- THERAPEUTIC AGENTS FOR REDUCING PARATHYROID HORMONE LEVELS
CROSS-REFERENCE TO RELATED APPLICATIONS

{00811 This application claims the beneflt of U 5. Provisiona! Appiication No.
B1/228,695, filed July 20, 2000, and of U.8. Provisional Application No. 61/255,516, filed
Oclober 28 2009, and of U.3. Provisiona!l Applcation No. 81/313,635, filed March 12,

2010, Each of these applications is incorporated herein by reference in its entirety.

REFERENCE TO SEQUENCE LISTING, TABLE OR COMPUTER PROGRAM

10002] A Sequence Listing is being submitted electronically via EFS in the form of a text
file, created July 28, 2010, and named "§32008017WO000seglist.ixt” {85,400 bytes), the
contents of which are incorporated herein by reference in their entirety,

TECHNICAL FIELD

{0003} The current subject matter rejales {o compounds with activity to decrease
parathyroid hormone [PTH) levels, to pharmaceutical compositions comprising the
compounds, and to the use of such compounds and compositions in methods of
treatment, including but not limited to traating hypercalcamia or hyperparathyroidism or
moduiating fn vivo PTH levels.

BACKGROUND

[0004] Calcium homeostasis is the mechanism by which the body maintains adegquate
calcium levals, The process is highly regulated, and involves a complex interplay
betwaen calcium absorption, transport, storage in bones, deposition in other tissues, and
excretion. PTH is a regulator of circulating calcium levels, and functions 1o increase the
concentration of calchum in the blood by enhancing the release of calcium from bone
through the process of bone resorption: increasing reabsorption of calcium from the
renal tubules; and enhancing calcium absorption in the intesting by increasing the
production of 1,25-(OH}; vitarnin D, the active form of vitamin D. PTH also stimulates
phosphorus excretion from the Kidney, and increases release from bone,

fB00S] PTH secretion is regulated by the calcium sensing receptor (CaSR), a G-protein
coupled receptor expressed by several cell types on the surface of parathyroid cells,
which detects small fluctuations in the concentration of extraceliular calcium fon (C&™)
and responds by altering the secretion of PTH, Activation of the CaSR by Ca®” inhibits
PTH secretion within seconds o minutes through inhibition of vesicular transport, and



this process may be modulated by protein kinase C (PRC) phosphorylation of the
recepior. The CaSR iz also expressed on osteoblasts and in the kidney, where i
regulates renal Ca™ excrefion.
{G006] In addition, PTH regulates phosphorus homeostasis, PTH stimulatles the
parathyroid hormone recaptor 1 (PFTHR1) on both apical (brush border membrane) and
basolaterat membranes of cells in the Gl fract. PTHR1 stimulation leads {o an increase
in urinary excreton of phosphate (Pi) as a consegquence of reduction by internalization of
the renal Na'/phosphate (NaPi-lla) co-transporter on the brush border membrane.
[00077 PTH is also involved in the regulation of osteoblasts and osteoclasts in bone,
PTH increases circulating Ca' by increasing bone resorption and renal reabsormption of
calclum. PTH stimuiates osteoblasts to produce RANK ligand (RANKL), which binds o
the RANK receptor and activates the osteoclasts, lsading to an increass in bone
resorption and an increase in serum Ca®™. Osteoprotegsrin (OPG) is a decoy receptor
for RANKL which blocks bong resorption. Osteoporosis is caused by an imbalance
between the processes of bone resorption by osteoclasts and bone formation by
osteobiasts.
00081 The human body contains approximatlely 1 kg of calcium, 88% of which resides
in bone. Under normal conditions, circulating salcium ion {Ca™") Is tightly maintained at
a level of about 8 to 10 mg/dL (le., 2.25-2.5 mmoll, ~800 mg). Approximately 1 g of
elemental calcium (Ca™) is ingested daily. Of this amount, approximately 200 mgiday is
absorbed, and 800 mg/day is excreted. In addifion, approximately 500 mg/day is
released by bone resorption or is deposited inio bone. About 10 g of Ca*'is filtered
through the kidney per day, with about 200 mg appearing in the urine, and the remainder
being reabsorbed.
[0008] Hypercalcemia is an elevaled calcium level In the biood. Acute hypercalcemia
can result in gastrointestinal (anorexia, nausea, vomiting), renal {polyuria, pelydipsiaj,
neuro-muscular (depression, confusion, stupor, coma) and cardiac {(bradycardia, first
degree atrio-ventricuiar) symptoms. Chronic hypercalcemia is alse assoctated with
gastrointestinal (dyspepsia, constipation, pancreatitis); renal {nephroiithiasis,
nephrocalcinosis), neuro-muscular (weakness) and cardiac (hyperiension block, digitalis
sensitivity) symptoms. Abnormal heart rthythms can result, and EKG findings of a short
T interval and a widened T wave suggest hypercalcemia, Hypercaloemia may be

asymptomalic, with symptoms more commoniy oceurting at high calcium ievels (12.0
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mgfdl or 3 mmoll). Severe hypercalcemia (above 15-16 mgfdl or 2.75-4 mmoth) is
considered a medical smergency: at these leveis, coma and cardiac arrest can result
{0610} Hypercalcemia is frequently caused by hyperparathyroidism, leading to excess
bone resorplion and elevaled levels of serum calcium. In primary sporadic
hyperparathyroidism, PTH is overproduced by a single parathyroid adenoma; less
commonly, mulfiple adenomas or diffuse parathyroid gland hyperpiasia may be
causative. Increased PTH secretion lgads 1o a net increase in bone resorption, with
release of Ca®* and phosphate (Pl). PTH also enhances renal reabsorpiion of Ca® and
inhibits reabsorption of phosphate (P}, resulting in a net increase in serum calcium and
a decrgase in phosphate.

{00111 Secondary hyperparathyroidism occurs when a decrease in girculating levels of
Ca®" level stimulates PTH secretion. One cause of secondary hyperparathyroidism is
chronic renal insufficiency (also referred {0 as chronic kidney disease or CKD), such as
that in renal polycystic disease or chronic pyelonephritis, ar chronis renal failure, such as
that in hemodialysis patients (also referred to a5 end stage renal disease or ESRD).
Excess PTH may be produced in response o hypocalcemia resulting from low calcium
inlake, Gl disorders, renal insufficiency, vitamin D deficiency, and renal hypercalciuria,
Tertiary hyperparathyroidism may occur after a long period of secondary
hyperparathyroidism and hypercaicemia.

[0012] Malignancy is a comynon cause of non-PTH mediated hypercalcemia,
Hypercalcemia of malignancy, is an uncommon but severe complication of cancer,
affecting between 10% and 20% of cancer palients, and may ocour with both solid
tumors and leukemia. The condition has an abrupt onset and has a very poor prognosls,
with a median survival of only six weeks. Growth factors (GF) reguiate the production of
parathyroid hormone-related prodein (PTHF) in tumor cells. Tumor cells may be
stimulated by autocrine GF to increase production of PTHP, leading to enhanced bone
resorption. Tumor cells metastatic to bone may also secrete PTHrP, which can resorb
bone and release additional GF which in turn act in a paracrine manney o further
enhance PTHP production.

{0013} Accordingly, compounds with aclivity to, for example, modulate PTH fevels
and/or calcium levels in vivo are desired.



BRIEF SUMMARY

[8014] In one aspect, a compound, comprising the formula

Koy = Ko~ Ry = Ry =~ K ~ Kg — Xy
is provided, wherein X+ 15 a subunit comprising a thiclcontaining group; Xs is a cationic
subunit; Xg is a non-cationic subunit; X, is a catlionic subunit; and at least one, preferably
fwo, of Xy, X5 and X, i8/are independently a cationic subunit; and wherein the compound
has activity to decrease parathyroid hormone concentration. In one embodiment, the
decresase in parathyroid hormone concentration is a decrease in blood or plasma
parathyroid hormone concentration in a subject treated with the compound reiative {o the
bicod or plasma parathyroid hormone concentration in the subjedct prior to treatment. In
another embodiment, the decrease in parathyroid hormaone concentration is achieved in
the absence of a histarmine response.
f094158] In another embodiment X; and X, are non-cationic while X4, X5, Xs and X; are
cationic.
{Q018] in one embodimant, the X, subunitis a thiolcontaining amino acid residus. in
another embodiment, the thiol group of the X, subunit is an organic thiol-containing
moisty,
[8617] In another embodiment, when the X, subunit is a thick-containing amino acid
residue, it i selected from the group consisting of L-cysteine, D-cysteine, glutathions, n-
acetylated cysteine, homocysteing and pegylated cysteine,
[00487 In yet another embodiment, the organic thicl-containing moiety is selected from
think-alioyl, or thivacyl moleties such as 3-mercaplopropy! or 3-mercaptopropionyl,
mercaptopropionic acid, mercaptoacetic acid, thiobenzyl, or thiopropyl. In still another
embodiment, the organic-thick-cantaining molety is mercaptopropionic acid.
(00198} In still another embodiment, the X, subunit is modified chemically to comprise an
acetyl group, a benzoyl group, & butyl group, or another amino acid such as acelylated-
beta-alanine, ‘
{00201 in vet another embodiment, when the X, subunit comprises a thiol moiely, the X,
subunit is joined by a covalent linkage 1o a second thiol moiety.
(00211 In another embodiment, the formuia X - Xz - X3 = Xa — X5 = X —~ X7 i comprised
of a contiguous sequence of amine acid residues (designated herein as Kop:)(Xaaz)
{Xana - (Kaga J{Kaas - (Kgae)-{Kaar} SEQ 1D NO1) or a sequence of organic compound

subunits (non-amino acld residuss).



{8022} in another embodiment, the contiguous sequence of amino acid residues is 8
contiguous sequence of L-amino acid residues, 8 contiguous sequence of D-amino acid
residues, a contiguous sequence of a mixture of L-amino acid residues and D-amino
acid residues, or a mixture of amino acid residues and non-natural amine acid residues.
[0023] in another embodiment, the contiguous sequence of aming acid residues is
finked to a compound to faciiitate transport across a cgll membrane. In another
embaodiment, the contiguous seguence of amino acid residues is linked o a compound
that enhances delivery of the sequence inte or across one or maore lavers of tissue.
fos24] In ancther embodiment, the contiguous sequence of amine acid residuss is
contained within a sequence of amino acid residues from 8-50 amino acid residues, 8-40
aming acid residues, 8-30 amino acid residuss or 8-20 amino acid residues in length. In
yet another embodiment, the contigucus sequence of amine acid residues is contained
within a sequence of amine acid residues from 8-19 amino acid residues, 8-18 amino
acid residues, 8-17 amino acid residues, 8-16 amino acid residues, 8-15 amino acid
residues, 8-14 amino acid residues, 8-13 amino acid residues, B-12 amino acid residues,
8-11 amino acid residues, 8-10 amino acid residues, or 8-8 amino acid residues in
length.

[0025] In ancther embediment, the X, subunit is a cationic amino acid residue,

{00261 In another embodimeant, the X, subunit is a non-cafionic amine acid residus, and
in ancther embodiment, the X, subunit is & non-cationic aming acid residue. In one
embodiment, the non-calionic aming acid residue is a D-amino acid.

{60271 In another embediment, X; and X, are cationic D-amino acid residues.

[0G28] in another embodiment, the Xs subunit is a D-amino acid residue.

(00281 In ancther aspect, the contiguous sequence in any of the described compounds
is covalently attached via the thickcontaining group in the X4 subunit io a second |
contiguous sequence. For example, the second contiguous sequence can be identical
to the contiguous sequence {to form a dimaer), or can be non-identical, as would be the
case when attached 1o a moiety that facilitates transfer of the contiguous sequence
across g celt membrane.

{00301 iIn another aspect, v conjugate comprised of the peptide carrrar (BEQ 1D NO:2)
is provided, where the peptide is conjugated at its N-terminal residue fo a Cys residue,
[0031] in one embodiment, the peptide is chamically modified at the N-terminus, the C-
terminus, or hoth,



f00321 In another embodiment, the N-terminus of the peptide is chemically modified by
acstylation and the C-terminus is chemically modified by amidation,

{8033} In another embodiment, the conjugate is Ac-o(Charrrar-NH; (SEQ 1D NO:3),
{00341 In another aspect, a method of treating secondary hyperparathyroidism (SHPT)
in a subject is contemplated, wherein a compound as described herein is provided to the
subject. In various embodiments, the subject can be suffering from chronic kidney
disease or other condition.

{0038] In another aspec, a method of decreasing parathyroid hormone in g subject is
contemplated, wherein a compound as describad hersin is provided to the subject.
{00361 In another aspect, a reatment regimen is provided, the regimen comprising
providing a compound according to any of those described herein, in combination with a
second agent.

[6O371 in one embodiment, the second therapeutic agent is vitamin D, a vitamin D
anzlog or cinacaleet hydrochloride.

{00381 in any of the aspects or embediments described herein, any one or more of the
sequences is contemplaied to be individually excepted or removed from the scops of the
claims. In cerfain embodiments, the peptides identified by any one or mors of SEQ ID
NOs: 182-182, individually or in any combination, are excluded from the claimed

compounds, compositions and methods.

BRIEF DESCRIPTION OF THE DRAWINGS

{6038 FIG. 1is a graph of garaihymid hormone level, as percent of the baseline pre-
dose value, as a funclion of time, In hours, in rats with acute renal insufficiency (1K1C
model}, whare the rats were dosed with Ac-crrrr-NM, (S3EQ 1D NC 4, diamonds),
Ac-orrrr-NH, (SEQ 1D NO:B, clused squares), Ac-crrrrrr-NH, (SEQ 1D NO:8, triangles),
Ac-crrrrT-NHg {SEQ 1D NO:7, open squares), or saline control {x symbols);

{G040] FIG. 2A s a graph of P, concentration, in nM, as a funclion of compound
concentration of Ac-carrrar-NH, (SEQ 1D NC:28, sauares) and Ag-arrrar- NHy (SEQ D
NO:29, triangles), as a measure of the compound's abilily 1o activate the human CaSR
in an in vitre cell assay when the human CaB3R is expressed as a stable iransfected
HEK-283 cell ling;

[00411 FIG. 2B shows the reduction in PTH concentration upon i vivo administration of
peptides ideniified as SEQ (D NG:26 (Ac-carrrar-NH,) (squares) and as SEQ 1D NO:28
{(Ac-arrrar-NH,) (dismionds), where the peptides were administered as an 1V bolus to
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normal Sprague Dawley rats at doses of @ mg/kg for SEGH D NO:29 and at 0.5 myglkg for
SEQ D NO:26. An intravenous (V) bolus of saline was used as a conirol {dashed line).
Plasma PTH ievels were assessed prior to dosing and 1, 2, 3 and 4 hours after dosing.
Results are presented as group average + standard deviation (SD), and PTH is shown
as percent of the baseline pre-dose value,

[0042] FIG. 3 is a bar graph that compares the release of histamine following IV bolus
administration of varibous compounds in normal Sprague Dawley rals, where the
compounds Ac-orrrr-NH, (SEQ D NO4), Ac-crrrm-NH, (SEQ 1D NOE), Ac-orrer-NH,
(SEQ 1D NO:8) and Ac-crrrrrrr-NH; (SEQ 1D NO:41) were dosed in an equimolar [V
bolus dose of 2.1 pmolkg, and plasma histamine was measured before dosing (pre-
dose), 5, 15 and 30 minutes after dosing;

10043} FIG. 4 is a bar graph that compares the release of histamineg following IV bolus
administration of two compounds in normal Sprague Dawley rats, where the compounds
Ac-o{ClarranNH; (SEQ 1D NO'3, cross haiched bars) and Ac-orrrrre-NH (SEQ 1D NG§,
open bars) were dosed at 3 mg/kg, and plasma histamine was measured before dosing
{time zero) and 5, 15 and 30 minutes after dosing;

I0044] FI3. 5 is a graph of parathyroid hormone level, as percent of the baseline pre-
dose value, as a function of time, in hours, in normal rats dosed with 0.5 mg/kg by IV
Bolus of Ac-crrrrr-NH, (SEQ D NO:8, diamonds), Ac-carrrr-NH, (SEQ 1D NOUG,
squares), Ac~-crarmr-NH; (SEQ 1D NO:S, triangles), Ac-crrarrr-NH, (SEQ 1D NO10, x
symbols), Ac-crivarr-NH, (SEQ 1D NO:11, ¥ symbols), Ac-crirrar-NH; (SEQ 1D NOi2,
circles) or Ac-crrrrra-NH, (SEQH D NG 13, + symbols);

{0048] FIGS. BA-6B are graphs of parathyroid hormone level, as percent of the baseline
pre-dose value, as a function of time, in hours, in healthy rats dosed with 0.5 mg/kg by
IV bolus of Ac-carrrar-MH; (SEQ 1D NO:26, open diamonds), Ac-crrarar-NH; (SEQ 1D
NQ:25, open squares), Ac-caarrr-NHg (SEQ 1D NG:22, triangles), Ac-crraar-NH, (SEQ
ID NO:17, closed squares), Ac~c{Clarrrar-NH, (SEQ 1D NO:3, diamonds Fig. 88}, Ac-
craarrr-hNH, (SEQ 1D NO:24, x symbols in Fig. 8A}; Ac-o{Cyrrarar-NH; (SEQ ID NO:28, x
symbols, Fig. 6B),

{00481 FIG. 7 shows the decrease in parathyroid hormone levels inthe blocd as a
function of time, for the compound Ac-¢{Clarrrar-NH, (SEQ 1D NO:3) administered as an
iV bolus to normal Sprague Dawley rats at doses of 1 mg/kg (diamonds), 0.5 mg/kg
(squares}, 0.3 mg/kg (riangles), and 0.1 mafkg (x symbols). An infravencus {IV) bolus of



saline {circles) was used as a control. Plasma PTH levels were assessed prior to dosing
and at 1, 2, 3 and 4 hours after dosing.

{0047} FIG. 8 is a graph of parathyroid hormone level, as percent of the baseline pre-
dose value, as a funclion of time, in hours, in rats with acuie renal insufficiency (1K1C
madel}, in rats with 1K1C modsl of acute renal insufficiency, whare the rats were dosed
via 1V bolus with the compound Ac-c(Clarrrar-NH;, (SEQ ID N(}:S) at doses of 3 mo/kg
{diamonds), 1 mg/kg (riangles), 0.5 mo/kg (squares) and 0.3 mg/kg {x symbois), or
saline (squares}; the dashed line in Fig. 8 indicating basseline PTH level pre-dosing;
{0048} FIG. 9is a graph of parathyroid hormone level, as percent of the baseline pre-
dose value, as g function of time, in hours, in rats dosed intravenously with saline (X
symbels} or with the compounds Ac-crrrrs-NH, (SEQ 1D NO:6, open diamonds), and Ac-
carrrar-NH; (SEQ 1D NO:26, apen squares) at 1 mg/kg via a 30-minute IV infusion,
where plasma PTH levels were assessed prior to dosing, 16 hours and 24 hours after
dosing;

[00481 FIG. 10 a graph of parathyroid hormone level, as percent of the baseline pre-
dose value, as a function of time, in hours, in rafs with acute renal insufficiency (1K1C
model}, where the rats were dosed via IV bolus with the compounds Ac-c{Clarrrar-NH;
(SEQ ID NO:3, squares, * symbols) and Ac-c(Ac-Clarrrar-NH, (SEQ D NO: 148,
iriangles, diamonds) at doses of 0.3 mo/kg (squares, triangles) and 0.5 mg/kg (%,
diamonds);

{6080} FIG. 11 is a graph of parathyroid hormone level, as percent of the baseling pre-
dose value, as g function of time, in hours, in rats treated via micropore-facilitated
transdermal delivery of Ac-crrrr-NM, (SEQ 1D NOB, two animals, sguares and
friangles) or with saline via transdermal delivery {diamonds};

[0081] FIG. 12 is a graph of parsthyroid hormone level, as percent of the baseline pre-
dose value, as a function of time, in hours, in rats treated via micropore-faciitated
fransdermal delivery of Ac-¢(Clarrrar-Nil; (SEQ 1D NOW3);

(0082} FIG. 13 is a graph of mean PTH (as percent of baseling) during and following 2 6
hour 1V infusion of Ac-c{Carrrar-NH; (SEQ 1D NO:3) in normal Spragus-Dawley rats,
where the compound was infused at rales of 1 pg/kg/hr (squares), 3 uglkg/hr (circles),
and 10 pg/kg/hr (triangles),

[0083] FiGC. 14A shows PTH (as & percent of baseling} during and following & 8 hour IV
infusion of Ac-¢{Clarrrar-NH, (SEQ 1D NG:3) in the 1K1C rat moedel of agute renal



insufficiency, where rats were intravenocusly infused at dose rates of 30 ug/kgihr
{digmonds} and 160 pgfka/hr (squares):

[G0584] FiG. 148 is a bar graph showing serum caleium, In mg/fdL, for the 1Ki1C mode}
rats treated as in FIG. 14A0

{0085 The present subject matier may be understood more readily by reference to the
following detailed description of the preferred embodiments and the examples included
herein.

DETAILED DESCRIPTION
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i, Definitions

[G088] Vithin this application, unless otherwise stated, definitions of the terms and
Hiustration of the technigues of this application may be found in any of several well-
known references such as: Sambrock, J., et al., Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press {1988);, Goeddel, D, ed., Gene
Expression Technology, Methods in Enzymology, 1835, Academic Press, San Diege, CA
(1891}, “Guide to Protein Pusification” in Deuisheer, M.P., ed., Methods in Enzyvmology,
Academic Press, San Diego, CA (1088}, Innis, st al, FCR Prolocols: A Guide to
Methods and Applications, Academic Press, San Diege, CA (1980}, Freshney, R,
Culture of Animal Celle: A Manual of Basic Technique, 2nd Ed., Alan Liss, inc. New
York, NY (1887}, Murray, E.J., gd., Gene Transfer and Expression Protocols, pp. 108-
128, The Humana Press Inc., Cliffon, NJ and Lewin, B., Genes Vi, Oxford University
Press, New York (1987).

fO08T] As used herein, the singular form °a", "an”, and “the” include plural references
unless indicated ctherwise. For example, ‘2" modulator peptide includes one of more
modutator peplides,

{3881 As used herein a compound has "activity to decrease parathyroid hormone level”
or “PTH-lowering activity” when the compound, upon adminisiration to a subject, lowers
plasma parathyroid hormene (PTH) relative 1o the plasma PTH concentration prior to
administration of the compound. in one embodiment, the decrease in PTH level is ai
teast 20%, 30%, 40%, 50%, 60%, 70%. 80%, 80% or 95% lower one hour after
compound administration that the PTH level prior to administration of the compound.
FO0S9Y] As used hersin, "absence of a histamineg response” or "lack of @ histamine
response” intends a dese of a compound that produces a less than 18-fold, 14-fold, 13-
fold, 12-Told, 11-fold, 10-fold, 8-fold, 8-fold, 7-foid, 8-fold, 5-foid, 4-fold, or 3-fold ingrease



in histamine, measured in vilto in an assay as described herein, where the fold change
is determined based on histamine levels before incubation with the compound and after
18 minutes incubation with compound.

{00807 As used herein, "amino acid” refers to natural and non-nafural amino acids, The
twenty naturally occurring amino acids (L-isomers) are dasignated by the three letter
code with the prefix “L-" (except for glycine which is achival) or by the one lelter code in
upper-case: alanine ("L-Ala" or "A"), arginine ("L-Arg" or "R"), asparagine {"L-Asn” or
“N), aspartic acid ("L-Asp” or "D7), cysteine ("L-Cys” or "C"), glutamine ("L-Gin” or "4,
glutamic acid {"L-Glu” or “E"), ghvcine ("Gly" or "G"}, histiding ("L-His” or “H"), isoleucine
{“L-le” or *I"), leucine ("L-Leu” or "L, lysine {("L-Lys” or “K”), methionine ("L-Met" ar "M,
phenyialanine ("L-Pha” or “F}, proling ("L-Pro” or *P"), serine (“L-Sef” or 8", threonine
{"L-Thr” or °T7), tryptophan ("L-Trp" or "W, tyrosine ("L-Tyr”™ or *Y"} and valine {"L-Val” or
“W1. L-notleucine and L-norvaline may be represented as (NLeu} and (NVal},
respectively. The nineteen naturally occurring amino acids that are chiral have a
corresponding D-isomer which is designated by the three letler code with the prefix "D’
or by the lower-case one letter code: alanine (‘D-Ala” or @™}, arginine ("D-Arg” or 1"},
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asparagine {"D-Asn” or “a"), aspartic acid ("D-Asp” or "d"), cysteine ("D-Cys” or "2"),

glutamine ("D-GIn” or “q"), glutamic acid ("D-Glu" or “g”"}, histidine ("D-His” or *h"),
isoleusine ("D-Be” or 7Y, laucine ("D-Leu” or "), lysine (*D-Lys” or K"}, methionine ("D-
Met” or “‘m™), phenyialanine (“D-Phe” or “f), proding ("D-Pro” or “p"}, serine {"D-Ser” or
“g"), threonine ("D-Thi” or 0), tryptophan ("D-Trp" or "w"), tyrosine {"D-Tyr” or *y") and
valing ("D-Val” or V"), D-norleucine and D-norvaline may be répraseniecﬁ as (dNLeu)
and (dNVal}, respactively. Although “amino acid residue” is often used in reference to a
monoemeric subunit of 3 peplide, polypeptide or protein, and "aming acid” is often used in
reference {o a free molecule, usage of these terms in the art overlaps and varies. The
term "smino acid” and “amino acid residug” are used inferchangeably and may refer o a
free molecule or a monomeric subunit of a peptide, polypeptide or protein, depending on
coniext,

{00811 To determine the percent “homology” or percent “identity” of two amino acid
saguences, the ssguences are aligned for optimal comparison purposes (8.¢., gaps ¢an
be infroduced in the sequence of one polvpeptide for optimal alignment with the other
polypeptide). The amino acid residues at corresponding amino acid positions are then
compared. When a position in one seguence is occupied by the same amino acid
residue as the corresponding position in the other sequence, then the molecules are
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identical at that position. As used hergin amino acid or nucleic acid “homology” is
eguivalent © amino acid or nuci@éé acid "identity”. Accordingly, the percent sequence
identily between the two sequences is a function of the number of identical positions
shared by the sequences (i.e., percent sequence identity = numbers of identical
positions/iotal numbers of positions x 100). Percent sequence identity between two
polypeptide seguences can be determined using the Vector NT1 software package
{invitrogen Corporation, 5791 Van Allen Way, Carisbad, CA 52008). A gap opening
penalty of 10 and a gap extension penalty of 0.1 are usad for determining the percent
identity of two polypeptides. All other parameters are set at the default setiings.
(00821 A “cafionic amino acid” intends an amino acid residue that has a net positive
charge at physiclogic pH (7 .4), as is the case, for example, in the amino acid residuss
where the side chain, or "R group”, contains an amine functional group or other
functional group that can accept a proton {o become positively charged at physiologic
pH, such as a guanidine or imidazole moiety, Cationic amine acid residues include
arginine, lysine, histidine, 2,3-diaminopropionic acid (Dap}, 2 4-diaminobutyric acid
{Dab), ornithine, and homoargining,

I0083] A “calionic subunit” intends a subunil that has a nel positive charge at
physiclogic pH (7.4},

I6084] As used herein, "ronsarvative amino acid substititions” are substitutions which
do not resulf in a significant change in the activity or tertiary structure of & selected
polypeptide or protein. Such substitutions typically involve replacing a selectad amino
acid residue with a different amino acid residue having similar physico-chemical
properties. Groupings of amino acids and amino acid residues by physico-chemical
properties are known 1o those of skill in the arl. For example, among the naturaly-
oceurring amino acids, families of amino acid residuss having similar side chains have
heen defined in the art, and include basic side chains {e.g.. lysine, arginine, histidine),
acidic side chains {(e.g., asparlic acid, glutamic acid), uncharged polar side chains (e.g.,
giveineg, asparagine, glutamine, serine, threonine, tyrosine, cysteine}, nonpolar side
chains {e.g., alanine, valine, leucing, isoleucine, proline, phenylalanine, methionine,
tryptophan), beta-branched side chains {8.g., threonine, valine, isoleucing} and aromatic
side chains (e.g.. tyrosing, phenylalaning, tryplophan, histidine).

100658} As used herein, “chemical cross-iinking” refers {o covalent bonding of twe or

mare molecules,
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{0088} A peptide or peptide fragment is "derived from” a parent peptide or polypeplide if
it has an amine acid sequence that is identical or homologous to at least a contiguous
sequence of five amine acld residues, more preferably sight amino acid residues, of the
parent peptide or polypeptide.

[O087] As used herein, the term "hyperparathyroidism” refers {o primary, secondary and
tertiary hyperparathyroidism, unless otherwise indicated.

{00881 The ferm "intradermal” intends that in the methods of treatment desoribed hersin
a therapeutically effective amount of a calcimimetic compound is applied to skin to
daliver the compound to layers of skin beneath the stratum comeum, and thus achieve a
desired therapeutic effect.

[0063] As used herein, an "isolated” or “purified” polypeptide or biologically active
portion thereof is free of some of the cellular material when produced by recombinant
DNA technigues, or chemical precursors or other chemicals when chemically
synthesized. The langusge “substaniially free of cellular material” includes preparations
of polypeptides in which the polypeptide is separaled from some of the cellular
components of the celis in which it is naturally or recombinantly produced. When the
polypeplide or biclogically active portion thereof is recombinantly produced, it is also
preferably substantially free of culture meadium, Lg., culture medium represents jess than
about 20%, more preferably less than about 10%, and most preferably less than about
5% of the volume of the polypeplide preparation. The language "substantially fres of
chemical precursors or other chemicals™ includes preparations of polypeptides in which
the polypeptide is separated from chemical precursors or other chemicals that are
involved in the synthesis of the polypeptide. In one embodiment. the language
“subsiantially free of chemical precursors or other chemicals” includes preparations of a
polypeptide having less than about 30% (by dry weight} of chemical precursors or other
chemicals, preferably less than about 20% chemical precursors or other chemicals,
miore preferably less than about 15% chemical precursors or other chemicals, still more
preferably less than about 10% chemical precursors or other chemicals, and most
preferably less than about 5% chemical precursors or other chermicals. in preferred
embodiments, isolated polypeptides, or biologically active portions thereof, lack
contaminating polypeptides from the same organism from which the domain polypeptide
is derived.



180701 As used hereln, “macromolecule” refers 1o a molecule, such as a peptide,
polypeptide, profein or nucieic acld, that typicaily has a molecular weight greater than
about 800 Daltons.

{06711 A "non-cationic amino acid” intends an amine acid residue that has no charge or
a net negative charge af physiclogic pH (7.4), as is the case, for example, in the aming
acid residues whers the side ghain, or "R group”, is neuiral (neutral polar and neutral
non-polary and acidic. Non-cationic amino acids include those residues with an R group
that is & hydrocarbon ailkyt or aromatic moiety {(e.g., valine, alanine, leucine, isoleucing,
phenvialanine); a neutral, polar R group (asparagine, cysteine, glutamine, serine,
threopine, tryptophan, tyresine); or a neutral, non-polar R group {glycine, methionine,
profing, valing, isoleucine}). Non-cationic amino acids with an acidic R group include
asparatic acid and glitamic acid.

{00721 A "polymer” refers to a linear chain of two or more identical or non-identical
subunits joined by covalent bonds.

[8073] As used hersin, “peptide” and "polypeptide” refer to any polymermade up of a
chain of amine acid residues linked by peptide bonds, regardiess of ifs size. Although
“protein” is often used in reference {o refatively large polypeptides, and “paptide” is often
used in reference to small polypeptides, usage of these ferms in the art overlaps and
varies. Thus, for simplicity, the tenm “peptide” will be used herein, although in some
cases the art may refer o the same polymer as a “polypeptide.” Unless otherwise
indicated, the sequence for a peplide is given in the order from the amino ferminus to the
carboxyl terminus.

[oG741 A “thicl-containing group” or “thicl-containing muoiely” as used herein intends a
functional group comprising a sulfur-hydrogen bond (-SH), and that is capable of
reacting with another thiol under physiciogic condifions to form a disuifide bond. A thiol
that is capable of forming a disulfide bond with another thiol is referred fo herein as a
“reactive thiol” In a preferred embodiment the thiok-containing group is less than 6
atoms away from the backbone of the compound. In a more preferred embodiment, the
thiol-containing group has the struciure (-SH-CHy-CH-C(G)-0-)-.

[0078] As used herein, “small moleculs” refers to a melecule other than a
macromolecule, such as an organic molecule, and typically has a molecular weight of
tess than 1000 daltons.

[6078) As used hereiln, "subject’ rafers {© a buman subject or an animal sublect.

13



[0077) A “subunil” intends a monomeric unit that is joined {o more than one other
monomeric unit (o form 2 polymetic compound, where & subunit is the shorlest repeating
paitern of elemenis in the polymeric compound. Exemplary subuniis are aming acids,
which when linked form a polymer compound such as those referred tointhe artas a
peptide, a polypeptide or a prolein.

[0078] As used herein, a ‘therapeutically effective amount” is an amount required to
produce a dasired therapeutic effect. For example, in methods for reducing serum
caloiurn in hypercalcemic subjscts, a therapeutically effective amount is the amount
required {0 reduce serum calcium levels by at least 1%, 2%, 3%, 4%, 5%, 8%. 7%, 8%,
9%, 10%, 11%, 12%, 13%, 14%, 156%, 16%, 17%, 18%, 18%, 20% or 25%. Calcium
may be measured as tolal calcium or as jonized calelum. By way of another example, in
rmgthods for lowering in vivo PTH, a therapeutically effective amount is the amount
required to reduce PTH levels by at least 1%, 2%, 3%, 4%, 8%, 8%, 7%, 8%, 8%, 10%,
11%, 12%, 13%, 14%, 15%, 18%, 17%, 18%, 19%, 20% or 25%.

[G0781 As used herein, the lerm "ransdermal” means that in the methods of freatment
described herein a therapeutically effective amount of a calcimimetic agent is applied to
skin io deliver the compound {o systemic circulation and thus achieve a desired
therapeutic effect.

{0080} Unless otherwise specified, all documents referred to herein are incorporated by
reference in thelr entirety.

i Compounds

{00811 In one aspect, a compound somprising the sequence of subunils X, - X - X3~
Ky~ Xp = Ko — X7 I8 provided, where X, is a subunit cormprising a thiol group; Xsis a
cationic subunil; Xg is a non-cationic subuni; X5 is 2 cationic a subunit; and at least two
of Xy, Xy and X4 are independently a cationic subunit. The compounds have activity to
decrease parathyroid hormone (PTH) leveis and/or decrease calcium levels in a
subject’s biood. A decrease in parathyroid hormone levels, as will be Hiustrated balow,
intends a lowering of plasma or bleod PTH concentration in a subject relative to the
plasma or blood PTH concentration prior to treatment with the compound. in one
embodiment, the compotind achieves a reduction in plasma PTH concentration by at
least 50% within one hour afler dosing, relative {0 the plasma PTH prior o dosing. The
compounds are exemplified by peptides, although a skillsd artisan will appreciate that



non-peptidic compounds that have the desired activity can be designed based on the
structure-activity relationship studies described herein.

{00821 As used herein parathyroid hormone or PTH is an 84 amino acid peptide
produced by the parathyroid gland and its breakdown products. Besides full length PTH
{which consists of residues 1-84 and is sometimes referrsd to as “intact” of "bicactive”
FTH) various PTH fragments generaled by proteclysis and other routes of metabolism
are present in blocd. The amino-terminal 1-34 region of the intact PTH moleculs is
biologically active. This region of the molecule contains the amino acid sequancs that
enables PTH to bind to the parathyroid hormone receplors in target tissues, The middle
and carboxy-terrninal 35-84 region of the intact PTH moleculs is belisved to be
bictogically inert but possesses immunoiegical reactivity, PTH 7-84 is thought 1o exert
effects that are opposite fo those of 1-84 PTH. Various assays have been developed to
measure PTH levels including various breakdown products and are reviewed by
Souberbielle et.al., Kidney infarnational, 77:93-100 (2010}, which is incorporated herein
by reference. In one embodiment, 2 compound having aclivity to decrease FTH level as
defined herein is asceriained using a validaied PTH gquantification method that detects
the intact bioactive form of PTH(1-84), and commercially available kils are known in the
art {e.¢., ses Example 3 herein).

{00831 in a first study, compounds containing 4 to 7 cationic {e.g., arginine) subunits
were generated and tested for their ability to lower PTH as comparad with baseline PTH
vaiues and saline-treated animals. Specifically, a 1K1C model of acute renal
insufficiency was established for use in characterizing the PTH-lowering activity in &
renal dysfunction enviropment, The 1K1C mode! is described in Exampie 1A, and the
compounds synthesized for testing included () Ac-crrrr-NH; (SEQ 1D NOW), (i) Ac-crvm-
M, (SEQ D NO:B), (in) Ac-crirrre-N, (SEQ 1D NO®B), (W) Ac-crrorrrr-Nbh, (SEQ 1D
KO7Y and {v) satine control,

[0084] As described in Example 1B, the compounds identified as SEQ 1D NO:4, SEQ D
NG5, SEQ 1D NO:6 and SEQ 1D NO:7 were each administered by a 30-minufe IV
infusion to 1K1C model animals. Fig. 1 shows the reduction in plasma PTH levels as a
percent of the pre-dosing (baseling) level. All four compounds dosed at 3 mg/kg
produced a significant drop in plasma PTH, but differences in the potency and duration
of PTH reduction suggest a reiationship between the net positive charge and PTH-
fowering activity. For example, the compound Ac-crenrr-NM, (SEQ 1D NO:G; friangles)
with six cationic (arginine) subunits had increased efficacy as well as the duration of
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action compared {0 the compounds Ac-crirr-hH, (SEQ 1D NO:4; diamonds) and
Ac-criprr-pith (SEQ 1D NO:5; squares}, containing four and five cationic {arginine)
subunits, respectively. Surprisingly, the compound Ac-crrrmrr-NH, (SEQ 1D NO:6;
iriangles} with six cationic (arginine; subunits had increased duration of action compared
to the compound Ac-crirrrr-NH, (SEQ 1D NO:7, open squares) with seven cationic
(arginine) residues, suggesting that activity or potency of the compounds does not
correlate merely with increasing cationic charge of the compound, That s, the
compound Ac-crrrrrrr-NH, (SEG 1D NO.7) with seven cationic subunits (arginine
residues) produced a similar initial drop in PTH as the compounds with fewer cationic
residues, but over the 24 hours following dosing was less efficacious than Ac-crrrrr-NH;
{SEQ ID NOG) and Ac-crrrre-NH. (BEQ 1D NO:B), These latler two compounds
produced a mean PTH reduction of ~40% and 80% &t the 24 hour time point,
respectively. Both the extent of PTH reduction and duration of PTH are important
criteria for oblaining oplimal therapeutic benefit for patients in need of treatment. |
should be noted that the compounds in this study were administeraed af the same matkg
dose hut, due to differencas in molecular weight, a different number of moles of each
compound was actually dosed. Therefore, Ac-cirrre-NH, (SEQ 1D NO:8) was
significantly more potent than Ac-crir-NH, (SEQ 1D NOG:4) and Ac-crirrr-NH, (SEQ 1D
NO:5 ) on a per mole basis,

16088} Further siudies were done to explore the structure-activity relationship of the
compounds. The compound Ac-crrrrr-NH, (SEQ 1D NO:8) was modified by seguential
replacement of an arginine residue with an alanine residue at each of the subunit
positions X-X;. The compounds were characiterized iy an i vifre human calpium-
sensing receptor (CaSR) assay, described in Example 2. wherein HEK 283 cells that
express the human calcium-sensing receptor were used {o measure activity of
exemplary compounds. Without wishing to be bound by theory, # is thought that the
mechanisht by which the described compounds lower PTH in vivo is through the
activation of the Ca8R, which is expressed in the parathyroid gland and controls PTH
secretion, Activation of the CalR leads to an increase in intraceliular calcium and
inositol-3-phosphate {IP3) and the subsequert accurmulation of inosiich-phosphate-1
(iP4). Accordingly, in this in vifro assay, the half maximal effective concentration of
compound io reduce I, generation by 50% was determined (ECse). The same
compoeunds were also tested in vivo to determine their PTH-lowering activity, as

described in Example 3. Resuits are shown in Table 1. The numbers in the column
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titled "% PTH AUC (1-4 hrs) of saline control” of Table 1 define activity as reduction in
Area Under the Curve {AUC) of PTH over 4 hours as a percent of PTH AUC derived
from saline-treated control rats. For example, an AUC (compound treated)/AUC (saline
controly*100 that is egual to 0 would be indicative of & highly active PTH-lowering
compound that complately suppresses PTH (o an undetectable level) for 4 hours afier a
single IV administration of isoflurane {IF)-anesthetized normal rats. in conifrast, a velus
of AUC (compound treated)y/AUC (saline contrely*100 that is equal to or greater than 100
would be indicative of an inactive compound.

