328, 1336, 1344, 1352, 1360,
1368, 1376, 1384, 1392, 1400, 1408, 1416, 1424, 1432, 1440, 1448, 1456, 1464, 1472, 1480, 1488,
1496, 1504, 1512, 1520, 1528, 1536, 1544, 1552, 1560, 1568, 1576, 1584, 1592, 1600, 1608, 1616,
1624, 1632, 1640, 1658, 1672, 1686, 1700, 1711, 1722, 1733, 1741, 1749, 1757, 1768, 1779, 1790,
1798, 1806, 1814, 1825, 1836, 1847, 1855, 1863, 1871, 1882, 1893, 1904, 1912, 1920, 1928, 1936,
1944, 1952, 1960, 1968, 1876, 1984, 1992, 2000, 2008, 2016, 2024, 2032, 2040, 2048, 2056, 2064,
2072, 2080, 2088, 2096, 2104, 2112, 2120, 2128, 2136, 2144, 2152, 2160, 2168, 2176, 2184, 2192,
2200, 2208, 2216, 2234, 2248, 2262, 2276, 2287, 2288, 2309, 2317, 2325, 2333, 2344, 2355, 2366,
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2374, 2382, 2390, 2401, 2412, 2423, 2431, 2439, 2447, 2458, 2469, 2480, 2488, 2496, 2504, 2512,
2520, 2528, 2536, 2544, 2552, 2560, 2568, 2576, 2584, 2592, 2600, 2608, 2616, 2624, 2632, 2640,
2648, 2656, 2664, 2672, 2680, 2688, 2696, 2704, 2712, 2720, 2728, 2736, 2744, 2752, 2760, 2768,
2776, 2784, 2792, 2808, 2822, 2833, 2844, 2855, 2863, 2871, 2879, 2890, 2901, 2912, 2920, 2928,
2936, 2944, 2952, 2960, 2968, 2976, 2984, 2992, 3000, 3008, 3016, 3024, 3032, 3040, 3048, 3056,
3064, 3072, and 3080.

37. The isolated polypeptide of Claim 32, comprising an amino acid sequence selected

from SEQ ID NOS: 597-601 and 813-1027.

38. The isolated polypeptide of Claim 1, wherein X,." is Gly.

39.  The isolated polypeptide of Claim 38, wherein X,,> is Glu.

40, The isolated polypeptide of Claim 38, wherein X,.> is Asp, Glu, or Gln,

41, The isolated polypeptide of Claim 38, comprising an amino acid sequence selected
from SEQ 1D NOS: 265, 751, 752, 754, 755, 1081, 1095, 1108, 1123, 1134, 1145, 1156, 1164, 1172,
1180, 1191, 1202, 1213, 1221, 1229, 1237, 1248, 1259, 1270, 1278, 1286, 1294, 1305, 1316, 1327,
1335, 1343, 1351, 1359, 1367, 1375, 1383, 1391, 1399, 1407, 1415, 1423, 1431, 1439, 1447, 1455,
1463, 1471, 1479, 1487, 1495, 1503, 1511, 1519, 1527, 1535, 1543, 1551, 1559, 1567, 1575, 1583,
1591, 1599, 1607, 1615, 1623, 1631, 1639, 1657, 1671, 1685, 1699, 1710, 1721, 1732, 1740, 1748,
1756, 1767, 1778, 1789, 1797, 1805, 1813, 1824, 1835, 1846, 1854, 1862, 1870, 1881, 1892, 1903,
1911, 1919, 1927, 1935, 1943, 1951, 1959, 1967, 1975, 1983, 1991, 1999, 2007, 2015, 2023, 2031,
2039, 2047, 2055, 2063, 2071, 2079, 2087, 2095, 2103, 2111, 2119, 2127, 2135, 2143, 2151, 2159,
2167, 2175, 2183, 2191, 2199, 2207, 2215, 2233, 2247, 2261, 2275, 2286, 2297, 2308, 2316, 2324,
2332, 2343, 2354, 2365, 2373, 2381, 2388, 2400, 2411, 2422, 2430, 2438, 2446, 2457, 2468, 2479,
2487, 2495, 2503, 2511, 2519, 2527, 2535, 2543, 2551, 2559, 2567, 2575, 2583, 2591, 2599, 2607,
2615, 2623, 2631, 2639, 2647, 2655, 2663, 2671, 2679, 2687, 2695, 2703, 2711, 2719, 2727, 2735,
2743, 2751, 2759, 2767, 2775, 2783, 2791, 2807, 2821, 2832, 2843, 2854, 2862, 2870, 2878, 28883,
2900, 2911, 2919, 2927, 2935, 2943, 2951, 2959, 2967, 2975, 2983, 2991, 2999, 3007, 3015, 3023,
3031, 3039, 3047, 3055, 3063, 3071, and 3079.

