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HEPCIDIN ANALOGUES AND USES THEROQF

CROSS REFERENCE TO RELATED APPLICATIONS
This application clains priotity to U.S. Provisional Application No. 61/800,048,

filed on March 15,2013, and U.S. Provisional Application No. 61/800,284, filed on Merch

15,2013, each of which is inco‘rpoi"ated by reference herein in its entirety.

STATEMENT REGARDING SEQUENCE LISTING

The Sequence Listing associated with this application is provided in text format in
licu of a paper copy, and is hereby incorporated by reference into the specification. The
name of the text file containing the Sequience Listing is PRTH_001_01WOQ_ST25:txt. The
text file is: 126 KB, was created on March 17, 2014, and is being submitted ¢lectronically
via EFS-Web.

FIELD OF THE INVENTION

The present invention refates, inter alia, to certain hepcidin peptide ahalogues;
inicluding peptides and dimers thereof, as well as compositions comprising the peptides and
peptide dimets, and to the use of the peptides and peptide dimers in the treatment and/or
prevention of a variety of diseases, conditions or diserders, including treatment and/or
prevention of iron overload discases in_cluding hereditary hemochromatosis, iron-loading

anemias, and other conditions and disorders described herein.

BACKGROUND

Hepcidin (also referred to-as LEAP-1), a peptide hormone produced by the liver, is
a regulﬁtor of iron homeostasis in humans and other mammals. Hepeidin acts by binding to-
its receptor, the iron export channel ferroportin, causing its internalization and degradation.
Human hepcidin is a 25-amino acid peptide (Hep25). See Krause et al. (2000) FEBS Lett
480:147-150, and Park ct al. (2001).J Biol Chem 276:7806-7810. The structure of the
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bioactive 25-amino acid form of hepcidin is a simple hairpin with § cystéines that form 4
disulfide bonds as:described by Jordan et al. J Biol Chem 284:24155-67. The N terminal

region is required for iron-regulatory function, and deletion of 5 N-tetininal amino acid

tesidues results in a logs of'iron-regulatory function. See Nemeth et al. (2006) Blood.

107:328-33,

Abnormal hepcidin activity is associated with iron overload diseases, including
hereditaiy hemochromatosis (HH) and iron-loading anemias. Hereditary hemochromatosis
is a genetic iron overload disease that is mainly caused by hepcidin deficiency, or in' some
cases by hepeidin resistance, This allows excessive absorption of iron from the diet-and
development of iron ovérload. Clinical manifestations of HH may include liver disease
(e.g., hepati¢ cirthosis and hepatocelhilar carcinoma), diabetes, ‘and heart failure. Currently,
the only treatment for HH is regular phlebotomy, which is very burdensome for the
patients, Tron-loading anemias aré hereditary anetiias with ineffective erythropoiesis such
as P-thalassemia, which ate ajc‘c_:omp'axiiéd by severe iron overload. Complications from iron
oveiload ate the main cause of morbidity and mortality for these patients. Hepcidin
deficiency is the main cause of iron ovetload in non-transfused patients, and conttibutes to
iton overload in transfused patients. The current treatment for iron overload in thesé
patients is iron chelation which is very burdensome, sometimes ineffective, and
accompanied by frequent side effects.

Hepeidin has a number of limitations which resttict its use as a drug, including a
difficult synthesis process due in part to aggregation and precipitation of the protein during
folding, which in turn leads to high cost of goods. What are needed in the art arg
compounds having hepcidin activity and also possessing other beneficial physical
properties such as improved solubility, sj{ability, and/or potency , so that hepcidin-like
biologics might be produced affordably, and used to treat hepcidin-related diseases and
disorders such as, e.g., those described herein.

The present invention addresses such needs, providing novel peptide analogues, and
dimers thereof, having hepeidin activity and also having other beneficial properties making

the peplides of the present invention svitable alternatives to hepeidin.
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BRIEF SUMMARY OF THE INVENTION
The present invention 'gcnc_ra'Il'_y relates to peptides exhibiting hepeidin activity and
methods of using the same.
In some embodiments, the invention provides peptides, which may be isolated
and/or purified, comprising, consisting essentially of, of conisisting of, the following

structural formula I1:
RL'_X__Y,._‘RQ" (1) (SEQID NO:_I’Z)

or'a pharmagentically acceptable salt or solvate thereof, wherein
R! is hydrogen, an C1-C6 alkyl, C6-C12 aryl, C6-C12 aryl C1-C6 alkyl, C1-C20 alkanoyl
(e:g. methyl, acetyl, formyl, benzoyl of trifluoroacetyl, isovaleric acid, isobutyric acid,
octanoi¢ acid, lauric acid and hexadecanoic acid), y-Glu-hexadecanoic acid)-or pGlu,
appended to the N-terminus, and including PEGylated versions (e.g. PEG3 to PEGI11),
aloiie or as spacets of any of the foregoing;

R2 ig -NH; or -OH;

X is a peptide sequence having the formula.(Ia)
X1-X2-X3-X4-X5-X6-X7-X8-X9-X10 (1a) (SEQ ID NO:1)

wherein

X1 is Asp,Glu, Ala, Gly, Thr, Ida, pGlu, bhAsp, D-Asp, Tyr, Leu or absent;

X2 is Thr, Ala, Aib, D-Thr, Arg or absent;

X3 is His; Lys, Ala; or D-His;

X4 is Phe, Ala, Dpa, bhPhe, of D-Phe;

X5is Pro, Glu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro, bhPro, Sarc, Abu or absent;
X6 isIle, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys, Val, Ser or Ala;
X7 s Cys, lle, Ala, Leu, Val, Ser, Phe, Dapa, D-Ile or D-Cys;

X8 is Ile, Lys, Arg, Ala, Gln, Phe, Glu, Asp, Tyr, Ser, Leu, Val, D-Ile, D-Lys, D-Arg; or
Dapa;

X9 is Phie, Ala, Ile, Tyr, Lys, Arg; bhPhe or D-Phe; and
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X10 is Lys, Phe or absent;

Y is absent or Y is a peptide having the formula.(Ila)
Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y8-Y9-Y10-Y11-Y12-Y13-Y14-Y15 (Ila) (SEQ ID NO:3)

wherein

Y1 is Gly, Cys, Ala, Phe, Pro, Glu, Lys, D-Pro, Val, Ser orabsent;

Y2is Pro; Ala, Cys, Gly or absent;

Y3 is Arg, Lys, Pro, Gly, His, Ala, Trp or absent;

Y4.is Ser, Arg, Gly, Trp, Ala, His, Tyr or absent;

Y5 is Lys, Met, Arg, Ala or absent;

Y6 is Gly, Ser, Lys, Ile, Arg, Ala, Pro, Val or absent;

Y7 is Trp, Lys, Gly, Alallc, Valor absent;

Y8 is Val, Thr, Gly, Cys, Met, Tyr, Ala, Glu, Lys, Asp, Arg or absent;

Y9 is Cys, Tyi or absent;

Y10'is Met, Lys, Arg, Tyr or absent;

Y11 s Arg, Met, Cys, Lys or absent;

Y12 is Arg, Lys, Ala or absent;

Y13-is Arg, Cys, Lys, Val or absent;

Y14 is Arg, Lys, Pro, Cys, Thr or absent; and

Y15 is Thr, Arg or absent;

wherein if Y is absent from the peptide of formula (1), X7 is Tle; and

wherein said compound of formula (]) is optionally PEGylated on-RI_,.X, or¥Y.