Takds 1
in vitro and /n vivo activity of Exemplary Compounds
i vivo activity in normal rats™
SEQEE} - . R e 1 {1 vifro
o | Stucturer | % PR teduction of o0 1 EC
R baseline at 1 hour LS , e
‘ post IV admin. of boius . (uht)
LR T o PTH AUC af
S BE  MORG e control |
o , copelmpound TR g
SEQ ID ' '
NO6 Ac-crrrr-NH, 1 4 0 058
SEQ D) "
NO-8 Ac-carrre-NH, {0 0 1.1
g;gg I Ac-cramr-NHz | O 7 1.6
SEQ D
NO10 Ac-orranr-NH, | 0 0 1.4
SEQID] ,
NC11 Ac-crrrarr-NH, | 8 45 5.4
SEQID .
NO 2 Ac-crrrar-biH, 13 3 0.45
SEQ 1D
NOY 13 Ac-crrrrra-Ny | 4 28 41
Saline 128 100 ND

*Holded fond indicates D-alanine substitulions of cationic amino acids (D-argining wn SEQ 1D NOS.
“RPTH raduction following 0.5 mg/kg IV administration in isofluorans-anesthetized normal rats - PTH
was measured at 1, 2, 3 and 4 hours post administration and cumulative AUC was calouigted. PTH
data wers calculated according fo the following formula: AUC mpg veated AU Csaline comret™ 100,

{0088} in Table 1, the compounds Ac-crirrrr-NH, (SEG 1D NO8), Ac-carmre-NH; (SEQ

ID NO:8) and Ac-crrarr-NH, (SEQ 1D NO:10) were quite potent, as evidenced by the
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decraase in percent PTH to below the defection limit or essentially zero as measured in
vivo after a single IV aministration in normal rats, Substitution of the cationic (arginine}
residue at positions 2, 3, 4 or 7 of Ac-crrrrr-NH, (SEQ 1D NO:6) resulied in an
approximately two-fold loss in in vitro potency. The substifution at position 5 o produce
the compound Ac-crirarr-NH, (SEQ 1D NQ:11) produced g 5-10 fold reduction in in vitro
potency, although the in vivo percent PTH AUC reduction of 45% could be sufficiently
active for clinical therapy. Surprisingly, the substifution of the cationic arginine residue at
position § with the uncharged {(alaning) residue actually improved potency. The data
Hustrate that calionic and uncharged residues at different positions are not all equal and
there are changes in activily as a result of change in the compound structurs.

{00871 To further evaluate the effect of change in activity as a function of change in
compound structure, another series of anaiogs of Ac-crrom-NH, (SEQ 1D NO:6) was
generated containing doube amino acid substitutions, where two cationic (arginine)
residues were replaced by uncharged {alanine) residues, and tested for potency. Dala
arg shown in Table 2. Il is worth noting that this series of compounds have the same net
cationic charge as SEQ 1D NOC:4 (four cationic residues) yet surprisingly some are very
active (SEQ 1D NO:28) with very low %PTH AUC of saline control while others are
inactive (e.g., SEQ 1D NO:14). Unexpectedly, this suggests that position of charges as
well as total cationic charge can influence potency of the compounds for reduction of
PTH. The daia shown in Table 2 is consistent with the date shown in Table 1
suggesting that the cationic residues of SEQ ID NOC:6 are essential al positions S and 7
but Is not required at position 8, for PTH-lowering activily.
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Table 2
i1 vive Activity of Exemplary Compounds

in vive activity in normal rats™

% BTH reduciion of

QEQ i? NO o %?:gggfﬁ? | baseling at 1 hour post £ 6;5 rhglkg 1V bolus
- I gdministration of 0.5 ) % PTH AUC of saling
- “mglkg compound | controf*

Satine Saline 128 100

SEQ IDNO:14 Ac-grrarra-Ny 86 130

SEQ 1D NOS Ac-cararrr-Ni, 75 116

SEQ 1D NO6 Ac-carrarr-NH; 118 105

SEC 1D NOT Ac-crraarr-NHs 3G 102

SEQ D NG Ac-orararr-Nit; 72 87

SEQ ID NO:19 Ac-carrra-Ni 28 72

SEQ D NGI20 Ac-crarrra-Nkh 45 &g

SEQ 1D NG:21 Ac-crrraar-NH; 36 50

SEGQ 1D NO22 Ac-caarrrr-Niy 24 48

SEQ 1D NO:23 Ac-crarrar-Nida 0 43

SEQ 1D NO24 Ac-craarr-Niy 8 9

SEQ D NG5S Ac-crrarar-NH, 4 8

SEQ 1D NO26 Ag-carrrar-hily 0 1

SEQ 1D NO:2Y Ac-c(Carrrar-NH; 2 8

SEQ O NC2S Ag-c{Cirrarar-NH; { 18

*Boided font indicates respsactive D-alanineg substiiutions of cationic amino acids (D-argining) in Ac-
crrrrrreNH, (SEQ 1D NO:8)
“PTH reduction following 0.5 mg/kg IV administration in isofluorine-anesthetized normal rals - PTH
was measured at 1, 2, 3 and 4 howrs post administration and cumutative AUC was calculated. PTH
data were calculated according o the following formula: AUC rpg rested AUCsating zonwar™ 100,
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[0088] The data in Table 2 Hlustrates the structural changes that influence activity. In
one embodiment, the compound is Ac-caarr-NH; (SEQ 1D NO:22) and in another
embodiment, the compound is Ac-craary-Ni, (SEQ 1D NO24).

{0088} Further structure-activity relationship studies were conducted using the in vitro
cell assay in HEK 203 cells that express the human calcium-sensing receptor, as
described in Example 4. The ability of the peplides Ac-carrrar-NH; {SEQ 1D NO:26) and
Ac-arrrar-NH, (SEQ 1D NO:28) to activate the human CaSR was asceriained by the
measuring accumulation of nositol monophosphate (1P, which is reflective of 1P,
production. 1P; production is an important cell signaling second messenger and its
production is a direct downstream consequence of CaSR activation.  Accumulation of
iR, following 1P, production can be ablained by treating the cells used in the assay with
Lithium Chlonde {LiCl) which inhibits the enzyme that converts 1P to inositol. in the
studies described in Example 4 accumulation of IF; was measured in the presence of
the exemplary compounds Ac-carrrar-NH, (SEQ 1D NG:26) and Ac-grrrar-NH, (SEQ 1D
NO:28). Resulls are shown in Fig. 2A.

{00907 The concentration of IP, is reported as nM along the Y-axis and compound
concentrations of SEQ 1D NO:28 or SEQ (D NO:28 are repurted as M along the X-axis.
Absence of the N-terminal D-oysteine residue from SEQ 1D NOZ8 dramatically reduced
the ability of the compound fo activate the CaSR as compared to SEQ 1D NO26. That
is, elimination of the N-terminal cysteine residue significantly reduced the potency of the
compound, as the peplides Ac-carrrar-NiH (8EQ 1D NG:268) and Ac-arrrar-NH, (SEQ 1D
NO:28} differ only by the presence or absence of ihe N-terminal D-cysteine.

(00911 The coniribution of the thiokcontaining group in the X, subunit of the compound
{e.g., in certain embodiments where the compound is a peptide on the N-terminal
residue), was also investigated in an in vivo study. The PTH-lowsring activity of the
peptides identified as SEQ 1D NO28 (Ac-carrrar-NHy) and as SEQ 1D NO:28 (Ac-arrrar-
N} was evaluated in vivo according o the procedures in Example 4. Plasma FTH
levels were assessged prior to dosing and at 1, 2, 3 and 4 hours after dosing. The results
are shown in Fig. 28, As seen, a 0.5 mg/kg dose of the peptide Ac-carmrar-NH, (BEQ 1D
NO:28) (squares) decreased PTH blood concentration to a non-detectable level for up to
4 hiours after dosing. In conirast, the peplide lacking an N-terminal residue with a thiol-
containing group, Ac-arrrar-Ni, (SEQ 1D NO28), diamonds, did not reduce PTH
concentration, even at a substantially higher dose (Le., 8 mgkg).
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{00821 The structure-activity relationship of the thickcontaining group in the X, subunit
of the compound was further analyzed by preparing compounds with differing X,
subunits. The compounds, shown in Table 3 were tested in vive in normal rats for
activity fo reduce PFTH,

Table 3
in vivo Activity of Exempliary Compounds

in vivo activity in
normal rats®
SEQ D NG, Compound Structure 0.5 mg/kg IV bolus
% PTH AUC of
saline contro™

Saline Saline 100

SEQIDNQOSB
Ac~grrerre-Ni, 3

SEQ D NO30
Ac-bala~crrr-hNH, 0

SEQ D NO:31
Mpa-rrrrr-NHs 2

SEQ D NO:32
Ac-gtoy-rrrrrr-NiHa 21

SEQ D NO:33
Ac-dPen-rrorrr-Ni, g

*Bolded font indicates respective substitution of thiol-containing residue {D-cysiging)
it Ac-orrrrr-NH, (SEQ D NO:S).

*BTH reduction following 0.5 mgikg IV administration in iscflurane-anesthetized
normal rata - PTH was measured at 1, 2, 3 and 4 hours post administration and
cumulative AUC was calouisted. PTH data were calculaied according o the following
formula: AUC;mpd usates AU Cagpne comra™ 100

[0093] The data in Tabie 3 fHlustrates that the thiol-containing X, subunit can be varied.
Compounds with the foliowing in the N-terminal residue were tested —~ D-cysisine (cys),
D-penicifamine (dPen), d-homocysieine (dHoy) and mercaptopropionic acid (Mpa). n
addition, a natural or non-natural amino acid, such as beta alanine, can be conjugated fo
the N-ferminal thiok-containing residue. The dala dlustrates that cationic compounds
such as Ac-crrrrer-NM, (SEQ 1D NO:8) containing different thiol-containing groups in the
X4 subunit effectively raduce PTH in vivo. Substituting the N-terminal cysteine residue
with methionine, which does not contain a thiol group, resulted in a compound with very
poor it vivo PTH-lowering activity {data not shown).

[0094] Based on the studies above, compounds of the contiguous sequence of subunits
Xy = Ky = Ky =~ Ko — X ~ Xg — Xy, where X is a subunit comprising a thiok-confaining
group, have activity to decrease parathyreid hormone levels. in one embediment, the



thiclkcontaining group on the X, subunit is selected from the group consisting of thiolk-
confaining amine acid residues and organic thickcontaining moleties. in another
embodiment, the thiol-containing group is capable of reacting with another thict group
under physicicgic pH and temperature. in cerlain embodiments where the thick
containing residue is an amino acid residue, the X, subunit can be any ong of cysteine,
glutathione, mercapio-propionic acid, n-acefylated cysieine and PEGylated cysieing. In
embodiments where the thiol-containing group is on a non-amino acid residue subunit,
such an organic small molecule with a thiol-containing group, the X, subunit can be a
thiot-atkyl, or thicacyl moleties such as 3-mercaptopropy! or 3-mercaptopropionyl
residues. In one embodiment, the thiol is not homocoysteins.

[G088] Accordingly, and in ancther embodim@nt. the compounds described herein have
“clinical activity to decrease parathyroid hormone level”, which intends that the
compound, upon administration to a subject, lowers plasma parathyroid hormone as
measured by the cumulative PTH area under the curve (PTH AUC) over 4 hours post
administration cempared to FTH AUC of a corresponding vehicle traated control sublect.
The plasma PTH concentrations are measured using, for example, a commercially available
ELISA kit that detects bioactive intact PTH 1-84 (ses Example 3 for a specific kit).
compound with clinical activity to decrease parathyroid hormone level reduces the PTH
AUC by at least 20%, 30%, 40%, 50%, 0%, 70%, 80%, 80%, 95% compared to the PTH
AUC of a corresponding vehicls treated control subject.

[0096] The studies above, and others described below, lHustrate further embodiments of
the compounds described herein, wherein the X, subunit in some embodiments can be
modified chemically, such as by chemical modification to include an acstyl group, a
benzovl group, a benzyl group, a butyl group, a natural or unnafural amine acid such as
acetylated-beta-alanine or is joined by & covalent linkage to another thiol molety.
Paptide therapeutics may be vulnerable to aftack by peplidases. Exopeptlidasas are
typically non-specific enzymes which cleave amino acid residues from the aminc or
carbody termini of a peptide or protein. Endopeplidases, which cleave within an amino
acid sequence, can also be non-specific; however entdopeptidases frequently recognize
particular amino sequences (recognition sites) and cleave the peptlide at or near those
sites. Accordingly, modifications to the compound o prolect i from profeclylic
degradation are contemplated,

{00871 One method of protecting a peptide from proteoivtic degradation involves
chemically modifying, or “capping,” the amino and/or carboxy termini of the peplides. As



used herein, the terms “chemically modified” or “capped” are used inferchangeably to
refer fo the imtroduction of 2 blocking group o a leminus or {o both termini of the
compound via a covalent modification. Suitable blecking groups serve o cap the termini
of the peplides without decreasing the biclogicat aclivity of the peplides. Any residus
positioned at the amino or carboxy termini, or both, of the described compounds,
including the thisl-containing subunits can be chemically modified.

0098} In a preferred embodiment, the amino terminus of the compound is chernically
modified by acetyiation, {0 provide an N-acetyl peptide (which may be represented as
“Ac-" in a structure or formula herein). in a preferred embodiment, the carboxy termminus
of the described peptides, is chemically modified by amidation fo provide a primary
carboxamide at the C-lerminus {which may be represented as *-NH;" in 3 peptide
sequenca, stucture or formula herein}. In a preferred embodiment, both the aming
terminus and carboxy terminus are chemically modified by acetylation and amidation,
respectively, Howsver, other capping groups are possible. For example, the amino
terminus may be capped by acylation with groups such as an acetyl group, a benzoyl
group, or with natural or unnatural amino acids such as bele-alanine capped with an
acstyl group, or by alliylation with groups such as a benzyl group or a butyl group, or by
sulfonylation to form suifonamides. Similarly, the carboxy terminus may be esterified, or
converted o a secondary amide, and acy! sulfonamide, or the fike. In some
embodiments, the aming terminus of the carboxy terminus may comprise a site for
attachment of a polyethylene glveo! (PEG) moiety, L.e., the amino or carboxy termini may
be chemically modified by reaction with & suitably funclionalized PEG.

[G098] Protecting peptides from endopeptidases typically involves identification and
elimination of an endopeptidase recognition site from a peptide. Prolease recognition
sites are weli known to those of ordinary skill in the arl. Thus it is possible to identify a
potential endoprotease recognition site and then eliminating that site by altering the
amino acid sequence within the recognition site. Residues in the recognition sequence
can be moved or removed to destroy the recognition site. Preferably, a conservative
substitution is made with one or more of the amino acids which comprise an identified
protease recognition site.



A, Additional Structure-Activity Relationship Studies

[00108]  Additional structure aclivily studies were conducted, 1o further evaluale the
effect of properties of each subunit in the compound on its therapeutic activity. These
studies are now 1o be described with reference o Example 5.

f601011 A series of compounds having an L-amino acid residue substituted fora D-
aming acid residue were prepared based on the PTH-lowsring scaffold Ac-o(Clarrrar-
NH, (SEG 1D NO:3). The compounds were administered to subjects and plasma PTH
levels were gssessed prior to dosing and 1, 2, 3 and 4 hours after dosing, as described
in Example 5 and the AUC was calculated as the sum of the PTH conceniration values
at the time points of 1, 2, 3 and 4 hours, normalized by the AUC for the saline contrel at
the same time points, mulliplied by 100, The resulis ars shown in Table 4.

Table 4
=ffect of L-Amino Acid Subsiitution on Polency

+ i vive Fotivity In normal Tats |
SR, oL 10E o makg W bolus
‘Compound Name | Structure % PTHAUCT of saii;x'e control
SEQIONOS | Acc(ClarmarNr; | B |
SEQ D NO:34 Ac-C{Clarrrar-NH, 1 17
SEQ D NO:GS Ac-c(ClArrar-NH, | 68
SEQ I NO:GE Ac-c{ClaRrrar-NH, | 87
SEQ D NOSY Ac~c{ClarRrar-Ni, | 182
SEQ D NO:38 Ao-c{CrarrRar-NH, | 130
SEQ D NO3R Ac-e{ClarrrAr-NH, | 128
SEQ 1D NG440 Ac-c(ClarraR-NH, | 142
Salins 100

*PTH reduction following 0.5 mg/kg IV administration in isoflurane-anesthetized normal
rais — PTH was measured at 1, 2, 3 and 4 hours post administration and cumulative

AUC was calcuisted. PTH data were calculated according to the following formuta:
Auccmpd treaied[AUCssline c:.»rttrv:ﬂi“E 00

[00102] The exemplary compounds shown in Table 4 were chemically modified at
both the N-terminus and the C-ferminus, as indicated by the Ac and NH, designations.
The sequence of seven subunits carrrar (SEQ 1D NO.3), wherein all subunits were D-
amino acid residues, was modified by replacing one subunit at a time with an L-amino
acid. The X subunit was a D-Cys residue {or L-Cys residue in SEQ 1D NO:34)
conjugated via a disulfide linkage to an L-Cys residue, as indicated by the parenthetical
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designation (C}. The PTH-lowering in vivo dala in Table 4 shows that chirality of Arg
and Ala affect activity of the compounds. It one embodiment, a compound of the
sequence Xq - Xy~ Xg— X, - X5~ Xg ~ X, is contermnplated, where at least the subunits
identified as X, and X are D-amino acid residue subunits. in another embodiment, the
subunits ideatified as X, Xs, X and X; are D-amino acid residue subunits. ina
preferred embodimend, the subunils identified as X, Xy, Xs, Xg and X5 are D-amino acid
residue subunits. In most preferred embodiments, the subunits identified as X,, Xs, X4,
Xe, Xg and Xy ave D-amino acid residue subunits, and all of the subunifs X, X, X3, X,
Xg, X and X; are D-amino acid residue subunits,

[G0103) In other studies, R also was found that subsiitution of 2 peptide having alt
L-aming acids with all D-amino acids did nol reduce the in vilro activity of the psplides
tested; in fact, peptides composed entirely of D-amino acids appeared o enhance the
potency for activation of the CaSR. It was also shown that some of the cationic
{arginine} residues, at specific positions relative to the cysteine residue, could be
substituted with uncharged (alanine) residues with minimal effect on the activity toward
the CaSR.

1001041 To further characterize the relationship between structure and activity against
the CasSR, a varety of cationic peptides with different numbers (4 to 8} of arginine
residues {all of which contained an N-terminal cysteine) were tested using the HEK-293
in vitro cell assay. A direct corrslation was found between the numbaer of cationic
subunits and the potency of the compound, where potency is evidenced by ability {o
activate the CaSR. Reducing the number of cationic (.9, arginine) subunits rom Stc 4
resulfed in the largest shiff in potency (»10-fold) suggesting that there may be an activity
inflection point between compounds having these net charges, that a cationic subunit at
subunit Xg is preferred for activity. Accordingly, the compounds of the structure X - X; -
Ky Ky =~ Ry~ Ko~ X7 atre confemplated, wherein Xs is a cationic subunit. In certain
embodiments the X4 is a subunit comprises a thiol group that is capable of reacting with
another thiol group under physiclogic conditions (a “reactive thiol”, intending a thiol that
regcts with another thiol (e.g., cysteine with cysteine) under physiclogic conditions of pH
7.4 and body femperature).

[00408]  Unexpeciedly, Ac-crirm-NH; (SEQ 1D NO:B} with six cationic residues, when
evaluated in vivo, exhibited greater and more prolonged activity than Ac-crrrerrre-NH,
(SEQ 1D NO:41), which has eight cationic residues. This is in conirast {o the observation
that SEQ 1D NO:41 was more potent at activating the CaSR in this in vifro cell assay.



Yithout wishing to be bound by theory, it is thought that the supericr performance of
Ac-crrrrre-N, (SEQ 1D NOB) In vive may stem from betler pharmacokinetic propertiss of
Ac-crrrrr-NH, (SEQ 1D NO:8), because Ac-crromrrr-Ni, {(SEGQ 1D NO:§441 is expeciad (o
be {aken up info cells by vidue of its cell-penelrating characteristic, and thus removed
from proximity to the active portion of the CaSR.

BO108}  To further explore the structure-activity relationship of Ac-crrrr-NH (SEQ ID
NO:B), some of the cationic (argining) residues were replaced with uncharged (alanine)
residues. It was found that replacing the cationic (arginine) residues af subunit positions
Xq and Xs resulted in a compound (SEQ 1D NO:15) that had significantly reduced
potency in vitro in activating the CaSR. By contrast, replacing the cationic (argining)
residues at subunit positions X, and X resulted in a compound (SEQ 1D NOZ6) that
retained much of the potency seen with Ac-crrrrr-NH; {SEQ 1D NO:8). These resulis
suggest that the position of charged residues in the compound contributes o polency
and, in some embodiments, may oulweigh the contribution of total positive charge of the
peptide. i also appears thatl cationic (arginine) residues al certain positions, such as
subunit position X;, contribute disproportionately to potency,

{00107} 1t was found that the presance of an N-terminal cysteine markedly enhances
the potency of the peplides for activating the CaSR. The CaSR is a 7-transmembrane
G-protein-coupled receplor with a large extraceliular domain that funclions as a
homodimeric receptor. Thare arg 18 cysieine residues in the extracellular domain, some
of which have been shown by polymorphism or mutational analysis 1 be important for
receptor activity, Of parficular note are cysteines 129 and 131 of the Loop 2 region of
the extraceliular domain. Cystelnes 129 and 131 are thought to form an intermolecular
disuifide bridge between the two monomers of the receplar complex, which is in a closed
or inhibited configuration. Mulation of cysteine 129 activates the CalSR, as do a number
of other mutations including a full deletion of the Loop2 region. The enhanced pofency
provided by the N-ferminal cysieine residue in the described compounds could result
from a specific inferaction with one or more of the cysleine residues in the extraceliular
domain of the CaSR.

{00108]  To further evaluate the effect of chirality of aminge acid substitutions on in vitro
CaSR activity, a series of analogs of Ac-crorrrr-NH, (SEQ 1D NO:8B) were generated
coniaining L-amine acid or achiral amine acid (glycineg) substitutions at various positions
and tested for polency against the Ca8R. Tesied analogs included Ac-cGrrrGr-NH;
{(SEQ D NO42), (i Ac-cArTAr-NH, (SEQ 1D NO:43), and (i) Ac-CaRrRaR-NH, (SEQ
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D NG:44). Al of the foregoing analogs had significantly lower potency than Ac-arrrr-
NH: (SEQ 1D NO8), ranging from a 10-fold difference for SEQ 1D NO44 (the most
potent of the thres analogs) and a more than 2000-foid difference for SEQ 1D NG:43 (the
izast potent of the three analogs). Ac-carrrar-NH; (SEQH D NG:28), in which cationic D-
amino acid residues (D-argining residues) at positions 2 and 6 of B3EQ 1D NOE were
replaced by uncharged D-amino acid residues (D-arginine residues), the change in
activity was much less (~3 fold difference). Thus, surprisingly, it was found that
interrupting the all D-aming acid residue of Ac-crrrrre-NH, (BEQ 1D NO:8) with two or
more L-amino acid residuss resulted in a significant reduction in potency. Also
surprising was that potency was decreased more than 80-fold when the interrupting
residue was an uncharged achiral amino acid residue {glycine residus) compared to
when it was an uncharged L-amino acid residue {(L-alanine residue),

(601081 Also surprising was that replacing the two uncharged D-amine acid residues
(D-alaning residues) of Ac-carrrar-NHy (SEQ 1D NO:Z8) with their L- counterparts (3EQ
D NO43), resulted in a greater than 500-fold decrease in polency, while repiacing them
with an uncharged achiral amino acid residue (glycine residue) (SEQ 1D NO:42) resulted
in less than an 8-fold reduction in potency,; and that replacing three cationic D-amino
acid residues {D-arginine residues) of Ac-canrar-NH, (SEQ 1D NG:26) with their L-
counterparts (SEQ 1D NO:44), resulted in less than a 4-fold difference in potency,
{00110  The activity of a variety of peplides and conjugates was tested against the
human CaSR. These studies were conducted by measuring 1P, production in HEK283
cells that express the hurnan CaSR. The ECs; values are shown in Table 5. Each
peptide was {ested in eight different concenirations, in duplicates, to establish & dose
response curve, Curve fitting was performed using GraphPad Prism. In Table §, and
thoughout the specification, residues provided in capital letiers are L-amino acids, while
lower case lefters indicate D-amino acids. "Ac” indicates an acetyl capping group, “NH,’
indicates an amide capping group, “Ac-bAla” is an acetyiated beta-alanine, “G8H"
indicates reduced glutathione, “G&° indicales oxidized glutathione, “PEG” refers to
polvethylene glycol, "PEG2” and “PEGY” refer {o polyethylene glycol moieties of 2kDa
and 5kDa, respectively, and "Mpa” refers to mercaptopropionic acid, A group bracketad
by parentheses indicates that group or molely is attached to the side-chain of the

preceding subunit or amine acid residue.



Table 5

BRI AN R SRS e

- Compound Nams CStruchere | + ECsn (uM)
(SEG 1D NO-45) t}ﬁaﬁpaa\%’D
{SEQ D NO:47) A&&YGRKKRRQRRR-NHZ 2!
(SEQ D NO48) QPE}YHDAGE
(SEQ ID NO4T) Ac—(‘}iYGRKKRRQRRR»NHg 2!
(SEQ 1D NO:4T) Ac-CYGRKKRRQRRR-NH; 4.5
(SEQ 1D NG:48) Ac-YBRKKRRQRRR-NH; 16
(SEQ 1D NG:A4Y) Ac-crrrrrrrr-NiH, .3
{SEQ 1D NOE) Ac-crrrrir-Ny 0.5
(SEQ 1D NOHS) Ac-cararrr-NH, 13
(BEQ 1D NO:26) Ac-carrrar-NH, 18
{SEQ ID NO4) Ac-crrve-MNs 18
{SEQ D NO:5) Ac~crrrrr-NH, 2.5
{SEQ D NOT) Ac-creerrrr-Nh, RS
{(SEQ 1D NO4D) Ac-cargarr-NH; 1000
{SEQ D NO:B) Ac-parrrer-Nid, 1.1
{(SEQ D NOE) Ac-crarrrr-Ny 1
{(SEGQ D NO:G Ac-crrarr-Ni, 1.1
(SEQ 1D NG5 Ac-ovgrickergrrr-Ni, 2
HoN-crrerr-Ni,
{SEQ 1D NO:ST) | 0.44
HoN-crrrrr-NHp
{SEQ 1D NO:3) Ac-c{Clarrrar-NH: 1G
Ac-carrrar-Ni,
(SEQ 1D NO:B2) t 0.7
Ac-carrrar-Ni,
(SEQ D NO:3M Ac-bAla-crrrrrr-NH, 1
(SEQ 1D NO:53) Ac-o(BS)rrrT-NH, 78
(SEQ D NO:54) GS-orrrn -
(SEQ ID NQ:SE) Ac-clAc-Charrrar-NH; 21




Gmmp‘gunﬁ Name Structure ECs (b}
(SEQ 1D NG5G Ac-c{Mpalarrar-NH, 21
{SEQ 1D NO:BT7) Ac-ciPEG2-Clarrar-NH; 2.3
(SEQ 1D NGE8) AC-C{PEGE-Cyrrrrr-NH, 0.58
{SEQ D NO:BS) AC-C{PEGR-Cirerrr-Ni, 0.02
{(SEQ 10 NO34) Ac-ClCarrrar-NH; 2.5
(SEQ 1D NO:BO) c{Clarrrar-NHs 3.1
(SEQ ID NO:E1) Ac-bAla-c{Clarrrar-NH, 2.6
(SEQ 1D NO:&2) bAla-c{Clarmrar

(SEQ ID NC:42) Ac-cGrrGr-NH; 12
(SEQ 1D NOB3) Ac-cGrrGr -
(SEQ 1D NO:B4) AG-CAFTTAT .
{(SEQ 1D NO:A43Z) Ac-cArrAr-NH; >4000
(SEQ 1D NO44) Ac-CaRrRaR-NH; 58
{SEG 1D NO:65) Ac-ovrrryr-Nig 3%
(SEQ D NO.E8) AC-CvrrT -
(SEQ ID NOBT) Ac-Crrrrre-NH; 6.2
{SEQ 1D NOES) Ac-carrer-Ni; 82
{(BEQ I NOGD) Ag-cerrrar-NH, 31
{(SEQ ID NO:72) Ac-caiorar-NH, 35
(SEQ 1D NOT3) Ac-carkrar-NH; 31
(SEQ 1D NO743 Ac-carrrar-Oi 21
{(SEQ D NO11) Ac-~crrrarr-NH; 59
{SEQ D NO12) Ac-crrrrar-NH, 0.45
(SEQ ID NC13) Ag-crrrrra-NH; 11
{(SEQ 1D NOTE) AC-CARRRAR-NH; 58
{SEQID NO:78) Ac-caarrrrr-NH, 4.5
(SEQ D NOTT Ac-caaarrr-NH, 48
(SEQ D NOITSE) Ac-carararar-NH, 53
(SEQ D NO:29) Ac-arrrar-NH; >1000




Compound Name - | Structwre . | ECeo (M)
(SEG ID NOGTS) Ac-carrrarar-NH, 13 |
(SEQ 1D NOsh) crrrrr-iHs 1.4
{SEQ 1B NO:3Z) Ac-gdHoy rrrerr-NH; 2
{SEQ 1D NOSEY Ac-c{Benzoyhrrmm-NH, 386
{SEQ 1D NO:82) Ac-clacetylirrrrr-NH, 4.1

00111} In another study of the structure aclivity relationship, the contribution of non-
cationic aming acids 0 the polency of the peplides was evalualed by preparing a series
of peptides with various D-amino acid residues or glycine {Table 8) or with sterically-
hindered non-natural aming acids (Table 7), substituted at various positions in the
peptide Ac-carrrar-Nid, (SEQ 1D NG:26) and in the peptide Ac-crrarar-NH, (SEQ {D
NO153). The peptides were adminisiered as an 1V bolus to normal Sprague Dawley
rats at @ dose of 0.5 mg/kg. An intravenous {(IV) bolus of saline was used ag a control.
Plasma PTH levels were assessed prior to dosing and 1, 2, 3 and 4 hours afier dosing.
The resulls are shown in the tables below, and indicate that: 1) a small amino acid such
as alanine, glycine or serine is preferred at posifion 6 in the Ac-carrrar-NH; peplide
(SEQ 1D NO:26), and 2} the alanine in position 2 in Ac-carmrar-NH, (SEQ 1D NO:26} is
much more permissive to substitutions and can be substifuted with hydrophobic {e.g. D-
Val, D-Lew), aromatic {e.g. D-Phe), or polar (8.9, D-Ser, D-Gin} natural amine acids as
well as non-natural bulky hydrophobic amine acids (e.g. diNie, dNva) but not acidic ones,
and that 3) the alanine residus in position 4 of the Ac-crrarar-NiH, (SEQ 1D NO:25}
peptide is also very permissive to substitutions and can accommodaie most types of
natural aming acids (as well as non-natural bulky hydrophobic amino acids (2.g. dhie,
diNva) but is not permissive to amino acids that affect secondary conformation, namely
glycine or proline or amino acids with acidic side chain.



Table §

Activity of Examplary Peptide Compounds

in vivo activity
in normal rats™
SEQ D NG, Compound Structure” 0.5 g;%uig v
% PTH AUC of
saline contro!
Saline Saline 100
SEQ IDNOS3 Ac-carrfr-NH; 177
SEG 1D NO:B4 Ac-carrrir-NH, 181
SEQ 1D NO:ES Ac-carrrir-NH, 140
SEQ D NOGS Ac-carrer-NH, 81
SEQ D NO:BT Ac-carrrvr-NH, 74
SEQ ID NOES Ag-carrrpr-NH, 78
SEQ D NO:BS Ac-carrthr-NM, 48
SEQ 1D NO:QD Ag-carrrgr-Nid, 41
SEQ D NO.81 Ac-carrrir-NH. 18
SEQH D NOB2 Ac-carrrsr-NH, 5
SEQ 1D NO:93 Ac-carrrGr-NH, 5
SEQ D NO.84 Ac-carrrar-Nis 103
SEQ ID N85 Ac-ctarrar-Nis, 45
SEQ 1D NGBS Ac-Cirrrar-Ni, 33
SEQ 1D NO:g7 Ag-cprrrar-NH, 30
SEQ D NG:S8 Ac-clrrrar-NH; 26
SEQ D NO:g8 Ac-cgrrrar-NH; 24
SEQ ID NG 100 Ac-clrrrar-NH, 23
SEQ 1D NO:10T Ac-crrrar-NiH, 19
SEQ D NOT0E Ac-csritar-Nids H
SEQ IDNO1G3 Ag-chrrrar-Nita 1
SEQ D NG04 Ac-cfrrrar-NH, 0
SEQ 1D NO:105 Ac-orrBrar-NH; 53¢]
SEQ ID NON0G Ac-criprar-iH, 88
SEQ ID NOMO7 Ac-orrerar-Ni, 58
SEQ 1D NO:108 Ag-grrtrar-NH; 13
SEQIDNG:108 Ac-orrhrar-Ni. 9
SEQ D NO:110 Ac-cirfrar-Nk, 8
SEQ D NOT14 Ac-orrsrar-NHs 4
SEQ D NO:12 Ac-crrgrar-NHs 4
SEQ 1D NO:I113 Ag-crrvrar-NH, 3
SEQ 1D NO:114 Ac-crrirar-NH, 1
SEQ D NO:1IS Ac-grrirar-MNH, 0

* Boided font indicates respective substitution of alanine residues in Ac-carrrar-Nk,
(SEQ D NO: 6) or Ac-crrarar-NH, (SEQ {0 NOu28),
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** PTH reduction following 0.5 mg/ kg ®/ administration in isoflurane-anssthetized normal
rafs - PTH was measured at 1, 2, I and 4 hours post administration ang cumulative AUC
was calcidated, PTH data ware ualcuéaf:ed according to the following formuta: AUC e
L‘tatedf Aucsaime wmmihﬁ (JG

Table 7
Activity of Exemplary Peptide Compounds

i vivo activity
in normal ratg®
SEQ ID NO. Compound Structurs” 0.5 mg/kg 1V
bolus
% FTH AUC of
saling controi™
Saline Saline 100
SEQ 1D NO116 Ac-crr-Sar-rar-Ni, 141
SEQ D NO: 117 Ac-parre-Sar-r-Niy 111
SEQ 1D NO:118 Ac-c-Nma-rr-Nma-r-NH, 105
SEQ D NG 119 Ao-crrar-Mma-r-NH, 101
EQ D RO:20 Ac-g-Aib-rir-Aib-r-NH; 84
SEQ D NOt21 Ac-crr-Mma-rar-NH, 88
SEQ ID NO122 Ac-carrr-Nma-r-NHs 74
SEQ ID NG123 Ac-r-Ally-rirar-pHs 70
SEQ D NO:124 Ac-carrr-Alh-r-NH, &8
SEQ 1D NO:125 Ac-c-Sar-rrr-Sar-r-NH, 85
SEQ D NO128 Ag-crrar-Sar-r-NHs B2
SEQ ID NO:127 Ac-c-Mma-rrrar-NHa 56
SEQ D NO:128 Ac-c-Sar-rrrar-NHa 50
SEQ ID NO:128 Ac-carr-Nis-r-NH, &4
SEQ 1D NO30 Ac-g-cidlg-rrr-gdNie-r-NH; 54
SEQ ID NO:131 Ac-carrr-cdNva-r-NH, 54
SEQ ID NO132 Ac-c-diva-rrr-dNva-r-NH, 27
SEQ ID NO:133 Ac-crrar-diie-r-NH, 26
SEQ IDNO34 Ac-c-diNle-rrrar-NH, 10
SEQ D NOI3B Ac-crrar-diva-r-NH, 8
SEQ D KRO:36 Ac-c-gdNva-rrar-NH, 7
SEQ D NO137 Ag-orr-diva-rar-NH. 3
SEQ 1D NO:13§ Ac-crr-tiMig-rar-NH, 3

*Beilded font indicates fpspactwe supstitution of alaning residues in Ac-carmar-NH; (SEQ
1D NO:26) or Ag-crrarar-hi, (SEQ 1D NO28). Sar = the non-natural aming acid
Sarcoséne: Mma = N-mathyl alaning; AIB = amino iscbutyric acid; dNva = D-Norvadine;
didiz = D-Norlsucine

*PTH reduction foliowing 0.5 ma/kg IV administration in isofiurane~-anesthetized normat
rals - PTH was measured at 1, 2, 3 and 4 hours post adminisiration and cumulative AUC
was calculated. PTH data were calculated according 10 the following formula: AUCume
:reme:.i/ AUC saiine ccntmi*? 00,



Table 8

Activity of Exemplary Paptide Compounds

i vive activity in
normal rats™

SEQ ID NO. Compound Structure® 0.5 mglkg 1V bolus
% PTH AUQ of saline
control
Saline Saline 100
SEQG D NG 87 Ac-cfyarmrar-NH, 8
SEQ D NO: 101 AS-c{B8) rrrr-NH, 12
SEQ D NO:138 Ac-c{dHoyiarrar-NH; 32
SEQ D NO140 Ac-c(Mpalarrar-NH, 25
SEQ 1D NG: 141 Ac-clAc-Clarrrar-NH, 38
SEQ IDNO 142 Ac-cfclarmar-Nid, g
SEQ D NOi43™
Ao-o{G-PEG20rrre-NH, 25
SEG 1D NO: 1440
Ac-c{G-PEGATrrrr-NH; 18
SEQ ID NO145 CEEEEEE
%
Ac-crrrr-NH, 40
SEQ D NO: 145 CEEEEEE
SEQ 1D NO28 Ac-carrrar-NH, 42
SEG D NO25 Ac~crrarar-NH,
H
SEQ 1D NO:25 Ag-crrarar-NH, Z

SEQ D NO:28

SEQ 1D NOZ26

Ac-carrrar-NH;
|

1
Ac-carrrar-NH,

*
1

*Bolded font showing in paranthesis indicates respective thiol-containing conjugating groups.
G5 = oxidized glutathions, dioy = D-homocysteing; Mpa = Mercaploprogionic acid, PES =

polyethylens glyool

** BTH reduction following 0.8 magfkg IV adminisiration in isoflurane-anesthetized normal rats
- PTH was measured 5t 1, 2. 3 and 4 hotrs post administration and cumulative AUC was
gaiculated. PTH data wers caiculated sccording to the following formuia: AUConee

1§ ¥
gr‘%aiea”\dusmme contrat” 120,

Compound was dosed at 10 mg/kyg (~ squivalent molarity 1o a 0.8 my/kg non-PEGyhated

peptide)

Compound was dosed at 20 mg/kg {~ equivalent moladity to a 0.5 mgkg non-PEGylated

peptide)

B. Histamine Response and Structure-Activity Relationship Studies

[001121  Poly-cationic compounds have heen reportad in the literature fo frigger the

release of the aclive biogenic aming histamine. See Church et al., [ Immunol

128(5).2116-2121 (1882); Lagunoff et al., Ann, Rev. Pharmacol, Toxicol., 23:331-581

{1983). 1t is thought hat histamine release is a result of mast cell and basophil




activation ocourring in g Gai dependent manner. See Aridor et al, J. Celf 8Biol,,
111(31:808-17 (1880). Reducing or eliminating this physiclogical reaction is desirable,
intar afia, for improving the therapeutic margin of cationic peptlide calcimimetics for the
treatment of SHPT.