42. The isolated polypeptide of Claim 1, wherein X,,° is 2-Abu.
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43.  The isolated polypeptide of Claim 42, wherein X, is Glu.

44,  The isolated polypeptide of Claim 42, wherein X,,** is Asp, Glu, or Gin.

45, The isolated polypeptide of Claim 42, comprising an amino acid sequence selected
from SEQ D NOS: 605, 636, 649, 706, 707, 753, 758, 797, 799, 801, 804, 807, 808, 1029, 1041, 1042,
1048, 1066, 1067, 1083, 1097, 1111, 1125, 1136, 1147, 1158, 1166, 1174, 1182, 1193, 1204, 1215,
1223, 1231, 1239, 1250, 1261, 1272, 1280, 1288, 1296, 1307, 1318, 1329, 1337, 1345, 1353, 1361,
1369, 1377, 1385, 1393, 1401, 1409, 1417, 1425, 1433, 1441, 1449, 1457, 1465, 1473, 1481, 1489,
1487, 1505, 1513, 1521, 1529, 1537, 1545, 1553, 1561, 1569, 1577, 1585, 1593, 1601, 1609, 1617,
1625, 1633, 1641, 1659, 1673, 1687, 1701, 1712, 1723, 1734, 1742, 1750, 1758, 1769, 1780, 1791,
1799, 1807, 1815, 1826, 1837, 1848, 1856, 1864, 1872, 1883, 1894, 1905, 1913, 1921, 1928, 1937,
1945, 1953, 1961, 1969, 1977, 1985, 1993, 2001, 2009, 2017, 2025, 2033, 2041, 2049, 2057, 2065,
2073, 2081, 2089, 2097, 2105, 2113, 2121, 2129, 2137, 2145, 2153, 2161, 2169, 2177, 2185, 2193,
2201, 2209, 2217, 2235, 2249, 2263, 2277, 2288, 2299, 2310, 2318, 2326, 2334, 2345, 2356, 2367,
2375, 2383, 2391, 2402, 2413, 2424, 2432, 2440, 2448, 2459, 2470, 2481, 2489, 2497, 2505, 2513,
2521, 2529, 2537, 2545, 2553, 2561, 2569, 2577, 2585, 2593, 2601, 2609, 2617, 2625, 2633, 2641,
2649, 2657, 2665, 2673, 2681, 2689, 2697, 2705, 2713, 2721, 2729, 2737, 2745, 2753, 2761, 2769,
2777, 2785, 2793, 2809, 2823, 2834, 2845, 2856, 2864, 2872, 2880, 2891, 2902, 2913, 2921, 2929,
2937, 2945, 2953, 2961, 2969, 2977, 2985, 2993, 3001, 3008, 3017, 3025, 3033, 3041, 3049, 3057,
3065, 3073, and 3081.

46, The isolated polypeptide of Claim 1, wherein X,,° is Nie.