In some embodiments, the compound of formula (I) comprises two or more
cysteine residues, wherein at least two of said cysteine residues are linked via a disulfide
bond.

In some embodiments, the invéntion provides peptides, which may be isolated
and/or purified, comprising, consisting essentially of, or consisting of the following

structural formula:1”;

RY. Xy R (') (SEQ ID NO:21)
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of a pharmaceutically acceptable salt or selvate thereof,

wherein
R'? is hydrogen, an C;-Cs alkyl, Cs-Ciy aryl, Cs-Ciz aryl Cy-Cy alkyl, C1-Cyg alkanoyl '(e_.g.

‘methyl, acetyl, formyl, benzoyl or trifluoroacetyl, isovaleric acid, isobutyric acid, octanoic

acid, lauric acid and héxadecanoic acid), y—Glu—hcxadecanoiq-. acid) or pGlu , appended to
the N-terminus, and incliding PEGylated versions (e.g, PEG3 to PEG11), alone or as
spacers of any of the foregoing;
R” is -NH, or-OH;
X’ is a peptide sequence having the formula Ia’
K1-X0-X3-X4-X5-X6-X7-X8-X9-X10 (I2") (SEQ ID NO:13)
wherein
X1 is Asp, Glu, Ala, Gly; Thr, Ida, pGlu, bhAsp, D-Asp, Tyr, Lei or absent;
X2 is Thr, Ala, Aib, D-Thr, Arg or absent;
X3 is His, Als, D-His-or Lys;
X4 isPhe, Alj, Dpa, bhPhe or D-Phe:
X5 is Pro, Glu, Ser, Gly, Aig, Lys, Val, Ala, D-Pro, bhPro, Satc, Abu or absent;
X618 Ile, Cys, Arg, Leu, Lys, His, Glu, D-1le; D-Arg , D-Cys, Val, Ser or Ala;
X7 is Cys, lle, Ala, Leu, Val, Ser, Phe, Dapa, D-lle or D-Cys;
X815 Iie, Lys, Arg, Ala, Glu, Phe, Glu, Asp, Tyr, Ser, Leu, Val, D-Ile, D-Lys, D-Arg, or
Dapa;
X9'is Phe, Ala, Ile, Tyr, Lys, Afg, bhPhe or D-Phe; and
X10 is Lys, Phe or absent;
and provided that if Y™ is absent, X7 is Ile;
Y is a peptide having the formula Ta’
Y1-¥2-Y3-Y4-Y5-Y6-Y7-Y8-YO-Y10-Y11-Y12-Y13-Y14-Y15 (IIa’) (SEQ ID NO:16)
wherein
Y1is Gly, Cys, Ala, Phe, Pro, Glu, Lys, D-Pro, Val, Set or absent;
Y2 is Pro, Ala, Cys, Gly or absent;
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Y3 is Arg, Lys, Pro, Gly, His, Ala, Tip-or abserit;
Y4 is Ser, Arg, Gly, Trp, Ala, His, Tyt or absent;
Y5 is Lys, Met, Arg, Ala or absent;

Y6 is Gly, Ser, Lys, Ile, Ala, Pro, Val of absent;
Y7 is Ttp, Lys, Gly, Ala, Iie, Val or absent;

Y8 is Val, Thr, Gly, Cys, Met, Tyr, Ala, Glu, Lys, Asp, Atg or absent;
Y9 is Cys, Tyr or absent;.

Y10 is:Met, Lys, Arg, Tyt or-absent;

Y11is Arg, Met, Cys, Lys or absent;

Y12 is Arg, Lys, Ala or'absent;

Y13 is Arg, Cys, Lys, Val or absent;,

Y14 is Arg, Lys, Pro, Cys, Thr or absént; and
Y15is Thr, Afg or absent;

wherein said compound of formula I” is optionally PEGylated on R'*, X’, or Y’; and

wherein ' when said compound.of formula I” comprises two or more cysteine residues, at

least two of said cysteine residues being linked via.a disulfide bond.

In some embodiments, the compound of formula I’ comprises an R moiety that is

hydrogen, isovaleric acid, isobutyric acid, or acetyl.

In some embodiments, the compound of formula I’ comprises an X* peptide of

formula Ta’ as described herein, wherein

X1 is Asp, Ala, Ida, pGlu, bhAsp, Leu, D-Asp or absent;
X2 is Thr, Ala, or D-Thr;
X3 is His, Liys, D-His or Lys;

X4 1is Phe; Ala, Dpa or D-Phe;

X5 is Pro, Gly, Arg, Lys, Ala, D-Pro or bhPro;

X6 is Ile, Cys, Arg, Lys, D-Ile or D-Cys;

X7is Cys, Ile, Leu, Val, Phe, D-le.or D-Cys;

X&is Ile, Arg, Phe, Gln, Lys, Glu, Val, Leu or D-Iie:
X9 is Phe or bhPhe; and
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X10is Lys, Phe or absent.

In some eémbodiments, the compound of formula T’ comprises an X’ peptide.of

forraula Ib:
X1-Thr-His-X4-X5-X6-X7-X8-Phe-X10 (Ib”)
wherein
X1 is Asp, Ida, pGlu, bhAsp or absent;
X4 is' Phe or Dpa;
X5 is Pro or bhPro;
X6 is Ile, Cys or Arg;
X7 is Cys, 1le, Leu or Val;
X8 is lle Lys; Glu, Phe, Gln.or Arg;énd
X101s Lys or absent.
In some embodiments, the conipound of formula I’ comprises an X’ peptide-of
formula Ic’:
X1-Thr-His-X4-X5-Cys-Tle-X8-Phe-X10 (I¢”)
wherein
X1 is:Asp, Ida, nGlu, bhAsp or absent;
X4 is Phe or Dpa;
X5 is:Pro or bhPro:
X8 is Ile Lys; Glu, Phe, Gln or Arg; and
X10 is Lys or absent.
Th some enibodiments, the compound of formula I’ comprises a Y’ peptide of
formula ITb”.
Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y8-Cys-Y10 (IIb")
wherein
Y1 is Gly, Ala, Lys, Pro or D-Pro;
Y2 is Pro, Ala or Gly;
Y3 is Arg, Ala, Lys or Trp;
Y4 is Ser, Gly or-Ala;
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Y5 is Lys, Met, Arg or Ala;

Y6 is Gly, Arg or Ala;

Y7is Trp or Ala;

Y8 is Val, Thr; Ala or Glu; and
Y10 is Met; Lys or absent.

In some embodiments, the compound of formula I’ comprises- a 'Y’ peptideé of

formula Iic”,
Y1-Y2-Y3-Ser-Lys-Gly-Trp-Y8-Cys-Y10-(Ilc’)
wherein
Y1 is Gly, Pro or D-Pro;
Y2 is Pro or Gly;
Y3ig Argor Lys:

Y8 is Val or Thr; and
Y101is Met, Tys or absent.