(001431 Studies were conducted to evaiuate the histamine release induced upon in
vive administration of the compounds described herein. iy a first study, described in
Example 8, dosing by 1Y bolus or infusion into normal Sprague Dawley rats was used t©
evaluaie histamine release associated with various compounds. To evaluate the effect
of net positive charge on the histamine release associated with a compound, peptides
containing 4 to 7 cationic {arginine) residuss were generaled and tested for their ability
te trigger histamine release in vivo, according to the procedure described in Example 6.
The tested peptides included () Ac-crv-NH, (SEQ D NO:4), (1) Ac-crre-NHy (SEQ D
NO:EY, (i Ac-crrrrre-NH; (SEQUID NO:8) and (V) Ac-crrrerere-NH, (SEQ 1D NO41).
{00114]  As shown in Fig. 8, when an eguivalent number of moles of each peptide was
administered by IV bolus to normal rats, SEQ 1D NO:41 {8 arginine residues) displayed
the largest induction of histamine. Qther compounds with fewer Arg residues, including
SEQ ID NGO (8 arginine residues), SEQ 1D NO:5 (6 arginine residues), and S2Q 1D
NO:4 (4 arginine residues), also produced a spike in histaming level, but {0 a lesser
exient compared to SEQ 1D NO:41. SEQ 1D NO:6, SEQ IDNCS and SEQ IR HNG4
generated milder responses in their histamine release activity (~2-3 foid above
baseline). SEQ D NO:S and SEQ 1D NO4 were, howaver, jess potent than SEQ 1D
N8 with respect (o loweting plasma FTH.

f00118] Because the PTH-reducing activity of Ac-crrrrrr-NH, (SEQ 1D NO:6) was
accompanied by lack of a histamine response, additional evaluations were conducted
based on Ac-crrrrir-MH, (SEQ 1D NG:8) in order to evaluate whether #f was possible to
stilt further decrease histamine response without sacrificing PTH-lowering aclivity. As
will be shown in the data below, substitution of cationic (arginine) residues in Ac-crrerr-
N, (SEQ 1D NO:8) with non-cationic (alanine) residues was performed fo produce a
series of analogs with an overall reduced net charge and reduced charge density, Of
these analogs, both Ac-carar-NH, (SEQ 1D NO:15) and Ac-carrrar-NH, (SEQ D
NQ:28) were associated with lack of a histamine response when administered 1o rats by
B bolus, importantly, these two peptides retainsd their potent calcimimetic properties
and were able to reduced PTH secretion in both normal rats and rats with renal
dysfunction.
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{00118]  The compound Ac-crirrr-NH; identified as SEQ 1D NGOG (2.1 umolekg = 2.
mgikg} triggered an observable histamine response of about 2-3 fold aver baseline
compared {o 6-8 fold with SEQ 1D NO:41 when dosed by 1V bolus  {given over less than
1 minute) in normal rats. The histamine release triggered by Ac-crrme-NH; (SEQ ID
NCLB) peaked at 5 minutes after dosing and returned 10 baseline levels 18 minutes later
{Fig. 3). Further reduction in the number of charged subunits to § and 4 arginine
residues per peplide (SEQ D NOC:E and SEQ 1D NOQ4, respectively) further reduced the
histamine response as compared with the longer olige-arginine peptides; however. a 2-3
fold increase in histamine over baseline was stilf observed 5 minutes after IV bolus
dosing (Fig. 3). These resulis suggest 2 relationship between the net charge of the
peplide and the associated release of histamine. 1 is also noted that arginine-rich
peptides with fewer than 7 arginines are quite limited in thelr abillly 10 enter cells,
suggesting that cell penetration is nof required to trigger histamine release.
001171  The histamine release associated with the PTH-lowering compounds
Ag-crrrrrr-NH, (SEQ 1D NOG) and Ac-¢{Clarrrar-NH, (SEQ 1D NO:3) was evaluated in
vivo, The compound Ac-o{C)armrar-NH, (SEQ 1D NO:3) has the following structure:

c

Ac-carrtar-Nida
{SEQGIDNO: 3)

This conjugate structure is denoted herein as Ac-c{Clarrrar-NH; (SEQ 1D NO:273 where
the L.-Cys residue linked to the thiol-containing residue in the X, subunit of the
compound {here, a D-Cys residue) via a Cys-Cys disulfide bond, Is placed in parenthesis
in the formula. This notation is used throughout to designate that the parenthetical
maoiety is linked fo 2 second thiokcontaining group. Relative to Ac-crrmmr-NH (SEQ 1D
NO:8) the compound Ac-o{ Clarrrar-MHy (SEQ 1D NO: 3) has two cationic {arginine)
residues substituted with uncharged (alanine) residues at subunil positions X and X3, In
addition. the D-Cys residue in the X; position is conjugated to an L-Cys residue,

[08118]  These twoe compounds wers administered o isoflurane-anesthetized rats
{Sprague Dawley) at 3 mg/kg by intravenous (V) bolus (given over less than 1 minute).
Biood was drawn prior to dosing and a 5, 15 and 30 minutes afier dosing. Histamine
concentration was measured, and the fold change in blood histamine concentration
relative to the pre-dose blood histamine conceniration is shown in Fig. 4. The
sompound Ac-crerrrr-NiH, (SEQ 1D NO:S, open bars) induced a histamine response,
observed at the data peint 5 minutes post-dosing where a 7-fold increase in histamine



tevel was ohserved. The compound Ac-c{Clarrrar-NH; (SEQ 1D NO:3, cross hatched
bars) induced no apparent histamine response, as seen by the data points at 5, 10 and
15 minutes post dosing where the histamine level was not increased relative o the pre-
dose {time zero} histamine level.

{00118]  To further evaluate the relationship between compound structure and
histamine release, a series of compounds was prepared and assessad for their ability to

trigger induction of histaming in an in vifro assay using rat peritoneal mast cells. In this

assay, cornpounds are incubated at 10 uM for 15 mimdes at 37°C with cells isolated

from peritoneal lavage of SD rats, Following incubation, cell medium is collected and

histamine is defermined. The data is shown in Table 8.

Table 8
in vitro Histamine Induction in Bat Peritoneat Mast Celis of Exemplary Peptide
Compoaunds
*Histamine in
SEQ D NG, Compound Seguence . vitro F:)lcf
change of non-
treated at 10uld®
Saline Saiing 1.0
SEQ ID NGO & Ag-crrrmrr-MNiy 11.5
SEQID NG 8 Ac-carrrr-MNk, 6.8
SEC D NOS Ac-crarmr-NHz 8.8
SEQ D NGO An-crrarr-NH, 53
SEQ D NGO Ac-crrearr-NHy 50
SEQ D NO2 Ac-crrrrar-Ni; 5.0
SEQ D NGH3 Ac-crrrrra-NH;, 4.1
SEQ ID NO:15 Ag-cararm-NH; 2.5
SEQ 1D ND:22 Ac-caarmr-Ni, 1.2
SEQ ID NO:7 Ac-crraar-NH, 1.3
SEG D NO:148 Ag-crirraa-Ni, 1.8
SEQ 1D NQ:28 Ac-carrrar-Ni, 1.4
SEQ D NO:3 Ac-o{Clarrrar-MNH, 0.6
SEQ ID NO:16 Ac-carrarr-iMH; 1.4
SEQID NOMS Ac-carrrra~Ni 1.3
SEQ ID NOG:23 Ac-crarrar-NH; 1.5
SEQ D NGB Ac-crararr-NH: 1.4
SEQ 1D NOG:2O Ag-crarrra-MH, 1.1
SEG D NOC:2& Ac-crrarar-NH;y 1.2
SEQID NG 14 Ag-crrara-NH, 1.6
SEQ 1D NO130 Ac-o-dNie-rrr-dNie-r-NHM, 9.2
SEQ D NO:132 Ac-c-diva-rrr-diNva-r-Nid, 4.1
SEQ D NO28 Ac-c{Chrarar-Nip 8.7
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*Mistamine in
witro Fold

SEQ D NO. Compound Sequence change of nan-
treated at 10uld”
SEQID NG:24 Ac-craany-NHs 1.0
SEQID RO:21 Ac-crrraar-NH; 1.0
SEG D NO:134 Ac-c-dNle-rrrar-NH; 2.2
SEQ D NO:128 Ac-carrr-giig-r-NH, 2.8
SEQ ID NO136 Ac-c-dNva-rrar-NH, 2.1
SEQ D NOT3 Ag-carrr-dNva-r-Ni, 1.8
SEQ D NOM33 Ag-crrar-ghie-r-NH, 4.3
SEQ D NO138 Ac~crrar-cNva-r-Niy 1.4
SEQ D NO:S Ac-cGrirar-NHs 1.5
SEQID NOSS Ac-carrrar-Nid, 1.9
SEQ D NO:103 Ac~chrrrar-NH, 1.8
SEQ I NGRS Ac-gitrrar-NHy 3.0
SEQ D NG:e8 Agc-clrrrar-Ni, 2.2
SEQ D NO97 Ac-cprrar-NH; 0.8
SEQ D NO1D2 Ag-csrrrar-NH, R
SEQ D NOOU Ac-chrrrar-hNH, 1.1
SEQ D NOO1 Ac-gvrrrar-hNHs 1.5
SEQID NO:e3 Ac-carrGr-NHy 0.9
SEQ 1D NOSBO Agc-carrgr-MNiy 0.9
SEQ D NOC:8S Ac-carrhr-Nip 2.G
SEQID NG:84 Ac-carrrir-hNby 1.8
SEQ D NO:BS Ac-carrrir-NH; 2.5
SEQ D NGBS Ac-carrpr-NHy 1.0
SEQ D NOg2 Ac-carrsi-MH; 1.2
SEQ D NG9 Ac-carrrir-Ni, 1.7
SEQ D NO:E7 Ac-carrrvi-ib, 1.2
SEQ D NOu147 Ac-cakkkak-NH; 1.7
SEQ D NO72 Ac-cakrrar-NH, 1.4
SEQ ID NO:73 Ac-carkrar-NH; 1.4
SEQID NOIOB Ac-crrGrar-NH, 1.8
SEQ D NO:112 Ac~crrgrar-Ni, 1.2
SEQ D NO;109 Ac-crrhrar-NH; 2.3
SEQ IDNO115 Ac-orrirar-NH, 3.4
SEQ D NQ: 114 Ac-crirar-MH, 4.5
SEQ D NO:106 Ag-crrprar-iid, 1.4
SEQ 1D NO: 11 Ac-crrsrar-Nb, 2.0
SEQ I NO108 Ac~crrirar-NH, 1.2
SEQ 1D NO:113 Ac-crryrar-NH; 1.9
SEGQ D NO04 Ac-cfrrrar-NH, 6.8
SEQHID NO:83 Ac-carerir-NH; 4.0




*Histamine in
SEQ 1D NG, Compound Sequence chz:f; ° ;ﬁiin_
treated at 10ul”
SEG D NO:BS Ag-garrrer-NH; 1.3
SEQ D NO110 Ac-crirar-NH; 8.2
SEQ D NO1o7 Ac-orrerar-i, 0.6
SEQ 1D NO:RS Ac-carrkar-NH, 1.0
SEG D NO:70 Ac-carrrak-NH, 4.9
SEQ D NO:148 Ac~cararar-NH; 0.6
SEQ D NO2B Ac~orrarar-Nidy .3
Ac-carrrar-NH,
SEQ D MO 148 Ac-orrarGr-NH; 1.8
SEQ 1D NO:1580 Ac-crrargr-iNHs 1.8
SQ 3 NO:151 Ac-crrarhie-NH; 2.5
SEQ D NCh1s2 Agn-orraris-N; 4.1
SEQ 1D NO: 183 Ac-ca{DAP)rar-NH, 1.8
SEQ D NO:154 Ac-ca{dHar){dHan{dHarar 2.7
NH

*Method sel forth in Example 7
Abbraviations: See Example 7

[00120]

histamine release, a series of compounds was prepared assessed for their ability o

To further evaluate the relationship between compound structure and

trigger induction of histaming in an in vivo assays. The data is shown in Table 10,

Tabis 10
In vive Histamine Induction of Exemplary Peptide Compounds

* Histamine
response in vivo
SEQ 1D NO, Compound Structure Fold changs from
pre~dose lavels
5 post injection
2 mgfkg 1V bolus
Saline Saline 1.0
SEQID NOs Ac-arrrrrr-NHg 27
SEQ D NO:26 Ac-carrrar-hH, 1.0
SEQID NO2s Ag~crrarar-NHs 0.9
SEQ D NO:E Ac-cararr-NH, 1.0
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* Mistaming
response in vive
SEQ D NO. Compound Structure Fald change from
pre-dose levels
&' post injection
SEQ D NO8 Ac-crararr-NH; 1.1
SEQ I ND:20 Ac-crarrra-NH; 1.0
SEQ ID NO:1e Ac-carrrra-NH, 0.8
SEQ D ND:23 Ac-orarrar-NH, G.B
SEQ D NGH8 Ac-crararr-Nidy 1.0
SEQ D NO:27 Ac-o{Charrrar-Ni; 0.9
SEQ D NG:28 Ac~-{Cyrrarar-Ni; .8

*Method set forth in Example 7.

[00121] Accordingly, and as can be appreciated in view of the PTH dala and the
histamine data described hereinabove, in ong embodiment, a compound that has activity
o decrease PTH fevel in & subject in the absence of a histamine response is
contemplated. In certain embodiments, absence of a histamine response intends a dose
of the compound that produces a less than 10-fold, more preferably 8-fold, stilf more
preferably S-fold, and even still more preferably 3-fold, increase in histaming, measurad
in vitro in an assay as described herein, where the foid change is determined based on
histamine levels before incubation with the compound and afier 15 minutes incubation
with compound. In a specific embodiment, the histamine response is determined in an
in vitro assay using rat peritoneal mast cells isolated from peritonsal lavage of normal
Sprague Dawley rats, and whers the fold change is delermined based on histamineg
fevels before incubation with the compound and after 15 minutes incubation with
compound. In the studies conducted herein, the in vitro evaluation of histamine reilease
was performed gsing isclated rat peritoneal mast cells isolated by peritoneal lavage
using cold HBSS + 25 mM HEPES pH 7.4 containing heparin {(8u/ml). Cells were
washed twice in stimulation buffer (HBS5+25 mM HEPES pH 7.4) and incubated with 10
uhd of compound in stimulation buffer (HBSS8+25 mM REPES pH 7.4} for 15 minules in a
ad-well plate (108/well} at 37°C. Cell supernatant was analyzed for histamine using
histamtine EIA kit (Cayman # 588651}

(081227  In ancther embodiment, a compound that has aclivity (o decrease PTH level
in a subject in the absence of an clinical histamine response is conlemplated. As used



herein, absence of @ “clinical histamine response” infends s that a therapsutically
sffective amount ¢f a compound as described herein is administered to the subject
without producing a clinically adverse increase in plasma or biood histamine as
measured 5-10 minutes after completion of dosing or over the course of freatment. For
example, when & compound required o produce a desired therapeutic effect is
administered to @ subject by bolus {as used herein "bolus” means administerad over one
minute or less) produced an increase in plasma or blood histamine 5-10 minutes after
completion of dosing that is less than 15-fold, 10-fold, 8-fold, 8-fold, 7-fold, 8-fold, 5-fold,
4-fold, 3-fold, 2-fold above pre-dose levels.

[00123] As can be appreciated from the studies described above, in one embodiment,
the compound ¢omprises a sequence of 3 (0 35 amine acid residues, wherein a plurality
of positively charged aming acid residue subunits is present in the sequence. in some
embodiments, the described compounds comprise 5 {o 25 subunits, and in g preferred
embodiment each subunit is an amine gcid residue. In other embodiments, the
described compounds comprise 8 to 12 subunits. In siill other embodiments, the
described compounds comprise 3 to 8 amino acid subunits. In alternative smbodiments
the described compounds comprise 3,4, 8,6, 7, 8, 8, 10, 11, 12, 18, 14, 15, 1§, 17, 18,
19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 28, 30, 31, 32, 33, 34, or 35 subunits.

[G0i24]  The subunits of the described compounds are, in one embodimeant,
independently selected from natural or unnatural amino acids, or their analogs, and may
have sither the L- or D- configuration (axcept for glycine which is achiral). Glycine, the
aliphatic residues alanine, valine, leucine, or isoleucine, proline, the hydroxy! residues
serine and threonine, the acidic residues aspartic acid and ghutamic acid, the amide
rasidues asparaging, and glutamine, the basic residues lysine and argining, histidine. the
aromatic residues phenylalanine, tyrosine, and iryptophan, and the sulfur-containing
residues methionine and cysteine are all conlemplated for use in the described
compounds., The number of positively charged subunits, and their density can affect the
petency of the compound for reducing PTH. in some embodiments, positively charged
subunits are separated by one or more other subunils {“separating subunits”). In one
embodiment, the separating subunils are alanine residues. in some embodiments, the
chirality of the separaling subunit affects the potency of the compound.

[00125] Positively charged amino acid residues of the described compounds may be a
specific natural or unnalural residus, or analog thereof, having either the L- or D-
corfiguration (e.g., L-arginine) that is repeated in the sequence, or may be a varisty of
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natural or unnatural residues, or analogs thereof, having either the L~ or D~ configuration.
In some embodiments, the compound is a peptide comprised of from 3 o 20 positively
charged amino acid residues, 6 o 12 positively charged aming acld residues, 310 8
positively charged amine acid residues. in some embodiments, the peptides comprise
3.4,5,6,7 8 9, 10, 11,12, 13, 14, 15, 18, 17, 18, 18, or 20 positively charged amino
acid residues.

[R0128]  In some embodiments, the positively charged aming scid residues are
independently selected from natural amine acids. In some embodiments, the positively
charged amino acid residues are independenily selected from nalural andfor unnalural
amine acids. in some embodiments, the positively charged amino acid residues are
independently selected from the group consisting of arginine, lysine, histidine, 2.3-
diaminopropionic acki {Dap), 2,4-diaminobutyric acid (Dab), omithine, and
homoarginine. In & praferred embodiment, the positively charged amino acid residues
are arginine residues.

004277 In some embodiments, the compound is a peplide and is g single continuous
peptide chain or strand. In other embodiments, the compound is a peptide that s
branched. n still other embodiments, the peplide is conjugaied 1o one or more thiok
containing moieties (sach, a “thickcontaining conjugating group” or a “conjugating
group™, In a preferred embodiment, and as merely ilustrative, the peptide compound is
conjugated to a Cys conjugating group, via a (-8-8-) disulfide bond (for example -Cys-
Cvs-}. Ag used herein, the term "compound” is intended to encompass both such
peptides and such conjugates.

[00128] The compounds typically comprise one of maore thiol moieties, preferably one
or more reactive thiol moleties. Subunits that have a thiol group include non-amino acid
compounds having a thiol group and aming acids with a thiol group. The thiol group of
the thiol-containing subunit may be in a conjugated form {8.g., via 5 disulfide bond o 3
conjugating group) of in an unconjugated form (Le.. a5 g reduced thiol). In a preferred
embodiment, whan the thiol group is in sither an unconjugated form or a conjugated
form, it is capable of forming a disuffide bond with a thiol-containing group. The thiol
containing residue may be localed at any position along the peptide chain, Including the
aming {erminus, the carboxy erminus, of some other position. I a preferred
embodiment, the thiol-containing residue or subunil may be located al the amino
ferminus. In other embodiments, the thicl-containing residue or subunit may be losated
at the carboxy ferminus or within the peplide sequence.
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001291 Some represemtative examples of thiok-containing residues include, without
limitation, cysteine, mercapiopropionic acid, homo-cysieine, and penicillaming. When
the thiol-containing residue contains a chiral center, § may be present in the L- or D-
configuration. in a preferred embodiment, the thiol-containing residue is cysieine.
08130  In some embodiments, the cross-linkage between the thiol containing subunit
st the X, position in the compound and the thiolcontaining conjugating group may be
cleavable and/or exchangeable with other thiol-containing conjugating groups such as
cysteine (&.9., by reduction of the disulfide linkage) in vivo to yield a biclogically aclive
form of the compound. in this way, the conjugate may function as a pro-drug of the
compound. A conjugating group also may be used (o modify the physicechemical,
pharmacokinstic and/or pharmacodynamic properties of the described compounds (e.g.,
conjugation via a disulfide linkage o o large PEGyiated moiety to enhance the
pharmacokinetics).

901311 In some embodiments, the compound is 2 peplide comprised of the amino
acid sequence (Kas-{(Xaant-{Xasa-(Rase}-{Xaas){Raasi-{Xaar} (SEQ 1D NOI185}, wherein
{(Xae1) I8 @ thick-containing amino acid residue, {Xae2) is 8 non-cationic amino acid
residus, {(Xaaa) is any amine acid residue, (Xaae) 18 any aming acid residue, (Kues) 8 2
cationic amino acid residue, (Xae) is 2 non-cationic residue, and (X7} 18 any amino acid
residue. The peptide may be modified at the N-tenminus, the C-terminus, or both. ina
preferred embodiment, the peptide i modified af both the N-terminus and C-terminus by
acetylation and amidation, respectively.

(091327 In some embodimentis, 2 peplide comprises the amino acid sequence
(0-CyS) Koz~ (Kass)Kaaa)(Kaas-{Xaas)-(Xaar) (SEQ 1D NO:188), wherein (Xyz2) is a non-
calionic amino acid residue, {(Xaa) is any amine acid residue, (X4 I8 @any amine acid
residue, (Xas) 5 selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys,
{Xaas) 18 @ non-cationic residue, and sy} Is any amine acid residue. The peptide may
have an N-ferminal cap, a C-terminal cap, or both. In a preferred embodiment, the
paptide has both an N-terminal cap and a C-terminal cap.

[00133]  In some embodiments, a peplide comprises the amine acid seguence
{5-CY5)-(Kaaz)- (Kaas}(Kaash-(Kass)-(Kans) (Kon) (SEQ 1D NO:157), wherein (Xaaz), (Keas)
and (a4} are, independently, any amino acid residue (but in a preferred embodiment
are, independently, selected from the group consisting of D-Ala, D-Val, D-Leu, D-NorVal,
and D-NorLeu), (X,as) and (Xaar) are, independently, any cationic amino acid residue (but
in a preferrad embodiment are, independently, selected from the group consisting of D-



Arg, L-Arg, D-Lys and L-Lys}, (Xaqs) Is a8 non-cationic amino acid residue (in a preferred
embodiment, selected from the group consisting of D-Ala, D-Val, D-Ley, D-NorVal and
D-NorLeu). The peptide may have an N-terminal cap, a C-terminal cap, or both, Ina
preferred embodiment, the peplide has both an N-terminal cap and a C-terminal cap.
100134} In some ambodiments, a peptide comprises the aming acid sequence
(D-Cys)-{Kase)-(Kaas)h(Kana)(Kazs)Xaas)(Kaaz) (SEQ 1D NQ:158), wherein (X452) is 2 non-
cationic amino acid residue, (X,53) is any amine acid residue, (4} is any aming acid
residue, {Xqq5) is selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys.
{Xaas} 15 & non-cationic residue, and (Xuw) Is any amine acid residue. The peptide may
have an N-terminal cap, a C-lterminal cap, or both. In a preferred embodiment, the
peptide has both an N-terminal cap and a C-ferminal cap.

{00138} in some embaodiments, a peptide comprises the amine acid seguence
(E-Cys){ D-Alai-(Xgaai-(Kaagi-{ D-Arg-{ D-Ala)-ear) (SEQ 1D NO158), wherein (Xaaa) is
any cationic amino acid residue, (X4 is any calionic aming acid residue, and (X is
any cationic amino acid residue.  The peptide may have an N-terminal cap, & C-
terminal cap, or both. In a preferrad embodiment, the peplide has both an N-terminal
cap and a C-terminat cap.

[001368]  In soms embodiments, a peptide comprises the amino acid sequence
(D-Cys){ Xaaz- Koz {D-Ada)-(D-Arg-{ D-Ala)-(¥oe7) (SEQ 1D NGOG0}, wherein (a0,
{Xas2) and 7} are, independently, any cationic amino acid residue. The peptide may
have an N-terminal cap, a C-terminal cap, or both. In a preferred embodiment, the
peplide has both an N-terminal cap and a CHerminal cap.

FR0137]  Ancther embodiment is a caicimimetic peptide, comprising a sequence of
aming acids linked by peptide bonds, wherein the sequence comprises 5 to 10 amino
azcid residuss, and wharaln the sequence comprises an amine terminus, a carboxy
terminus, at least one thiol-containing residue, and from 3 to 8 positively charged
residues. In one embodiment, the at least one thiol-containing residus is 8 cysteine
residus, in another aspect, the cysteine residue is positionad at the amine terminus of
the peptide. in certain embodiment, the cysieine residue is an L-Cys residue, a D-Cys
residug, or an L- or D-homoCys residue. In other embodiments, the amino acid residuss
of the peplide are D~-amine acids or L-amino agids.

[061381 Alsc encompassed within the scope of the claimed compounds are
peplidomimetic molecules that comprise approximately seven subunits, wherein ai least
one subunit contains a thiol molety, preferably a reactive thiol moiety, and other subunits
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are a plurality of non-cationic subunits, and from 1 {o 4 positively charged subunils,
Such peptidomimetic molecules mayv comprise non-peptide bonds between two or more
of the subunits. The various features of the compounds discussed above apply
generally to the peptidomimetic molecuie. For example, as discussed above, the
subunils used to construct the molecules can be naturaliy-occurring amino acids, or
rasidues with non-natural side chaing, the termini of the modules can be capped or non-
papped in the manner discussed above. Similarly, the amino acid residues of the
molecule can be L~ of D-aming acid residues. Also as discussed above, the thiol
containing residues can be in a reduced or oxidized form with any of the thiol-containing
moisties discussed above.

(001381 Many peptidomimetic frameworks and methods for thelr synthesis have been
developed (Babing, R. E.; Bender, 8. L., Chem. Rev,, 87:1358, 1897, Hanessian, 5,
of al., Telrahedron, 53:12789, 1997 Flelcher, M. D, Cambell, M. C., Chem. Rav,,
087683, 1998); Peptidomimetics Protocols; Kazmierski WM., Ed.; Methods in Molecular
WMedicine Series, Vol. 28; Humana Press, Inc.; Totowa, N.J. (1888).

Conjugates

(001401 In some embodiments, the compound is chemically cross-linked to a thiok-
containing conjugating group via a disulfide bond belween the thiol of the compound and
a thiol from the conjugating group. The thiokcontaining conjugating group can be a
small moleculs, such as cysteine, or a macromolecule, such as a polypeptide containing
a cysteine residue. Examples of suitable thiol-containing conjugating groups inchude
cysteine, giutathione, thicalkyl, moieties such as thiocbenzyl, mercapiopropionic acid, N-
acetvlated cysteine, cysteamide, N-acetylcysteamide, homocysieine, penicillamine and
poly (sthylene glycol) (PEG) modified (referred to as "PEGylated”) thicls such as
PEGylated cysieine or a duplication of the compound (ie., fo form a homodimer linked by
g disulfide linkage). in a preferred embodiment, the thiol-containing conjugating group is
cysteine. Other cysteine homologs are also contemplated for use as thiokcontaining
conjugating groups, either alone or comprised in a larger conjugating group. Similarly,
sterenisomers of ocysigine, homocysteine, and cysieamide are suitable for use as thiol
containing moieties. Conjugating groups can be used to improve chemical stability and
therefore sheif-iife of @ pharmaceutical product. In caertain embodiments the thiol-
containing conjugating group and the peplide are the same (i.e., the conjugate s a
dimer), which unsxpectedly showed very good chemicai stahility compared {o
heterologous conjugating group such as cysteine. Withou! being bound by theory,
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presumably whan the thick-containing conjugating group and the peptide are the same,
then any disproportionation (e.g.,scrambling of the conjugating group) will reconstitute
the original dimer compound. In contrast, disproportionation of a compound with a
heterclogous conjugating group such as cysieine can lead to formation of homo-dimers
of the peplide plus cystine (cysteine ~ cysteing homodimaer) plus residual parent
sompound. A homo-dimer of the peptide {(i.e., conjugating group and the peptide are the
same) would be converted 1o a cysteine conjugaiad form of the peplide i vivo due fo the
high concentration of reduced cysieine in systemic circulation.

[30141]  In some embodiments, the teachings include a disulfide conjugate of a thiok
containing conjugating group and a peptide comprising the amino acid sequence (X;a1)-
{Xaa2)-(Xaasi Xone - Xaas-{Keas)-(Xasr) (SEQ 1D NOU1B5), wherein (Xuaq) is an amino acid
residue with a thickcontaining molety, (a8 @ non-cationic amine acid residue, (Xaas)
is any amine acid residue, (Xgqe) 18 any amino acid residue, (Kas) is a cationic aming
acid residus, (Kaas) is a non-cationic residue, and (X7} is any amino acid residue. The
peptide may have an N-terminal cap, & C-lerminal cap, or both. In a2 preferred
embodiment, the peptide has both an N-terminal cap and a C-lerminal cap. Inha
preferred embodiment, the thiok-coniaining conjugating group is selectad from the group
vonsisting of D-Cys, L-Cys, a peplide containing D-Cys, and a peptide containing L-Cys.
When the thiol-containing conjugate group is an amino acid or a peptide, it may have an
N-terminal cap, a C-lerminal cap, or both. in a preferred embodiment, the thiol
containing conjugate group has both an N-terminal cap and a Cerminal cap. In some
embodiments, the thiol-containing conjugating group is itsell a peptide comprising the
amino acid sequence of SEQ 1D NO15S. in some embodiments, the thiok-containing
conjugating group and the peptide are the same {i.e., the conjugate is & dimer).

001421  In some embodiments, the teachings include a conjugate of a thioh-containing
conjugating group and a peptide comprising the amino acid sequence {(D-Cys)-{Xaa)-
{Kaan) K aaa - Kaas - (Kaas - Xaar) (SEQ 1D NO:158), wherein {Xaqz) 8 & non-cationic amino
acid residue, (Xaqs) i any amino acld residue, (Xaee) Is any amino acid residue, {(Xas) 8
selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys, (Xa6} Is 8 non-
cationic residue, and ({,7) Is any amino acid residue. The peptide may have an N-
termingal cap, a C-erminal cap, or both. In a preferred embodiment, the peptide has both
an N-ferminal cap and a C-terminal cap. in a preferred embodiment, the thicl-containing
conjugating group is selected from the group consisting of D-Cys, L-Cys, a peptide

containing D-Cys, and a peptide containing L-Cys. When the thiolcontaining conjugate



group is an amino acid or a peptide, it may have an N-terminal cap, a C-terminaf cap, or
both. In a preferred embodiment, the thinl-containing conjugate group has both an N-
terminat cap and a C-terminal cap. In some embodiments, the thiol-containing
conjugating group is itself a peptide comprising the amino acid sequence of SEQ 1D
NO:156. in some embodiments, the thiol-comiaining conjugating group and the peptide
are the same (Le., the conjugate is a dimer),

{00143  In some embodiments, the teachings includs a conjugate of a thiol-containing
conjugating group and a peptide comprising the amino acid sequence {L-Cys)~(Xaaz)
{Kana)(Kaae - Kaas - (Kans - aar) (SEQ 1D NO:183), wherein (Xaan) 18 2 non-cationic armino
acid residue, (s} Is any amino acid residue, (X,,4) is any aminc acld residue, (Kus) Is
selected from the group consisting of D-Arg, L-Arg, D-Lys and L-Lys, (Xa.s) is @ non-
cationic residue, and (X..7) I8 any amino acid residue. The peptide may have an N-
terminal cap, a C-ferminal cap, or both. in a preferred embodiment, the peptids has both
an N-terminal cap and a2 C-ferminal cap. in a preferred embodiment, the thicl-containing
conjugating group is selected from the group consisting of D-Cys, L-Cys, a peptide
containing D-Cys, and a peplide containing L-Cys. When the thicl-containing conjugate
group is an amino acid or 2 peptide, it may have an N-terminal cap, a C-terminal cap, or
both. In & preferred embodiment, the thiol-containing conjugate group has both an N-
terminal cap and a C-terminal cap. In some embodiments, the thicl-containing
conjugating group is itself a peplide comprising the amino acid sequence of SEQ ID
HO:183. In some smbodiments, the thiol-containing conjugating group and the peplide
are the same (i.2., the conjugale is a dimer).

[00144]  In some embodiments, the teachings include a conjugate of a thiol-containing
sonjugaling group and a peptide comprising the amino acid sequence (D-Cys)-(D-Ala)-
{Kaaz~(Raaa)-{D-Arg)-(I-Ala)-{ Xaar) (SEQ D NO:181), wherein (Xaa) Is any amino acid
rasidue, (Xaae) 18 any amino acid residue, and (X,a7) i any amino acid residue. The
peptide may have an N-ferminal cap, a C-terminal cap, or both. In & preferred
embodiment, the peptide has both an N-erminal cap and a C-srminal cap. Ina
preferred embediment, the thick-containing conjugating group is selected from the group
consisting of D-Cys, L-Cys, a peptide containing D-Cys, and a peptide containing L-Cys.
When the thiol-confaining conjugate group is an amino acid or a peptide, it may have an
N-terminal cap, a C-terminal cap, or both, In a preferred embodiment, the thiok
containing conjugate group has both an N-lerminal cap and a C-terminal cap. In some

embodirnents, the thiol-containing conjugating group is itselfl a peplide comprising the



amino acid sequence of SEQ 1D NO:161. In some embodiments, the thicl-conlaining
conjugating group and the peplide are the same (i.e., the conjugate & a dimer),

il Methods of Lise

[00148]  In one aspect, methods to prevent, treat or ameliorale hyperparathyroidism,

bone disease and/or other hypercalcemic disorders by administering the compounds
described herein are contemplated. As illustrated above, the compounds have activity to
decrease PTH and/or calcium levels in a target tissue or Hissues, or in a subject. in
certain embodiments, the described compounds are capable of decreasing PTH and/or
calcium levels when a therapeutically effective amount of the compound is administered
to a subject in nead of such freatment. The methods of use will now be described with
reference o Examples 3 and 8-11.

[00148]  With reference again fo Example 3, and as discussed above with respect 1o
Table 1, the series of compounds where a cationic (atginine) residue was sequentially
reptaced with a non-cationic residue (alaning) were administered to rats. Fig. 5 shows
the time profile of each compound's ability to reduce blood PTH and the duration of
action of the varying compounds. In Fig. 5, the compeounds Ac-crirrr-NH; (SEQ 1D
MO8, diamonds), Ac-carrrr-NH, (SEQ 1D NO:8, squares) and Ac-arrarm-NH, (SEGQ 1D
NO:10, x symbols) and Ac-crirrar-NH; (SEQ 1D NO:12, circles) were potent in vivo, as
evidenced by the decrease in percent PTH of predose baseline 1o essentially zero and
provided a duration of potency, where the PTH blood concentration remained decreased
for at least four hours. The compounds Ac~crarm-Ni, (BEQ ID NO:g, triangies), Ao~
orerare-NH; (SEGQHID MO, * symbols) and Ac—crrrra-NHg (SEQHD NO13, + symbois)
decreased percent PTH of baseline for about 2-3 hours, and thereafter the blood
concentration of PTH began to increase. Substitution of the cationic (arginine) residue
at subunit positions 5 or 7 of Ac-crrrrrre-NH, (SEQ 1D NO:8) impacted the duration of FTH
fowering activity,

(001471 The profile of PTH reduction for a series of compounds containing double
amino acid substitutions was also evaluated, Selecled compounds set forth in Table 2,
above, were administerad to nommal rats by {V bolus at a dose of 0.5 mg/kg and the
reduction in PTH relative {o predose PTH blood level was evaluaied. Data are shown in
Figs. BA-8B, where the compound are identified as follows: Ac-carrrar-NH; (SEQ D
NO:28, open diamonds), Ac-crrarar-NH; (SEQ 1D NO:25, open squares), Ac-caarmnm-NiH,
(SEQ D NO:22, triangles), Ac-crraar-NH; (SEQ D NO:17, circles), Ac-¢{Clarrrar-NHz
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(SEQ D NO:3, diamonds Fig. 6B), Ac-o{Chrrarar-NH, (SEQ 1D NG:28, x symbols, Fig.
6B8).