47.  The isolated polypeptide of Claim 46, wherein X, is Glu.

48.  The isolated polypeptide of Claim 46, wherein X,,”° is Asp, Glu, or Gin.

49, The tsolated polypeptide of Claim 46, comprising an amino acid sequence selected
from SEQ ID NOS: 607, 638, 651, 1085, 1099, 1113, 1127, 1138, 1149, 1160, 1168, 1176, 1184, 1195,
1206, 1217, 1225, 1233, 1241, 1252, 1263, 1274, 1282, 1290, 1298, 1309, 1320, 1331, 1339, 1347,
1355, 1363, 1371, 1379, 1387, 1395, 1403, 1411, 1419, 1427, 1435, 1443, 1451, 1459, 1467, 1475,

1483, 1491, 1499, 1507, 1515, 1523, 1531, 1539, 1547, 1555, 1563, 1571, 1579, 1587, 1595, 1603,
1611, 1619, 1627, 1635, 1643, 1661, 1675, 1689, 1703, 1714, 1725, 1736, 1744, 1752, 1760, 1771,
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1782, 1793, 1801, 1809, 1817, 1828, 1839, 1850, 1858, 1866, 1874, 1885, 1896, 1907, 1915, 1923,
1931, 1939, 1947, 1955, 1963, 1971, 1979, 1987, 1995, 2003, 2011, 2019, 2027, 2035, 2043, 2051,
2059, 2067, 2075, 2083, 2091, 2099, 2107, 2115, 2123, 2131, 2139, 2147, 2155, 2163, 2171, 2179,
2187, 2195, 2203, 2211, 2219, 2237, 2251, 2265, 2279, 2290, 2301, 2312, 2320, 2328, 2336, 2347,
2358, 2369, 2377, 2385, 2393, 2404, 2415, 2426, 2434, 24432, 2450, 2461, 2472, 2483, 2491, 2499,
2507, 2515, 2523, 2531, 2539, 2547, 2555, 2563, 2571, 2579, 2587, 2595, 2603, 2611, 2619, 2627,
2635, 2643, 2651, 2659, 2667, 2675, 2683, 2691, 2689, 2707, 2715, 2723, 2731, 2739, 2747, 2755,
2763, 2771, 2779, 2787, 2795, 2811, 2825, 2836, 2847, 2858, 2866, 2874, 2882, 2893, 2904, 2915,
2923, 2931, 2939, 2947, 2955, 2963, 2971, 2979, 2987, 2995, 3003, 3011, 3019, 3027, 3035, 3043,
3051, 3059, 3067, 3075, and 3083.