In some embodiments, the compound of formula I” comprises a Y peptide of
formula 11d":

Cys-Y3-Y4-Arg-Y6-Y7-Y8-Cys-Y10-Y11-Y12-Y13-Y14-Y15 (11d*)

wherein
Y1 is Val.or Ala or absent;
Y3 is Gly, Pro or absent;
Y4 is His, Trp or Tyr; Y6 is Ser, Gly or Pro;
Y7is Ile, Gly or Lys;
Y8 is. Gly, Met or absent;
Y10 is Tyr or Cys;
Y11 is Arg, Lys, Met or Ala;
Y12is Arg or Ala;
¥13 is Cys or Val or absent;
Y14:is Cys, Lys, Pro, Arg, Thr or absent; and
Y151is Arg, Thr or absent.
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In some embodimcnts, the compound of formula I’ comprises a Y” peptide of
formula Ie”;
Val-Cys-Y3-His-Arg-Y6-Y7-Y8-Cys-Tyr-Arg-Y 12-Y13-Y14-Y15 (Ile’)
wherein
Y3 is Gly o1 absent;
Y6 is Ser or Pro:
Y7 isIle or Lys;
Y8 is Gly or absent;
Y12 is Arg or Ala;
Y13 is Cys or Val or absent;
Y4 is Cys, Arg; Thr or abscnt; and
Y15-is Arg orabsent.
In'some embodiments, the invention provides peptides, which may be isolated
and/or purified, comprising; consisting essentially of, or consisting of the following

structural formula 1°°;
R".X7y”R™ (1) (SEQ ID NO:27)

or a pharmaceutically acceptable salt or solvate thereof, wherein

RM s hydrogen, an C1~Cs alkyl, Cs-Cra aryl, Cs-Cis aryl Ci-Cyalkyl, C1-Cao alkanoyl (e.g.

methyl, acetyl, form}fl, benzoyl or trifluoroacetyl, isovaleric acid, isobutyric acid, octanoic

acid, lauric acid and hexadecahoic dacid), y-Glu-hexadecanoic acid) or pGlu, appended to

tke N-terminus, and including PEGylated versions (e.g. PEG3 to PEG11), alone of as

spacets of any of the foregoing;

R*” is -NH; or -OH;

X°” is.a peptide sequence having the formulaJa™
X1-X2-X3-X4-X5-X6-X7-X8-X9-X10 (fa” ) (SEQ 1D NO:22)

wherein

X1 is Asp, Glu, Ala, Gly; Thr, Ida, pGlu, bhAsp, D-Asp, Tyt, Leu orabsent;

X2 is Thr, Ala, Aib; D-Thr, Arg or absent;
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X3 is His, Ala, D-His or Lys;

X4 is Phe, Ala, Dpa, biiPhe or D-Phe;.

X5 is Pro, Glu, Set, Gly, Arg, Lys, Val, Ala, D-Pro, bliPro, Sarc, Abu or absent;
X6 isTle, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys, Val, Ser or Ala;

X7is Cys, lle, Ala, Leu, Val, Ser, Phe, Dapa, D-Tle or D-Cys;

X8 is Ile, Lys, Arg, Ala, Gln, Phe, Glu, Asp, Tyr, Ser, Leu, Val, D-Ile, D-Lys, D-Arg, of
Dapa;
X9 is Phe, Ala, Tle, Tyr, Lys, Arg, bhiPhe or D-Phe; and
X10 is Lys, Phe or absent;
and provided that if Y’*is absent, X7 is-Ile.
In some embodiments, the-compound of formula 1" is PEGylated on R! » X7 or
Y2,
In some embodiments, the compound of formula I’ comprises two or more
cysteine residucs, at Ieast two of said cysteine tésidues being linked via a disulfide bond.
In some embodiments, the. compound-of formula I’* comprises an R thatis
hydrogen, isovaleric acid, iso-butyric acid or acetyl.
‘Ih some embodiments, the compound of formula 1™ comprises an X peptide
according to formula Ta*, disclosed herein,
wherein
X1 is Asp, Ala, Ida, pGlu, bhAsp, Leu, D-Asp or'absent;
X2 is Tht; Ala, or D-Tht;
X3 is His, Lys, D-His or Lys;

X4 is Phe, Ala, or Dpa;

X5'is Pro, Gly, Arg, Lys, Ala, D-Pro or bhPro;

X64s Ile, Cys, Arg, Lys, D-Ile or D-Cys;

X7is Cys, lle, Leu, Val, Phe, D-Ile or D-Cys;

X8 is Ile, Arg, Phe, Gln, Lys, Glu, Val, Leu or D-Ile;
X9 is Phe or bhPhe; and.

X10 is Lys or absent.

10



10

15

20

25

In some embodiments, the compound of formula I’ comptises an X’ peptide of
formula Ib’”;
X1-Thr-His-X4-X35-X6-X7-X8-Phe-X10 (Ib’")
wherein
X1 is Asp, Ida, pGlu, bhAsp or absent;
X4 is Phe or Dpa;
X35 is Pro or bhPro;
X6 is Ilg, Cys or Arg;
X7 is Cys, Tle, Leu.or Val;
X8 is Ile, Lys, Glu, Phe, Gln.or Arg; and
X16 is Lys, Phe or absent.
In some embodiments, the compound of formula I*’ gomprises an X peptide of
formula Ic™”:
X1-Thi-His-X4-X5-Cys-Ile-X8-Phe-X10-(Ic*")

wherein

X1 is Asp, Ida, pGhu, bhAsp ot absent,

X4 is Phe or Dpa;
X5s Pro or bhPro;
X8 is 1le, Lys, Glu, Phe, Gln or Arg; and.
X10 is Lys or absent.
In some émbodiments, the compound of formula I’* comprisesa Y** peptide of
formula Ia™:
Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y8-Cys-Y10 (11a”") (SEQ ID NO:25)
wherein
Y1 is Gly, Ala, Lys, Pro or D-Pro;
Y2 is Pro, Ala or Gly;
Y3is Arg, Ala, Lys or Trp;
Y4 is Set, Gly or Ala;
Y5.s Lys, Met, Arg or Ala;

11
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Y6 is Gly, Arg or Ala;
Y7 is. Trp, Ala or absent;
Y8 is'Val, Thr, Lys, Ala, Glu or absent: and
Y10 is Met, Lys or absent.

In some embodiments, the compound of formula 17 compriscs a Y’ peptide of
formula Iib”*;

Y1-Y2-Y3-Ser-Lys-Gly-Trp-Y8-Cys-Y 10 (IIb*")

wherein
Y1 is Gly, Pro or D-Pro;
Y2 is Pro, Gly;
Y3is Arg, Lys;
¥8is Val or Thr; and
Y10-is Met; Lys or absent,

TIn related embodiments, the present invention includes dimers, €.g., homodimers, of
any of the peptides of the present invention.

In some embodiments, the peptides or .dimers of the present invention exhibit

hepcidin activity. In some embodiments, the pepfides or dimers bind ferroportin, e.g.,

‘human ferroportin.