[00148]  Another study was done to further evaluate the potency of the compound Ac-
c{Charrrar-NH, (SEQ 1D NO: 3). The compound was intravenously adminisiered to
normal rats, as detailed in Example 2, at doses of 1 mg/kg, 0.5 mglkg, 0.3 mg/kg, and
0.1 mgfkg. Plasma PTH levels were assessed prior to dosing and for 4 hours thereafler.
Fig. 7 shows the resulfs, where the PTH blood concentration is shown as percent of the
baseling pre-dose value, A dose-related PTH reduction was ohserved following a single
iV bolus administration with the highest dose of 1 mg/kg (diamonds} had the largest
reduction in PTH, followed by the 0.5 mg/kg (squares), 0.3 mgfkg {triangles), and 0.1
mg/kg (x symbols). The saline control s shown by the circles symbols. As seen, the
peptide when administersd at a therapeutically effective dose achieves a reduction in
PTH of greater than 50% relative o the concentration of PTH before dosing (“baseline”).
Specifically, the peptide when administered at doses of greater than 0.1 mg/kg reduced
PTH concendration fo less than 80% of the baseline FTH concentration 1 hiour after IV
administration. These doses of the peptide identified as SEQ 1D NO:3 also achieved an
area under the curve {AUC) of less than 50%, the AUC calculated as the sum of the
PTH concentration values at the tims points of 1, 2, 3 and 4 hours, normalized by the
ALIC for the saline confrol at the same time points, mulliplied by 100

{00148  The same compound was also tested in subjects {rais) with renal
insufficiency. in this study, the 1K1C model of acute renal insufficiency was used to
avatuale a the compound Ac-c{Clarrrar-NH; (SEQ 1D NO! 3} to characterize its PTH-
owering activity in a renal dysfunction environment. The mode! is described in Example
1A, The compound was intravenously administered as a bolus o renaily compromised
animals {rats) at doses of 3 mafkg (n=2), 1 mg/kg (n=5), 0.5 malkg {(n=8} and 0.3 mg/ky
(n=5}, A control group of animals was dosed with saline. Plasma PTH levels were
assessed prior o dosing and for several hours thereafter. Fig. 8 shows the resulis,
where the saline treated animals (squares) had an increased PTH concentration relative
1o the starting PTH level. At various doses of SEQ 1D NO:3, a dose-dependant effect
was observed on the duration and exient of PTH reduction. Animals treated with the
fowast dose of 0.3 mg/kg (% symbols) exhibiting reduced PTH at the earliest time point
and an increase in PTH betwesn hours 1-24 after dosing. The dose levels of 3 moafkg
(diamonds}, 1 mo/kg (friangles) and 0.5 mg/kg (squares) provided a reduced PTH blood
conceniration for more than 15 hours, and for the highest doss, for more than 24 hours.
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[00150]  In another study 1o evaiuate the sffect of substituting cationic subunits with
uncharged subunifs, as exemplified by alanine aming acid residues, in the context of &
subject with renal insufficiency, an analog of Ac-orrrr-NH, (SEQ 1D NOB) was
generated and tested for its ability to lower PTH in 1K1C modei animals following a 1
mg/ky single intravenous administration. in the tested analeg Ac-carrrar-NH; (SEQ 1D
NO:28), the cationic subunits at positions X; and Xg of Ac-armyrr-NH, (SEQ 1D NG:6)
were substifited with uncharged amino acids.

[0G151]  As shown in Fig. 9, Ac-carrrar- NH; (SEQ 1D NO:Z8, open squares) shows
activity that is equivalent to Ac-crimre-NEH, (SEQ 1D NO:8, open diamonds) af the dose
tested (1 mg/kg) with simitar extended duration of action over 24 hours. The analog of
Ac-crrerrr-NH, (SEQ 1D NO:6) with uncharged subunit substitutions was found to retain
activity and may, in fact, have in vivo potency and duration of action superior to that of
the compound identified as SEQ 1D NOB, in the compound, Ac-carrrar NH, (SEQID
NO283, D-Arg residues at positions X; and X were substituted with D-Ala residues
relative {o the compound identified as SEQ D NO:6.

[60182] Significantly, as discussed above, administration of the compound Ac-carrrar-
NHa (8EQ 1D NO:26) was nof accompanied with histamine relsase, an undesirable side-
effect that is seen with Ac-crrrre-Nby (SEQ 1D NO:B) and other similar cormnpounds when
administersd at higher doses (> 1 mgfky) by IV bolus. The marked attenuation of the
histarmine release with the compound identified SEQ 1D NO:20 incresses the therapeutic
margin between the desired PTH-lowering activity and the undesired histamine-inducing
activity following administration by IV bolus. Accordingly, in a preferred embodiment,
compounds having activity to reduce FTH concentration /n vivo in the absence of a
histamine response are provided. Accordingly, in one embodiment, a compound is
provided that has aclivity o decrease FTH where the compound when administersd an
a subject, human or otherwise, decreases PTH level to below 50% of the pre-dose level
within one hour afier dosing. In a specific embodiment, a compound that has significant
activity fo decrease FTH intends a compound that when administered {0 a nomal rat
decreases PTH Isvel {o below 50% of the pre-dose level within one hour after dosing by
IV bojus.

001831  in another study, detailed in Example 8, compounds in the form of a
conjugate, whers the thiol-containing subunlt In position X; was linked through a
disulfide iinkage to an L-Cys residue. These compounds have the following structures:



[® aC~-C

i !
Ac-carvrar-NH, and AC-Carrrar-NH,

{SE¢ ID NO: 3} (SEQ T NO:L141)

[00154]  In the notation used herein, the compound that is linked to the thiol-containing
moiely in the X, subunit is identified parenthetically, where in these exemplary
conjugates the compound L-Cys is indicated (C) is inked to the thiol-containing moisly in
the X, subunit Ac-c{Clanrar-NH; (SEQ 1D NO3) and Ac-c{Ac-Clarrrar-NH; (SEQ 1D
NO:141). These compounds wers administered vis [V bolus fo animals with acute renal
insufficiency {1K1C maodel} at doses of 0.3 and 0.5mg/ky, and the resuls are shown in
Fig. 10. The compound Ac-c{Charrrar-NH, (SEQ 1D NO:3} is representad by squares
(0.3 mgvkg, n=5) and * symbols {0.5 mgrkg, n=8} and the compound Ac-c{Ac-C)arrar-
Nz (SEQ 1D NQ:141) by triangles (0.3 myrkg, n=8} and diamonds (0.5 mg/kg, n=7).
This in vivo dose response with SEQ 1D NO:3 dispiays a dose-dependent reduction in
PTH very similar to Ac-crrmr-NH; (SEQ 1D NO:6).

[G0188]  in some of the i1 vivo studies described herein, the compounds, incliding
compounds in conjugate form where the thiol in the Xy subunit is cross-linked via a
disulfide bond o another subunit, were administered as a 30-minute [V infusion.
However, it should be nofed that shorler infusions (8.9., <5 minuies) or defivery by [V
bolus typically produce comparable gharmacodynamic reduction of PTH as a longer 30~
minute infusion. Subcutanecus bolus adminisiration also proved {0 be an efficacious
route of delivery thal generated & smaller inftial drop in PTH bt displayed a sustained
reduction in FTH similar to the profile seen by the IV route. As shown in Fig. 11, the
compound Ac-crrrrr-NH, (SEQ 1D NO:8}, was also administered by micropore-facilitated
{e.g., microporation of the stratum comeum} transdermal delivery, and demonstrated a
reduction in plasma FTH for the several hours it was monitored. The compound
Ac-crrer-NH, (SEQ 1D NOB), was also administered by the transdermal route after
microporation resulting in a reduction in plasma PTH for several hours. Transdermal
defivery of Ac-crrrrrr-NH, (SEQ 1D NO:8) provides an addition option for clinical delivery
of the described compounds.

(001561 To evaluate the effect of administration route on the activity of Ac-crrrrr-NH,
(SEQ 1D NOE) in the contexd of a subject with renal insufficiency, rats in the 1K1C
model were given 1 mg/kg of the peplide as sither a subcutaneous (8C) bolus ora 30-
minute 1V infusion. Both roules of administration effectively reduced plasma PTH levels
for over 24 howrs, When Ag-crerre-NH; (SEQ 1D NO:8) was delivered by IV infusion,
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PTH levels fell rapidly by 80-80% from baseline. By 16 hours after dosing, PTH levels
had started {o rise although they were still reduced by ~80% from baseling. When
Ac-crrrir-NH; (SEQH 1D NO:6) was delivered by SC bolus, PTH levels exhibited a more
moderate initial drop to ~40% of baseline, but exhibitad a similar duration of reduction as
when the peplide was deliversd by the IV roufe. Twenty-four hours after dosing, PTH
fevels in animals dosed by either route had partially rebounded although both still
displaved reduced PTH levels that were ~40-80% from baseline. The results showed
that this route of administration provides a similar profile with respect to efficacy and
duration of PTH reduction as IV adminisiration, thus providing an alternative path for
clinical dosing (data not shown).
{O00187]  Accordingly, in a preferred embodiment, a subject having secondary
hyperparathyroidism (SHPT) is frested using the described compounds to reduce
plasma PTH levels and/or calcium. Untreated SHFT patients with moderately severe
hyperparathyroidism often have baseline circulating intact PTH levels >300 pg/mi, and
levels that can exceed 800 pg/mb. In a preferred embodiment, the decrease in PTH
levels is measured as a decrease in infact PTH below pretrealment baseline levels. In
another embodiment the desired decrease in PTH is o bring the plasma PTH levels into
generally recognized guidelines established by the National Kidney Foundation or other
experts in the freatment of kidney disordsrs and rena! insufficlency.
[00458]  in another aspect, methods for freating hyperparathyroidism, hypercalcemia
and/or bone disease are provided, comprising administering a therapeutically effective
amount of a described compound. iy another embodiment, the subject can be treated
vith a described compound in combination with one or more other therapeutically
effective agents,
(001881  In another aspect, the described compound is administered in an amount
effective to reduce PTH or PTH effect. In some embodiments, the reduction in plasma
PTH is at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 8%, 10%, 11%, 12%, 13%, 14%,
15%. 16%, 17%, 18%, 19%, 20%, 28% or 30% below pretreatment baseline levels for al
ieast 10 hours post administration of the described compound. In specific embodiments,
the reduction in plasma PTH is at least 20% at 10 hours post administration. In
preferred embodiments, the reduction in plasma PTH is 15 to 40%, preferably 20 fo
50%, maore preferably 30 to 70% below pretreatment baseline levels for al least 48 hours
post administration of the described compound.



[001807 o another aspect, the described compound is administered in an amount
effective 1o decrease serum calcium or calcium effect. iy some embodiments, the
reduction in serum calcium is at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 8%, 10%,
11%, 12%, 13%, 14%, 158%, 16%, 17%, 18%, 19%, 20% or 25% below prefreatment
leveis for at least 10 hours post administration of the polycationic peplide. In sume
preferred embodiments, the reduction in serum calcium is at least 5% at 10 hours post
adminisiration.  In some preferred embodiments, the reduction is serum calcium is S io
10%. preferably 5 to 20% below pretreatment levels for at least 48 hours post
administration of the described compound.

{00181]  In another aspect, a method for treating hyperparathyroidism and/or
hypercalcamia in a subiect in need thereof is provided, comprising. administering a
therapsutically effective amount of a described compound, whereby PTH and/or calcium
is reducad.

{00163] Based on the relationship between serum calcium, bone melabolism and
PTH, it is thought that the described compounds are beneficial for the freatment of
various forms of bone disease and/or hypercalcemia in addition to hyperparathyroidism,
The described compounds may have advantages comparad o current therapeutic
agents, because they may be administered parenterally and may not be associated with
gastrointestinal adverse effecis, are not metabolized by cytochrome P450 and may
resudt in more effective reductions in plasma PTH and calcium.

[00163]  As discussed above, the described methods may be used alone orin
combination with one or more other therapeutically efiective agents. Such other
therapeutically effective agents include, but are not limited to, freatment with
anfiresorptive bisphosphonate agents, such as alendronate and risedronate; integrin
blockers, such as o8 antagonists; conjugated estrogens used in hormone replacement
therapy, such as PREMPRO™, PREMARIN™ and ENDOMETRION™, selective
estrogen receptor modulators (SERMs), such as raloxifens, drofoxifens, CP-336,156
{Pfizer) and lasofoxifene; cathespin K inhibitors; vitamin D therapy; vitamin D analogs,
such as ZEMPLAR™ (paricalcilol); CALCIJEX® (calcitriol), HECTOROL®
{doxercalciferol), ONE-ALPHA® (aifacalcidol) and the anaiogs in development from
Cytochroma known as CTA-D18, CTAPZ01 and CTAP101; other calcimimetics such as
Sensipar® (cinacalcet); inhibitors of type | sodium-dependent phosphate transporter
family, SL.C34 (including the two renal isoforms NaPi-ila and NaPi-lic, and the inlestinal
NaPi-lib transporter); phosphatonins (including FGF-23, sFRP4, MEPE or FGF-7); low
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dose FTH freatment (with or without estrogen); calcitonin, inhibitors of RANK ligand,
antibodies against RANK ligand, osteoprotegrin; adensosine antagonists; and ATP
proton pump inhibitors.

[00184]  In one embodiment, a described compound is adminisiered at a dose
sufficient to decrease both PTH and serum calcium levels. in another embodiment, a
described compound is administered at a dose sufficient {o decrease FTH without
significantly affecting serum caicium levels. in a further embodiment, a described
compound i administered at a dose sufficient {0 increase PTH without significantly

affecting serum calcium levels.

Formulations

(0018581 A pharmacaulical composition comprising a described compound and ot ieast
one pharmaceutically acceptable excipient or carrier is provided. Methods of preparing
such pharmaceutical compuositions typically comprise the step of bringing into
association & described compound with a carrier and, optionally, one or more accessory
ingredients. The described compounds and/or pharmaceutical compositions comprising
same may be formulated into pharmaceuticaliy-acceptable dosage forms by
conventional methods known {o those of skill in the art. Typically, formulations are
prepared by uniformiy and intimately bringing into association a described compound
with liquid carriers, or finely divided solid carriers, or both, and then, if necessary,
shaping the product.

(601681 Pharmaceutical compositions of the present invention suitable for parenteral
administration comprise one or more described compounds in combination with one or
more pharmaceutically-acceplable sterile isotonic agueous or nonaqueocus solutions,
dispersions, suspensions or emulsions, or sterile powders which may be reconstituted
into sterile injectable solutions or dispersions just prior fo use, which may contain sugars,
aleohols, amino acids, antioxidants, buffers, bacleriostats, soiutes which render the
formulation isotonic with the biood of the intended recipient or suspending or thickening
agenis,

[66187] Examples of suitable agueous and nonaqueous carriers which may be
emploved in the pharmaceutical compositions of the invention include waler, ethanol,
poiyols (such as glycerol, propylene glycol, polyethyiene glycol, and the tike), and
sultable mitures thereof, vegetabie olis, such as olive oll, and injectable organic esters,
such as ethyl oleate. Proper fluidity can be maintained, for example, by the use of
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coaling materials, such as lfecithin, by the maintenance of the reguirad particle size in the
case of dispersions, and by the use of surfactants.

[00168] These pharmacsutical cornpesitions may also coniain adjuvants such as
preservatives, wetling agents, emulsifying agents and dispersing agents, Prevention of
the action of microorganisms upon the described compounds may be ensured by the
inchesion of varivus antibacierial and antfungal agents, for example, paraben,
chiorobutancl, phenol sorbic acid, and the fike. I may also be desirable fo includse
agents {0 controd tonicily, such as sugars, sodium chloride, and the like info the
compositions. in addition, prolonged absorplion of the injectable pharmaceutical form
may be brought about by the inclusion of agents which delay absorption such as
aluminum monostearate and gelatin,

[60168] in some cases, in order to prolong the sffect of a drug, I is desirable o slow
the absorption of the drug from subcutaneous or intramuscular injection. This may be
accomplished by the use of a liguid suspension of crysislline or amorphous material
having poor water solubility. The rate of absorption of the drug then depends upon its
rate of dissolution which, in turn, may depend upon crysial size and crystatline form,
Alternatively, delayed absorption of a parenterally-administered drug form is
accomplished by dissolving or suspending the drug in an ol vehicle,

J00170]  For example, a described compound may be delivered to & human in a form
of solution that is made by reconstituting a solid form of the drug with liguid. This
solution may be further diluted with infusion fluid such as water for injection, 0.8%
sodium chioride injection, 5% dextrose injsction and lactated ringer’s injection. Itis
preferred that the reconstituted and diluted solutions be used within 4-8 hours for
delivery of maximum potency. Alternatively, a described compound may be delivered to
a human in a form of {ablet or capsuls,

[001711  Injectable depot forms are made by forming microencapsulated matrices of
the described compounds in biodegradable polymers such as polylactide-polyglveotide.
Depending on the ratio of drug to polymer, and the nature of the particular polymer
employed, the rate of drug release can be controlled. Examples of other biodegradable
polymaers include poly{orthoesters) and poly{anhydrides). Depot injectable formulations
are glso prepared by entrapping the drug in liposemes or microemuisions which are
compatible with body tissue.

[00172]  When the described compounds are administered as pharmaceuticals, {0
numans and animais, they can be given slone or as a pharmaceutical composition



containing, for exampie, 0.1 fo 98% (more preferably, 10 to 30%:) of active ingredient in
combination with & pharmaceutically acceptable carrier. In other embodiments, the
pharmaceutical composition may contain 0.2-25%, preferably 0.5-5% or 0.5-2%, of
active ingredient. These compounds may be administered to humans and other animails
for therapy by any suitable route of administration, including, e g, subcutaneous
injection, subcutaneous depot, intravenous infection, intravenous or subcutaneous
infusion. These compounds may be administered rapidly (within < 1 minute) as a bolus
or more slowly over an exlended period of time {over several minutes, hours or days),
These compounds may be delivered dally or over multiple days, continuously or
intermitiently. In one embodiment, the compounds may be administered transdermally
{e.9., using & paich, microneedies, micropores, ointment, microjet or nanoiet).

01731 Regardiess of the route of administration selected, the described compounds,
which may be used in a suitable hydrated form, and/or the pharmaceulical compositions,
are formulated into pharmaceutically-acceptable dosage forms by conventional methods
known o those of skill in the art.

(001741  Actual dosage levels of the active ingredients in the pharmaceutical
compositions may be varied so as to obtain an amount of the active ingredient which is
effective {o achieve the desired therapeutic response for a particular patient,
composition, and mode of administration, without being fowic to the patient.

{B0178]  The selected dosage level will depend upon a variely of factors including the
activity of the particular described compound emploved, or the esier, salt or amide
theraof, the roule of administration, the time of administration, the rate of excrefion or
metabolism of the particulsr compound being employed, the rate and exient of
absorplion, the duration of the treatment, other drugs, compounds and/or malerials used
in combination with the particular compound emploved, the age, sex, weight, condition,
generat heaith and prior medical history of the patient being trested, and like faciors well
known in the medical arts.

[00178] A physician or veterinarian having ordinary skill in the art can readily
determine and prescribe the effective amount of the pharmaceutical composition
required. For example, the physician or veterinarian could start doses of the described
compounds employed in the pharmaceutical compeosition at levels lower than that
required in order to achieve the desired therapeutic effect and gradually increase the
dosage untl the desired effect is achieved.
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801777 in general, 2 suitable daily dose of & described compound will be that amount
of the compound which is the lowest dose effective to produce g therapeutic effect.
Such an effective dose will generally depend upon the factors described above.
Generally, intravenous, intramuscular, transdermal, infracergbroventricular and
subcutansous doses of the described compounds for a patient, when used for the
indicated effects, will range from about 1 pg o about & mg per kitogram of body weight
per hour. In other embodiments, the dose will range from about 5 ug to about 2.5 myg
per kilogram of body weight per hour. In further embodirments, the dose will range from
abouti 5 ug to about 1 mg per kilogram of body weight per hour.

001781 I desired, the effective daily dose of a described compound may be
administered as two, three, four, five, six or more sub-doses administered separately at
appropriate intervals throughout the day, optionally, in unit dosage forms. Inone
gmbodiment, the described compound is administered as one dose per day. in further
embodiments, the compound is adminisiered continuously, as through intravenous or
other routes. In oiher embodiments, the compound is administiered less frequenily than
datly, such as every 2-3 days, in conjunction with dialysis treatment, weekly or less
frequently.

[60178] The subject receiving this treatment is any animal in nead, including primates,
in particular humans, and other mammals such as eqguines, catile, swine and sheep,; and
poultry and pets in general.

{00180 The described compounds may be adminisiered as such or in admixiures with
pharmaceutically acoeptable carriers and can aiso be administerad in conjunction with
antimicrobdal agents such as penicilling, cephalosporing, aminoglycosides and
glycopeplides. Conjunctive therapy thus includes sequential, simullaneous and
separate adminisiration of the active compound in a way that the therapsutical effects of
the first administered one is not entirely disappeared when the subsequent is

administered,

{00181  These compounds may be administered {o humans and other animals for
therapy by any suitable route of administration. As used herein, the term “route” of
administration is intended to include, but is not limited 1o subculansous injection,
subcutaneous depot, intravenocus injection, infravencus or subcutaneous infusion,
infraccular injection, intradermal inlection, mtramuscular injection, intraperitoneal

inisction, intratracheal administration, intraadiposal administration, intraarticular
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administration. inlrathecal administration, epidural administration, inhalation, intranasal
administration, sublingual administration, buccatl administration, recial administration,
vaginal administration, infracisternal administration and topical administration,
transdermal administration, or administration via local delivery (for example by catheter
of stent).

(001821  Transdermal drug delivery to the body is a desirable and convenient method
for systemic delivery of biclogically active substances to a subject, and in particular for
delivery of substances that have poor oral bicavailability, such as proteins and peptides.
The fransdermal route of delivery has been particularly successful with small (e.g., less
than about 1,000 Daltons) lipophilic compounds, such as scopolamine and nicotine, that
can peneirate the stratum corneum outer iayer of the skin, which serves as an effective
barrier to entry of subsiances into the body. Below the stratum cormneum is the viable
epidermis, which containg no blood vessels, but has some nerves. Deeper stil is the
dermis, which contains biood vessels, lymphatics and nerves. Drugs that cross the
stratum comeum barrier can generally diffuse fo the capillaries in the dermis for
absorption and systemic distribution.

{00183] Technological advances in transdermal delivery have focused on addressing
the need in the art to deliver hydrophific, high molecular weight compounds, such as
proteins and peptides, across the skin, One approach involves disruption of the stratum
cornsum using chemical or physical methods to reduce the barrisr posed by the stratum
corneum. Skin microporation technology, which involves the creation of micron
dimension transport pathways {micropores) in the skin (in particular, the micropores in
the stratum cormeum;} using a minimally invasive fechnique, is a8 more recent approach.
Technigues to create micropores in the skin (siratum comeumy) include thermal
microporation or ablation, microneedie arrays, phonophoresis, faser ablation and
radiofreguency abiation (Prausnilz and Langer (2008) Nat. Biofechnology 11.:1261-68;
Arorg ef al, Inf. J. Pharmaceulics, 384:227 (2008), Nanda et al,, Current Drug Delivery,
3:233 (2008); Meidan et &l American J. Therapeutics, 11:312 (2004}).

1001841  As noted above, PTH secration is reguiated by the CaBR which is expressed
on the cell surface of parathyroid cells. Thus, in order to activale the CaSR, the agent or
caompeund must be delivered {o the parathyroid cell. Transdermal delivery of
calcimimetic agents must achieve delivery across the stratum comeum and provide
systemic exposure to reach the parathyroid cell. To date, the art has not demonstrated

whether a calcimimetic compound can be delivered transdermally in an amount sufficient



for therapautic benefit and in pértisuiar i an amount sufficient for decreasing PTH
and/or the treatment, attenuation, lessening and/or relief hypercalcemia.

[6C185] In addition to calcimimatics, 1,25-(0H}, vitamin D, analogs are the most
commonty used treatrnents for patients with hyperparathyroidism associated with chronic
kidney disease and end stage renal disease. Vilamin D analogs act by facilitating
invtestinal absorption of distary calcium, and reduce PTH levels by inhibiting PTH
synthesis and secretion. While intravenous and oral delivery of vitamin D has been used
therapeutically, to date, the art has not demonstrated whether vitamin D analogs, such
as ZEMPLAR™ (paricalcitol), CALCIJEX® (calcitriol), ONE-ALPHA® (alfacaicidal) and
HECTOROL® (doxercalciferol) can be delivered transdermally in an amount sufficient for
therapeutic benefit and in particular in an amount sufficient for decreasing parathyroid
hormone (PTH) In addition, the art has not demonstrated whether the co-administration
by transdermal delivery of a calcimimetic agent in combination with a vitamin D analog
(either as separate formulations or as a co-formulation) in amounts sufficient for
therapeutic benefit, and in particular in amounts sufficient for decreasing PTH and
provide effective treatment for patients suffering from hyperparathyroidism.

[00186] The calcimimetic agents may be administered across the siratum corneum,
and/or other lavers of the epidermis, for local or systernic delivery, for decreasing
parathyroid hormone {(PTH) and/or treating hypercalcemia. n one embodiment, the
calcimimetic agent is delivered via micreporation. Any ong of a number of lechniques for
microporation is confemplated, and several are briefly described.

fO0MRT]  Microporation can be achieved by mechanical means and/or external driving
forces, to breach the stratum corneum to daliver the calcimimetic agents described
herein through the surface of the skin and into the underlying skin layvers and/or the
bloodstraam.

I00188]  in a first embodiment, the microporation technigue is abiation of the stratum
cornewm in a specific region of the skin using & pulsed laser light of wavelength, pulse
length, pulse energy, pulse number, and pulse repetition rate sufficient to ablate the
stratum comeurm without significantly damaging the underlying epidermis. The
calcimimetic agent is then applied to the region of ablation. Anocther laser ablation
microporation technique, referred to as laser-induced stress waves (LISW), involves
broadband, unipolar and compressible waves generated by high-power pulsed lasers.
The LISWs interact with tissues to disrupt the lipids in the skratum comeum, creating



interceliular channels transiently within the stratum corneum. These channel, or
micropores, in the stratum corneum permit eniry of the caleimimetic agent.

[001881 Sonophoresis or phonophoresis is anothsr microporation technique that uses
ultrasound energy. Ulirasound is a sound wave possessing frequencies above 20 KHz.
Ullrasound can be applied either continuously or pulsed, and appliad af vatious
frequency and infensity ranges {Nanda ot al, Current Drug Delivery, 3:233 (2008)).
{00180] Another microporation technigue involves the use of a micransedlie array.
The array of microneadies when applied to a skin region on a subject pierce the stratum
corneurn and do not penefrate to a depth that significantly stimulales nerves or
punctures capillaries, The patient, thus, feels no or minimal discomfort or pain upon
application of the microneedle array for generation of microperes through which the
calcimimetic agent is delivered.

[001911  Microneedle arrays comprised of holiow or solid microneedies are
contemplated, where the calcimimetic agent can be coated on the external surface of the
needlies or dispensed from the interior of hollow needles. Examples of microngedie
arrays are described, for example, in Nanda ef al, Current Drug Delivery, 3:233 (2006)
and Meidan ef al. American J. Thergpeutics, 11:312 (2004). First generation
misroneedie arrays were comprised of soiid, silicon microneedies that were exiernally
coaled with a therapeutic agent, When the microarray of needles was pressed against
the skin and removed after about 10 seconds, the permeation of the agent on the
needies info the body was readily achieved, Second generation micronesdie arrays
ware comprised of microneedies of sofid or hollow silicon, polycarbonate, titaniom or
other suitable polymer and coated or filled with a solution of the therapeutic compound.
Newer generations of microneadle arrays are prepared from biodegradable polymers,
where the lips of the needies coated with a therapeutic agent remain in the stratum
corneumn and slowly dissolve.

[004921  The microneedies can be constructed from 2 variely of materials, including
mietals, ceramics, semiconductors, organics, polymers, and composites. Exemplary
materials of construction include pharmaceutical grade stainless steel, gold, {itanium,
nickel, iron, tin, chromium, copper, palladium, platinum, alloys of these or other metals,
silicon, siiicon dioxide, and polymers. Representative biodegradable polymers include
polymers of hydroxy acids such as iactic acid and glycolic acid polylaciide, polyglycolide,
pohviactide-co-giveoiide, and copolymers with poly(ethylene glycol), polyanhydrides,
poly(ortho)esters, polyurethanes, poly(butyric acid), poly(vaieric acid), and poly(lactide-
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co-caprolacione). Representative non-bicdegradable polymers include polycarbonate,
polyester, and polyacrylamides.

[00323] The microneadies can have straight or tapered shafls. In one embodiment,
the diameter of the microneedie is greaiest at the base end of the microneedie and
tapers {0 a point at the end distal the base. The micronsedie can also be fabricated o
have a shaft that includes both a straight (untapered) portion and a tapered portion. The
needies may aiso not have a fapered end at all, L.e. they may simply be cylinders with
blunt or fiat tips. A hollow microneedle that has a substantially uniform diameter, but
which does not taper to a point, is referred {o herein as @ "microtube.” As used herein,
the term "microneedis” includes both microtubes and lapered needles unless otherwise
indicated.

001841 lectroporation is angther technique for creating micropores in the skin, This
approach uses the application of microsecond or millisecond long high-voltage elsctrical
pulses to created transient, permeable pores within the stratum comeum.

[00185]  Other microporation technigues include use of radio waves {0 creale
microchannels in the skin. Thermal ablation I8 yet another approach to achieve delivery
of larger molecular weight compounds transdermaly.

[00196]  Applicants have discovered thatl low doses of calcimimetic agents may be
therapeuticaily administered over an extended period of Hime o real SHPT. This
markedly differs from current dose requirements of other calcimimetics {e.g., cinacalcet
hydrochicride).

FOMI8T]  Transdermal delivery of the compounds described herein was demonstrated
in the studies described in Examples 9-10. In a first study, the compound Ac-crrrr-NH,
(SEQ 1D NO:6) was administered {fransdermally © rais in which a small area of the skin
was microporated by § passes of a 1.0 mm derma roller under moderate pressure, A
solution of either Ac-crerme-NH, (SEQ D NO: 6) or saline was placed on the
ricroporated area of skin,  Blood draws were taken over a 4 hour period and plasma
was analyzed for PTH levels by ELISA. The results are shown in Fig. 11, where the
plasma PTH is shown as a percent of pre<dose baseline for the saline treated animal
(diamonds) and the two animals treated with the test compound (squares, {riangles).
These data indicats that the compound Ac-crieerr-NH, (SEQ 1D NO: 8} can be delivered
systemically in sufficient quantities by {ransdermal route (in this case, micropore-
facifitated transdermal delivery} using a derma rofier to effectively and significantly
reduce PTH levels from baseline for the ~4 hours that were studies. If shoudd be noted
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that Ac-orrrrr-IH, (SEQ 1D NO: 6) has been shown 1o effectively reduce PTH levels
from baseline in the 1K10 rat model of acute renal insufficiency when administered by
short IV infusion as well as in normal rats (data not shown).

[B0188] In ancther study, described in Example 10, the compound Ac-c{Clarrrar-NH;
(SEQ 1D NO3) was administerad micropore-faciiialed transdermal delivery to normal
rats using a wansdermal patch. A transdermal patch system containing 10% solution (by
weight) of Ac-o{Clarrrar-NH; (SEQ 1D NO:3) in saline was placed over the microporated
area and lefl in place for ~30 hours, Blood draws were taken from the rats pericdically
over the 30 hours and plasma samples were analyzed for PTH levels by ELISA. The
resuits are shown in Fig. 12, Surprisingly. these data demonstirats that micropore-
facilitated transdermal delivery can achieve sufficient sustained delivery of Ac-c{Clarmrar
N2 (SEG 1D NO:3) 1o produced a significant and extended reduction in PTH for »30
hours in rats with normal renal funclion. These data demonstrate that microporation
facilifated transdermal delivery of the conjugate Ac-o(Clarrrar-NH, (SEQ 1D NG.3) using
a patch can achieve sufficient blood exposure of the peptide over the course of
treatment to produce a significant and sustained reduction in PTH from baseline for »30
hrs. These data demonstrate that transdermal paich delivery on a daily basis or longer
would enable treatment of both dialysis and non-hemodialysis patients in need of
treatment. For exampie, CKD {stage 4}, primary hyperparathyroidism and secondary
hyperparathyroidism (SHPT} in renal transplant patients who are not typically treated
with 1V drugs, but could be readily ireated by a daily transdermal paich via micreporation
facilitated transdermal delivery.

[001887  Another study was conducted o further gvaluate the routs of administration of
the compounds. As described in Example 11, the compound Ac-c(Clarrrar-NH; (SEQ D
NO:3) was administered by very low dose 1V infusion o normal rats and fo rats with
renal insufficiency to identify the lowest dose needed to be administered by infusion,
transdermal paich system or other sustained delivery means {o achieve significant PTH
reduction. Healthy rats were infravenously infused for six hours with very low doses
{tug/kgihy, 3ualkg/hr, and 10pg/kg/hr of Ac-c{Crarrrar-NH {SEQ 1D NO:3). Blood
samples were taken prior to dosing (pre) and at 2 hours, 4 hours, 8§ hours {just prior ¢

the end of infusion; EQD and 8 hours (2 hrs post EOH afier the start of infusion and
plasma was analyzed for PTH levels by ELISA. Surprisingly, the data shown in Fig. 13
demonstrate that infusion of very low doses of Ac-c{Clarrar-NH, (SEQ 1D NO:3) (1
ug/kg/hr (squares), 3 pg/kg/hr (circles), and 10 pg/kg/hr (Irangles)) for 8 hours are
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effective to produce significant reduction in PTH from bassline over the course of
infugion, These dats indicate that low doses delivered continuously could be as effective
as (or even more effective than) much larger doses delivery as a single bolus.

{00200] The PTH lowering effect was further evaluated in the rat 1K1C model of acute
renal insufficiency. 1K1C model rats were intravenously infused with low doses of Ac-
c{Ciarrrar-NH, (SEQ 1D NO:3) (30 ugikg/hr and 100 pg/fkgihn) for 6 hours, Blood
samples were taken prior to dosing {Pre}, and at 2 hours, 4 hours, § hours (Just prior to
the and of infusion; EO1). 8 hours (2 hrs post EO and 24 hours after the start of infusion
and plasma was analyzed for PTH levels by ELISA. The data shown in Fig. 14A
demonstrate that IV infusion of low doses of Ac-o{Clarrrar-NH, (SEQ 1D NO:3)
significantly reduce PTH from baseline levels in the 1K1C model, a model of renal
insufficiency where basaline PTH levels can be seen to be from 400 to >1100pg/mL.
Surprisingly, 6 hours of low dose 1V infusion {diamonds, 30 ug/kg/hr and squares, 100
pg/kg/nn of Ac-a(Clarrrar-NH, (S8EQ 1D NO:3) were able {o reduce PTH from baseline for
~24 hours. Consistent with this dramatic PTH reduction in the 1K1C raf model, Fig. 148
shows a bar graph piotting serum calcium data in this acute renal insufficiency, and
show & corresponding reduction in serum calcium following low dose 1V infusion of Ac-
c{Charrrar-NH, (SEQ 1D NO3). These data demonstrate that Ac-¢c{Clarrrar-NH: (SEQ 1D
NC:3) is a very potent calcimimetic compound that is able to reduce PTH and calcium
following infusion or delivery of low doses {for example by transdermal delivery} over the
course of ~24 hours. These dala further support the conclusion that low dose susiained
detivery of a calcimimetic agent by IV infusion or by micropore-facilitated transdermal
delivery could be an sffective traatment for patients on a daily or less frequent basls.

Combination Therapy

[082017 As described above, the methods of use may be used alone or in combination
with other approaches for the treatment of hypercalcemia and/or bone disease, Such
other approaches include, but are not limited to, treatment with agents such as
bisphosphonaie agents, integrin blockers, hormons replacement therapy, selective
astrogen receplor modulators, cathepsin K inhibitors, vitamin D therapy. vitamin D
analogs, such as ZEMPLAR™ (paricalcitol), CALCIEX® (calcitriof), ONE-ALPHA®
(eifacaicidol) and HECTOROL® (doxercalciferol), anti-inflammatory agents, low dose
PTH therapy (with or without estrogen), calcimimetics, phosphate binders, calcifonis,
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inhibitors of RANK ligand, antibodies against RANK ligand, osteoprotegrin, adensosine
antagonists and ATP proton pumyp inhibitors,

(802027 In one embodiment, a combination therapy uses vitamin D or a vitamin D
analog in combination with a calcimimetic agent. Vitamin D aids in the absorption of
calciurn and functions to maintain normal blood levels of calcium and phosphorous.
PTH works o enhance calcium absorption in the intestine by increasing the production
of 1,25-{0H), vitamin D, the active form of vilamin D, PTH also stimulates phosphorus
excretion from the kidney, and increases release from bone.

(002037 As discussed above, secondary hyperparathyroidism is characterized by an
elevation in parathyroid hormone (FTH) associated with inadequate levels of active
vitarnin D hormone. Vitamin D or a vitamin D analog may be used 1o reduce elevated
PTH levels in treatment of secondary hyperparathryoidism. In one embodiment, the
invantion includes a pharmaceutical composition comprising a calcimimetic agent and &
vitarnin D analog.