50. The isolated polypeptide of Claim 1, wherein X, is Nva.

51.  The isolated polypeptide of Claim 50, wherein X,,>’ is Glu.

52. The isclated polypeptide of Claim 50, wherein Xaa29 is Asp, Glu, or Gin.

53. The isolated polypeptide of Claim 50, comprising an amino acid sequence selected
from SEQ ID NOS: 606, 637, 650, 705, 708, 758, 760, 805, 806, 1084, 1098, 1112, 1126, 1137, 1148,
1159, 1167, 1175, 1183, 1194, 1205, 1216, 1224, 1232, 1240, 1251, 1262, 1273, 1281, 1289, 1297,
1308, 1319, 1330, 1338, 1346, 1354, 1362, 1370, 1378, 1386, 1394, 1402, 1410, 1418, 1426, 1434,
1442, 1450, 1458, 1466, 1474, 1482, 1490, 1498, 1506, 1514, 1522, 1530, 1538, 1546, 1554, 1562,
1570, 1578, 1586, 1594, 1602, 1610, 1618, 1626, 1634, 1642, 1660, 1674, 1688, 1702, 1713, 1724,
1735, 1743, 1751, 1759, 1770, 1781, 1792, 1800, 1808, 1816, 1827, 1838, 1849, 1857, 1865, 1873,
1884, 1895, 1906, 1914, 1822, 1930, 1938, 1946, 1954, 1962, 1970, 1878, 1986, 1994, 2002, 2010,
2018, 2026, 2034, 2042, 2050, 2058, 2066, 2074, 2082, 2090, 2098, 2106, 2114, 2122, 2130, 2138,
2146, 2154, 2162, 2170, 2178, 2186, 2194, 2202, 2210, 2218, 2236, 2250, 2264, 2278, 2289, 2300,
2311, 2319, 2327, 2335, 2346, 2357, 2368, 2376, 2384, 2382, 2403, 2414, 2425, 2433, 2441, 2449,
2460, 2471, 2482, 2490, 2498, 2506, 2514, 2522, 2530, 2538, 2546, 2554, 2562, 2570, 2578, 2586,
2594, 2602, 2610, 2618, 2626, 2634, 2642, 2650, 2658, 2666, 2674, 2682, 2690, 2698, 2706, 2714,
2722, 2730, 2738, 2746, 2754, 2762, 2770, 2778, 2786, 2794, 2810, 2824, 2835, 2846, 2857, 2865,
2873, 2881, 2892, 2903, 2914, 2922, 2930, 2938, 2946, 2954, 2962, 2970, 2978, 2986, 2994, 3002,
3010, 3018, 3026, 3034, 3042, 3050, 3058, 3066, 3074, and 3082.
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54, The isolated polypeptide of Claim 1, comprising an amino acid sequence selected

from SEQID NOS: 22, 262, 640, 1028, 1031, 1035, and 1046-1048,

55. The isolated polypeptide of Claim 1 or Claim 25, wherein the polypeptide is

covalently linked to a half-life extending moiety.

56. The isolated polypeptide of Claim 55, wherein the half-iife extending moiety is
polyethylene glycol of molecular weight of about 1000 Da to about 100000 Da, an IgG Fc domain, a

transthyretin, or a human serum albumin.

57. The isolated polypeptide of Claim 55, wherein the haif-life extending moiety

comprises a human immunoglobulin or a human immunoglobulin Fc domain, or both.
58. The isolated polypeptide of Claim 57, wherein the isolated polypeptide is covalently

linked to an immunoglobulin or immunoglobulin Fc domain to form a monovalent immunoglobulin-

peptide or Fc-peptide conjugate.

58. The isolated polypeptide of Claim 57, wherein two copies of the isolated polypeptide
are covalently linked to an immunoglobulin or immunoglobulin Fc¢ domain to form a bivalent

immunoglobulin-peptide or Fc-peptide conjugate.

60. A pharmaceutical composition, comprising the isolated polypeptide of any of Claims

1 to 59, and a pharmaceutically acceptable carrier.

61, Use of a prophylactically effective amount of the isolated polypeptide of any one of

Claims 1 to 59 in the manufacture of a medicament for preventing pain.

62. Use of a therapeutically effective amount of the isolated polypeptide of any one of

Claims 1 to 59 in the manufacture of a medicament for treating pain.

63. The use of Claim 62, wherein the pain is chronic pain, acute pain, or persistent pain.
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64. The use of Claim 63, wherein the chronic pain is associated with cancer,
chemotherapy, osteoarthritis, fibromyalgia, primary erythromelaigia, post-herpetic neuralgia,
painful diabetic neuropathy, idiopathic painful neuropathy, neuromas, paroxysmal extreme pain
disorder, migraine, trigeminal neuralgia, orofacial pain, cluster headaches, complex regional pain
syndrome (CRPS), failed back surgery syndrome, sciatica, interstitial cystitis, pelvic pain, lower back

pain, inflammation-induced pain, or joint pain.

65. The use of Claim 63, wherein the acute or persistent pain is associated with trauma,

burn, or surgery.

66. The isolated polypeptide of Claim 1, wherein X,,> is an acidic or neutral hydrophilic

residue.

67.  The isolated polypeptide of Claim 66, wherein X,,” is selected from Ala, Asp, Glu,

Gly, Asn, Gln, Ser, Thr, phosphoserine, phosphotyrosine, and gamma-carboxyglutamic acid residues.
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