In some embodiments, the present invention provides methods of binding a
ferroportin or inducing ferropertin internalization and degradation which comprise
contacting the ferroportin with at least one peptide, dimer or composition as disclosed
herein.

In some embodiments, the present invention provides cottipositions and
medicamenits comprising at least one peptide or dimer as disclosed herein.

In some embodiments, the present invention provides a method of manufacturing
medicaments comprising at least ong peptide or dimer as disclosed herein for the treatment
of diseases of iron metabolism, such as iron overload diseases.

Also provided are methods of treating a disease of iron metabolism in a subject,

such as a mammalian subject; ¢.g., a liuman subject, comprising administering at least.one

12
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peptide, dimer or composition as. disclosed herein to the subject. In some embodiments,
the peptide or dimer is administered in a therapeutically effective amount. In some
embodiments, the disease of iron metabolisin is an iron overload discase.

In some embodiments, tfljepre_sfen't invention provides a:method of manufactaring a
peptide or peptide dimet of the present invention synthetically. In some embodiments, the
present invention provides a method of manufacturing a peptide or peptide dimer of the
present invention recombinantly.

In sore embodiments, the present invention provides a pharmaceutical composition
comprising a peptide analogue (e.g., a peptide or dimer of the present invention), or
pharmaceutically acceptable salt or solvate thereof, as describéd hereit, in combination
with ong or more péptide analogue (e:g., a peptide or dimer of the present invention)-or
pharmagentically ac ceptable salt or solvate thereof, as described herein together with a
pharmaceutically acceptable carrier, excipient or vehicle.

In some embodiments, the invention pravides a process for manufacturing a
comp’oun_d_ or 4 pharmaceutical composition as disclosed hergin,

In some embodiments, the invention provides a device comptising at least one
peptide analogue (e.g., a peptide.or dimer of the present invention), or pharmaceutically
acceptable salf or solvate thereof for delivery of the p'cp_ti_d'e analogue to asubject.

In some embodiments, the present ifivention provides kits comprising at least one
peptide, dimer, or composition as disclosed herein packaged together with a reagent; a
device, instructional material, ot a combination thereof.

In some embodiments, the present invention provides complexes which comprise at
least one peptide or dimer as disclosed herein bound to a ferroportin, €.g., a human
ferroportin, or an antibody, such as an antib'ody which specifically binds a peptide as
disclosed herein, Hep25, or 4 combination thereof.

Both the foregoing general deseription and the following detailed description are
exemplary and explanatory only and.are intended to provide further explanation of the
invention as claimed. The accompanying drawings are 1ncluded to provide a further

understanding of the invention and are incorporated in‘and constitute part of this

13
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specification, illustrate sevetal embodiments of the invention,.and together with the

description serve to explain the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the results of an in vitro activity assdy measuring the induction of
degradation of the human fetroportin protein. Presented are dose response curves for
Compound No. 1 as-compared to-Hepeidin and the Mini-Hepcidin control.

Figure 2 shows time dependent changes in sérum iron following animal exposure
to vehicle, Compound No. 2 and reference compound RY Mini-Hepeidin. The responses arg
normalized to the itial (t=0) levels:

Figure 3 shows relafive decrcase of serirm iron Telative to-vehicle control measured
with COmpOund’No. 2 as well.as the refercnce compound RI-Mini-Hepcidin atitim‘cpoi_hts
0, 30, 60, 120, 240 and 360 minutes. 100% represents the measured average level of sefim
iron in the vehicle treated animals.

Figuie 4 shows the in vivo serum iton reducing abilities of selected peptides of the'
present invention and Hepeidin.

Figure 5 shows a dose response of the i# vive serum iron reducing abilities of

selected peptides of the present invention and Hepeidin.

Figure 6 shows the PK/PD effects for thein vivo-serum iron reducing abilities. of
selected peptides of the present invention and Hepcidin. ‘For Hepeidin and the 300 nmol/kg
treatment with compound #181, only one timepoint was taken at t=120 min. The Hepcidin
response is not elearly visible on this graph, as it overlapped with the Cmpd #181 1000
nmol/kg plot at the t-120 min point. The single data point for compound #181 300 nmol/kg
is located directly above the Hepeidin point.

Figure 7 shows selected examples of linkers that were used to dimerize the

peptides.

14
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D_ETAILED DESCRIPTION OF THE INVENTION

Unless otherwise defined herein, scientific and technical terms used in this
application shall have the meanings that ar¢ commonly understood by those of ordinary
skill in the art, Generally, nomenclature -used in connection with, and techniques of,
chemistry, molecular biology, cell and cancer biology, immunology, microbiology,
pharimacolo gy, and protein and nucleic acid chemistry, described herein, are those well-
known and commonly used in the art,

All publications, patents and published patcnt.applications. referred to in this
application are specifically incorporated by reference hetein. In case of conflict, the
present specification, incliding its specific definitions, will control.

Each embodiment of the invéntion described herein may be taken alone orin

combination with onc or more other embodiments of the invention.

DEFINITIONS

Throughout this specification, the:word “comprise™ or variations such as
“comprises” or “comprising” will be understood to imply the inclusion of a stated integer
(or components) or group of integers (or components), but.not the exclusion of any other
integer (or components) or group of integers '-(‘01‘. cornponents).

The singular forms “a,” “an,” and “the” include the plurals unless the context
clearly dictates otherwise.

The term “including” is used to mean “including but not limifed to.” “Including™
and “including but not limited to” are used interchangeably.

The terms “patient,” “subject,” and “Individual® may be used in’terchangEably and
refer to either a human or a non-human anial. These terms include mammals such as
humans, pri'mates,, livestock animals (e.g:, bovines, porcines), companion animals (e.g.,
canines, felines) and rodents (e.g., mice and rats).

The term formula (1), is used herein interchangeably with the term formula 1 (i.e.,

without the parentheses). The term formula (1%), is used herein interchangeably with the

15



10

15

20

25

term formula T (i.e., without the parentheses). ‘"The term formula (I”*), is used herein

interchangeably with the term formula I (i.c., without the parentheses).

The recitations “sequence identity”, “percent identity”, “percent homology™, or, for
example, comprisinga “sequence 50% identical to,” as used herein, refer to the extent that
sequences. are identical on a nucleotide-by-nucleotide basis or an amino acid-by-amino acid
basis over a window of comparison. Thus, a “percentage of sequence identity” may be
caleulated by comparing two optimally aligned sequénces over the window of comparison,
determining the number of positions-at-which the identical nucleic-acid base (e.g., A, T, C,
G, 1) or the identical amino acid residue (e.g., Ala, Pro, Ser, Thr, Gly, Val, Leu, Ile, Phe,

Tyr, Tip, Lys, Arg, His, Asp, Glu, Asn, Gln, Cys and Met) occurs in both sequences to

yield the number of matched positions, dividing the fimber of matched positions by the

total iumber of positions in'the window of comparison (i.e,, the window size), and
imltiplying the result by 100 to yicld the percentage of sequence identity.