002041  in one embodiment, the invention includes a pharmaceutical composition

comprising a calcimimetic agent and ZEMPLAR™

{paricalcitol). Parigalcitolis a
synthetic analog of calcitriol, the metaholically active form of vitamin D. The
recomimended initial dose of Zemplar is based on baseline intact parathyroid hormone
{iIPTH) levels, If the baseling IPTH level is less than or equal to 500 pg/ml., the daily
dose is 1 ug and the “thres times a week” dose (fo be administered not more than every
other day) is 2 ug. If the baseline IPTH is greater than 500 pg/ml, the daily dose is 2 ug.
and the “three times a week” does ({o be administered not more than every other day) is
4 yg. Thereafter, dosing must be individualized and based on serum plasma iIPTH
levals, with monitoring of serum caloiurmn and serum phosphorus. Paricalcitol is
described in U.S. Patent No. 5,246,825 and U.8. Palent No. 5,587,487,

[D0208]  in another embodiment, the invention includes a pharmaceutical composition
comprising a calcimimetic agent and CALCIUEX® {calcitriol). Caicitriol is the
metabolically active form of vitamin D. The recommended initial dosage for CALCUEX®
{oral} is 0.25 y/day. This amount may be ingreased by £.25 pgiday at 4- to 8-wk
intervals, Normatl or only shightly reduced calcium levels may respond o dosages of
0.25 ug every other day. For patients on dialysis, the recommended initial dosge for
CALCIIEX® (IV) is 0.02 pg/kg (1 to 2 ug) 3 times/week, every other dav. This amount
may be increased by 0.5 to 1 ug, every 2 to 4 wk. Caleitriol is described in U.S. Patent
No. 8,051,867 and U.S. Patent No. 8,285,302 and U.S. Patent No. 6,274,168,
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[B0208] in one smbodiment, a pharmaceutical composition comprising a calcimimetic
agent and HECTOROL® {doxercalciferol) Is provided. Doxercaleiferst is a synthetic
analog of vitamin D that undergoes metabolic activiation in vivo to form 1 g, 25-
dihydroxyvitamin Dy, a naturally occurring, biologically active form of vitamin D, The
recommended initial dose of HECTOROL® is 10 yg administered three times weekly at
dialysis {approximately every other day). The initial dose should be adjusted, as
needed, in order to lower blood IPTH into the range of 150 to 300 pg/mlb. The dose may
be increased at S-wesk intervals by 2.5 yg if iIPTH s not lowered by 50% and fails {o
reach farget range. The maximum recommended dose of HECTOROL is 20 ug
administered three times a week at dialysis for a total of 60 wg per week. Doxercaicifero!
is described in U8, Palent No. 5,602,116 and U.S. Patent No. 5,861,386 and U.S.
Patent No. 5,868,473 and U.S. Patent No. 6,803,083,

[0G207]  The particular combination of therapies (therapeutics or procedures) to
smploy in a combination regimen will take into account compatibility of the desirsd
therapeutics andfor procedures and the desired therapeutic effect fo be achieved. |f will
also be appreciated that the therapies employed may achisve g desired effect for the
same disorder {for example, an inventive compound may be administered concurrently
with another agent used to treat the same disorder), or they may achisve different
effects {e.g., control of any adverse effects). As used herein, additional therapeutic
agents that are normally administerad to treat or prevent a particular disease, or
condition, are known as "appropriate for the disease, or condition, being treated”.
{00208 A combination treatment of the present invention as defined herein may be
achieved by way of the simultaneous, sequential or separate administration of the
individual components of said treatment,

(802081 The compounds or pharmaceutically acoeptable compositions thereof may
aiso be incorporated inlo compositions for coating implantable medical devices, bio-
erodible polymers, implantable pump, and supposifories. Accordingly, in another aspect,
a compaosition for coating an implantable device comprising a described compound as
described generally above is confemplated, and a carrier suifable for coating the
implantable device. In still another aspect. included is an implantable device coated with
a composition comptising a compound as described generally above, and a carrier
suitable for coating sald implantable device,

(062101 Suitable costings and the general preparation of coaled implantable devices
are described in US. Pat. Nos. §,080,562; 5,880 028; and 5,304,121, The coatings



are typically biccompatible polymeric malerials such as a hydroge! polymer,
poiymethyldisiloxane, polycaprolacione, polyethylene giveol, polvlactic acid, sthylene
vinyt acetate, and mixtures thereof. The coatings may optionally be further covered by a
suilable fopcoat of flucrositicone, polysaccarides, polyethylene glycol, phospholipids or
combinations thereof (o impart confrolied release characteristics in the composition.

AR AR SR

[00211] Determination of the effectiveness of a described method of treatment may be
determined by a variely of methods.

(002127  Normal levels of serum caicium are in the range of 8.8mg/dl o 10.4 mg/dlL
{2.2 mmoVL to 2.6 mmoliL). In certain cases, the efficacy of treatment may be
determined by measurement of serurm and urinary markers related to calcium, including
bul not imited to, total and jonized serum calcium, albumin, plasma PTH, PTHP,
phosphate, vitamin U, and magnesium.

{80213} in other cases, efficacy may be delermined by measwement of bone mineral
density (BMD), or by measurement of hiochemical markers for bone formation and/or
bone resorption in serum or uring. Potential bone formation markers include, bul are not
fimited to, total alkaline phosphaiase, bone alkaline phosphatase, osteocalcin, under-
carboxylated osteccalein, C-terminal procollagen type | propeptide, and N-terminal
procoliagen type | propeptide. Potential bone resorption markers include, but are not
fimited, hydroxyproline, hydroxylysine, glycosyl-galactosyl hydroxylysine, galactosyl
hydraxylysine, pyridinoling, deoxypyridinoline, N-terminal crosslinking telopeptide of type
| coltagen, C-terminal crosslinking telopeptide of type | collagen, Cemminal crosshinking
telopeptide of type | collagen generated by MMPs, bone sialoprotein, acid phosphatase
and tartrate-resistant acid phosphatase.

[B0214] In other cases, efficacy may be determined by the percent reduction in PTH
relative to a pre-dosing {baseline) level and/or by achieving a desirable PTH levet as
generally accepted as being beneficial to patients (for example, guidelines established
by the National Kidney Foundation). Still in other cases, efficacy may be determined by
measurement of the reduction in parathyroid giand hyperplasia associated with a
hyperparathyroidism disease.

{00215] W is expected that when a described method of reatment is administered to a
subject in need thereof, the method of treatment will produce an effect, as measured by,
for axample, one or mors of: total serum calcium, ionized serum calcium, total blood
caleium, jonized blood calcium, albumin, plasma PTH, blood PTH, PTHiF, shosphate,
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vitamin D, magnasium, bone mineral density (BMD), total alkaline phosphatase, bone
alkaline phosphatase, osteccalein, under carboxylaied osleccalcin, Cerminal
procoliagen type | propeptide, N-erminal procellagen type | propaptide, hydroxyproling,
hydroxylysine, glycosyl-galactosy! hydroxylysine, galactosy! hydroxylysine, pyridinoline,
deoxypyridincline, N-terminal crossiinking {elopeptide of type | collagen, C-terminal
crosslinking telopeptide of type | collagen, CHeminal crosslinking telopeplide of type |
collagen generated by MMPs, bone sialoprotein, acid phosphatase and tarirate-resistant
acid phosphatase, Effects include prophylactic treatment as well as freatment of existing
disease.

[60218] A biologically effective molecule may be operably linked to a described
peptide with a covalent bond or a non-covalent inferaction. In specific embodiments, the
operably finked biologically effective molecules can aller the pharmacokinetics of the
described compounds by virtue of conferring proparties {o the compound as partofa
linked moiecule. Some of the properties that the biclogically effective molecules can
confer on the dascribed compounds include, but are not limited to: delivery of a
compeund fo a discrete location within the body; concentrating the activity of a
compound at a desired ivcalion in the body and reducing its effects elsewhere; reducing
side effects of treatment with a compound; changing the permeability of a compournd;
changing the bioavallabilily or the rate of delivery to the body of a compound; changing
the length of the effect of treatmeant with a compound,; altering the in vilro chemical
stability of the compound; allering the jn vivo stability of the compound, haif-life,
clearance, absorption, distribution and/or excretion; allering the rate of the onset and the
decay of the effects of a compound; providing a permissive action by allowing &
compound o have an effect.

{002173  In a further aspect, the described compound may be conjugated o
poiyethytene giycol (PEG). The selecied PEG may be of any convenignt molecular
weight, and may be linear or branched, and may be optionally conjugated through a
linker. The average molecular weight of PEG will preferably range from about 2
kitoDalton (kDa) to about 100 kDa, more preferably from about § kDa (o about 40 kDa.
Alternatively, the PEG molely used canbe 2,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, or 20kDa.

(602187 The described compounds may be conjugated to PEG through a suitable
amino acid residue located at any position on the compounds. The describad
compounds may optionally confain an additional amino acid residue to which PEG is
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conjugated, including for example, an additional amine-containing residue, such as
fysine,

{08218} PEGyiated peplides are known In the art to increase serum haif-life of
conjugated peptide. A varisty of methods are known in the art for the formation of
PEGyiated peptides, For example, the PEG moiety can be linked to the amino terminus,
the carboxy terminus or through a side chain of the claimed peptide, oplionally through
the presence of a iinking group. in other embodiments, the PEG moiety may be linked
to the sulfur of a thiokcontaining amino acid, such as cysteine, or may be coupled to the
sidechain of an aming-containing aminec acid, such as lysine.

[002207  The PEG groups will gensrally be atlached fo the described compound by
acylation or alkylation through a reactive group on the PEG molety {e.g., an aldehyde,
aming, oxime, hydrazing thiol, ester, or carhoxyilic acid group) 1o & reactive group on the
described compound {e.g., an aldehyde, amine, oxime, hydrazine, ester, acid or thiol
group)}, which may be located at the amino terminus, carboxy lerminus, or a sidechain
position of the described compound. One approach for preparation of PEGylation of
svnthetic peptides consists of combining through a conjugate linkage in solulion, a
peptide and a PEG moiety, each bearing a functional group that Is mutually reactive
fowards the other. Peptides can be easily prepared using conventional solution or solid
phase synthesis techniques. Conjugation of the pepiide and PEG is typicailly done in
aqgueous phase and may he monitored by reverse phase HPLC. The PEGylated
peptides can be readily purified and characterized, using standard fechniques known fo
one of skill in the art.

1002211 One or more individual subunits of the described compounds may &lso be
maodified with varlous derivatizing agents known {o react with specific side chains or
terminal residues. For example, lysinyl residues and amino terminal residuss may be
reacted with succinic anhydride or other similar carboxylic acid anhydrides which
reverses the charge on the lysinyt or amino residue. Other suitable reagents include,
g.g., imidoesters such as mathy! picolinimidate; pyridoxal; pyridoxal phosphate;
chicroborohydride; trinitrobenzenesulfonic acid; O-methylisourea; 2.4,-pentanedione;
and ransaminase-catalyzed reaction with glyoxalate. Arginy! residues may be rmodified
by reaction with conventionat agents such as phenylglyoxal, 2,3-butanedione, 1.2~
cycliohexanedione, and ninhydrin,

[002221  In addition, the described compounds may be modified to include non-cationic

residues that provide immunogenic residues useful for the development of antibodies for
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bipanalytical ELISA measurements, as well as fo evaluate immunogenicily. For
axample, the described compounds may be modified by incorporation of tyrosine andfor
giyeine residues. Specific modifications of tyrosyl residues are of particular interest for
infroducing spectral labsls info tyrosyl residues. Non-limiting examples include reaction
with aromatic diazonium compounds or fetranitromethanes. Most commonly, N-
acstylimidazole and tetranitromethane are used fo form O-acetyl tyrosyl and 3-nitro
derivatives, respectively.

Kils Coemprising the Disclosed Compounds
[00223] The invention also provides kits for carrying out the therapeutic regimens of

the invention. Such kifs comprise therapeutically effective amounts of the described
compounds having activity as a CaSR modulator, in pharmaceutically acceptable form,
alone or in combination with other agents, in pharmaceutically accepiable form,
Preferred pharmaceutical forms include the desoribed compounds in combination with
sferile saline, dexirose solution, buffered solution, sterile water, or other
pharmaceutically accepiable sterile fluld. Alternatively the composition may include an
antirnicrobial or bacteriostatic agent. Allernatively, the composition may be lyophilized or
desiceated. In this instance, the kit may further comprise a pharmaceutically accepiable
solution, preferably sterile, (o form a solution for injection purposes. In another
embodimant, the kit may further comprise a needie or syringe, preferably packaged in
sterile form, for injecting the composition. In other embodiments, the kit further
comprises an instruction means for adminisfering the composition to a subject. The
instruction means can be a written insert, an audivtape, an audiovisual tape, or any
other means of instructing the administration of the composition 0 a subject,

fooR24]  in one embodiment, the kit comprises (i} a Tirst container containing a
described compound having activity as a Ca8R moduiator; and (i) instruction means for
use. in another emibodiment the kit comprises (i) a first container containing a
compound as described herein, and (i} 2 second container containing a
sharmaceutically acceptable vehicle for dilution or reconstitution.

{602258]  In another embodiment, the kit comprises (i) a first conlainer containing a
described compound having activity as a CalR modulator; (i) a second container
containing an anticalcemic agent; and (ilf) instruction means for use,

jo0228Y  In one embodiment, the anticalcermic agent is and agent selected from the
group consisting of bisphosphonate agents, hormone replacement therapeutic agents,
vitamin D therapy, vitamin D analogs, such as ZEMPLAR™ (paricaicitol); CALCIJEX®
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(calcitriol), ONE-ALPHA® (alfacalidol) and HECTOROL® {doxsrcalciferol), low dose
PTH (with or without estrogen}, and caloifonin,

002271 In related aspects, the invention provides articles of manufacture that
comprise the contents of the kits described above. For instance, the invention provides
an arlicle of manwacture comprising an effective amount of a described peplide, alone
or in combination with other agents, and instruction means indicating use for freating
diseases described herein.

EXAMPLES

[00228] The following examples are offersd {o illustrate but not to limit the compounds
and methods described herein. Various modifications may be made by the skilled
person without departing from the frue spirit and scope of the subject matier described
herein.

Example |

Model of Renal insufficiency

002291 A rat model of acute renat insufficiency (also referred o as the 1K1C model}
was developad to simulate the pathology of SHPT associated with end stage renal
disease. The model exhibits pathological characteristics of hyper parathyroidsm
associated with a lack of renal function, specifically the significant elevation of plasma
PTH and reduction In serum calcium. The developmant of this model allowed for the
further characlerization of described compounds in the context of a sublect with renal
dysfunction and elevated PTH. Typical baseline PTH levels in this mode! averaged
~450 po/mil.,

002301 The 1K1C model of acule renal insufficlency involves the removal of one
kidney followed by exposure of the remaining kidney to 45 minutes of ischemia and 48
howrs of reperfusion. The ensuing ischemia/reperfusion (I/R) damage 1o the remaining
kidney resulfs in significant necrosis and rensl fallure. Serum crealinine levels were
elsvaied for over 24-48 hours folfowing VR insult {(data not shown). Alsc due {o the
resulting renal dysfunction, total PTH levels are dramatically increased from the pre-l/R
injury levels of ~ 100 pg/mi. By 48 hours post-U/R, plasma PTH levels were elevated to
~ 450 pg/mi {(~5 fold increase) and in some instances reach as high as ~1200 pg/mi.



This reproducible increase in serum creatinine and PTH provided a robust mode] that
rmimics the physiology seen ESRD patients.

002311 Cinacalcet hydrochioride (SENSIPAR®), an approved calcimimetic agent that
is used to lower PTH for the treatment of SHPT, was tested in the 1K1C modet of acute
renal insufficiency. Oral administration of cinacalcet al 30 mg/kg significantly lowered
PTH by approximately 50% for up o 6 hours. This result is consistent with the published
prechinical data for cinacalce! (Nemeth et al., J. Pharmacol Exp. Ther, 308(2):627-35
{2004})) and validates that the TK1C modei of acute renal insufficiency is an appropriate
maode! for evaluating the activity of caicimimetics for this indication,

[00232] The protocn! used in this study is as follows. Male Sprague Dawley rats were
purchased from Charles River Laboratories (MHollister, CA; requested purchase weight
250 - 275 g). For studies with fest articles, gnimals were pre-cannulated in the femoral
and jugular veins for drug adrministration and bloed draws, respectively. Animals were
maintained in & lemperature-conirolied environment with a constant 12 hours light/12
hours dark cycle and free access 1o food and water af ail times.  All experimental
procedures with animals were performed according to IACUC guidelines.

F00233]  Genersl anesthesia was induced and mainiained by intraperitoneal {IP)
injection of sodium pentobarbital (5.2%, 0.4 mb/ral). For animals that raceived 45
minutes of renal ischermnia an addifional IP injection of sodium pentobarbital (5.2%, .1
mbl/frat) was given fo mainiain the anesthetic plane. Blood sampling for FTH
measurements following administration of compounds in normal rats was done under
continuous isoflurane anesthesia.

[B0234] A clean, aseptic technigue was used for the entire procedure, Afler rals were
anesthetized, the abdomen was shaved with electric clippers prior to the operation and
the skin cleaned with 70% slcohol soiution.

[00238] For model development studies, the left femoral vein was cannulated with a
PE-10 tube for blood drawing. Both kidneys were exposed via a laparotomy. A right
nephrectomy was petformed after the right renal pedicie and ureter were ligated with
double 2-0 sitk sutures. After confirmation of non-bleeding in the right pedicle, the feft
renal artery was carefully dissected and clamped with a micro vascular clip to induce left
renal global ischemia. Renal ischemia was confirmad by observation of a global white-
gray color change (bianching). The abdominal incision was temporarily covered with
gauze to help maintain the temperature of the abdominal organs. After 45 minutes, the
designated periad of ischermia, the clip was remoaved and left renal artery flow was
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considered restored upon observation of a giobal restoration of red color. The
abdominal incision was closed in lavers with 2-0 sk sutures. The animal was then
recovered from anesthesia. Physiological parameters including body temperature {38~
37.5°C) and body weight were measured throughout the procedure. Body temperature
was monitored and maintained using a heat pad rectal probe fesdback system.

{00238] Approximately 48 hours after the TK10 surgery (R injury), animals were
dosed with various compounds to measure effects on plasma PTH and calclum. In most
cases, test articles were administered by IV infusion {infusion time 5, 10 or 30 minutes)
although in some studies compounds were administered by IV bolus or subcutansous
(SC) bolus injection. For drug administration and blood draws, animals were
anesthetized with isoflurane.

{002377 Biood samples were coliected periodically throughout the course of the study.
Serum samples were analyzed for of caicium levels and plasma samplss were analvzed
for PTH. Due to the range of baseline PTH values for individual rats, all data are
normalized fo pre~dosing (bassline) levels. Serum creatinine was measured using a
comimercially avaiiable kit from BioAssay Systems (Hayward, Ca}, catalog #DICT-500.

Analyses were performed according to the manufacturer’s instructions.

&. Testing Compounds in Renal insufficiency Model

[00238] Compounds with the following sequences were prepared for iesting in the
renal insufficiency model: Ac-crere-NH, (SEQ 1D NO 4}, n=4, Ac-crrrrr-biH, (SEQ 1D
NO:EY, =4, Ac-orrrer-NH, (SEQ 1D NO:8), n=7, Ac-crrrrmmr-Nip (SEQ D NO:7), n=4, and
saline conirol, n=2. The peptides were administered to animals at a dose of 3 mglkg by
a 20-minute IV infusion, Prior to dosing a blood sample was drawn {0 determine
haseling, pra-dosing PTH plasma conceniration. Results are shown in Fig. 1 as follows:
Ac-crrr-NH; (SEQ 1D NO:4, diamonds), Ac-crre-NHy (SEQ 1D NG5, squares),
Ac-crirrrr-NHL {(SEQ D NO:B, triangles), and Ac-crrrrme-NH, (SEQ 1D NOJ7, open
squares}.

Example 2
i vitro Cell Assey in HEK-293 Expressing the Human Calcium-Sensing Receplor

[60238] Human embryonic kidney {(HEK) 2837 cells were seeded info a T25 flask at 2
million cells per flask and allowed fo incubate at 37°C in 5% CO; overnight. The day
after, these calls were iransfecied with human CaSR receptor using lipofectamine 2000
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transfection reagent 24 hrs post transfection, cells were seeded in 384 well plates at
§,000 celisiwell, Assays were camied cut 48 hours after the transfaction. in some
cases, ECy values were determined by measuring inositol monophosphate production
in the HEK293 cells, stably transfected with the human calcium-sensing receptor (see
Table 1).

[G0240] The cell culture medium was aspirated from the wells and replaced with 28 ul
of 1X stimulation buffer (Hepes 10 mM, CaCiZ 1 mM, MgCIZ 0.5 mM, KC1 4.2 mM, NaCl
146 mM, glucose 5.5 mM, LICH 50 mM pH 7.4). Cells were incubated with compounds at
various concentrations (1mM or 300 il as the highest and further 2 log serial dilutions)
at 37°C Jor 1.5 hrs before reaction termination. 1Py production was determined in cells
using the Cisblo IP-One Th kit (821PAPEC) and according to manufaciurer instructions.
i brisf, incubation with the compound was terminaled by sequentially adding D2
labeled-1P,; and crvptate-labeled anti-IP in lysis buffer and further ingubating at room
ternperature for 80 minutes, Plates were read at 620 nm and 668 nim with 314 nim
excitation. Non-fransfected 203 cells were used as negative control,

1002411 The ralio of fluorescence at 6683 nm and 520 nm was determined. 1P,
concenirations were calculated from standard curves (generated with Graph Pad Prism
ver 4} using known concentrations of P4 standards. ECgs were caiculated based on
the values of the fluorescent ratio OGBS nm QD820 nm) using non-linear regression
curve fitting in Prism software.

[00242] Peptides and conjugates were prepared by solid-phase chemistry at 0.25
mimol scaie on an AB! autormated synthesizer. Seguential coupling of Fmoc-amino acids
{4 eq, Anaspec) o Rink-amide resin (NovaBiochem) was accomplished using
HBTUWDIEA activation. The assembled peptide was cleaved with a TFA cockiail {phanol
{5%), trilsopropyisilane (2.5%) and water (2.5%); 10 mL per gram of resin) and isolated
by precipitation with diethyl ether. After purification by G4 HPLC the final product was
isolated in the TFA salt form by vophilization of appropriate fractions, and characterized
by HPLC (>95% purity) and LC-MS {confinmed MW).

in vivo Administration of Compounds with Calienic Subunils
(602431 The peplides were administered intravenously at a doss of 0.5 mg/kg info
isoflurane-anesthetized normal Spragus Dawley rats. A controf group of rats was lreated
with saline. Blood was drawn prior to dosing and every hour for 4 hours. Rats were



maintained under isoflurane anesthesia for the entire study. The concentration of PTH
i the plasma was measured by ELISA, detecting the bioactive intact PTH 1-84
(mmutopics international catalog number 60-2700), and the cumuiative area under the
curve for AUC was calculated for the data points inclusive of 1-4 hours. Percant PTH
reduction was caiculated according 1o the following formula: AUC g reaste AU C saiive

€
gl 100,

Example 4

fructure-Activity Relationship Siudies: [n viveo Activity

{00244] The peplides tested identified herein as SEQ 1D NO: 26 (Ac-carrrar-NH;) and
as SEQ 1D NO:28 iAc-arrrar-NH,) were tested in vifro using the HEK293 CaSR
iransfecied cells, acoording to the procedure in Exampie 2. The peptides wers also
tasted in vivo, by administering as an iV baolus to normal Sprague Dawley rats at doses
of @ mg/kg for SEQ 1D NO:28 and at 0.5 mg/kg for SEQ 1D NO: 28, An intravenous (IV}
holus of saline was used as a control. Plasma (KEDTA) PTH levels wers assessed
prior to dosing and 1, 2, 3 and 4 hours after dosing. Rats were maintained under
isoflurane anesthesia for the entire sfudy. The results are shown in Figs. 2A-2B,
presented as group average + slandard deviation (SD). In Fig. 2B, PTH is shown as

percent of the baseline pre-doss value,

Structure-Activity Relationship Studiss: D- and L- Aming Acid Subunits

[00248} A series of compounds having an L-amino acid residue substituled for a D-
amino acid residue were prepared. The compounds were administered as an IV bolus
to narmal Sprague Dawley rals at & dose of 0.5 mg/kg. An intravenous (V) bolus of
saiine was used as a control. Plasma (KEDTA) PTH levels were assessed prior o
dosing and 1, 2, 3 and 4 hours after dosing, and the AUC was calculated as described
above. Rats were mainigined under isoflurane anesthesia for the entire study. The
resitlis are shown in Table 4 gbove.

Example &
Sructurg-Activity Relationship Studies: Histamine Release

[00248] To evaiuate the effect of net positive charge on the histamine release
associated with a compound, peptides containing 4 o 7 cationic (arginine) residues wers

73



generated and tested for their ability to trigger histamine release in vivo. The tesied
peplides included ()} Ac-crirr-NMg (SEQ 1D NO:4), (i) Ac-crrrre-NH, (SEQ D NO:B), (#)
Ac-crrrere-NH (SEQ 1D NO:8) and (v Ac-crrrrrrre-NHy, SEQ 1D NO:41),

[60247] Male Sprague-Dawley rats were oblained {Charles River) pre-cannuiated in
the femorai and jugular veins for drug infusion and bicod draws, respectively. All 1V drug
reatments were conducted under anesthetic (isoflurane). Animais were dosed by & 1-
minute IV push in a total volume of 0.5 mi.. Blood samples were taken at 5, 15 and 30
minutes following IV bolus to generate plasma (KEDTA) samples for histamine analysis.
For 30 minute 1V infusion studies, sample was taken aif the end of infusion. In some
case rals in the TK1C model of acute renal ischemia were usad,

[002487  An equal volume of saline was injected Tollowing each blood draw o replace
jost volume. Approximately 0.2 mb of blood was withdrawn at each time point using pre-
coated EDTA syringes o faciiiiate serum coliection.

1002487 Histamine ELISAs were parformed on diluled plasma using the Mistamine
Enzyme Immunoassay (EiA} kit (Cat # AQ5880, SPI-BIO, Montigny le Bretonneux,
France). The Histamine EIA kit is a derivitization-amplified competitive enzyme
immunoassay which detects histamine within the range of 40 pg/ml 10 5,500 pg/mL.
The samples were analyzed in duplicate according to the manufacturer's protocol.
woesg]  Lyophilized peptides (TFA salts) were weighed and the recorded mass was
adjusted for peptide content. Solutions were prepared by dissclving the material in
normal saline {o generale the desired peplide concentration. In some cases the molarity
of peptide was adjusted to allow for inter-peptide comparison. The peptides were
administered by IV bolus at an equivalent dose on a per mole basis as SEQ 1D NO:41
{i.e., 0.7 ymole/ral) by a 1-minute IV bolus and plasma histamine was measured before
dosing (pre-dose), 5, 15 and 30 minutes after dosing. Data are presented as group
averages (n=2) £ SD. Histamine release i3 shown as fold change from pre-dose
{baseline) ievels. Results are shown in Fig. 3. Data are presented as group averages
(n=2) + SD.

Example 7
Structure-Activity Relalionship Studies: Hisiamine Release

1602511 Forin vitro evaluation of histamine release, isclated rat peritoneal mast calis
were is0lated by performing pentoneal lavage using cold BBESS + 25 mM HEPES pH 7.4
containing heparin (Suwml). Cells were washed twice in stimulation buffer (HBSS+25
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mhd HEPES pH 7.4) and incubated with 10 pM of compound in stimulation buffer
(HBSS+25 mM HEPES pH 7.4) for 15 minutes in a 96-well plate (10%well) at 37°C. Cell
supernatant was analyred for histaming using histamine EIA kil (Cayman # 588651}
Data is shown in Table 10,

{B0282] For the i vive svaluation of histamine release, compounds were dosad in
isofturane-anesthetized nommal rats at 2 mg/kg by IV bolus (adninistered over less than
one minute}. Plasma histamine was measured 5 minutes after compound administration
{Cayman histamine EA # 589651). Data is shown in Table 11,

{00253 The abbreviations used herein, and in particular in Tables 10-11 are
summarized here.

Ax -aminchexanoi¢ acid

Alb 2-amincisobutyric acid

bAla heta-alaning {3-aminopropionic acid)

dHoy O-homooysteing

dNie D-norleucing

dNva Denosvating

dPen D-penicifamine

£G etnhylena glycol spacer, MINA{CH2CHZ-Q34-CHE-
COZH

Hey homocysieine

Mpa J-mercapinpropionic avid or mercaptopropionic acid

Nma N-methylalanine

PEG poly {ethviens ghyeol)

Sar Sarcosine (N-methyiglycine)

dar D-homoargining

=8 Clutatione {conjugated)

DAP 1, 3-digminopropionic acid

Structure-Activity Relationship Studies: in vive Activity

[00284]  The compound Ac-o{Clarrrar-NH (SEQ 1D NO:3) was prepared for
comparison with the compound  Ag-carrrar-NH; (SEQ 1D NO:26). In the compound Ac-
e{Clarrrar-RNH, (S8EQ 1D NO:3) the thickcontaining subunit in position X, is conjugated
via a disulfide linkage to an L-Cys residue. The two compounds were administered via
IV bolus to animals with the 1K1C model of acule renal insufficiency at doses of 0.3 and
0.5mg/kg. Plasma PTH levels were assessed prior to dosing and perlodically for 24
hours after dosing. Results are shown in Fig. 10, where data shown are group averages
+ SEM, where as a function of time, in hours, in rals with TK1C model of acute renal
insufficiency, the compound Ac-c{Clarrrar-NH, (SEQ [D NO:3) is represented by
squares (0.3 mg/kg, n=5) and ™ symbols (0.5 mg/kg, n=8) and the compound Ac-ci{ac-
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Charrrar-NH, (BEQ 1D NO:141) by triangles (0.3 mgfkg, n=8) and diamonds (0.5 mg/kg,
n=7),

e e LAl

Micropore Facllilated Transdermal Delivery of Calcimimetic Agents

e e v e

f00255] To evaluate systemic delivery of a calicimimetic agent, Ac-crrrre-NH, (SEQ 1D
N(O:8) was administered to CD hairless rats transdermally using a reservoir. Ac-crirmm-
NH, (SEQ ID NOB) was applied as a 10% sclution in saline to an approximately 1 em?®
area on the back of CD¥ hairless rats that were microporated by 5 passes of a 1.0 mm
Derma Roller under moderate pressure. A polystyrene chamber (LD, 9.5 mm) was
glued over the microporated area of skin to create a drug reservoir in which the solution
of sither Ac-crirrr-NH,; (SEQ 1D NO:! 8) or a saline solution were applied. A 10% solution
of Ac-crrrrer-NHz (SEQHD NO: 8) was administered in the reserveir chamber on two rats,
a saline solution alone was adminisiered in the reservoir chamber on one rat. The
reservoirs ware covered with tape to prevent evaporation. Blood draws were taken over
a 4 hour period and plasma was analyzed for PTH levels by ELISA, The resulis are
shown in Fig. 11

Pxample {10

Sustained Delivery of Calcimimelic Agents by Micropore Facilitated Transdermal Faich

[002561 To further evaluate systemic delivery of a calcimimetic agent, Ac-¢{C)arrrar-
NH, (SEQ 1D NO:3) was administered fransdermally to normal rats using a transdermal
patch, Normal rats were {reated with microneedie array and transdermal patch system.
A small area of fur on the back of Sprague Dawley rats (~350 g) was sheared using
clippers and an area of skin was microporated using a 14x14 array (~1 cm?) of
microneedies (~0.5 mmy). A fransdermal paich system containing 10% solution (by
weight) of Ac-c{Charrrar-NH, (SEQ 1D NO:3) in saline was placed over the microporated
area and left in place for ~30 hours. Biood draws were faken from the rals petiodically
over the 30 hours and plasma samples was analyzed for PTH levels by ELISA. The

results are shown in Fig. 12,
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Example 11
infusion of Calcimimetic Agenis

[DO2577  To further evaluate the PTH lowering effect of the calcimimetic compound Ac-
c(Carrar-NH (SEQ 1D NO:3) was administered by very low dose 1V infusion fo normal
rats and rats with renal insufficiency to identify the lowest dose nseded to be
administered by infusion, transdermal pateh system or other sustained delivery means to
achieve significant PTH reduction. Nommal Spragus-Dawley male rals (250 - 300 ¢)
were infravenously infused for 8 hours with Ac-o{Clarrrar-NH, (SEQ 1D NO: 3) at dose
rates of tpgfkglhr, 3ugfkgfhr, and 10pg/kg/hr. Blood samples were taken prior to dosing,
at 2 hours, 4 hours, 8 hours {ust prior to the end of infusion; EO) and 8 hours (2 hrs
post EQD and plasma was analyzed for PTH levels by ELISA. The dala are shown in
Fig. 13, where rats treated with 1 yg/ka/hir (squares), 3 pg/kg/hr (diamonds), and 10
ug/ka/hr (triangles) for 6 hours were gffective 1o produce significant reduction in PTH
from baseling over the course of infusion.

{G0258] A similar study was conducted in rats with the 1K1C mode! of acute renal
insufficiency. 1K1C model rats were infravenously infused with Ac-o{Clarmrar-NH; (SEQ
1D NO: 273 at dose rates of 30 pg/kg/hr and 100 yg/kg/hr for 6 hours. Blood samples
were taken ptior o dosing (Pre), at 2 hours, 4 hours, § hours {just prior to the end of
infusion; EO1, 8 hours (2 hirs post EOL) and 24 hours and plasma was analyzsd for FTH
levels by ELISA. The dala are shown in Fig. 14A (30 pg/kg/hr, diamonds, and 100
palka/he, squares) and the serum calcium for the animals is shown in Fig. 14B.
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Claims

We clarm
1. A compound, comprising the formula:

X-] "Xz*X3—X4—-X5—~Xﬁ‘-X'f
whaerein

X1 is 2 subunit comprising a thiol-containing group:
X5 18 & cationic subunit,
Xg 18 @ non-cationic subunit;
Xy is a cationic a subunit; and
at least fwo of X, X3 and X, are independently & cationic subunit; and
whetein said compound has activity o decrsase parathyroid hormone level in 3 subject.

2. The compound of claim 1, wharein the thicl group on the X, subunil is selecied
from the group consisting of thiol-containing amino acid residues and organic thiol-
containing moieties.

3. The compound of claim 2, wherein the thiok-containing amino acid residue is
selected from the group consisting of cysteine, glutathione, n-acetylated cysteine and
PEGylated cysteing.

4. The compound of claim 2, wherein the organic thiokcontaining moiety is selecled
from mercaplopropionic acid, mercapioacetic acid, thiobenzyl, and thicpropyl.

5. The compound of claim 1, wherein the X, subunit is modified chemically to
comprise an acetyl group, a benzoyl group, a butyl group, an acetylated-beta-alanine or
is joined by a covalent linkage fo another thiol molety.

6. The compound of clalm 1, wherein the formula X - X - Xg — Xy = X5~ Kg ~ K7 is
comprised of a configuous sequence of aming acid residues, a contiguous sequence of

organic compounds, or a mixture thereof,

7. The compound of claim 6, wherein the conligucus sequsnes of amino acid
residuss is a contiguous seguence of L-amino acid residues, a contiguous sequence of
D-amino acid residues, 8 contiguous sequence of a mixture of L-amine acid residues

~d
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and D-amino acid residues, or a mixture of amino acid residues and nor-natural amino
acid residues.

8. The compound of claim 1, wherein the formuia Xy < X - X~ X~ X - Xy~ X7is a
contiguous sequance of amine acid residues.

9. The compound of claim 8, whereln the conliguous sequence of amino acid
residues is conjugated fo a compound {o facilitale transpori acress a cell membrane.

10, The compound of claim 8, wherein the contiguous sequence of aming acid
residues is confained within a sequence of amino acid residuss between 8-50 amino
acid residues in length.

14, The compound of claim 8, wherein the X; subunit is a cationic amino acid
fesidue.

12.  The compound of claim 11, wherein the X; subunit is & non-cationic amino aoid

residue.
13, The compound of claim 11, wherein X, is 2 non-cationic amino acid residue.

14. The compound of olaim 12 or claim 13, wherein the non-cationic aming acid

residue s a D-amino acid.
15, The compound of claim §, whearein X; and X, are cationic D-amino acid residues,
186.  The compound of claim 15, wherein X, is a D-amino acid residue.

7. Acompound according to any one of claims 1-18, wherein the formula is
covalently attached via the thicl-containing group in the X, subunit 10 a second
contiguous sequence,

18, The compound of glaim 17, wherein the second contiguous sequence is identical

o the formula,

12, The compound of claim 17, wherein the second contiguous sequence is a
peptide that facilitates transfer of the compound across a cell membrane.

-3
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20, A conjugate comprised of a peptide comprising the sequence carrrar (SEQ 1D
NO:2} and a conjugating group, said peplide linked by a disulfide bond at iis N-terminal
residus to the conjugating group.

21, The conjugale of claim 20, wherein the peptide is chemically modified at the N-
terminus, the C-ferminus, or both,

22. The conjugate of claim 20, wherein the N-terminus is chemically modified by
aceiylation and the C~emminus is chemically modified by amidation,

23, The conjugate of claim 20, wherein the conjugate is Ac-c{Clarrrar-NH, (SEQ D
NO3)

24. A composttion for use in treating secondary hyperparathyroidism (SHPT) ina
subject, comprising providing a compound according to any one of claims 1-18 or a

conjugale according to any one of claims 20-23.

25 Acompoesition for use in SHPT in a subject suffering from chronic Kidney disease,

comprising providing a compound according o any one of claims 1-18 or a conjugate

according {0 any one of claims 20-23.

26. A composition for use in decreasing parathyroid hotmaoneg levels in & subject,
comprising providing a compound according 1o any one of claims 1-18 or a conjugate
according to any ong of claims 20-23.

27.  The composition according to any one of claims 24, 25 or 26, wherein said

composition is provided transdermaily.

28.  Atreatment regimen, comprising a compound aceording to any ons of claims 1-
16 or a conjugate according fo any one of claims 20-23 and @ second therapeufic agent,

22, The regimen of claim 28, wherein the second therapeutic agent is vitamin D, &

vitamin [ anaiog or cinacalcet hydrochloride.
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<210 1

<2ii> 7

<£12> PRT

«21% artificial Sequence

<220 ) i
<223»> Synthetic peptide

<220>

«221> VARIANT

<222 (13...{7) ) ) . )

«223> Naa = any amino acid as defined in the specification Filed herewith

«212> PRY |
<213» artificial Sequence

<«223» synthetic peptide

<2Z21> VARIANT
«222» (1y..(3)
<233 Xaa = D-C¥s

<221> VARTANT
222> (2}, {8}
<223» Xaa = D-Ala
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£320G80L7w000s5egTist
<221> VARIANT
<222> (33, 43, (8}, (73
«223> Xaa = D-Arg

<40G> 2
x?a Xaa Xaa Xaa Xia Xas Xaa

230> 3

<23ii> 7

<2i¢> PRT

<213 arvificial seguence

<220
<223> syntheric peptide

<23

<221> VARIANT
<223 (1).. (1)
<223%> Xaa = D-Oys

<220

«221> MOD.RES

222> (3)..{1} .
<223> N-terminal acetylavion

<2 20>

<221> DISULFID

<22 (1)..{1) .