Calculations of sequence sitilarity or sequence identity between sequences (the:
terms are used interchangeably herein) ¢an be performed as follows. To determine the
percent identity of two arino acid sequences, ot .of twa nucleic acid sequences, the
sequences can be aligned for optimal comparison purposes (e-g., gaps can be introduced in
one or both of a first and a second amino acid or nucleic acid sequence for thimal,
alignment and non-hemologous sequences-can be distegarded for campatison purposes). In
certain embodiments, the length of a reference sequence aligned for compatison purposes
is at least 30%, preferably at least 40%, more preferably at least 50%, 60%, and even more
preferably at least 70%, 80%, 90%, 100% of the length of the reference sequence. The

amino acid residues or nucleotides at corresponding amino acid positions-or nucleotide

positions are then compared. When a position in the first:sequence is-occupied by the same

amino acid residue or nucleotide as the corresponding position in the second sequénce, then
the molecules ate identical at that position..
Thé percent identity between the two sequences is a function of the number of

identical pO's_itigns shared by the sequences, taking into account the number of gaps, and the
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length of each gap, which need to be introduced for optimal alignment of the two

sequences.

The comparison of séquences and determination of percént identity between two
sequences can be accomplished using a mathematical algorithm, In some embodiments, the
percent identity betweer two amino acid sequences is determined using the Negdleman and
Wunsch, (1970, J. Mol. Biol. 48: 444-453‘_)_ algorithm which has been incorporated into the
GAP program in the GCG software package, usin g ¢ither a Blossum 62 matrix ora
PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2,
3,4, 5, or 6, In yet another preferred embodiment, the percent identity between two
nucleotide seéquences is determined using the GAP program in the GCG software package,
using an;NWSgap'dna.CMP« matrix and a gap weight of 40, 50, 60, 70, or 80 and-a length
weight of 1,.2, 3, 4, 5, or 6. Another exemplary set of parameters includes a Blossum 62
scoring matrix with a gap penalty of 12, a gap extend penalty of 4, and a frameshift gap
penalty of 5. The percent identity between two amino acid or nucleotide sequences can also
bedetermined using the algorithm of B. Meyers and W. Miller (1989, Cabios, 4: 11-17)
which has been incorporated.into the ALIGN program (version 2.0), using a PAM120
weight residue table, a gap length penalty of 12 and a gap penalty of 4.

The peptide sequences-described herein-can be used as a “query sequence” to
perform a search against public-databases to, for example, identify other family members
or related sequences, Such searches can be performed using the NBLAST and XBLAST
programs (version 2,0) of Altschul, et-al,, (1990, J. Mol. Biol, 215: 403-10). BLAST
nucleotide searches can be performed with the NBLAST program, scote = 100, wordlength
=112 to obtain nucleotide sequences homologous to nucleic acid molecules of the
invention. BLAST protein searches can be performed with the XBLAST program, score =
50, wordlength = 3 to obtain amino acid sequences homiologous to protein moleculesof the,
invention. To obtain gapped alignments for comparison purposes, Gapped BLAST can be
utilized as described in Altschuil et al. (Nucleic Acids Res, 25:3389-3402, 1997). When
utilizing BLAST and Gapped BLAST programs, the default parameters of the respective
programs (e.g., XBLAST and NBLAST) can be used.
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As used herein, the term “pharmaceutically acceptable salt” is:intended to indicate a
salt which is not harmful to a patient or subject to which the salt in questio is
administered. It may suitably be 4 salt ¢hosen, ¢.g., among acid addition salts and basic
salts. Examples of acid addition salts include chloride salts, citrate salts and acetate salts.
Examples of basic salts include salts where the cation is sélécted arong alkali metal
cafions, such as sodium of-potassium ions, alkaline earth metal cations, such as calcium or
maghesium ions, as well as substituted ammonium ions, such as ions of the type
NERDR2)(R3)(R4)+, where R1, R2, R3 and R4 independently will typically designate
hydrogen, optionally substituted C1-6-alkyl or optionally substituted C2-6-alkenyl.
Examples of relevant C1-6-alky! groups include methyl, ethyl, 1-propyl and 2-propyl
groups, Examiples of C2-6-alkenyl grotips of possible relévance include ethenyl, 1-propenyl
and 2-propenyl. Other examples of pharmaceutically acceptable salts are deseribed in
“Remington’s Pharmaceutical Sciences”, 17th edition, Alfonso R. Gennaro (Ed.), Mark
Publishing Company, Easton, PA, USA, 1985 (and more recent editions thereof), in the
"‘Er_l‘cyc_lapaedia of Pharmaceutical Technology™, 3td edition, Tames Swarbrick-(Ed.),
Informa Healthcare USA (Inc.), NY, USA, 2007, and in J. Pharm. Sci. 66:2 (1977). Also,
for a review:on suitable salts, see Handbook of Pharmaceutical Salts: Properties,

Selection, and Use by Stahl and Werrnuth (Wiley-VCH, 2002). Other suitable base salts are
formed from bases which form non-toxic salts. Representative examples include the
aluminum, arginine, benzathine, calcium, choline, diethylamine, diolaming, glycine, lysine,
magnesium, meglumine, olamine, potassium, sodinm, tromethamine, and zine salts.
Hemisalts of acids and bases may also be formed, ¢.g., hemisulphate and hemicalcium
salts. Compositions to be used in the invention suitable for parenteral administration may
comprise sterileé aqueous solutions and/or suspensions of the pharmaceutically active
ingredients preferably made isotonic with the blood of the recipicnt, generally using
sodium chloride, glycerin, glucose; mannitol, sorbitol, and the like. Organic acids suitable
for forming pharmaceutically acceptable acid addition salts include, by way of example-
and not limitafion,.acetic. acid, trifluoroacetic acid, propionic acid, hexanoic acid,

cyclopentanepropionic acid, glycolic acid, oxalic acid, pyruvic acid, lactic acid, malonic:
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acid, succinic acid, malic acid, maleic ac¢id, fumaric acid, tartaric acid, citric acid, palmitic
acid, benzoic-acid, 3-(4-hydroxybenzoyl) benzoic acid, cinnamic acid, mandelic acid,
alkylsulfonic acids (e.g;, methanesulfonic acid, ethanesulfonic acid, 1,2-cthane-disulfonic
acid, 2-hydroxyethanesulfonic acid, etc.), arylsulfonic acids (e.g;, benzencsulfonie acid, 4-
chlorobénzenesulfonic acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,
camphorsulfonic acid, etc’), 4-methylbicyclo(2.2.2)-oct-2-enc-1-carboxylic acid,
glucoheptonic acid, 3-phenylpropionic acid, trimethylacetic-acid, tertiary butylacetic-acid,.
tauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic acid, salicylic acid,
stearic acid, muconi¢ acid, and the like:

Theterm “solvate” in the contextof the present invention refers to a complex of
defined stoichiometry formed between a solute (i casu, a peptide analoguc or
pharmaccutically acceptable salt thereof according to the inveiition) and a-solvent. The
solvent in this conticction may, for example, be water, ethanol or another pharmaceutically
acceptable, typically small-molecular organic species, such as, but not limited to, acetic
acid or lactic acid. When the solvent in question is water, such 2 solvate is normally
referred to as a hydeate.

The terin “agonist” as employed in the context of the invention refers to a substance
(ligand) that causés iriternalization of the ferroportin protein.

As used lierein, a "disease of iron metabolism" includes diseases where aberrant

ironmetabolisin directly causes the disease, or where iron blood levels are dysregulated

-causing disease, or whete iron dysregulation is a consequence of another disease, or where

diseases can be treated by modulating iton levels, and the like. More specifically, a discase
of iron metabolism according to this disclosute includes iron overload diseases, iron
deficiency disorders, disorders of iron biodistribution, other disorders of iron metabolism
and other disorders potentially rélaied to iron metabolism, ete. Discases of iron metabolism
incluide hemochromatosis, HFE mutation hemochromatosis, ferroportin mutation
hemochromatosis, transferrin receptor 2 mutation hemochromatosis, hemojuvelin mutation
hemochtomatosis, hepeidin mutation hemochromatosis, juvenile hemochromatosis,

neonatal hemochromatosis, hepeidin deficiéncy, transfusional iron overload, thalassemia,.
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thalassemia intermedia; alpha thalassemia, sidefroblastic ane¢mia, porphyria, porphytia
cutanea tarda, African iron overload; hyperferritinemia, ceruloplasmin deficiency,
atransferrinemiia, congenita! dyserythropoietic anemia, anemia of chronic disease, anemia
of inflammation, anemia of infection, hypochromic microcytic anemia, iron- deficiency
anemia, iron-refractory iron:deficiency anemia, anemia of chronic kidney disease,
erythropoictin resistance, iron deficiency of obesity, othet anemias, benign or malignant
tumors that overproduce hepeidin or induce its overproduction; conditions with hepcidin
excess, Friedreich ataxia, gracile syndrome; Hallervorden-Spatz disease, Wilson's-disease,
pulmonary hemosiderosis, hepatocellulat carcinoma, cancer, hepatitis, cirrhosis of liver,
pica, chronie renal fajlure, insulin resistance, diabetes, atherosclerosis, neurodegenerative
disotders, multiple sclerosis, Patkinson's disease, Huntington's disease, and Alzheimer's
disease.

In some embodiments, the discasc and disorders are related to iron overload
diseases such as iron heinochromatosis, HFE mutation hemochromatosis, ferroportin
mutation hemochromatosis, transferrin réceptor 2 mutation hemochromatosis, hemojuvelin
mutation hemochromatosis, hepcidin mutation hemochromatosis, juvenile
hemochromatosis, neonatal hemochromatosis, hepcidin deficiency, transfisional iron
overload, thalassemia, thalassemia intermedia, alpha thalassemia.

In some embodiments, the peptides o f'the ivention are used to treat diseases and
disorders that are not typically identified as being iron related. For example, hepeidin is
highly expressed in the murine pancreas suggesting that diabetes (Type 1 or Type 1I),
insulin résistance, glucose intolerance and other disorders n‘la‘y"be ameliorated by treating
underlying iron metabolism disorders: See Ilyin, G, etal. (2003) FEBS Lett. 542 22-26,
which is herein incorporated by reference. As such, peptides of the invention may be used
to treat these diseases and conditions. Those skilled in the art are readily able to determine
whether a given disease can be treated with a peptide-according to the presentinvention
using methods known in the art, including the assays of WO 2004092405, which is herein

incorporated by reference, and assays which monitor hepcidin, hemojuvelin, or iron levels
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and expression; which are known in the art such as those described in U.S. Patent No.
7,534,764, which is herein incorporated by reference.

In-certain embodiments of the present invention, thé diseases of iron metabolism
are iron overload diseases, which:include hereditary hemochtomatosis, iron-loading
anemias, alcoholic liver discases and chronic hepatitis C.

As used herein, the terms "protein”, "polypeptide” and "peptide" are used
interchangeably to refer to two or moré amino acids linked togethier. Except where
indicated otherwise, e.g., fof the abbreviations for the uncommon ot unnatural amino acids
set forth heréin, the three-letter and one-letter abbreviations, as used in the art, are used
herein to represent amino acid residues. Except when preceded with "D-", the amiro. acid is
an L-amino acid. Groups or strings of amino-acid abbreviations are used to represent
peptides. Except when specifically indicated, peptides are indicated with the N- terminus
on the léft.and the séquence is written from the N-terminus to the C- terminus.

The term “peptidé analogue™ in the context of the present invention refers to a
molecule in which a first peptide moiety is attached (i.. coupled or linked), either directly
or via a linking (i.e. bridging or spacing) chemical moiety, to a second peptide moiety, by
peptide described herein comprising an X peptide sequence and a Y peptide sequence. In
certain embodiments, a peptide analogue is a peptide described herein comprising an X
;p'ﬁptic[c sequence and a Y’ peptide sequence. In certain embodiments, a-peptide analogue
is a peptide described herein comprising an X** peptide sequence and a Y’ peptide
sequence, In certain embodiments; a peptide analogue is a peptide described herein
comprising an X peptide sequence and/or a Y peptide sequence conjugated to an additional
chemical moiety. In certain embodiments, a peptide analogué is.a peptide described herein
comprising an X’ peptide sequence and/or a Y’ peptide sequence conjugated to an

additional chemical moiety. In certain embodiments, a peptide analogue is a peptide

described herein comprising an X’ peptide sequence and/or a Y’ peptide sequerice

conjugated to an additional chemical moiety. ‘The peptides of the present invention
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described herein are peptide analogues. Peptide analogues also include any of the:peptide
dimers described herein.

Peptides and peptide dimers of the present invention may also be referred to herein
as compounds or peptide analogues.

The term "conservative substitution" as used herein denotes that one or more amino
acids are replaced by another, biologically similar residue. Examples include substitution
of amino acid residues with similar-characteristics, €.g., small amino acids, acidic amino
acids, polar amino acids, basic amino acids, hjydrophobic'amino acids and aromatic amino
acids. See, for example, the table below. In some embodiments of the invention, one ot
more Met residues ate substituted with norlencine (Nl¢) which is a bioisostere for Met, but
which, as opposed to. Met, is not readily oxidized. Another example of a conservative
substitution with a fésidue normally not found in endogenous, mammalian peptides and
proteins is the conservative substitution of Arg or Lys with; for example, ornithine,
canavanine, aminoethylcysteine or anothier basic amino acid, In seme embodiments, one or
mote cysteines of a peptide analogue of the invention may be substituted with another
residue, such as a serine. For further information concerning phenotypically silent
substitutions in peptides-and proteins, see, for example, Bowie ct.al. Science 247, 1306-
1310, 1990. In the scheme below, conservative substitutions of'amino acids are grouped
by physicochemical properties. I neutral, hydrophilic, II: acids and amides, IIi: basic, IV:
hydrophobic, V: aromatic, bulky amino acids,

T |1 o

v |V
AN |H |M [F
S |D [R (L |Y
T |E |K |1 |W
P (Q v
G C
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In the scheme below, conservative substitutions of aniino acids are grouped by
physicochemical properties. VI: nentral or hydrophobic, VIL acidic, VIII: basic, IX: polat,

X:aromatic,

V1 [VIE | VI

IX | X
A |E |H M |F
I. |b |R S |y
I K T |W
P C
G N
% Q

In certain embodiments, the present invention provides peptides which are useful in
the study and treatment of diseases of iron metabolism.