«223» Cys~Cys diszulfide bond to Cys

<22C>

2221 VARIANT
<22 (2), (8
<223> Xaa = D-Ala

<2 20>

<221 VARTANT

«222> (3. (4, (3}, (D)
<223> Xaa = D-Arg

«220>

<221> MOD.RES

<22 {7 )

<223 C-rerminal amidation

<4080> 3
Xaa Xaa XRa Xaz Xaa Xaa Xaa
1 5

<210> 4

<Z211» 5

<212> PRT

<213 artificial Seguence

<2 20>
223> synthetic peptide

<220>
<2231> VARTIANT
<232> (1. (D
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<233

<220
<221>
<222>
<223

<320
<221>
<2 22>
<223

<2 20>
<221
<222>
<223>

<400>

Xaa Xaa Xaa Xam Xaa
1 s

<210
<213>
<212
<213>

<Z2(>
«2Z23>

<220
<2 21>
<232>
<223»

<220>
<22
<222¢>
<223

«220>
<221

<ZdZ>
<223

<220
<Z221>
<Z22>
<223

<430>

Xaa = D-C¥s

MGD_RES
(.. 045 .
dN-terminal acetylavion

VARTZANT
(23...(5)
Xad = D-Arg

MGD _RES
{53 . . .
C-terminal amidation

4

3

5

)

PRT.“

artificial Sequence

synthetic peptide

VARTANT
(13..(1
Xaa = D-Cys

MO _RES
(.. .
N-terminal acetylation

YARTANT
(2)..(8)
Xaa = D-Arg

MOD._RES
& s
C-terminal amidation

5

Xaa Xaa Xaa Xaa Xaa Xaa
1 g

<2 10>
<211»
<2 18>
<233

<220
<223

<220

6

7

PRY

arpificial Seguence

aynthetic peptide

532008017w000sen st
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<231>
<&22>
<223>

<Z20
<221»
<223
<223>

<220
<221>
222>
<223

<220
<221>
<22
<2 33>

<400>

VARTANT
(13..{1}
Xag = B-Lys

MOD_RES
(1. .
N-terminal acetyiation

V@RIAQT
(2. (3)
Xaa = D-Arg

MOD_RES
{7

C-terminal amidatvion
I

Xaa XKaa Xaa Xaz Xasz Xaz Xaa
i 3

<210
<211>
<2312>
213>

<2 20>
<223

<2 2{
<221
<222>
<22%>

<220
221>
«222>
<223

<220
<22i>
<222>
<2233

<2 20>
<2 2i>
<222>
<Z23>

<400

7

8

PRY .
artificial Seguence

synthetic peptide

VARIANT
.. {0
Xaa = D-C¥5

MOD RES
(13..¢L

K-terminal acetylation

YARTANT

{23..(8)
Xaa = D-Arg
MOD_RES

{83

C-terminal amidation

7

Xia Xaa Xaa Xaaz X?a Xaa Xaz Xaa

<210>
<21il>
<232>
<233

<2 2>
<223>

3

7

PRT

artificial Sequence

synthevic peptide

63200801 7Wo00seglist
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<22l

221> VARLANT

<222> (313..(1)

«2233> Xaa = B-Cys

<220>

<221i» MOD_RES

«222> {3Y..(3)

<223 N-terminal acstylation

<230

<221> VARIANT

<222 {2).. ()

<223> Xaa = p-Ala

<220

<220 VARTANY

«222> {33...{7)

«223> Xaa = D-Arg

<2280

<221> MOD_RES

<223 () .

<223> C-verminal amidation

400> 8

x%a Xa@ Xaa Xaa Xaa Xaa Xaa
. 5

<210> 8

<Z2li» 7

<213» BRT ]

«213> arvificial Sequence
#220>

«223> synthetic peptide

<2 20>

<223> VARIANT

222> (1.

<223> Xga = D-Cys

<220

<221> WOD_RES

<222> (13..{1)

223> N-terminal acetylation

220>

<223> VARIANT

<223» {(2)..6023

<223> Xaz = D~ArQ

<220

<221> VARIANT

<2Z2> (33..(33

«223%» Xaz = D-Ala

<220

<221> VARIANT

‘-’.222:’ (é} LEC C?')

<223> Xaa = D~Arg

3200801 7W000seqist
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<220>

<d23> MODLRES

227> (7} .

<22%> C~-terminal amidation
<A00> 8

K83 Xaa Xaa Xaa Xaa Xaa xaa
1 5

«210= 18

<@L 7

<12 PRT

<213 arvificial seguence
<220 . )
<223» Synthetic peptide
<2280

221> VARIANT

<222» {13.. (L)

<223> Xaa = D-L¥s

<2 20>

<221> MOD.RES

«22Z» {1}..(3)

<223 n-terwinal acetylation
<220

<221> VARTANT ‘
<Z22> (23, (3}, (33...(73
<223» Xaa = D-Arg

<2 20>

«221> VARIANT

<222» {(4)..{4)

<323> Xaa = D-Ala

<220

<Z23i> MOD, RES

«222» {7} . . .
223> C-terminal amidation
<400 10

Xaa Xaa Xea Xaa Xaa Xaaz Xaa
i 3

<210> 11

<233 7

213> BRT

<213 artificial Seguence
<220 . .
«223> synthetic peptide

<2 20>

<221> VARIANT

<222> {13.. (L}

«223> Xaa = B-ys

<220

«221> MOD _RES

«222> {13..{3%)

<233>

y~terminal acetylation

83200801 7w000seqlist
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<2 2>

«221> VARIANT

<2225 (33...043, {8)...(7}
<2Z3>» Xaa = D-Arg

<220

<321 VARIANY
<222> (5)..(5)
223> Xaz = p-Ala

<22l

«221> MOD_RES

<222 (1) .

<223 C~terminal amidation

<40 11
Xag Xaad Xaa Xaa X34 Xaa Xaz
i 5

210> 12

<23i> 7

<212» PRY .

<213 artificial Seguence

<220 ) ]
<223> Synthervic peptide

<2 20>

<221> VARIANY
<222 (1) .(W
<223> Xaa = B-Oys

<220

<223» MO _RES

<222> (33..{3) .
<22%> N-tarminal acetylation

2220

<221> VARIANT

«@Z2» (23...08), {7
<223> Xaa = D-Arg

<220

2223> VARIANT
<223 (6}..(8)
<223» Xaa = p-Ala

<2 20>

<223> MOD _RES

222> (7}

<223> C~tarminal amidation

<4GG> 12
X3Aa Xaa Xas Xaa X%a Xaa Xaa
1

<210> 13

<231d= 7

212> PRT

«213> Artificial Sequence

§32008017wW000seglist
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<2 20>

<223

<220
<Z2Zi>
<2 2i>
<223»

<220
<223%>
<R222>
<22%>

<220
<221~
<222>
<22 3>

<221
<222%>
<223>»

<22{>
<231
<222
<223%>

<400>

synthatic papride

VARTANT
{1)..¢H
Xaa = P-{ys

MOD_RES
33..(33 .
N-terminal acetylation

VARIANT
{23...(8)
Xaa = D-Arg

YARIANT
{(Fy..(H
Xag = D-Ala

MOD_RES
7 o
C-terminal amidation

i3

X%a Xaa Xas Xaa xga Xaa Xaa

<2310
<21%>
x212>
<215

<220>
<22 3>

<220
<221>
<222>
<328

<2 20>
<223
<222

<Z23>

<2 2>
<Z231>
«22Z%>
<223>

<230>
<221>
<222>
<2233>

<22{k>
221>
<232>
<Z2 3>

i4

7

PRT

Arvificial seguence

synthetic peptride

VARIANT

(1), . ()
X33 = B-Cys
MOD_RES:
1. (12

N-terminal acetylation

VARIANT
(23, (33, (5, (&
Xaa = D-Arg

YARIANT
4y, (7
Xaa = D-Ala

MOD_RES
{73

C-termipal amidation

632608017wW000saglist
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<408 14

X?a Xaa Xaa Xaz Xaz Xaa Xaa
; 5

<210> 15

<211> 7

«2iZ» PRT
213> arvificial seguence

<& 2G> )
<223> synthetic peptide

<220

<221> WARIANT
<22%» {13..(33
«223%> Xaa = D-Cys

<2 20>

«221> MOD_RES

<222> {13..(13 o
<223 N-terminal acetylation

<228

<221> VARIANT
«222> (23, (43
«223> Xaa = D-Ala

<220

<221> VARIANT

«222> (33, (5} (&3, {7}
<223> Xaa = D~Arg

<220

<231> MOD_RES

<222> (1D .
223> C-terminal amidation

<400~ 15
X%a Xaa Xaa Xaa x?a Xaa Xaa

«210> 16

<2il> 7

<231 PRT

«213> artificial seguence

<220 .
«223> Synthetic peptide

<220

<22231> VARIANT
<gdZ> (1)..{L
<223> Xaa = D-~Cys

<230

<223> MODL_RES

222> (1y..(3} )
<223> N-terminal acetylation

<220
Page 9



<221> VARIANT

<222 (23, (8}

<223> Xz = D-Ala

<220

«221> VARIANT )

<222 (3); {4}s iﬁ}v (?)
<223» Xaa = B-Arg

<220

<221> MOD_RES

<222» (73 |

<223 C-terminal amidation

<400 16

¥az Xad Xaz Xaa Xag Xaa Xaa
1 5

<210> 17

«21l»> 7

<21Z> PRT .

<213 Arvificial Sequence

<2 20> . .

<223%> Synthetic peptide

<22

<221> VARIANT

«222»> (13, (L)

<223> Xaa = D-Cys

<2 20>

<221> MOD_RES

<222> (13..(1) _

«223» M-terminal acetrylation
<220

<221> VARIANT

<222> ‘:2:‘5 (J}l (ﬁ)v {7)
<223» Xaa = D-Arg

<2 20>

<2721> VARIANT

<222» (43, (5)

«223> Xaza = bB-Ala

<220

<223> MOD _RES

322> ()

<22% C-terminal amidation
<400> 17

Kaa Xaad Xaz Xaa xﬁa Xaz Xaa
i

<210» 18

<211 7

<2i> BRT

<21% artificial Seguence
<2 20> .

<243> Synthetic peptide

632008017w0005eg i st
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<2 20>
<223>
<2ddx
<223>

<2 20>
<22 1>
<222>
<223>

<220>
<221
<222
<22 3>

<220
<22i>
<222»
%223

<220
<22%>
223>
<2Z23>

<40

VARTANT
.. (1)
Xaa = D-Cys

MOD_RES
(L. (D R
N-terminal acetylation

VARIANY
2}, (4}, (&), (N3
Xaa = D-Arg

VARTANT
(3, () _
Xaa = p-Ala

MOD_RES
7y o
C-terminal amidation

i8

xia Xaa Xaa Xaa Xaa Xaa Xaa
X 5

<2310
<211
<2 12>
<213

<220

<233

<2 20>
<221»
«222>
223>

«220>
<221>
<232
<223

<220
<2231>
<222

<Z2E3»

<220
<223
<222
<223>

<220
<221>
<222>
<22 3>

19

7

PRT

artificial sequence

synthetic peptide

VARTANT
(13.. (12
Xaa = D-Cys

MOD_RES
(.. .
M-terminal acetylation

VARIANT

(23, (73
Xag = p-ala

VARTANY
3)...(8)
Xaa = D-Arg

MOD_RES
73 N
C-terminal amidation

53200801 7w0b0seglist
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<400> 19
Xaa Xaz Xaz X2a X3a Xaa Xaa
3 3

s

<210> 20

<211 7

212> PRY

<213 arvificial Sequence

<220 . 3
<223> Synthetic peptide

<220

<231> VARIANT
<222 (Y. .00
<223> Xaa = D-Cys

<Z 20>

<221» MOD_RES

<222> (13..(1) ,
<2Z3> N-terminal acetylation

<230

<221> VARIANT

«22Z= (23, (4, (30, (&
«223> Xaa = D-Arg

«22(

221> VARIANT
222> (33}, (7}
«223> Xaa = bD-Ala

<220

<221> MOD_RES

<222> ({73 ]

<#¥3> C~terminal amidation

<400> 20
xga Xag Xaa Xaa xga Xaa Xaa

<10 21
«23i1> 7

213> PRY

<213> artificial Seguence

<220 . .
<223> synthetic peptide

<2 20>

<231> VARIANT
<222 (1)..0)
«223> Xaz = D-Cys

<228

<221> MDD _RES

<222 (1)..(1)

<223> N-terminal acetylation

<2 20>
<221> VARIANT
222> (23, (33, (43, (1)
«223> XA = D-Arg
Page 12



<2 20>
«<22L>
<222
<223>

<220
<221
<222>
<223

VARIANT
{583, (8)
Xaz = bD-Ala

MOD_RES
{7} L . .
C-terminal amidation

<&400> 21
x;iéi Xpa Xaa Xaa X%a Xaa Xz=s

<210~
<211>»
<2 12>
<213

<2 20>
<2Z3>

<2 20>
<221>
<222
<23 3>

<220>
<221
222>
<223

<2280
<221
<223%»
<223

<220
<2 2i>
<2 Zd>

<223
<2 20>
<2273
<222
<2E3>

<400

22
7

PRY
artificial Seguence
synthetic peptide

VARTANT
(1. (13
Xaa = D-Cys

MOD_RES
(13..(L

N-terminal acetylation

VARIANT
(2)...(3)
Kaa = bD-alz

VARIANT
(43...(7)
Xad = D-Arg

MOD.RES
(72

C~terminal awidation

22

Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<2 10>
<dil»
«<212»
<213>

<220
<223>

<2
<2
<222>

23

7

PRT

artificial Ssauence

synthetic peptide

MARTANY
(33, . {33

63200801 7w000seg it
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<223>

<220
<221
222>
223>

<220
<221
<3
223>

2220
223>
222>
<223

<22{>
<221»
<E22
<223»

<450
ke

<2 10
<211
2212>
213>

<2 20>
<223

<220>
221>
2222
<233

<220
<221>
<d 22>
2223

<220
2221
22>
<223

<220>
<223
<223
<233

<220
<221>
<2dem
%223

<400

Xaa = D-Cys

MOD_RES
(13..(0 .
s-terminal acetylation

VARTARY

(2), (43, (583, (P
Xaa = D-Arg

VARIANT
{33, (&)
Xaa = D-Ala

MOD_RES
(73 . i .
C-terminal amidatvion

23

X2a Xaa Xaa Xaa Xaa Xaa ¥ai
i 5

24

7

PRY

Artificial Sequence

synthatic paptide

VARTIANT
(13..(1)
Xaa = D-Cys

MOD_RES
.0

M~terminal acetviation

VARIANT
(23, (583, (8, (D
Xaa = D-Arg

YVARITANT
(33, (&
Xaa = D-Ala

MOD_RES
(73
C-tarminal amidation

24

Xaa Xaa Xaa Xaa Xaa Xaa Xaa
i 5

53200801 7w000segTist
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<210>
<211
<3i2>
<213

<220
<223>

<220
<21
222>
<2Z23>

<2 20>
<22i>
<32
<223»

<2 20>
<2231
<222>

<33%>

<220
<233
<222
<27 3>

<220
<2 1>
<22%>
<223»>

<43

25

7

BRY

Artificial Sequence

synthetic pepitide

VARTANT
(1y.. (1)
Xaa = D-Cys

MOD_RES
(1)..0

N-verminal acetvylation

VARIANT
23, (3, (53, (N
Xaa = B-Arg

YARLANT
(43, (63
Xam = D-Ala

MOD._RES
3

C-tarminal amidation

25

Xas Xaz Xaa Xaa x%a Xaa Xaa
1 E

<230
<21li>
<212»
<213

i B Yo !
<220»

<223>

<220
<223»
<222
<223

<220
<221
<222>
<d23>

<220
<221>
<223>
223>

<220
<221>
222>

28

7

PR?’ - . o 3 -
arvificial segquencs

synthetic peptide

YARIANT
{3y (33
Xaz = D-Cys

MODL.RES
(13.. (1)

N~-tarminal acetylation

VARTANT
{2), (8
Xaa = D-Alg

VARTANT
33, (4, (33, (D

§32008017w000sgTisT
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223> Xaa = DArg

<220

<221> MOD_RES

<22E> {7}

<2#3 C-terminal amidation

<43d> 26
Xia Xaa Xaz Xaa Xga Xaa Xaa

«210> 27

<211> 7

<212» PRY

<213 arvificial Seguence

«2 20 ) .
<223 synthetic peptide

<22{>

<22%> VARIANT
<222> {3}3..{13
<223» Xazg = p-Cys

<220

221> MOD_RES

<222> (8). .3

<223 N-terminal acetylation

<2 20>

<221> DISULFID

222> (13..(1) |

«223> Cys-Cys disulfide bond to Cys

<228

<221> VARIANT
<222> {23, (B}
«223> Xaz = D-Als

<220>

221> VARIANT
222> (33, (43, (533, (7
<223> Xaa = D-APg

<2 20>

<221> MOD_RES

222> (7Y

«223> C~terminal amidation

<400> 27
Xaa Xaa Xaa Xaa X%a Xaa Xaa
1 g

<2L0> 28

<23il> 7

«Z233> PRT

<213 Areificial seguence

<228 .
<233> synthetic pepuide

Lage 16
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221> VARIANT
<222> (13..{1
223> Xaa = D-Cys

<223> MOD_RES
«222> (13..(1} )
<223> N-terminal acetyiation

221> DISULFID
«2Z2» {(13..{1) .
«22% Cys~Cys disutfide bond to Lys

<22;l> VARIANT
<323> Xaa = D-Arg

<22%> VARTANT
*'(22?} (4} ¥ (5>
<223» Xaa = D-Ala

<220

«221» WMOD_RES

<222 (73 .

<223 C-terminal amidation

<400 28
Xad Xaa Xaa Xaa Xaa Xa3a Xaa
1 S

<210> 28

<23i> &

<232» PRY

213> Artificial sesguence

<2 20> .
«223» synthetic peptide

<2 20>

221> VARIANT
<22é> (&3, (5}
223> Xaa = D-Ala

<2 20>

<2Z23> MOD_RES

<232> {3)..(1) .
<223> N-terminal acevvlation

<220>

<223> VARTANT

<222 (2%, (33, (4}, (8
«223» Xaa = D-Arg

<220>

<Z2lx MOD_RES

<233 {7}

<223> C-terminal amidation

Page 17
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<4030> 29
Xaa Xas Xag Xsa Xza Xaa
1 5

<210 30

<21i> &

<21Z> PRY

<213> artificial sSequencs

<220 .
«223» synthetic peptide

<2 20>

<22 1> VARIART
222> (1y..C1)
<223 Xan = bala

<220>

<221> MOD_RES

«222» (13..(L )
«223»> n-terminal acetyiation

<22{>

«221> VARIANT
<222 {23

<223» Xaa = D-Cys
<220

221> VARIANT
<222»> {33...(8}
<223> XAR = D-Arg

<220

<221> MOD_RES

<222» {8} )
<223 C-terminal amidation

<4G0» no
Xaa Xaz Xaa Xaa Xaz Xaa Xas Xaa
1 5

<Zifl> 34
<21i> 7

<213> PRT

<243> Artiticial Seguence

<220
<223> synthetic peptide

<2 20>

«221> VARIANT

<222> (3)..{L}

«223> Xaa = I-Marcaptopropionic acid

<Z220>

<221> VARIANT
<222 (2)...(N)
<223> Xaa = D~Arg

<22(>
<221> MOD_RES
222> {72
Page 18



<223>
<400
i

<210
<21l
<212»
w213

<ZF0>
<223

<220
<221
<223
<2d3>

<220>
233>
<222
<223>

<220
<221>
<2Z2>
<223»

<230
<221»
<322
<223>

<400>

C-terminal amidation
31

Xag Xaza Xaa Xaa Xaa Xaa Xas
“ 5

32

?

PRT

artificial Sequencs

synthetic peptide

VARTANT
(13..01}

¥aa = D-dvomocysteine

MOD_RES
1.0
K-terminal acstvlation

VARIANT
(2)...(7)
Xaa = D-Arg

MO _RES
> . . .
C-terminal amidation

33

Xaa Xaa Xaaz Xaa Xaa Xaa Xaa
i 5

<210
<211
<312>
<2i3>

<2 20>
<223

<220>
<2231>
2222

<223

<220
<231
<22
<223

<20
221>
<232>
<223

<2 20>

33

aa

FRY Lo
Artificial Sequence

svnthetic peptide

VARTANT
..y .
Xaa = D-peniciltlamine

MOD_RES
(1. . (0 )
H-Terminagl acetylavion

VARTANT

(3...(H
Xaa = D-Arg

63200801 7wn00seglist
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<221> MOD_RES
<232 (73
<223> C-terminal amidation

<400> 33
x%a Xaa Xaz Xaa xia Xaa Xaa

<3310> 34

<23l 7

<212» PRY

<213> Artificial seguence

<220 .
«233> synthetic peptide

<22

<221> YARIANT
<222> (1}3..(3}
«223> Xaa = D-Cys

<220>

221> MODURES

<222 {3y, .{13 o
<223> N-terminal acetylation

<220

<221> DISULFID

«222> {1)..{40)

<223> Cys~Cys interchain disulfide bond

2220

<22%> VARIANT
<222> (23, {6}
«223> Xaz = D-ala

<220

<221> VARIANT

<222> (3}, (43, (5}, (N
<223> Xaa = D-Arg

<2 20>

<2Z1> MOD _KES

«222> (73

<223> C-terminal amidation

<400> 34
X%a Xaa Xaa Xaa Xga Xaa Xaa

<21i0> 35

<233 7

<23il» PRT

<21i3> Aryificial sequence

<220 . .
«223> synthetic peptide

<220

221> MOD_RES

222> (3¥..{1)

<223» M-terminal acetylation



63200801 7wWwo00seglist
<220
<221> DISULFID
222> {1)..(38) ‘
<223» Cys~Cys disulfide bond to Cys

<22

<221 VARIANT
«222»> (33, (&)
<22%» ¥ax = B-Ala

<220

<£Z21> VARIANT

«222» (33, (4}, (53, (7}
<223> Xaa = D-Arg

<2 20>

<2Z21> MOD_BES

<222> (7} .

<223» C-tarminal amidation

<400> 358
C{S Xaa Xaa Xaz ){ga Xan Xaa

<210 36

211> 7

<212> PRT -

<213 Artificial Sequencs

<220~ . .
«223» Synthetic peptide

<220

<221» VARIANT
<222» (13

<223> Xaa = D-Cys

<2 20>

<221> MOD_RES

<222 (13, .{L)

<223> N~terminal acetylation

<22

<221 DISULFID

«222> (13..(1) i

<233 Cys-Cys disulfide bond to Cys

220>

<221> VARIAMT
<222 {2), (6
<223> Xaa = p-Ala

<220

«221> VARIANT
<222> (&), (5}, (7}
<223> Xaag = D-Arg

<2 20>

<221> MOD_RES

<222 (7}

<223 C-terminal amidation

<40> 38
Page 21
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Xga Xaa Arg Xaa Xga Xaa Xaa

210> 37
<213 7

<212» PRT

<213 Aartificial Sequence

<220
<223 synthetic peptide

<220

<223> YARIANT
<22%> (1)

<223> Xaa = D-Cys

<22{>

<221» MOD_RES

«222> (33..(1}

<223> N-terminal acetylation

<220

<221> DISULFID

<22d> (1), .1}

<223> Cys-Cys disulfide bond to Cys

<230>

<2231> VARIANT
<222= (23, (8
«223» Xaa = P-ala

220>

<221> VARIANT
222> (33, (53, {73
223> Xaa = D-APg

<& 20>

<2231> MOD_RES

<222> (7Y

«223> C-terminal amidation

<$00> 37
Xa& Xaa Xaa Arg Xaa xXaa Xaa
3 5

<210> 38
<21i1» ¥

<212> PRYT

<2i3> Artificial Sequence

<220 .
<223> synthetic peptids

<2 F0>

221> VARTANT
«222» (1)

<Z33> Haa = D-Cys

<220
<221> MOD_RES
<222> (13..{1) )
«223» N-terminal acetylation
Page 22
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<220

«221» DISULFID

<¥22> (13..(1}

<223 Cys-Cys disulfide bond to Cys

<230

221> VARIANT
<222» (23, (&}
<223> Xaa = p-Ala

<220

<221> VARIANT
<222» (3}, (4), (D)
<223> Xaa = D~Arg

<220

<223 MOD_RES

«222> (7) ;

<223 C-terminal amidation

<400> 38
X%a Xaa Xaa Xaa Agg Xaa Xaa
i 5

<210> 39

<31is 7

<212> PRT .

<213 artificial Seguence

<220
<223 synthevic peptide

<220

<2Z21> VARIANT
<222» (1)

<Z223» Xaa = D-Cys

<320

<Z221> MOD_RES

222> (1)..(D

<223 d~terwminal acetylation

<228

«221> DISULFID

<@22» (33..€1y

«223» Cys-Cys disulfide bond to Cys

<220

<221> VARIANT
«222> (23

<223> Xam = p-ala
<2 20

<Z2Z1> VARIANT
<223> Xaa = D~Arg

<220

<221> MDD RES

<222> ({7}

<23 C-terminal amidavion
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<430 39
Xia ¥aa Xaa Xaa Xga Ala Xaa

«2i0» 40

<2id> 7

«<212» PRY

«213» artificial Sequence

<220> .
<223> Synthetic peptide

<220

<221> VARIAWT
<222> (1}

<223> Xaa = p-Cys

<220>

<221> MCD_RES

<222 (1., ()

<223> K~terminal acetylation

<220>

<223> DISULFID

<222 {13..{1) i

<223 Cys-Cys disulfide bond to Cys
<220

«221> VARIANT

<222 (D

<223> Xaa = p-Ala

<220

<221> VWARIANT
<222 (3}, (4}, (D
<223> Xag = B-Arg

<220

«22%» MOD.RES

<222> (73 .

«223> C-terminal amidation

<430 40
Xia Xaz Xaa Xas xga Xaa Arg

<210> 41

<211> 9

<212» PRY

<213 Artificial sequence

<2 20> . .
<223 Synthetic paptide

<22

<2 21> VARIANT
<222> {13

<2Z23> Xaa = D-Cys

<220>
<2Z2l> MOD_RES
<222> (1. AL
<223» N-terminal acstyviation
Pags 24
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<220

<22%> VARIANT
<222> (2%...(%
<223> Xaa = D-Arg

<2 20>

<2231 MODI_RES

223> {¥)

<223> C~terminal amidation

<40l> 41
Xag Xaa Xaa Xaa X%a Xaa Xaa Xaa Xaa
i

<2310> 42

<2Lli> 7

<2L2d» PRY

<213> Aarvificial seguence

<220 . .
<223» Synthetic peptide

<2 2>

<2231> VARIANT
222> {1}

<Z23> Xaa = D-Cys

g 2
<221> MOD_RES

222> (13..{1
«22% N-terminal acetylation

<220

<2231> VARIANT

<223> (33, (43, {5}, ()
<223> Xaa = O~Arg

<220>

<2Z21> MOD_RES

«222> (7} o o
<223 C-verminal amidation

<4Q0» 42
xia Gly Xsa Xas xga Gly Xaaz

«<210> 43
<23I> 7

<2kd> PRT

<213» artificial Saquence

<228 . .
<223> Synthetic peptide

<220

<221 VARIANT
222> (1)

<d23> Xaa = D-Cys

<2 20>
<221> MOD_RES
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«222> (.. (D)
<223» N~terminal agetylation

<2 20>

221> VARIANT )
<222> (3}, (4), (5}, (73
<2Z3> Xaa = D-Arg

<220

<£23> MOD_RES

22> (7Y

<223» C-terminal amidation

<400 43
xga Ala Xaa Xaa xga Ata Xaa

<Z210>» 44

<2Li> 7

<212> PRY

«213> arvificial Sequence

<220> .
«223> Synthetic peptide

<2 20>

«221> MOD_RES

<222» (1)..41)

<223> N-terminal acetylation

<220

<220 VARIANT
<222» (4

<223> Xaa = D-Arg
<220

<220> VARTANT
222> (23, (B)
<223> Xaaza = D-Ala

<2 20>

<221» MOU_RES

<222> (¥}

<223> C~terminal amidation

<400> 44
C{s Xaa Arg Xaa Agg Xaz Arg

<210» 45

<21l» 8

<212> PRY

213> artificial Sequence

<220>
<223> Synthetic peptide

<430> 45
C§S His Asp ala ?go ¥le Gly Tyr Asp

rage 286
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«218> 48
<213 8
<212> PRY
«213> artificial Seguence

<220 .
«223» Synthetic peptide

<400 48 .
Cys Pro Asp Tyr #His Asp Ala Ggly Ile
1 5

<210> 47

<Zli> 12

<Z1d» PRY .

«213> arvificial Seguence

<22 .
<223> synthetic peptide

<2 20>

<225~ MDD_RES

<222> (1)..(1 !
«223> nN-terminal acetrylation

<220>

<23%> MOD_RES

222> (123..(123 ) .
<223> C-terminal amidation

<400 47
Cys Tyr Gly Arg Lgs LYs Arg Arg Gin A;g Arg Arg
iR

<210 48

<231 12

<21Z» PRYT

<233 arvificial Seguence

<2 20> .
<223» synthetic peptide

<2 20>

«221> MOD_RES

<222> (1)..(1) _
<223 N-terminal acetylation

<220>

<221> MOD_RES

«222= {11).. {31} )
<223> C-terminal amidation

<400> 48
Tgr Gly arg Lys Lgs Arg Arg GIn Arg Agg Arg

<230> 48
<233> 8
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<212>
<213>

«g 20>
<Z223»

«220>
<223>
<222
<223

<220
<223
«22d»
<223

<Z220>
221>
222>
<&Z3>

<220
223>
<223
<223

<220
<221n
<222
223>

<& G

Kaa Xad Xas Xaa xia Xaa Xaa Xaa
X

PRT)M‘ .
artificial Seguence

Synthetic peptide

VARIANT
(13
Xay = 0-C¥s

MOD_®ES
(1. (0 .
f-terminal acetylatvion

VARIANT

2, (43, (%
Xan = D-Ala

VARIANT
33, (63, (7, 8)
Yag = D-APg

MOD_RES
82 R .
C-terminal amidation

44

<210> 50

<21l> 12

<212> PRY

213> artificial sequence
<220

<223» synthetic peptide
<220

£221> VARIANY

<222 (1)

<223> Xaa = D-Cvs

<2 20>

<223> MOD._RES

<222» (13..(1)

<223 N-tarminal acevylation
<220

<2 28> WARTANT

«222>» (2}

«223» Xaa = D-Tyr
<220>

«2231> VARTANT

<222 (33

<Z33> Xaa = D-Gly

63200801 7wob0seglist

Page 28



63200801 7wWa00seqlist
<2 20>
<231> VARIANT
<222 (43, (73, (8), A0), (31, (A
<223> Kaa = D-Arjd

<2 20>

«22%> VARIANT
<222> (8}, (&}
<233> Maa = D-LyS

<2 28>

<223> VARIANT
<222» ()

<223> Xaa = D-@In

<32

<221> MOD_RES

<222> (12} . i
<223 C-terminal amidation

<400 50
Xaa Xsa Xaa Xaa X%a Xaa Xaz Xaz Xaa Xaa Xas Xaa
1 i0

<210 51

231> aa

<21d> PRY

<213 artificial Sequenge

<2 30> .
<223%> Synthetic paptids

<2 20>

<321> VARIANT
<222 (1)

<223> Xaz = P-Qy5

<220

<221> WMOD_RES

222> (13..01) .
<223 N-terminal acetylation

<220

«221> VARIANT
22> (... ()
<Z23> Xaa = D-Arg

<2 20>

<221 MOD_RES

«222» (73 . .
<223> C-terminal amidation

<4030> 53
x§a Xaa Xaa xaa Kéa Xaa Xaa

<210> 52

<2il> 7

<21d> PRYT

<213» Arvificial Seguence

<220 .
<223> Synthevic peptide
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<20
<221
«222>
<23

«228>
<220
<222
<223

<220
<221
<222
<27%3»

<2 20>
<22
<22Z>
<223>

<220
<2&1>
<233>
<283

<400

VARTANT
{13
Xaa = D-Cys

MOD_RES
{13 ..{1) .
N-terminal acetviation

VARTANT

(23, (8}
¥aa = p-Ala

VARIANT

3}, &), (5, (¥}
Xag = D-Arg

MOD_RES
{73

C-terminal amidation
52

xia Xaa Xaa X33 Xas Xaz Xaa
5

<210
<211
<21Zd>
<213

«22{>
<223

<22{0>
<223
<222>
<223>

<220>
<22 3>
<222»
<228

<2 20>
<221
<2 2>

<223>

< 2
2223
<222>
<223

<220
<223i>
222>
<223>

53

7

PRT

arcificial Sequencs

synthetic peptide

VARTANT
(12

Xaa = D-Cys

MOD_RES
By .. )
w-terminal acetylation

DISULFID
(1)..(1)

63200801 7w000seqlist

Cys-Cys disulfide bonded to Glutathione

VARTANT
(23...{D
Xag = D-Arg

MOD_RES
(G i
C~terminal amidation

Page 30
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Xaa Xad Xaa Xas Xaa Xaa Xaa
1 5

<2 10>
<214
<21Z>
<213

<220
<223>

<2 20>
<23
<222>
<223>

<220
<2 2i>
<222
<223

<220
<2231>
<222>
<22 3>

<3400

54

?

PRT

arvificial seqguence

synthetic peptide

VARTANT

(13

Xaa = D-Cys

DISULFID

@..a g
Cys~Cys disulfide bonded to Glutathione
VARTANT

(2)...(7}

X2a = D-Arg

54

X%& Xaa Xaa Xaa xga Xaz Xaa

<& 10>
<21ii>
<2 12>

<213>

<2 20>
<223»

<220>
<Z21>

55

7

PRY

artificial sequence

Synthetic peptide

VARIANY

<222> (1)

<22 3>

<220
<221
<AE2>
<223>

<220
<221
«222>

<223>

<220
<g3i>
<22d>
<223

<2 20>
<228

<222>

Xaa = D-Cys

MOD_RES
(13..(1) .
N-terminal acetylation

DISULFID
(13..(3) . .
Cys~Cys disulfide bonded to acetylated slutathions

VARTANT
23, (83
Xaa = D-aAla

VARTANT
(33, (43, (%, N
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<223> Xaa = D-Arg

<220

«<221> MOD_RES

<222> (73

<223» C-terminal amidation

400> 35
X?a Xaa Xaa Ass x§a Xaa Xaa

<210> 56

<2ils 7

<«@1d» PRY

<213> Artificial Seguence

<220
223> synthetic peptide

<220

<22 1> VARIANT
<222» (1}

<223» Xag = B-Cy$
<2 20>

<221> MOD.RES
<23d> (1)..(1) L
<223 N~-verminal acetylation

220>

<221> DISULFID

<222» (13..(1) )

<223> Cys~Cys disulfide bonded to 3-Marcaptopropionic acid

<220

<231 VARIANT
<222> (3%, (8}
<223 Xaz = D-Ala

<220~

«221> VARIANT
(222:" (3)9 (4)! (5)9 (?)
<223> Xaa = D-Arg

<220

«<221> MOD_RES

«22Z» ()

<233> C~terminal amidation

<400> 56
Xaa Xaz Xaa Xaa xga Xaz Xaa
1

<210> 37

<2l1l> 7

<21Z» BRT

<213» Argificial seguencs

<2 20>
«223> synthetic psptide

pPage 32
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<220>

<223> WARIANT
<2Zd» {1}

<223> Xaa = D-{ys
<220

<221 > MOG_RES
<222> (13..{L) .
<223> N-terminal acetylation

<220

«2231> DISULFID

«222> (13.. {1 .

«223> Cys-Cys disuifide bonded to polyethylene glycol

<220

«22%> VARIANT
<322» {23, (&)
<223> Xaa = D-ala

<2 2>

<221>»> VARIANT

«222> {3), (4y, (53, (N
«223> Xaa = D-Arg

220>

<221> MOD_RES

222> {7} .

<223 Ceverminal amidation

<400 57
Xaa Xaa Xaa Xas x§a Xaa Xaa
1 :

<2L0> 58

<21i= 7

<212> PRY

<2313 artificial Seguence

<2 20> . .
<223> synthetic peptide

<2 20>

<2231> VARIANT
<222% (1)

<223> Xaad = D-Ly$

<220

221> MOD_RES

<222 {13..(1) .
<223 N-terminal sacetylation

<2 20>

<221» BISULFID

<222> (13..{3} .