Throughout the present specification, unless naturally occurring amino acids.are

referred to by their full name (e.g. alanine, arginine, eté.), they ate designated by their

conventional three-letter or single-letter abbreviations (e.g. Ala or A for alanine, Arg oir R
for argining, etc.). In the case of less commeon or non-naturally oceurring amino acids,
unless they are referred to by their full name (e.g. sarcosine, ornithine, etc.), frequently:
employed three- or: four-character codes are employed for residues thereof, including, Sar
or Sarc (sarcosine, i.e. N-methylglycine), Aib (¢-amiroisobutyric acid), Dab (2;4-
diaminobutanoeic acid), Dapa (2,3-diaminopropanoi¢ acid), y-Glu (y-glutamic acid), Gaba
(y-aminobutanoic acid), B-Pro (pyrrolidiﬂe-l%-(:ﬁrb exylic-acid),.and 8Ado (8-amino-3,6-
dioxgoctanoic acid), Abu (4-amino butyric d¢id), bhPro (B-homoproline), bhPhe.(B-
homophenylalaning) and Dpa (B, diphenylalanine), and Ida (Tminodiacetic acid).

As is clear to the skilled arjtisan_, the peptide sequences disclosed herein are shown
proceeding from left to right, with the left.end of the sequence being thé N-terminus of the
peptide and the right end of the sequence being the C-terminus of the peptide, Among
sequences disclosed herein are sequences incorporating a “Hy-" moiety at the amino
terminus: (N-terminus)-of the sequence, and either an “-OH” moiéty oran “-NH;" moiety

at the carboxy terminus (C-terminus) of the sequence. Tn such cases, and unless otherwise
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indicated, a “Hy-” moiety at the N-terminus of the sequence in question indicates a
kydrogen atom [e.g,, R*, RY", or R"*'= hydrogen (Hy-) in formula L, T’, or I”?, respectively,
corresponding to the presence of a free primary or secondary amino group at the N-

7

terminus], while an “-OH” or an “~NH,” moiety at the C-terminus of the sequence
indicateés a hydroxy group [e.g., RQ, R?, or R%>” =0H in formula I, I°, or I'?, respectively,,
corresponding to the presence of a carboxy (COOH) group at the C-terminus]-or an amino
group [e.g.; R?, R, or R*”* = NH, in formula 1, I’, or I**; respectively, corresponding to the.
presence of an amido (CONH;) group at the C~terminus], respectively. In each sequence of
the invention; a C-terminal “~OH™ moiety may be substifuted for a C-terminal ““-NH;”
moicty, and vice-versa. Furthermore, R!, R'’; or R'”” canin all sequences be substituted
with isovaleric acids or cquivalent. In.some embodiments, wherein a péptide of the present
invention‘is conjugated to an acidic compound such as, e.g., isovaleric acid, isobutyric

acid, valeric acid, and the like, the presence of such a conjugation is referenced in the acid
form. So, for example, but not to be limited in any way, instead of indicating a conjugation
of isovaleric acid to.a péptide DTHFPCIKFCK (SEQ ID NO:21 5) by. referencing
isovaléroyl (e.g., isovaleroyl-DTHFPCIKFCK [SEQ ID NO:215]), in some embodiments,
the present application references such a conjugation as isovaleric acid- DTHFPCIKFCK
(SEQ ID NO:215). Unless otherwise indicated, reference is made to the L-isomeric forms
of the amino acids in question. Where appropriate, the D-isomeric form of an amitio acid

is indicated in the conventional manner by the prefix “D” before the conventional three-

letter code (e.g., DAsp or D-Asp; DPhe or D-Phe).

In some embodiments, the invention provides :_peptid'e_s,, which may be isolated
aiid/or purified, comprising, consisting essentially of, or consisting of, the following
structural formula:

R-X-Y-R* (1) (SEQIDNO:12)

ora phatmacentically acceptable salt or solvate thereof, wherein:

R! is hydrogen, an C1-C6 alkyl, C6-C12 aryl, C6-C12 aryl C1-Cé alkyl, C1-C20 alkanoyl
(¢.g., methyl, acetyl, formyl, benzoyl or trifluoroacetyl, isovaleric-acid, isobutyric acid,

octanoic-acid, lauric acid and hexadecanoic acid), y-Glu-hexadecanoic acid) or pGlu,
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appended to the N-terminus, and including PEGylated versions (¢.g., PEG3 to PEG11),
alone or as spacers of ariy of the foregoing;

R*is -NH; or-OII;

Xis a peptide sequence having the formula (Ia)

X1-X2-X3-X4-X5-X6-X7-X8-X9-X10 (1a) (SEQ ID NO:1)

‘wherein

X1is Asp, Glu, Ala, Gly, Thi, Ida, pGlu, bhAsp, D-Asp, Tyr, Leu or absent;
X2 is Thr, Ala, Aib, D-Thr, Arg or absent;

X3 is'His, Lys, Ala, or D-His;

X4 i3 Phe; Ala, Dpa, bhPhe, or D-Phe;

X5 is Pro, Glu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro, bhPro, Sar¢, Abu or absent;
X6 is Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys, Val, Ser or Ala;
X7 is Cys, lle, Ala, Leu, Val, Ser, Phe, Dapa, D-Ile or D-Cys;

X8 is Ile, Lys, Arg, Ala, Gln, Phe; Glu, Asp, Tyr; Ser, Leu, Val, D-Il¢, D-Lys, D-Arg; or
Dapa;

X9.is Phe, Ala, Ile, Tyr, Lys, Arg, bhPhe or D-Phe; and
X10 is Lys, Phe or absent;

Y is absent or Y is apeptide having the formula (11a)

Y1-Y2-Y3-Y4-Y5-Y6-Y7-¥8-Y9-Y10-Y11-Y12-Y13-Y14-Y15 (Ifa)} (SEQ ID NO:5)

whereiri

Y1 is Gly, Cys, Ala, Phe, Pro, Glu, Lys, D-Pro, Val, Ser or absent;
Y2 i§ Pro, Ala, Cys, Gly or absent;

Y3 is Arg, Lys, Pro, Gly, His, Ala, Trp or absent;

Y4 is Ser, Arg; Gly, Trp, Ala, His, Tyr or absent;

Y5is Lys, Met, Arg, Ala or absent:

Y6 is Gly, Ser, Lys, Ile, Arg, Ala, Pro, Val or absert;