<223> Cys-Cys disulfide bonded to rolyethylens glycol

<220

<220> VARIANT
<232> (2}, {8
«223» Xaa = D~Ala

page 33
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<2 20>
<22%> VARIANT
«222> 23...(%)
<2E3> Xaa = D-Arg

<220

<Z22i> MOD_RES

<222 {7}

«223> C-terminal amidation

<4(383> 58
Xaa Xaa Xaa XAz Xaa Xaa Xaa
1 3

<210 59

«2li> 7

<21d> PRY

<213> Arvificial Sequence

<220> .
<223> synthetic pepride

<220

<221> VARIANT
<222> (1)

<223> Xaz = D-Cys

<220

<221> MOD_RES

<222> (.. )
<223» N-terminal acetylation

<220

221> DISULFIR

<223> {(13..(L) )

<223 Cys-Cys disulfide bonded to Polyethylene glycol

<220

<221> VARIANT
<222> (2%...(7)
<223 Xua = D~Arg

<220

<22i> MOD_RES

222> {73 R

«223%> C-terminal amidation

<400 59
Xas Xaa xXaa Xaa Xiga Xaa Xaa
1 5

<210> 606

«211> 7

<212> PRT

<213 Arvificial Sequence

<2 20> .
«223» synthetic peptide

«220>
<Z21> VARIANT
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<22 {1}
«223> Xza = D-Lys

<2 20>

<221> MO _RES

222> €13.. (L} .
<223> N-terminal acetylation

<220

«<221> DISULFID

<222> {1)..{1) )

<223» Cys-Cys disulfide bonded to Cys

<2Z20>

«<22%> VARLAKT
<222> (23, (6}
<223> Xaa = p-Ala

<220

<221> VARTANT N
«@22> (3), (&, (5, (1)
«223> Xaa = D-Arg

<& 20>

<221> MDD RES

<222> {7} .
<22%> C-terminal amidation

<400> &80
x%a Xaa Xaa Xaa xga Xa3 Xaa

<210> 81

«<23l> &

<23iZ> PRY

<13 ArviTicial sequence

%2 20>
<223> synthetic peptide

<220

<231> VARTANT
«d22> (1)

<223> Xaa = halz

<2 20>
<221> MOD_RES

<232 {13.. {1} o
<223 N-terminal acetrylation

<220

«<223> VARIANT
222> (2D

<223> Xaa = D~Cys
<220

<221> DISULFID
@22 (.. ~
<223> Cys-Cys disulfide bonded to Cys

<220
page 353
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221> WARIANT
<223 (33, (T
«223>» Xaa = p-aAla

<2 20>

<221> VARIANT

«222» (4), (53, (&), (B}
<223> Xaa = D-Arg

<220

<221> MOD_BES

<223 (7}

<223» C~terminal amidation

<400> 61
Kaa Xaa Xag Xaa x§a Xaa Xaa Xaa
1

<218> 62

<21i> &

212> PRT |

<213> artificial Sequence

<220 . .
<223» synthetic peptide

a2

<221> VARIANY
<222> {1}

<223» Xaa = bAla

<220

<2Z21> VARTANT
<222> (23

<233 aa = D-Cys

<220

<221> DISULFID

222> (23..(2) | )

<223 Cys-Cys disulfide bonded to Cvs

<220

<221> VARLANT
<F2a> (33, (N
<223> Xaa = B-Als

<220
<221> VARIANT
«222» (4}, (53, (8), (8}
<223> Xaa = D-Arg

<4G0» 62
xia Xam Xaa Xaa Xas Xaa Xaa Xaa
5

<210> 63
<&33» 7

213> PRT

<213» argificial Seguence

<2 .
<223 synthetic peptide
Fage 36



<3 30>
<221>
<22
<22 3>

<220
<2 21>
<222»
<223

<220
<221>
<222>
<223>

<$ G0

YARIANT
(13
Xad = P-Cys

MOD _RES
(1)..41) .
N-terminal acetvlation

VARIANT
(33, 43, (5}, (D
Xaa = D-Arg

63

Xaa Gly Xaa Xaa Xaa Gly Xaa
1 5

<21C> 64

<« 2Ll» 7

<2328> PRY

<213 Arvificial Sequence

<220> )

<223> synthetic peptide
<220

<221> VARIANT

<222 (1

<223> Xaa = D-Tys

<2 20>

<221> MOD_RES

<2z2> (). (1) .
<223> H-terminal acetylation
<22

221> VARZANT

“:222> {3}3 C"'{}x (S}n (7}
<223> Xaa = D-Arg

<4Q00> 64

xaa Ala Xaa xaa x§a Ala Xaa
i

<210> 6%

<21l> 7

<«21%> PRYT .

<213 artificial Seguence
<2 20> i

=223 Synthetic peptide

<2 20>

«23L> VARIANT

<222> (1)

«223> Xaa = D-Cvys

63200801 7wo00seglist
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<220»
<@21»
2 2E>
<223»

<2 20>
<22X>
<222
<223

<220>
<221x>
<2E2m
<223

<2 20>
<223
222>
<223

<400

MOD _RES
(.. .
N-terminal acetylation

VARTANT
(2, (B}
Xaa = D-val

VARZANT
(33, &), (53, (M
Xaa = B-Arg

MOD._RES
73

C~terminal amidation
65

X%& Xaa Xaa Xaa X?a Xaa Xag

«230» €6

<213 7

<21d» PRT

<213 argificial Seguence

<220

<223 Synthetic peptide

<2 20>

«223> VARTANT

<222> (1}

<223> Xaa = D-(ys

<220>

«<221> MOD_RES

<dgé» (1)..{1)

«22%> N-terminal acetylatvion

<228>

«223> VARIANT

223> (23, (&)

<223> X8a = DB-val

<2 20

<223> VARIANT

<222> (3}, (43, (B}, (9}

223> Xad = D-Arg

<400> 66

xia Xaa Xaa Xaa Xag Xaa Xas
5

<210» 67

«2ii» 7

<212> PRY

<213> argificial sSeguence

83200801 7wo0seglisy
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<220>
<22 3>

<220
<223
<Z2d>

<22 %

<220>
<2 21>
<222
<223>

<2 20>
<2 21>
<322
<22 3>

<2 2{>
<221»
<2Z22>
<223

<400

synthetic peptide

VARTANT
{1}
Xaa = D-Cys

MOD_RES
(13..(1 o
N-terminal acetylation

VARIANT
(... (7N
Xan = D-Ary

MOD_RES
7 o
C-terminal amidation

67

x%a Xaa »ar Xaa Xaa Xaa Xaa
5

<2 10>
<21i>
<212
<213>

<220
<223

220>
<2 >
<222>
<223>

<220
<221
<222>
<223

<2 20>
<223
<222
<223

<2 20>
<221>
<222>
<Z2Z3>

<2 20>
<221>
<22%>
<223

<220
<221
<222>

68
7

BRY
artifictal sSeguencs

synthetic peptride

VARTANT
(13
Xaa = D-Cys

MOD_RES
(2)..(1

N-terminal acetylation

VARIANT
{23
Xaa = mmAﬁa!

VARIANT
{3y, (4, (53, (D
Xaa = D-Arg

YARIANT
€D
Xaa = D-Giu

MODL_RES
{73

53200801 7w0l0seglist
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<223
<4030

C-terminal amidation
&8

Xaza Xaa Xda Xaa Xaa Xaa Xaa
1 5

<210> &%

<2li» 7

<212> PRT

<213» Artificial seguence
<220 . .
<223> synthetic peptide
<220

<22As VARIANT

222> (I3

223> Xaa = D-Cys

<220>

«221» WMOD_RES

<2237 (1. () .
<223> N-terminal acetviation
<230

<221> VARIANT

223> (23

<223> Xaa = D-Gly

<220

<221 YARIANT

<322 {3}, 8), (&), (O
<223> Xaa = D-Arg

<2 20>

<221> VARIANT

<E22> (&)

<223> Xaa = p-ala

<220>

<221 MOD_RES

<222 (7% .
<223> C-terminal amidation
«d00> B9

X?a Xaa Xaz Xaa xga Aaa Xaa

<2105
<2ils
«23i2>»
<213>

<220
<2 23>

<220~
<221
2>
<Zd 3>

<2 20>
<221>

78

7

PRT

Artificial seguence

synthetic peptide

YARTANT
{1
Xaa = D-Cys

MOD RES

632008017w000seqist
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<22e>
<223

<220>
<2233>
<222»
<223>

<220
«221>
<3I2>
<22 3>

<2 20>
221>
<222>

<223

<220»
221>
<dde>
<223~

<400

(3. (1) .
N-tarminal acetyiation

VARIANT
€23, &}
Xza = D-Ala

VARIANT
(33, (4}, (5
Xa& = D-ATY

VARLANT
{7
Yaa = D-lys

MOD_RES
72 . . .
C-rerminal amidation

70

x?a Xaa Xaa Xaa Xaa Xaa Xaa
: S

<2 30>
<2 Ad>
<23i2>
<213»

<22
<223>

<220
<221
<22 2>
<223

<2 E0>
<223

w222
<223>

<220>
23>
222>
<223

<220
<223>
<222>
<233>

<2 20>
<221>
<222
223>

<22
«221»
<222>

71

7

PRY

artificial Sequence

synthetic peptide

VARTANT
13
Xaa = D-Qys

MOD_RES
.. .
N-terminal acetylation

VARTIANY
{22
Xaa = D-Glu

VARTANT

(33, (43, (53, (D
Xaa = D-Arg

VARTANT
(82
Xaa = D-Ala

MOD_RES
72

63200801 7w000segtist
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223>
<40

C~terminal amidation
71

x?a Xaa Xaa Xaa x%a Xaa Xaa

<210 72

<21i> 7

=212 PRY

<213 arvificial Sequence
<2 0>

<223> Synthetic peptide
<220

<Z21> VARIANT

<222> {13

<223> Xazg = D~Cys

<2 20>

221> MOD_RES

222> (1¥.. (1) | o
«223> N-terminal acetylation
<220

<221 VARIANT

«222% {23, (&)

«223%> Xaa = p-Ala

<2 20>

<221> VARIANT

«222> (3)

233> Xaa = p-LyS

2228

<231> VARIANT

«222» (43, (5), (D

<223»> Xaa = D-Arg

<220

£221> MOD.RES

<222» {7}

«223 C-terminal amidation
<40 72

Xaa Xag Xaa Xaa x%a Xaz Xaa
1

=2 10>
£211>
<21
<21%

£220>
<223

<220
<231
£222»
£223>

«220>
«221>

73

7

?RTK L.

artificial Seguence

Synthetic peptide

VARIANT
(1)
Xag = D-Cys

MOD_RES

532008017wo00segiist
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<22E>
<233

<Z 20>
<221>
<222

<223

<220
<223~
<222
<223

<228
<221>
<222>
<223

<220
<221>
<232»
<22 3>

<A Q0w
1

<210
<211>
<212>
<213>

<220
<223

<2 20>
221>
<222>
<223>

228>

P EES

Tl dy o

<222
<223>

<220>
<221>
<222

<23 3>

220>
<2 24>
<222
«223»

<2 20>
<223
«223>
<22 3>

<400

(1).. (L .
#-termingl acerylation

YARIANT
2y, (8
Xaa = D-Ala

VARIANT
(4)
XKad = D-Lys

VARIANT
(33, (53, (M
Xaz = D-Arg

MOD RES
{7 . . .
C-terminal amidation

73

xga Xag Xaa Xaa X?a Xaz Xaa

74

7

PRT

artiticial Sequence

synthetic peptide

VARTANT
(13
Xaa = D~Cys

MODL_RES
{1y.. {1} ..
M-terminal acetylation

VARTANT
(23, (6
Xaa = Dd-Ala

VARTANT
(32, (43, (5), (O
Xaa = D-Arg

MOD_RES
{7

C-rerminal amidation
74

Xi& Xa2a Xaa Xaa X?a Xaa Xaa

632008017w000seqlist
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<210> 75

<21i» 7

<212> PRYT

<213 artificial sequsnce

<220> )
<223 Synthetic pepride

<220

<221> MDD RES

<222 (1)..(D

2223 N-terminal acetylation

<2 20>

<221> MO _RES

222> (73

223> C-terminal amidation

<400> 75
ags Ala Arg Arg Agg Ala Arg

<210> 76

«211> 9

<212> PRY .

<213 artificial Sequence

220>
<223> sSynthetic peptide

<220»

<2Z21> VARIANT
222> (1)

*223> Xaa = p-Lys

<220

<223> MDD_RES

<223> {13..(D .
<223 R-terminal acetylation

<2 20>

<221> VARIANT
«222> (23, €3
<223> Xaa = D~aAla

<220

<223> VARIANT
<222 {43, ..(%)
«223> Xaa = D-AFG

<2 20

<221> MOD_RES

<223 {93}

<223%> C~terminal amidation

<400> 76
X33 Xaa Xaa Xas xga Xza Yas Xaz Xaa
1

<2i0> 77
«21is> 1D
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«212» PRY
<213> Artificial Seguence

<220
<223» synthetic peptide

<220

2223> YARIANT
<222> {1)

<223> Xaa = D-Cys

<2 Z0

<221» MOD_RES

<222> (33..¢0 )
<223> N-terminal acetylation

<220

<221 VARIANT
222 (23, (3, @&
<223 Xaa = B-Ala

<2 20>

<22%> VARIANT
<222» {8)...010
~223» Xaa = D-Arg

<220

<221> MOD_RES

«222> A0)

<223> C-terminal amidation

<400> 77
X?& Xaa X3a Xaa Xaa Xaa Xaa Xaa xXaa Xaa
e g

«210> 78

«211> 9

<212> PRY

<213> artificial seguence

220

(T AAvE

<223 synthevic peptide

<220

<22A> VARIANT
<222» (1)

<223> Xaa = D-Cys

<220

«2231> MOD_RES

222> {1)..(33

<223 N-terwinal acetyvlation

<2 20>

<221> VARIART

<222~ {23, {4}, (8), (&
<223> Xaa = D-Ala

<220
<22i> VARIAMT
<222 {33, (B, (7, B
<223 Xaa = D-Arg
rage 45
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<220

221> MOD_RES

<223> (8)

<223 C-termina’ amidation

<400> 78
xia Xaa XKag Xaa xia Xaa Xaa Xaa Xaa

<210> 79

<231> 9

<212> PRT

<#313> Artificial Sequence

<220 ] )
<223 synthetic peptide

<2 20>

<221> VARIANT
<222> {1

«223» Xaa = D~CyS

<220

<221> MOD_RES

<222> (1), .{1}

«223> N-rerminal acetylation

<220>

<221> VARIANT
«222» (23, (8, (8
<223>» Xaa = p-aAla

<220

<221> VARIANT ) .
<222> (33, (4, (53, (B, (B
<223> Xag = D-Arg

<220

<221> MOD_RES

<2d2> (8y

<223 C~terminal amidation

<430 79

Xia Xaa Xazx Xaz X§a Xaa Xaz Xaa Xaa
3

<2i0> 8¢
<211> 7

«212> PRT

<233> Artificial sequence

<220> .
<223 synthetic peptide

<220>

<221> VARIANT
«222» {1)

<223> Xaa = D-CysS

<220
<221 VARIANT
222> (3y...(7}
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%223> Xam = D-Arg

<220

<2 23> MOD_RES

2> LN

<223 C-terwinal amidarion

400> 8¢
Xaa Xaa Xax Xaa Xda Xaa Xaa
1 )

«210» 81

<21i> 7

<212» PRY

<213> Artificial Sequencs

< 220>

<223> Synthetic peptide

<2 20>

<22%> VARIANT
<222> (1)

<223> Xag = o-Cys
<2 20>

<221> MOD_RES

«222» (13..(3)
<223 H-terminal acetylation

<220

<22T> DISULFID

«222> {31)..(1)

<223 Cvs-Cys interchain bond with banzoyl

<220

<221» VARIANT
<222> (23...(7}
«<223> Xaa = D-Arg

<2 Z0>

<221> MOD_RES

<222%> (7

<223> C-terminal amidation

<400 81
x§a Xax Xaa Xam Xaz Xaa Xaaz
2

<210> 82
<21i> 7

<21Z> PRT

<213»> Aartificial Sequence

<220
<223> synthetic peptide

<2 20>

<223> YARIANT
<2X2> (1}

<£23> Xaa = D-Cys

< 20>
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<3Z21> MOD_RES
<222 (1. {1 .
<«223» wW-terminal acetylation

<220

223> BISULFID

<222> (13..(1} . . ]
<223> Cys-Cys interchain bond with acetyl

<2 20>

<221 VARIANT
<22 (23...{")
<223> Xaa = D~Arg

<220

2221» MOD_RES

<223> (73

«223» C-terminal amidation

<43 82
X%a Xag Xaa Xaa xga Yay Xaa

<210> B3
<21i» 7

<Z213> PRT

<21%> artificial Sequence

<2 20>
<223> synthetic paptide

<2 20>

<223> VARTIANT
«222> (1)

<223> Xaa = D-CY3

<2 20

<221> MOD_RES

«22Z> {(1}..{L)

<223 N-terminal acetyiation

<226

<221> VARIANT
<222 (23

«223> Xaga = B-ala

<228

<2Z21> VARIANT

«222> (3}, (43, (5}, (I}
<223> Xaz = D-Arg

<220>

<221> WARIANT
«Z222» {6}

«223> Xaa = p-phe

<2 20>

«221> M _RES

<222> (7}

<223 C-terminal amidavion

<&00> 83
Xaa Xaa Xza Xaa Xaz Xaa Xas
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<210> 84
«23il> 7
<21Z> PRY .
<213 Artificial seguence
<220 .
<223 Synthetic peptide
<220
<221> VARIANT
222> (1)
223> Xaa = D-Lys
<220
«221> MOD_RES
222> (13..{1) .
<223> N-terminal acetyliation
<2 20>
<221> VARIANT
«222» (2
<223> Xaa = p~Ala
<220
«321> VARIANY
<222» (33, (4), (5}, (O
«223» Xaa = D-Arg
<220
<Z221> VARIANT
<222> {63
<223 XYaa = p-Ile
<220>
<221> MOD _RES
«222» (¥ . i
<223 C-terminal amidation
<400 84
xga Xag Xaa X#a xga Xa&& Xaa
<218> 8%
<23i>» 7
211> PET
<213> Arvificial Ssquencs
<220> o )
«233> synthetic peptide
<2 20>
<221» VARIANT
<222> {3}
<223> Xar = D-Cys
<220
<221> MOD_RES
«22% (13..(1

<223>
<220

K-terminal acetylation

632008017wC00seglist
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<2Z2i>
<2 2d>
<223

<220
<221
<222>
<2e3>

<220
<221
<223
<233>
<2 20>
<221
<222
<223>

<400

YARIANT
{2)
Xaa = D-Ala

VARIANT )
(33, (43, (52, (&3
Xaz = D-Arg

VARIANT
(63
Aaa = D-Ley

MODL_RES
(7} . . .
C-terminal amidation

85

¥Xaa Xaa Xaz Xaz Xaa ¥asa Xaz
3 3

<210
211>
<212>
<233

<2 20>
<223

<220
<221
<222>
<223

<2 20>
<221>
<2ZEw

<223>

<2 20>
<221
<@2l>
<223»

<22{>
<221
<222
<223>

<220
<F21>
<222>
<223
<220
<221

<322

<223>
<450>

86

7

PRT

artificial Seguence

Synthetic peptide

VARIANT

¥aa = D-Cys

MOD_RES
(13..( .
H-terminal acetyliation

VARIANT

(3, (63

Xaz = D-Ala
VARIANT

33, (4, (O
Xax = D-Arg
VARTANT

(52

Xaa = D-Lys
MOD_RES

{7

C-terminal amidation

8

Xaa Xag Xaa Xazx Xaa Xaa Xaa

632008010 W000seqist
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1

210>
<21I>
<21
2213

<2 20>
<223

<220
220>
<222>

<223

<220>
<231
<222
<223>

<220
221>
223>
<223

<220>
<233
<222>
<223>

<220
<221
<222>
<223

<2 20>
<gdi>
«222»
<233

<400

5
87
7
PRY
Arvificial seguence
synthetic peptide
VARTANTY
{13
Xag = O-ys
MOD_RES
{3y, .
N-terminal aceryiation
V&RIANT
(23
Xaa = D-Ala
VARTANT '
(3, (43, (8), (73
Xaa = D-Arg
VARTANT
{63
Xaa = D-val
MOD_RES
7

C-terminal amidation
&7

Xaa Xaa Xsa Xaa Xad Xaa Xaa
i 5

<210
<233>
<212>
<213>

<220>
<223>

<220
<221
222>
2223

<2 20>
<22X
222>
<22 3>

<220

&8

7

PRT

artificisl seguence

synthetic peptide

VARTANT
{1}
Xaa = D-Cys

MO RES
{13..(1} R
N-terminal acetylation

63200801 7wol0seqlist
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221>
<2E2>

<223

<2 E 0>
«<22%i>
222>

<22 3>

<220
<Z 21>
<2Ze»
<223>

<L 20>
221>
<222>

<2¢3>

<400>

VARI&NT

{2}

Xaa = D-Ala
VARTANT.

33, (43, (53, {73
Xaa = D-Arg
YARXIANT

(63

Xaa = D-Pro
MOG,_RES

(7} . . .
C-terminal amidation

28

Yaa Xaa Xaa Xaa Xga Xaa ¥aa
1

<230
<231
<212>
<213»

<2 20>
<223

<2E0>
<221
222>
<223>

220>
<22%i>
<@éd>
<2243

<2 20>
<22%>
<232>
«223>

<2 20>
<22
<222
<Z233>

<220
<221>
<222
<223>

«<220>
<22 >
<222>
<323>

<400>

2

89

7

BRT

Arvificial Sequence

synthetic paptide

VARIANT
13
Xaa = D-Cys

MOD_RES
SRR .
N-terminal acetylation

VARTIANT
{23
Xaa = p-ala

VARTANT
(33, 43, (53, (73
Xaa = D-Arg

VéRZANT
{63 .
Xaa = D-HIs

MOD_RES
{73

C-terminal amidation
88

632008017w000seglisT
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Kaa Xaa Xasm Xaz Xaa Xaa Xaa
l [

<210
<211
<2id>
<21 3>

<223

<233

<2 20
<221
«2ddn
<223»

<220
%221
<222
<223>

<22
<221
<222
<223>

<220
<E2i>
<222
223>

<220
<221
<322
<223>

<Z2>
<221>
<222
<223

<430
&

<210
<21l
<212»
<213>

«220>
<223

<22
<3231
<222>
<223>

<220
<223>
<22
<223>

]
20
7
?RY < 3 3 "
arpificial Seguence

synthetic peptids

VARIANT
(1)
Xaza = D-Cys

MOD_RES
{(13..(1

n-terminal acetylation

VARLANT
(2
Xaa = D-Ala

VARTANT
(3, 8, (53, (D
Xaa = D-Arg

VARIANT
(&3
Xaa = b-Gin

MOD..RES
(73

C-rarminal amidation

GG

X3aa Xaa Xaa X33 x%iﬂ Xaa xaa

a1,

7

PRY

artvificial Ssguence

synthetic peptide

VARIANT
oy
Xaz = D-Cys

MOR_RES
(..
M-tarminal acetylation

£32008017wol0seqlist
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<2 20>

<221> VARIANT
«222» (23

<223> Xaa = b-Ala
<220

<221> VARIANT
<222 (33, 4, G, (N
<22%> Xaa = D-Arg

<TI0

<221 VARTANT
<222> (6}

<223> Xaa = b-Thr

<220

<223> MOD_RES

322> (7))

<223 C-terminal amidation

<300> 31
Kaa Xaa Xaa Xaa Xaz Xaa Xaa
1 it

<2i0> 92

<31l» 7

<212> PRT

<213> Arpificial Sequence

<220
<223> Synthetic pepiide

<220

<221> VARIANT
<322> (1)

<223> Xaa = D-Cys

<230

<221> MOD _RES

<222 {33..(0) ~
<223> N-terminal acetylation

<2 20>

<2 21> VARIANT
<222> (23

<223> Xaa = U-Ala

<2 20>

<221> VARIANTY

«222» {33, (4, (8}, (73
<223> Xaa = D-Arg

«2 20>

<223> WARIANT
<222» (82

«223> Xaa = D-Ser

220>

<221 MOD_RES

<222 (7>

<223> C-terminal amidation
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400> 92

Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210> 93

<233> 7

<212» PRT

<313> Artificial ssquencs
220> .

<223> Synthetic pesptide
<220

<221> VARIANT

<gd2> (1)

223> Xaa = {-Qys

<220>

<2231> MORL_RES

222> (1)..{1)

<223 N-terminal acetylation
<220>

<Z221> VARIANT

<223 (2)

«223>» Xaa = O-Ala

<2 20>

<221> VARIANT

<222> {3}3 O“")’ (5): {7)
<223> Xaa = D-~Arg

<220

<221> MOD_RES

<223 (7} |

<223 C~terminal amidation
<400> 93

Xaa Xaa Xaa Xaa Xza Gly Xaa
i 5

<210 Y4

<21i> 7

<21d» PRY

<213> artificial sequencs
<2E0> . .
<223 synthetic peptide
<220

<221> VARIANT

<222> (1}

223> Xaa = D-Qys

<2 20>

221> MOD_RES

«222» (1), . (1) )
<223> N-terminal acetylation
<2 20>

<221> VARIANT

<2 {23

<223> Xaa = U-Glg

BI2008CI7WolCseglist
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<A 2
<221y
<233
<223

<2 28>
<2il>
<323
<223>

<220
<228
<22

<223
<300
L

<210
<2ilx
<212>

<213>

<2 20>
<22%>

<E 20>
<221
222>
<223

2220
<22
<d2%»
<223

<220
<223
<22
<&k

<2 2>
<2 2}_>
<222
<223

<220
<22i>
<222»
<2238

VARIANT '

(33, 43, ) (D
Xaz = D-Arg

VARIANT

(6)

Xag = D-Ala

MGD _RES

(73 . . N
C-terminal amidation

94

Xaa Xaa Xa# Xaa xga Xaz Xaa

a3

7

PRY .

arpificial Saguence

synthetic peptide

VARIANT
(13
Yaz = D-Cys

MDD _RES
). (1) .
N-terminal acevyliation

VARIANT
(33, (43, (5, (N
Xag = G-Arg

VARTANT
(&2
Xaa = D-Ala

MOD_RES
(7} L X .
c-verminal amidation

<A400> 95
x§a Gly Xaaz Xaa xga Xaz Xaa

<210~
<211>
«21z>
<213

<2 20>

86

7

PRT .

arvificial Sequence

63200801 7wn00seqTist
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<223>

<220
«<221>
<22 I>
<223>

<2205
<223>
<222
223>

«220>
<223>
<232>

223>

<2 20>
<223>
228>
<223

220>
<33
<222>
<223

<220
<221>
<2 22>
<223

<400

synthetic peptide

YARTIANY
{13
Xaa = D-Qys

MOD_RES
(1).. (L .
N-tarminal acetylation

YARTANT
{2}
Xaa = D-Ile

VARTIANT
(3}, (43, (53, (T}
Xaa = D-Arg

VARIANT
(6}
Xaa = p-Ala

MODL RES
{73 ) . i
C~-terminal amidation

86

Xaa X&a Xar Xaa Xaa Xaz Xaa
i R

<210
<211>
<232»
<213

220>
<22 3>

<2 20>
<22}
<22 3>
<22 3>

<220>
<221>
<222>
<223>

<2 20
<221»
<ZAI>
<223

<2 20>
<223
<222
<223>

a7

7

PRT .

arvificial Sequence

synthatic paptide

VARIANT
(1)
Xaa = pP-Cys

MOD_RES
(1. .
N-terminal acetylation

YARTANT
(22
Xaa = D-Pro

VARTANT
(33, (&), Gy, (73
Xaa = D~Arg

63200801 7w000seaTist
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<220
«221>
<Z2EZ>
<223

<220
«<d21>
223>
<233>

<400>

YARTANT
(&}
Xaa = D-ala

MOB RES
(73 . . i
C-terminal amidation

97

X%& Xaa Xaa Xaa X4a4 Xga Xaa
5

<2 10>
<21il>
<2iZ»

<24i3>

<22{>
«<223»

«Z2 20
<2215
<Z22>
<223

<220>
<221
<222>
<ZZ23>

<220
<#21>
<22i»
<223

< 2{>
<224»
<222
<223

<220>
<221
<222
<#23>

<220>
<22 1»
<222>
<223>

<40

98

7

PRY

Artificial seguence

synthetic peptide

VARTIANT
(13
Xaa = D-Cys

MOBLRES
{1)..(1)

N~-terminal acetvlation

VARIANT
(25
Xaa = D-18y

VARTANT
(3, (&, (5}, N
Xaag = D-ATg

VARIANT
{8
Xas = D-ala

MOD_RES
N L
C~terminal amidation

98

X?& Xaa Xaad Xaa xga X3a Xaa

<210
<211
<212>
«213>

<220

929

7

PRT

Artificial Seguence

63200801 7wo00segiist
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<223

<220
<221
£22e>
<223

<2200
<ZEL>
<222>
223>

<220
<22%>
22 23>
<223

<220>
<2Zi>
Y yyes
<223>

<22C>
<2 21>
<22d>
<223»

<2 20>
«<221>
<222>

<223>

=400>

synthetic peplide

VARTANT
(1}
Yag = B~Cys

MOD_RES
{1)..{1 R
N~terminal acetylavion

VARIANT

(23 ‘
Xzz = 0-Glin

VARIANT ,
(33, (4, (53, (D
Xaa = D-Arg

YARIANT
(&}
Xaa = D-Ala

MOD,_RES
{73 . . .
C-terminal amidation

9%

Xag Xaa Xaa Xaaz Xga Xaa Xas
1 "

<210 100

<21i> 7

<212> PRT

«233> Artificial Sequence
<220> B

<223 Syntvhatic peptide
<Z20>

<221> VARIANT

222> {13

<223 Xaz = D-Ly¥s

<220

<221> MOD_RES

<222» (13..(10

«223> w-terminal acetylation
<22{>

<221> VARIANT

222> (23

<223> Xaa = D-Thr

<220

<221> VARIANT
<222» (3}, (&), (5}, (7}

632006801 7w000seglist
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<22 3>

<220
<g21>
<2
<323

<2 20>
<221
<222
223>

<400

Xaag = D~ATg

VARTANT

{6}

Xaa = B-ala

MQ&NRES

(73 . . .
C-terminal amidation

160

X2z Xaza Xaa Xaa Xga Xaa Xaz
1 .

<210 101

<21is 7

«212> PRY

<212 artificial ssguence
<220 . .
<Z223> Synthetic peptide
<220

<Z21> VARIANT

222> (13

<223> Xaa = D~Cys

<220>

<223> MOD_RES

«222» (33..(35

<223> N-terminal acetyiation
<220

<221> VARIANT

<222> (@3

<223» ¥Xaa = D-val

<220

<d21> VARIANT

«222> (3, (43, (8), (M
<223> Xaa = D-Arg

<220

<221> VARIANT

<222> {B)

<223> Xaa = D-Ala

<220

<221> MOD.RES

<222> {7}

<223 C~terminal amidation
<400> 101

Xaa Xaa Xaz Xaa Xaa Xazz Xaz
1 4

<2 10>
<21l
<232>
<213>

¥

102

7

PRY
Artificial seguence

£3200801L7W000s8gTisT
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<2 20>

<223 Synthetic peptide
<3 20>

<2 21> VARIANT

<222» (12

<223> Xaa = D-C¥s

<2 20>

<221> MOD RER

222> (13..(1) .
<223 W-terminal acatylation
<2 20>

<22%> VARTANT

<222 (2}

<223 Xaa = O-5er

«220>

<22i> VARIANT

‘:222> (3)17 (4): (5}! (?>
«223»> Xaa = D~Arg

<220

<221 VARIANT

<222> (63

<223> Xaa = D-Ala

<2 20>

<221> MOD_RES

«222> (7} . .
<223 C~terminal amidation
<400~ 102

x;a ¥aa Xaz Xaa Xga Xaa Xaa
<218 103

<21d> 7

<212> PRY

<213 Aartiticial Sequence
<220>

<223> Synthetic peptide
<2 20>

221> VARIANT

<222> {1}

<223 Xaad = D-Cys

<220

<Z2231> MOD_RES

<222> (12..(1}

«223> t-terminal acetylation
<228

«<221> VARIANT

<222> (23 .

<223 Xaa = D-HiS

<2 20>

<221 VARIANT

«222> (33, (83, (5Y, (D

§32008017wW000seq izt
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<223
<220>

<221
<222>
<22%>

<220>
<2 2ix
<22
<223

<440>

Xaa = D-Arg

VARIANT

(83

Xaa = D-Ala

MOD_RES

{73} . . .
c-rerminal amidation
3143

X?’ia Xaa Xaa Xaa Xz‘éa xXag xaa

<2 10>
PYANES
<2 1d>
<2 i3>

<220
<223

<2 L0
<221
<2 22>
223>

<220
<223
<222
<22 3>

<230
221>
<233

<243

<2 &0
<221
<223>
<223

<220
<221>
<2dd>
<223»

<2203
2221
22>
<223

<430>

104

7

PRY .
artificia

-~

I Seoquence
synthetic paptide

VARTANT
(12
Xaz = D-Cys

MOD_RES
€. (), .
N-tarminal acetylation

VARIANT
{23}
Xad = p-Phe

VARTANT
(33, (4¥, (33, (7
Xaz = D-Arg

VARTANT
(6}
Xaa = p-ala

MOD_RES
I .
C~terminal amidation

104

Xaa Xaa Xaa Xaa Xga Xaa Xaa
i 5

<2310>
<211
<212>
<213

165

7

PRY

artificial Seguence

63200801 7wWo00seql st

Page &2



<220
<223»

<220
<221>
<222
<2i3>

<220>
<22%i>
<222
<223>

<:22(}:~
<221
<223>
<223

<320
<t 2
222>

223>

<220
<223>
<22&»
<223>

<400

synthetic paptide

VAREANT

{1)

Xaa = D-Cys

MOD_RES

(1. . (5 .
H-terminal acetylation
VARIANT

{23, (33, (B, (N
X8a& = D-Ardg

VARTANT

{6

Xaa = D-Ala

MOD_RES

{7}

C-terminal amidation

185

x?a Xaa Xaa Gly X%a Xaa Xaa

2210
<2l
<2 3d>
<213

<22C
<223

<220
<221>
<222
<#23>

<220
<23i>
<222>
223>

<220>
22>
<EEe>
<223

<220
<221>
<222
<323
Py RIS
<F2i>
<2dd>

106

7

PRT

artificial Zequencs

synthetric peptide

VARTANT
{13
Xaa = p-Cys

MO RES
.. (1 .
N-terminal acetyiation

VARTANT
2y, 33, (33, (N
Xaa = D-Arg

VARTANT
$2
Xaa = D~Pro

VARIANT
(63

63200801 7wollsagiist
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223>
<220
<221>
<222>
<233
<400

A

Xag = D-ala

MOTE_RES
{7 . . .
C-terminal amidation

106

XAz Xaz Xaa Xza Xaa Xaa Xaa
3 5

<230 107

<21l 7

«2iZ> PRY

<213 artificial sequence
<220

<223> synthetic peptide
<2 20>

<221> VARIANT

<222> (13

<223> Xaa = D-Cys

<2E0>

<2 21> MOD_RES

232> (13, ()

<223> N-terminal acetylation
<220>

<2Z1> VARIANT

222> (23, (3, (5}, (73
<233> Xaa = D-Arg

<220

231> VARTIANT

<222» {4}

<223 Xaa = D-Glu

<220

<221» VARIANT

<222 (B

<223 Yaz = D~Ala

<2 20>

<2d21> MOD_RES

«222> {73

<223> C-terminal amidation

<400»
i

<2 310>

107

X?.c'i Xaa Xaa Xaa Xag& Xaa Xaa

108

<21i> 7

<212>
<213>

<220
<223
<2 2>
221>

PKT, L.
Artificial sSsguence

synthetic peptide

VARTANT

63200801L7wW000segTist
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«222>
«223>

<220
<22 1>
<222
<223

<220>
<231
<222
<223>

<22
221>
<2A2>
<223

<2 20>
<221
<222
223>

<220>
<221>
<22Z>
<223

<400

{1

Xaa = B-Cys

MOD_RES

.. o
N~zerminal acetylation
VARIANT

23, (3. (53, ()
Xaa = D-Arg

YARTANT

{43}

Xag = O-Thr

VARTANT

)

Xag = P-ala

MG _RES

ay s
C~terminal amidation
168

Xaa Xaa Xaza Xaa x%a Xaa Xaa
1 £

«2310>
<2 1i>
<21Z2>
213>

<220>
<223>

<220
<221
<222>
<223

<220
<2d1>
<222>
<22 3>

<220
<2 23>
222>
<223>

<220
<22ds
<222>
<Z23>

<220
<22i>
<222>

109

7

PRT

artificial Seguence

synthetic peptide

VAREANT
{1}
Xag = D-Cys

MOD_RES_
{(13..(12 )
M-terminal acetylation

VARIANT

23, 3, 8O, I
Xaa = D-Arg

VAREANT
(43 _
Xaz = D-MIs

VARTANT
(6

532008017W000seg st

Page £5%



<223> Xaa = p-ala

<320>

<221> MOD_RES

<223 {1

«223» C-terminal amidatior

<400> 109
X%a Xaad Xag Xaa xga Xaa Xaz

<21 110
<211 7

<212> PRT

<213 artificial Sequence

<220
<2Z3> Synthetic peptids

220>

<ZZ2i> VARIANT
<222» {1)

<223> Xaa = D~Lys

«220>

<221> MOD_RES

«222» (1), (1

<223> N-terminal acetylation

<2 20

<221> VARTANT

«<222> (&%, {33, (%), (7}
<223» Xaa = D-Arg

w220

<Z2Z21> VARIANT
<222> (43

<223> Xaa = D-Phe

<220

<221> VARIANT
<22Z> (8)

<223> Xaa = D-Ala

<220

<221> MOD_RES

<222» {73

<223 C-terminal amidaticon

<400> 110
xga Xaa Xaa Xaa Xaa Xaa Xaa
2

<210> 131

<21i> 7

<212> PRT

<213> Artificial Seguance

<220
<223» synthetic peptide

<220»
<221> YARIANT

63200801 7wol0sagTist
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<223>
<22

<221
<222>
223>

<220
<22i>
<32
<223>

<220
<221
<322

<223
<40

{1}
Xaa = pD-Cys

MOD_RES
(12..(1

N-terminal acetylation

VARIANY
€2y, (33, (%, (B
Xaa = D-Arg

VARTANT
(4)
Xag = D-5er

YVARTAMNT
(e
Xaa = D-Ala

MDD, RES
{73 . . i
C~terminal amidation

134

Xia Xaa Xaa Xaa X@a Xaz Xaa

<210>
<211>
212>
<213

<22{>
<223

<2 20>
<gdi>
<222
<Z223»

<220
<221
<222
<223

<220
<223
<2233>
<E23>

<2 20>
<223>
<222
<223

<220
<221>
223>

>

11g

7

BRT

artificial Ssguencs

Syntheric peptide

VARLANT
(1)
Xaa = p-C¥5

MOD_RES
1y.. (1) .
M-terninal acetylation

VARIANT
(23, (33, (53, (73
Xaa = D-Arg

VARTANT
4
Xaa = p-Gin

VARIANT
{6}

63200801 7W000seq 18t
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<Z223> Xaz = D-Ala

<220

<221 MDD_RES

<222 {7 .

<223 C-terminal amidation
<400 112

x%a Xaa Xaa Xaa xga Xaa Xaa
«210> 113

<213> 7

<212> PRT

<213 artificial Seguencs
<2 20>

<223» Synthetic peptide
<220

<2Z23» VARIANT

<222 (1)

<223> Xaa = U-Cys

<220

<221> MOD_RES

222> (1. (D )
«223» y¥~terminal acetyvlation
<220

<221> VARIANT

<22Z> (23, (33, {53, (7}
<223> Xga = D-Arg

<2 20>

<221> VARIANT

«222» (43 i

<223> Xaa = D-val

<220

<223> YARIANT

<322> (&)

<229~ Xaa = D-Ala

<220

<221» MOD_RES

222> (73

<223> C-terminal amidation

<400

113

X?& Xaz Xaa Xaaz xga Xaa Xaa

<210
<21i>
<212
<213>

<220
<223>

«2 20>
<2 21>

114

7

PRY

arvificial Seguence
synthetic peptide
YARIANT

632DOBDL7WON0sen st
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222> (1)

<223> Xaa = 0~Cys

<220

«223> MOD_RES

<222 {13..{(1) .
«223» N-terminal acetylation
<220>

<221 VARIANT

<222> (23, {3}t (S}a (?)
<223> Xaa = p-Arg

<220

<221> VARIANT

222> (4)

«223» Xag = D-Leuy

<2 20>

«221> VARZANT

«222> (&)

<223> Xaa = D-Ala

<2 20>

<221> MOD_RES

«222»> {73

<223> C-terminal amidation
<400> 114

Xaa Xaa Xaa Xaa xga Xaa Xaa
1 5

<215
<211
<21z
<213>

«220>
<2233

«220%
<221s
222>
«223»

<Z20>
<221
<223>
<223

<220>
<221
<222
<223>

<220
221>
<FI2>
<223>

<230
<221>»
«2dd>

115

7

PRT

artificial Senquence

synthetic peptide

VARTANT
(13
Xaa = D-Cys

MOD_RES
(1.1 .
N-terminal acetyiation

VARIANT
2y, (3, &y, (&
Xaa = D-Arg

VARTANT
(43
Xaa = D~Ite

VARIANT
(&3

63200861 7wil8seglist
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<223> Xaa = p-Ala

<2 20>

<221> MOD_RES

«222» (7 . )
<223> C-terminal amidation

<400 115
Xaa Xaa Xaa Xaa xga Xaa Xaa
1

«210> 116

<213> 7

<232> PRY

«213» Artificial Seguence

<220 X
<223> Synthetic peplide

<220

«221> VARIAKT
<23d> (1)

<223> Xaa = D-Cy3

<220

<2Z1» MOD _RES

<222> (3).. (1) _
<223> N-terminal acetylation

<220

<221> VARIANT

<222» (23, (33, (5}, (D
«223> Xag = D-Arg

<220

<221> VARIANT

<232> {4 o

<2723> Xaa = N-methylglyoine (sarcesine)

<220>

«221> VARZANT
222> (8)

«223> Xaa = p-Ala
<220

<221> MOD_RES
<222» (7% .
«223» C~terminal amidation

<480 116
Xaa Xaa Xaa Xak Xaa Xaa Xaa
2

i

<210> 317

<2il» 7

<Z12> PRY

«213>» artificial Sequence

<220 .
<223> synthetic peptide

<220
<221> VARIANT
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222> (13
233> ¥aa o= D-0ys

<228

<221> MOD_RES

<E22» {13..(1) .
«223> n-terminal acstyiavion

<220

<221 VARIANT
<222> (23

<223 Xaz = D-Ala
<220

<223> VARIANT
222> {33, (), 3y, ()
<223 Xaa = D~Arg

<220

<221> VARLANT

222> {8}

<223 Xaa = N-methylgliveine (sarcosine)

<220

<23%> MDD _RES

«222> (7} . .
«223> C-terminal amidation

<400> 117
X%a Xaa Xaa Xaa Kga Xaa Xaa

<210> 118

<21i> 7

<212> PRYT

<213 Artificial ssguencs

<2Z0> i
«223> synthetic peptide

<2 20

<221 VARIANT
<222> (13

<223» Xaz = U-Cys

<220

<221> MOD_RES

<222> (1)..(1) ]
<Z23» N~terminal acetylation

<230

<221> VARIANT

222> (&), (B) .

<223> Xaa = N~-methylalanine (nma)

<2 2{k
<221 VARIANTY

<222> {3y, (4, (53, (7
<dZ3» Xaa = D-APg

<2 30>
<2231> MOD_RES
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<222> {7} i
<223> C-terminal amidation

<400~ 118
Xg& Xaa Xaa Xaz XE}& Xaa Xaa
. 5

<210> 1198

<2ii> 7

<212» PRT

<2313> arvificial sequence

<220 .
<223» synthetic peptida

<2 2(k

«221> VARIANT
<222> (1)

«<2Z23» ¥aa = D~{ys

<2 20>

«22%> MOD_RES

<222» (13..(1) X
«223> N-tearminal acetylation

<220

<2 21> VARIANT

222> {2)1 (337 (5)1‘ (?j
<223» ¥Xaa = D-Arg

<220

<221> VARIANT
<222> {4}

<223%» Xaa = D-Ala

<2 20>

<220»> VARIARY

222> (5 .

<223 Xaa = N-methyialanine (dma)

<2280

<221> MOD_RES

<222» () .

<223 C-terminal amidation

<400> 119
XKaa Xaa Xaz Xda X33 Xaa Xaa
1 5

<230> 3120

<23i> 7

<2%2> PRY

«213> arvificial seguence

<220> .
«223> synthetic paptide

<2 20>

<221> VARTANT
222> {1}

<223 %Xaz = D-Cys

«<220>
page 72



63200801 7wo00seg1 st
<231> MOD.RES
<d22> {3}..{1)
<223 N-terminal acevylation

<23 >

<22 > VARIANT

222> (23, (B} . . .
<223> Xaz = 2-amingiscbutyric acid (aib)

<2 20> :

<221> VARIANY

<222> (33, (43, (8, (7}
«223» Xaz = DB-Arg

<220>

<224 MOD_RES

222> {7}

<223 C-terminal amidation

<400> 126
Xaa Xaa Xaa Xga Xaa Xaa Xaa
i 5

&

<210> 123

«231> 7

<217> PRY

«213> Artificial seguence

<220
<223 synthetic peptide

<2 20>

«221> YARIANT
222> {13

233> Xaa = D-Cys

<328

<221> MOD _RES

«222> {13 ..(13

<«223» N-tarminal acetylation

<220

<2 23> VARIANT

«222> (23, ), 8. (M
<223> Xaa = D-Arg

<2 20>

<221> VARIANT

<ZES> {4

<22%> Xaa = §-methylalanine (sma)

<& 20>

<223 VARTIANT
<222> (8}

<223> Xaa = D-Ala

<2 20>

<2Z21> MOD _RES

<223 {7

<223 C~verwinal amidation

<400 121
Xaa Xae Xaz Xaa Xaz Xaa Xaa
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<23t 142

23 7

<2L2> PRY_

<233 Artificial seguence

<2205
<223 Synthetic peptide

%2 20>

<323 VARIANT
222> (1)

<223» Xaa = O-Cys

<22{k>

<221> MODRES

<222> (1) .. (1) .
<223> M-tarminal acetyiation

<220

<221> VARIANT
222> (23

<223> Xaa = D-Alz

<2 20>
<2 23> VARTANT R
<223> Xaa = O-Arg

«2 20>

«221> VARIANT

<222~ (63 )

<223> Xaz = N-methylaianine (Nma)

<220

221> MOD_RES

<23y (7} Lo .
<223» C-terwinal amidation

400> 122
Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5

<210 123

<21i> 7

«dlg»> PRYT

<213 artificial Seguence

<220 . .
<223 Synthetic peptide

<220

«221» VARIANT
<223> (33

<223> Xaa = D-Cy¥s

<220

<223i> MOD_RES

<@22» (3.0 .
«223> 8-terminal acetylation
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<220>

<¥21> VARIANT

<222 (2)

«223> Xag = 2-aminoiscbutyric acid (aib)
<22(

<221> VARIANT
<222> (33, {43, (83, (I
«223> X3z = D-ATY

<2 20>

<221> VARIANT
222> (63

<223> Xax = p-ala

<220

<221 MOD_RES

222> ()

«223> C-terminal amidation

<400> 123
X?a Xag Xaa Xaa X?a Xaa Xaa

<230 124

<2il> 7

<21Z» PRYT

<213 arvificial Seguence

<2 20>
<223%» synthetic peptide

<220>

<221> VARIANT
<222> (1}

<233>» Xaa = O-Cys

<220>
<22i» MOD_REX
«222> (1)..(1L}

<223> N-terminal acetylation

<220

<220> WARIANT
<22 {2}

«223> Xaa = B-Ala

<230

<dZ21l> VARIANT . ]
<2Z2> (33, (43, (53, (7]
233> Xaa = D-Arg

<2 20>

<221> VARIANT

<222> {8) L . . .
«223> Xaa = Z-aminoisobutyric acid (aibd

<220

w2231~ MOD_FES

<222 {7}

«223> C-terminal amidation

<400 124
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Xaa Xaa Xaa Xaa x?a Xag Xaa
1

<21l 125

<21 7

<238> PRY

«213» artifigial Sequence

<220> .
<223> synthetic peptide

<22D>

<221> VARIANT
<222» (1}

<223> Xaa = p-Cys

<220

<Z221> MQI2_RES

«222> {1)..(1 i
<223> N-terminal acetylation

«2 20>

221> VARIANT

222> (22, (8 ]

<223> Xaa = nN-methylglycine (sarcesine)

<22

«221> VARIANT

«222> (3}, (4}, {3}, {73
<223> Xaa = p-Arg

<F 2>

<Z21> MOB_RES

<222» {7}

<233%> C-terminal amidation

<400 125
Xaa Xaz Xaa Xaa X%a Kaa Xaa
i !

<23 1
<21i» 7
<212> PRY

<213> Aartificial Seguence

<220 .
<223> Synthetic peptride

<220>

<271> VARIANT
<22ds> (1)

<223> Xaa = p-Lys

<220

<F21> MOD_RES

222> {33..(1) .
«223>» m-terminal acetviation

<220

<221> VARIART

<222 (23, (33, (53}, (@3
<223> Xaa = D-Arg
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<220

<231> VARIANT

<222» (4}

<223» Xaa = D-Ala

<220

<221> VARIANT

<222 {8) )

<223> Xaa = N-methylglycine (sarcosine}
<220

<221> MOL_RES

<222 (73

<223 C-terminal amidation
<400 126

Xga Xaa Xza Xaa x§a X2z Xaa

L

<210» 127
<211> 7

<212> PRY

<213 artificial Sequence

<228
<223> Synthetic peptide

<220>

<Z221> VARIANT
<222» {1}

<223» Xza = D~Cys

<220>

<2Z1> MOD_RES

<222 (1)..{1}

«223> M-terminal acetylation

<220

<221> VARIANT

<222> (2}

223> Xaz = N-methylalanine (Nma)

<2 20>

<221» VARIANT ,
<222> (33, (43, (83, ()
<223 Xaa = p-Arg

<220

<2Z1> VARIANT
<222» {8)

<223» Xaa = D-Ala
<2 20>

<221 MOD _RES
<Z22> (7Y
<223 C-tverminal amidation

400> 127
xga Xaa Xaa Xaz xga Xaa Xaa

<210 128
<231 7
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<212> PRY
<213> Artificial sSeguence

<220 . .
<223> Synthetic peptide

<220

<2 28> VARIANT
<222> (1)

<223» Xaa = D-Cys

<220>

<221» MOD_RES.

«222> (13..(1}

<223 N-terminai acetylation

«220>

<22L> VARIAWT

«222» (2} )

<223> Xaa = N-methyiglycine {sarcosing)
<2 20>

<221> VARIANT
222> (33, (4}, (53, (O
<223> Xaa = B-Arg

<20

<2723 VARIANY
«222» (6}

<723 Xaa = D-Ala

<220>

<221> MOD_RES

<222> {7

<Z2233» C-terminal amidation

<40 128
x%a Xad Xaa Xaa x§a Xaa Xaa

2210 128

<231 7

<2i2> PRY

<213> artificial Seguencs

220> )
<223%> Synthetic peptide

<2 20>

<221 VARIANT
«222> {1}

<223> Xaa = D~Lys

<220

<223> MOD_RES

«222» {(1}..(1)

«223> N-terminal acetviarion

<220

<283 VARTANY
222 (23

<223 Xaa = D-Ala
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<220

<221> VARIANT

<222» (3}, (4}, (58, (7
«223» Xaa = D-Arg

<2 20>

<22 > VARIANT

<222> (8}

<223> Xaa = Norleucine (NLew)

<2 20>

<231> MOD_RES

222 £ .

«223» C-terminal amidation

<400> 128
XKaa Xaa Xaa Xaa Xaa Xaa Xaa
1 §

<210> 130

<2 is> 7

«23i2> PRT

<213> Artificial sequence

<2 28>
<223> Synthetic peptide

<220

221> VARIANT
<228 {13

<223> Xaa = D-Lys

<220>

<2Z21> MOD_RES

<222 {13..{13

«273> H~terminal acetylation

<2 20>
<2231> VARIANT
<222> (23, (8}

«233» Xaz = O-Norlsucine {diMLeu)

<220>

<2 21> VARIANT

<222:’ {3}5 (4)9 (Sjw {.?)
<223> Xaa = D~Arg

<220

<22%> MODLRES

<222> (73 . .
«<243> C~terminal amidation

<330> 130
xga Xaa Xaa Xaa x§a X#a Xaa

<210> 131

231> 7

<212> PRT

<213 Artificial segusnce

<220 .
<223> synthetic peptide

6320080 7w000seqlist
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<220

<223> VARIANT

<222 {13

<Z223» Xaa = B-Cys

<220

<221 MOD_RES

<222> (1)..(13 .
<223 M-terminal acetylation
<220

<221> VARIANT

<2225 (23

<223> Xaa = D-Ala

<220

<221> VARIANT

<222> (33, {8}, {58), (I
<223> Xaa = U-Arg

<220

<221>» VARIANT

<222> {6

<223> Xaa = D-Norvaline (dival)
2220

<Z21> MOD_RES

<222» ()

«Z223» C-terminal amidation
<400 131

xga ¥aa Xaa Xaa xga Kaa Xaa
<210> 132

<21l 7

<212»> PRT

<213> Artificial Seguence
<220

«223> synthevic peptide
<220

<223> VARIANT

<22d> {1}

<223%> Xaa = D-Cys

<220

<221 MOD_RES

<222> (13,.{1> L,
<223> N-terminal acetylation
<220

<22%> VARIANT

<322= {2), (&) .

<223» Xaza = D-vorvaline (dmnval)
<220

<223> VARIANT

<222> (3}, (43, (53, (D)
<223> X33 = D-APG

632008017wW000seqTist
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<220>
<221> MOD_RES
<23 (73
<223 C~terminal amidation

<400 132
Xaa Xaa Xaz Xaa Xaa Xaz Xaa
i 5

<210> 133

<21li> 7

<21%» PRY

<213> Artificial seguencs

<220>
<223> Synthetic paptide

<220

<224 VARIANT
222> {1}

«223> Xza = D-Cys

<220>

<221> MODL_RES

<222> (1., () _
<223> N~terminal acetyiation

<220>

<221> VARIANT

«222» (4)

<223> Xaa = D-Ala

<220

<221> VARIANT

<222> (23, (33, (5}, (D)
<223> Xaa = D-Arg

<220

<221 VARIANT
<222> (B)
<223> Xaz = D-porteucine {diieu)

<220>

<221 MOD, _RES

<222> (73

«223> C~-terminal amidation

<400 133
xga Xaa Xaa Xaa x?a X3z Xaa

<210> 134

<23i> 7

<212»> PRY

<213» Arvificial Segquence

<£20> .
«223>» synthetic peptide

<220>
<221> VARIANT
<222> (1)
<223> Xaa = D-0¥s
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<2 (s

«221> MOD_RES

<222 (.. (1) .
<22%> N-terminal acetylation
<3 20>

<221> VARIANT

222> (2> . )
<223>» Xaz = D-Norleucine {diteu)
<2 2

2221> VARIANT

<2I2> (33, 4, (B, (O
<223> Xaa = B~ATg

<220>

<221 VARIANT

<222» (&)

<223> Xam = p-Ala

220

<Z31> MOD_RES

<222 () .

«223> -terminal amidation
<4G0> 134

x?a Xaa Xaa Xaa xga Xag Xaa
<210> 135

<234 7

<23d» PRT N

<213 Arvificial sSequence
<2 20> . .

<223> Synthetic peptide
<22(

<«221> VARIANT

232> (1

<2Z23» Xaa = p-Cys

<220

<22L> MOD_RES

«22%> (13..(33 )
<223> R-terminal acetylation
<220

<221> VARIANT

«222> (23, (3, (&Y, (73
«223> Xaa = D-Arg

<220

«221> VARIANT

<222> (4} )

<223> Xaa = p-Ala

<2205

<221> VARIANT

<d22> (B} .

<22% Xaa = D-NHorvaline (duval}

632008017wW000seqTist
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<2 20>
<221>

MOD_RES

<222> (73

<2 23>

<400>

C-terminal amidation
135

Xad Xaz Xaa Xaa xga Xaa »aa
1

210> 135

<21l> 7

<212> PHET

<2313 arvificial Seguence
<220~ .

<223> synthetic peptide

<2 20>

<223> VARTANT

<223 {13

«223> Xaa = D~Cys

<2 20>

«<221> MOD_RES

«222> (33..{%) .
<223> N~terminal acetylation
<220

<2 23> VARIANT

222> {2) . ‘
<223> Xaa = D-Rorvaline {(duaval)
<320

«221> VARIANT

«223> {3}, (43, (53, (V)
<323> Xaa = D~Arg

<220

<22%> VARTANT

<222» {6}

<223> Maa = p-Ala

<220

<d2l> MOD_RES

322> {7

<223> C-tverminal amidation

<400

i36

}(%a Xas Xas ¥Xaa XE%.EE Xaa Xaa

<210
<231
<21d>
<213»

<2 20>
<223>

<220
<23
<222>
<223

137

7

PRT

artificial seguence

synthetic peptide

VARTANY

(1}
Xag = D-Cys

63200801 7w000segist
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<220

221> MOD_RES

222> {13..(1)

<223 N-terminal acetylavion

<2 20>

<221> VARIANT

<222> (23, (33, (53, (73
<223> Xaa = D-Arg

<220»

<Z221> VARIANT

<223 (&3

«2723> Xaa = D-Norvaltipe (dval)

<2 20>

<221> VARIANT
«222> (63

<223> Xaz = D-ala

<220>

<221> MOD_RES

«222> {73

<223> C-terminal amidation

<A400> 137
Xaa Xaa Xaza Xaa x%a Xag Xaa
5 -

<2310> 138
«211> 7

<21&> PRT

<213> Arvificial seguence

<220> (
<223> synthetic pepride

<220>
<221> VARIANT
<222 (2

«223> Xaa = D-Cys

<22l

<2231> WOD RES

<222> (1)..(1) )
<223 N-terminal acetylation

<220

<22%> VARIANT

223> (23, (3, &3, N
=223 ¥aa = D-Arg

<220

<220 VARIANT

<222> {4

«223> Xaa = D-Norleugine (dNLeu)

<220>

«221> VARIANT
<222> (B}

<223> Xaz = D-Ala

63200801 7w000zag 15t
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<220
<221> MOD_RES
<222> (7} . .
<223> C~terminal amidation

<400» 138

Xaa Xaa Xaa Xaa x§a Xaa Xag
1

-

230> 138
<23i> 7

<212> PRY

«213>» Artificial sequence

220> ]
«223> synthetic peptide

<220

<221> VARIANT
«223% (13

<223> Xaa = D-Lys

<220

<221> MOD_RES

<«222% (1Y, (1) .
<223> W-terminal acstylation

<220

<221> DISHLFID

222> (LY. (D) . ‘
«223» Bond with b-homocysteine {(dHoy)

<£ 20>

<221» VARIANT
<223» (2), (&)
<223> Xza = p-&la

<220
<221> VARIANT .
«222» (3}, {4y, (8, {73

<223» Xpa = D-Arg

<220

<221> MOO_RES

<322» {73 . .
<223» C~terminal amidation

<400> 138
xia Xaa Xza Xaa x§a Xaz Xaa

<21 140

<211> 7

<212> PRY

<13 Artificial sequence

<220> =
<223» synthetic peptide

<220>
<223> VARIANT
«222» (1)
<223> Xaa = D-Cys
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<220

<221> MDD_RES

<222> (1)..(1) .
«223> m-terminal acetylation

<220

«221> DISULFID

<222 (). .40 L .

<223 gond with I-mercaptopropionic acid (Mpal

%2 20>

<Z31> VARZANT
«222» €Y, (&)
<223> Xaa = D-Ala

<220

<221> VARIANT

«212» {3}, (43, (58}, (73
«<223>» Xan = D-Arg

<2Z20>

«221> MOD_RES

222> (7} .
<223> C-terminal amidation

<408> 140
Xﬁa Xaa Xaa xaa Xga Xaa Xaa

<Zi0> 141
<21ls 7

<2312> PRT

<213> Artificial Saguence

<220
<223> synthetic peptide

<228
<2Z21> VARIANT

«222» (1)

<223> xga = D-Cys

<2 20>

<221> MOD_RES

<2z2> (.. (D \
<223> n~terminal acetyviation

<220

<221> DISULFID

<222> (13..(1) )
<223> gond with acetylated L~Lysteins

<220

<221 VARIANT
<222= (23, (63
<223> Xam = p-ala

<220

<ZXL> VARIANT )
222> (33, (&), (5}, (3
<«223> Xaa = D-Arg

Page 86



<220>
223>
<222
<223

<A00>

MOD_RES
7Y . . .
C-terminatl amidation

141

Xaa Xaa Xaz Xaa xg& Xaz Xaa
1

<210
<231>
«21i>
<213>

<2 20>
223>

«Z2{>
<221
222>
<223>

<220
<221>
«23¢>

<223

<220
«<223>
<222
<223>

<22{=
<231>
<222>
<223

<220
<Z2Z21»
<2235
<Z23>

<2 20>
<EZ1>
<l2e>
<223>

<400

142

7

PRT i

arvificial Seguence

Synthetic peptide

VARIANT
(13
Xaa = D-Qys

MOD_RES
1.0 ,
N-tarminal aceryliation

DISULFID
13, .
gong with D~Cysieina

VARTANT
(2}, (&8}
Xaa = D-Ala

VARIANT
(33, (43, (53, (73

Xaa = D-AD

MOD. RES
{73 . . .
C~terminal amidation

142

Xaa Xaz Xaa Xaa Xga Xaa Xaa
i

<2 10>

143

<23ils 7

<212»
<213

<220
<223

<220
<221
<22 2>
<323

PRT
Arvificial Sesquence

synthetic peptide

VARIANT
{1}
Xa@ = D-Cys

632008017w000ssglist
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<220

<221> MOD_RES

<222» (13..(1

<223 s-terminal acetviavion

<220

<221» DISULFID

<222> (4y..{L)

<223> sond with polyethylens gliveod

<220

<221 YARIANT
222> (23...(7)
<323> Xaa = D-Arg

<220

<221> MOD_RES

<222> (73 . .

«223> C-terminal amidation

<4G0> 143
X?a Xaa xXaa Xaa Xga Xaa Xaa
i 5

<210> 144

211> 7

<212> PRT |

<213> artificial Seguence

<220
223> synthetic peptide

<220

<221> VARIANT
223> {13}

<223> Xaa = D~Cys

<220

<221> MOD_RES

222> (.. {D

223> N-verminal acetylavion

<22

<221> DISULFID

<#22> (3¥..{1} .

«223> Bond with poiyethyiens glivool

<220

<223> VARIANT
<222» (2}...(73
223> Xaa = D-Arg

<220>

<221> MOD_RES

222> (7}

«223» C~terminal amidation

<4G0> 144
Xag Xaa Xada Xaa Xaa xXaa X33
i3 5

<210> 145 58
Page



<2311>
<2 1>
<213

w22
<223>

<400

aa
PRY

artificial seguence
synthetic peptide

145

C¥s Gly Glu slu qu glu Gig

<210
<331>
<212>
<213>

«220>
<Z23>

<220
<Z2i>
<222
<223»

<2 20>
221>
<233>
<223

<220
<221
222>
<223

<220
<221
<22e>
223

<220
<221
<222>
<22 3>

<400

<23k
«23il>
<212>
<213>

o =230
<223>

<220
<221
22>
<223>

<220
<22%>

146

7

PRT |

artificial Segusnce
synthetic peptide
VARIANT

(1)

Xaa = D-{ys

MOD_RES

{(13..0383 L
N-terminal acetylation
VARTANT

2)...(5)

Xaa = D-Arg

YARTANT

(6), (73

Xaa = D-ala

MO RES
'
C-tverminal amidation

146

Xaa Xaa Xay Xaa x%a Xaa Xaa
.E g

147

7

PRT .
arvificial sequence

synthetic peptide

VARTANT
(13
Xaa = B-Cys

MOD_RES

632008017w000seglist

Page 89



<222> (13..(1) )

<223> n-terminal acetylation

<220

<221> VARIANT

<222> (23, (&)

«223> Xaa = p-Ala

<2 20>

<2Z23> VARIANT

222> (3%, (43, (53, (D)

<223> Xaa = U-Lys

<2 20>

<221> MOD.RES

<222 () . .

<223> C-terminal amidation

<400> 147

X33 Xaa Xaa Xaa Xza Xaz Xaa
1 5

«210> 148

<211> 7

<Z213» PRT

<313 Arvificial sequence
220> .
«223> Synthetic peptide
<220

<221> VARIANT

«222> (1)

223> Xaa = D-CysS

<220~

221> MOD_RES

«222» {3)..{L) .
«223> N-rerminal acetylation
<220

«<221> VARIANT

<222» {23, {4, (62

<233> Xaa = D-Ala

<220>

<221> VARIANT

<222> (33, (5}, (%)

<223>» Xaz = U-Arg

<220

<221> MOb_RES

<233 (7} . . .
<223 C-terminal amidation
<A408> 148

Xaa Xaz Xaz Xaz Xaa Xaa Xaa
i 5

<310
<21i>
<212

<213>

149

7

PRYT

Artificial sequence

63200801 7w000smgTist
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<2 20>

<Z23> synthetic peptide
<220>

<224> VARIANT

«222> {1}

<223 Xaa = D-Cys

<220

<2231> MOD_RES

<222 Q30D

<223 N-terminal acetylation
<2203

<231> VARIANT

<222~ (23, (3}, (83, {7
<223> Xag = P-Arg

<220

<221> VARIANT

<232 {43

«223> Xaa = B-Ala

<220>

«221> MOD_RES

<222> (73} . .
<223» C-terminal amidation

<A00»

i49

xia Xaa XHd Xaa xga Gly Xaa

«Z210>
<231
<d 32>
<213>

<220>
<223>

<220
«221>
«222»
<Z23>

<220
221>
222>
<223

<220
<23 1>
222>
<223

<220
&2
2222
<ZT3>

<220
<221

150
7

BRY
artificial seguence

Synthetic peptide

VARTANT
(1)
Xaz = D-Cys

MOD_RES
(.. ..
#-terminal acetyiation

VARIANT
{2y, (33, (533, (D}
Xag = 0-Arg

VARTANT
{43
Xaa = D-Ala

VARLANT

63200801 7w000seglist
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<223 {63}
<223» Xaa = D~Gin

<220

221> MOD_RES

<222> (7 .

<223 C-terminal amidation

<400%> 150
Xag Xaa Xad Xad Xaa Xaa Xaa
1 3

«210> 151
<21i> 7

<&1iZ2» PRT |

<213 artificial Sequence

<220> . )
<2Z3» synthetic peptide

<220>

«221> VARIANT
<222 (13

<223> Xaa = D-Lys

<220

<Z21> MOD_RES

«222» (1)..(1) ,
<223> R-terminal acetylation

<2 20

<221> VARTANT

<222» (33, (33, (33, (I
«223> Xaa = D-Arg

<220

<221> VARIANT
<222> (4} .
<223> Xaa = D-Ala

<2 20>

<223> VARIANT
222> {83

<223> Xaa = D-His

<2 2>

<221> MOD_RES

<222> {73 .

<223 C-tereminal amidation

<400 1531
xza Xaa Xaz Xaz Xg,a X33, Xasz

<2310 152
<213i> 7

<212> PRY |

<213 artificial seguence

<220> . )
«223> Syntietic peptide

532008017w000seg1ist
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<220>
<221i>
<Z22»
%223

<22{>
EeFars
<F232>
<223>

<230
<221>
<223
<22 3>

«220>
<221>
«d 22>
«223>

<220»
<223
<222>
<223>

<220
<223>

<222
<Z223>

<400

VARIANT

(1

Xaa = D-Cys

MO RES

{3)..(1) .
M-terminal acetylation
VARTANT )
23, (33, (8}, (7}
Xaa = D-Arg

VARTANT

(43

Xaa = D-Ala

VARTANT

{63

¥aa = D-Ile

MOD_RES

{73

C~terminal amidation
1352

Xaa Xam Xaa Xaa Xaz Xaa Xaa
1 3

<210= 153

«2il> 8

<212> PRY

<213» aptificial Sequence
<220

<223 Synthatic peptide
220>

<221> VARIANT

<222 (1)

<223> Xaa = 0-Cys

<220

<221> MOD_RES

<222 (13..(53

<223 W-terminal acetylation
<220

<221> VARIANT

<222> (23, (8}

<Z%3> Xza = t-ala

<220

«22%> DISULFID

<222» (23..(23

<223>

63200801 7w000saqlist

gond with 1,3-diaminopropionic acid (Dar)
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<220

<221> VARIANT
«222» (33, {43, (8}

<223 Xaa = D~Ary

<220

«<Z21> MOD_RES

«22%» (8} .
<223> C-terminal amidation

<400

A

153

Xaa Xaa Xaa Xaz Xaa Xaa
i 5

<210> 154

<3il> 7

<212> PHT

«213> artificial seguence
<22{> .

«223> Synthetic peptide

<2 2

<221 VARIANT

<222> {1}

<223» Xaa = P-Cys

<2 0>

<221> MOD_RES

<22&> (13..{3) .
223> N-terminal acetylation
<220>

<221> VARIANT

<&22» {23}, (8)

<Z223> Xaa = D~A1g

<220

<221> VARIANT

<222> {3}, (4}, (5

<223» Xaa = D-Homoarginine
<2 20>

<d&l» VARIANT

«222> (73

<223> Maa = D-Arg

<220

<221> MOD_RES

«222> 1) L X
<223> C-terminal amidation
<400> 154

X§a X&a Xag Xaa X%a X34 Xaa
<210 155

<211 7

<212> PRT

«213> artificial Sequence

63200801 7wob0segTist
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<223
<2 20>

<223>
222>
<223>

<220
<221>
<223
<223>

<2 20>
<231>
<222
<22 3>

<220>
<d2i>
<2 de>

<22%>

<2 20>
<221>
<222>
<2233

<400

832008G17wolGsagTist

Synthetic peptida

VARTANT

(13 . . - . . .
Xaa = a thisl-containing amino acid residue
YARIANT

(2} - . :
¥aa = a non-cationic amino acid residue
VARTANTY

33, (8, (3 . .

Xaa = any aminc acid residus

VARIANT

&2 . ) . X

Xaa = a cationig amino acid residus
VARIANT

{6} L . . .
Xaz = & non-cationic amino acid residue

155

Xaa XKaa Xaa Xaaz Xaz Xaza Xaa
1 3

«Z10>

i56

<211s 7

<212>
<213»

<220>
<223

<2 20>
<221>
<222>
<&23»

<220
<221>

FRT_ L
argificial Seguence

Synthetic peptide

VARTANT
(33
Xaa = D-Cys

YARTANT

<222> (I3

<223

<2 20>
«221>
<222>
223>

<220
<221>
<R
<223

<2 20>
<221
<2 22>
<283

Xaa = a non-gationic amino acid residue
VARTANT
3y, 43, (7

Xaa = any amino acid residus

VARTANT

(53

Xaa = D-Arg, L-Arg, O-Lys or L-Lys
VARTANT

(63 . ) e
Kea = 3 non-cationic awing acid residus
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«300> 156
x?a Xaa Xaa Xaa Xaa Xaa Xaa
3

<310 157

<211> 7

«21il» PRYT

«233> Artificiazl sequence
<2 20> .
<223> synthetic peptide

<220

<221> VARIANY

<222> {1}

«223> Kaa = D-Cys

<220

221> VARTANT
<222> (23, (33, (&) . .
<223 ¥aa = any amino acid residue

<2 280>
<2215 VARIANT
«222» (5), (7 o ] ] .
«223> Xaa = any cationic amino acid residue
<220

<221> VARIANT

<222> {6) L ) i
«<223> Xaa = a non~cationic aminoe acid rasidue
<400> 157

Kaa Xas Xaz Xaa Xaa Xaa Xaa

1 5

<21G> 158
<21i> 7
<212» PRT

<213 Artificial sepuence

<220> .

«<223> synthetic peptide
<220

<221> VARIANT

<222> (3}

<223> Xaa = §-Cys
<22

«223> VARIANT

<222> 3y, (& L. . . .
<223> Xaa = a non-~cationic amino acid residus
<220>
<Z221> VARIANT
<222 (. @), 7) , .
«223> Xaa = any amino acid residue
<22
«221> VARIANT

<222> (5}
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<223 Xaa = D-Arg, L-arg, D-Lys or L-Lys

<4003~ 158
xga Xaa Xaa Xaa x?a Xaa Xaa

<210> 15%

<2id> 7

<312> PRT

<213> artificial Sequence

<220
<223> synthetic peptide

<220

221> VARIANT
222> (1)

<223» Xag = p-Cys

<220

<Z21» VARIANT
<222> (23

223> Xaa = p-Ala

220>

<221> VARIANT

<22¢» (3}, (4}, (7

<223 Xaa = any cationic amine acid residue

<220

<22%> VARIANT
<222 (5)

<223» Xaa = D-Arg

<2 20>

<231> VARIANT
«222» (&)

<223> %aza = p-ala

<400> 139
Xaa Xaz Xaa Xaa Xaa Xaa Xaa
1 5

«210> 180
<21l 7

<212> PRT

<213> Artificial senuence

<220
<223> syrchevic peptide

<220

<221> VARIANY
<222> {13

«223> Xaa = bB-Cys

<2 20>

«221> VARIANT

<222> (23, (3}, (73

<223> Xaa = any cationic amine acid residus

«220>
<221> VARTANT
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222> {4

<223> Xaa = D-Ala
<320

<221> YWARIANT
222> {5}

<223> Kaa = D-ATG
«22{>

<2 31> VARTANT
<222> {63

<223> Xaz = b-Alg
<430> 180

Xaz Xaa Xaa Xad x§a Xaa Xaa
L

<218 162
<21i> 8

<212> PRT

<213 Arvificial Seguence

<220 .
<223> Synthetic peptide

<400> 162
2}3 Asp Ala Pro Ile Gly Tyr Asp
pu

<21i> 163
<21i> 8

<212> PRT

«213» artgificial seguence

<220> . .
<223» synthetic peptide

<400> 163
Cys His Asp Ala gro e Gy Tyr Asp

<210> 164

<213 11

«2l2> PERT

<233> arvificial sequence

<223> synthevic peptide

<400> 164
Tyr Gly Arg Lys éys arg arg ¢ln Arg ésg Arg
£ .

<210> 18%

«21%> 12

«212» PRY

<213 Artificial sequence

<2 20> . .
<223 Synthetic peptide

<400> 165
Cys Tyr Gly Arg Lvs Lys Arg Arg GIn Arg Arg Arg
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1 5
<210= 166
<23d> 11

<21Z» pPRT
<213 Artificial Seguence

220> .
<223 synthatic peptide
<400> 165

Cys ser phe Asn ger Tyr Glu Leu 6ly Ser Lau
l bt

o2

«2i0> 167

<21l> 9

<2i2> PRT

<213 Arvificial sequence

<2 20> . .
«223%» synthetic peptide

<400> 167 ) .
Cys Pro asp Tyr 215 Asp Ala Gy Ile
1

<230 168
g

<211

<212> PRY

<233 Artificial sequence
<220

<223 synthetic peptide
<400> 168

Cys glu ala val gs“«er Ley Lys Pro Thr
1

<21O> 169

211> §&

<212» PRT

<213> artificial seguence
<2 20>

<223> synthetic peptide

<400> 169
giu Ser val Ser %eu Lys pro Thr

<210> 170

<21l> 14

<212» PRT

<2313 artvificial Sequence
<2 20> . .
<223 synthetic peptide
<4GG» 170

gys arg phe Ala grg Lys Gly Ala Leu Qgg Gin Lys Asn val

<210 171
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<21i> §
<213» PRT X
<213 Artificial segusnce

<2 20> X i
<Z223» synthetic peptide

<400> 171
Tyr Gly Arg LyS %ys APg
A

«210> 172
<23i» 7

<Z212> PRT

<213 artificial Seguence

<220> ) )
<223> sSynthetic peptide

<400- 172 .
Cys Tyr &ly Arg %ys LYs Arg

210> 173

<213> 11

«212> PRY .

<213 artificial Seguence

<220 i .
«223> synthetic peptide

<400> 173
zyr Gly Arg Arg gia Arg Arg Arg Ala ggg Arg

<210> 174

<31ils 12

<212» PRT |

<213> artificial Sequence

<220 . .
<223» sSynthetic peptide

<400> 174
gys Tyr Gly Arg grg Ala Arg Arg Arg ?éa Arg Arg

<23 175
<23i> 4

<212» PRY

<213> arvificial seguence

<220> . .
<223> Synthetic peptide

<400> 175
Cys Arg Arg Arg
i

«210> 178
<21i> 5
<d1Z> PRT .
<213> arvificial Ssquencs
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<220 . R
«223> synthetic peptide

<400 176
Eys Arg Arg Arg §rg

<210 177

<21l> 8

<2ld» PRY

<213 artificial Seguence

<2 20> . ,
<223> synthetic peptide

<400 177
Cys Arg Arg Arg ?Fg APg Arg Arg
b1

<210> 178

<Fil» 9

<232 PRY

«213» artificial seguence

<220 ) .
«223> synthetic peptide

<4030 178
Cy¥s Arg Arg Arg érg Arg Arg Arg Arg
i

«210> 179

<211> 10

<él2> PRY

<213 artificial seguence

<22{>
«22%» synthetic peptide

<400> 179
Cys Arg Arg Arg érg APg Arg Arg Arg ?Sg
I X

<210> 180

<211 11

<2lZ» PRY

<213 artificial Seguence

<220 . .
<223> synthevic peptide

<400> 180
Eys Arg Arg Arg %rg Arg APrg Arg Arg éég Arg

<210> 181

«211> 12

<312> PRY

<213>» arvificial Seguence

<228> . .
<223 synthetic peptide
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<400> 180
gys Arg AFgG Arg grg AFG Arg Arg Arg Qgg ATg Arg

<210» 182

«21is> 13

<212> PRY

<213 Arrvificial Sequence

<220 . )
<223> synthetic peptide

<400> 182
gys Arg AFg Arg érg ATG ATg Arg Arg ggg Arg Arg Arg

<210 183
<21l> 7

<712> PRT

<213 artificial Seguence

<220 _
«223> synthetic peptide

<2200

<2231> VARIANT
<222> (13

<Z23> Xaa = L-Cys

<220

<221> VARIANT

223> (23, (&)

<223> Xza = g non-cationic amine acid residus

<220

<2Z1> VARIANT

<€22» (33, (4, (7} i i
<223» Xaa = any amino acid residue

<220

<223 VARIANT

<223 (5}

<223>» Xaa = DB-~ATg, L-Arg, D-Lys or L~LyS

<400> 183

X33 Xaax Xaz Xaa Xaz Xaa Xaa
1 5
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