Y7is Ttp, Lys, Gly, Ala Ile, Val or absent;
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Y8 is Val, Thr, Gly, Cys, Mect, Tyt, Ala, Glu, Lys, Asp, Arg or absent;
Y9 is Cys, Tyt ot absent;
Y10 is Met, Lys; Arg, Tyr or absent;
Y11 is Arg, Met, Cys, Lys or absent;
Y12 is Arg, Lys, Ala or absent;
Y13 is. Arg, Cys, Lys, Val or absent;
Y14 is Arg, Lys, Pro, Cys, Thr or-absent; and
Y15 is Thr, Arg or absent;
wherein if Y is absent from the peptide of formula (1), X7 is Tle; and
wherein said compound of formula (1) is optionally PEGylated on R, X, ot Y.
In somc embodiments, the compound or peptide of formula (I) comprises two or
morte cysteine residues, wherein at least two of said eysteine residues are linked via a
disulfide:bond.
In'some embodiments, X is a peptide sequence according to formula (Ta), described
herein,
wherein
X1 is Asp, Glu, Ala, Gly, Tht, 1da, pGlu, bhAsp, D-Asp, Tyr, Leu or absent;
X2 is Thr, Ala, Aib, D-Thr, Arg or absent;
X3 is His, Lys, Ala, or D-His;
X4 is Phe, Ala, Dpa, or bhPhe;
X5 is Pro, Glu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro; bliPro, Sarc, Abu er absent;
X6 is Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys, Val, Ser or Ala;
X7 is Cys, e, Ala, Leu, Val, Ser, Phe, Dapa, D-lle or D-Cys;
X8 is Ile, Lys, Arg, Ala, Gln, Phe, Glu, Asp, Tyr, Ser, Leu, Val, D-Ile; D-Lys, D-Arg, or
Dapa;
X9 is Phe, Ala, Tle, Tyr, Lys, Arg, bhPhe or D-Phe; and
X10is Lys, Phe or absent.
In some embodiments; X is a peptide sequence according to formula (Ta), described

herein, wherein
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Xl is Asp, Ala, Ida, pGlu, bhAsp, Leu, D-Asp or absent;
X2 is Thr, Ala, or D-Thr;

X3 is His, Lys, or D-His;

X4 is Phe, Ala, or Dpa;

X5 is Pro, Gly, Arg, Lys, Ala, D-Pro or bhPro;

X61s Tle, Cys, Arg, Lys, D-Ile ot D-Cys;

X7 is Cys, Ile; Leu, Val, Phe, D-Ti¢ or D-Cys;

X8is Ile, Arg, Phe, Gln, Lys, Glu, Val, Ley or D-Ilg;
X9 is Phe or bhPhe; and

X10 is Lys, Phe or absent,

In some embodiments, X is-a peptide sequence having the formula (Ib)
X1-Thir-His-X4-X5-X6-X7-X8-Phe-X10 (Ib)(SEQ 1D NO:2)

‘wherein
X1 ig Asp, Ida, pGlu, bhAsp or absent;
X4 is Phe or Dpa;
X5 is Pro or bhPro;
X615 Ile, Cys or Arg:
X7is Cys, 1le, Leu or Val;
X8 is Ile, Lys, Glu, Phe, Gln or Arg; and
X10 is Lys, Phe or absent;
In some embodiments; X is .a peptide sequence according to formula (Ib),-as
described herein, wherein
X1 is Asp, Glu, Ida, pGlu, bhAsp or absent;
X4 is Phe or Dpa;

X5 is Pro or bhPro;

X6 s lle, Cys or Arg;

X7is Cys, Ilg; Leu or Val;

X8is Ile, Lys, Glu, Phe, Gl or Arg; and
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X10 1s Lys or absent.

In some embodiments, X is a peptide sequence having the formula.(Ic)
X1:Thr-His-X4-X5-Cys-Ile-X8-Phe-X10 (Ic) (SEQ 1D NQ:3)

wherein

X11s Asp, Glu, Ida, pGlu, bhAsp or absent;
X4 is: Phe or Dpa;

X35 is Pro or bhPto;

X8.is Ile Lys, Glu, Phe, Gln or Arg; and.
X10is Lys orabsent.

Insome embodiments, X is a peptide sequence having the formula (1d)
X1-Thr-His-Phe-X5-Cys-Tle-X8-Phe-X10 (Id) (SEQ ID NO:4)

wherein

X1 is Asp, Glu, or Ida;
X4 is: Phe;

X5is Pro or bhPro;

X8 is lle, Lys or Phe; and.
X10 s absent.

In some embodiments, Y"is a peptide sequence having the formula Iib
Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y8-Cys-Y 10 (IIb) (SEQ ID NO:6)

wherein

Y1 is Gly, Ala, Lys, Pro or D-Pro;
Y2 is Pro, Ala or Gly;

Y3 is Arg, Ala, Lys or Trp;,

Y4 is Ser, Gly or Ala;

Y5 is Lys, Met, Arg or Ala;
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Y6 is Gly, Arg or Ala;
Y7 is Trp, Ala or absent;
Y8 is Val, Thr, Lys, Ala, Gluorabsent; and
Y10 is Met, Lys or absent.
In some embodiments, Y is a peptide sequence according to formula (IIb); as
described herein,
wherein
Y1 is Gly, Ala, Lys, Pré or D-Pro;
Y2 is Pro, Ala or Gly;
Y3is Arg, Ala, Lys of Trp;
Y4 is Sér, Gly or Ala;
Y5 is Lys, Met, Arg or Ala;
Y6 is Gly, Arg or Ala;
Y7 is Trp or Ala;
Y8 is Val, Thr, Ala, or Glu; and
Y10is Met, Lys or absent.

Tn some embodiments, Y is a peptide sequence having the formula (Ilc)
Y1-Y2-Y3-Ser-Lys-Gly-Trp-Y8-Cys-Y 10 (Ilc) (SEQ D NO.:'?_)

wherein

Y1 is Gly, Pro or D-Pro;
¥?2'is Pro-or Gly;

Y3 is Arg or Lys;

Y&1is Val or Thr; and

Y10 is Met, Lys orabsent,

In some embodiments, Y is a peptide sequence having the formula (11d)

Y1-Cys-Y3-Y4-Arg-Y6-Y7-Y8-Cys-Y10-Y11-Y 12-Y13-Y14:Y15 (1Id) (SEQ ID NO:8)

wherein

29



10

15

20

25

Y1 is Val, Ala or absent;

Y3 is Gly, Pro or absent;

Y4 is His, Trp or Tyr;

Y6 s Ser, Gly or Pro;

Y7is lle, Gly or Lys;

Y8 is Gly, Met or absent;
Y10 is Tyr or Cys;

Y11is Arg, Lys, Met or Ala;
Y12is Arg or Ala;

Y13 is Cys or Val or absent;
Y14.is Cys, Lys, Pro, Arg, Thr or abscnt; and
Y15 is Arg, Thr or dbsent.

In someé embodiments, Y is a peptide sequence having the formula (Ile)
Val-Cys-Y3-His-Arg-Y6-Y7-Y8-Cys-Tyr-Arg-Y12-Y13-Y14-Y15 (Ile) (SEQ ID NO:9)

wherein

Y3is GIy ot absent’

Y6 is Ser or Pro;

Y7.is]le or Lys;

Y8 is Gly or absent:

Y12 is Arg or Ala;

Y13 is Cys, Val ot absent;

Y14 is Cys, Arg; Thr or absent; and
Y15 is Arg or absent.

In some embodiments, Y is a peptide sequence having the formula (1If)
Y1-Pro-Y3-Ser-Y5-Y6-Y7-Y 8-Cys=Y10 (IK) (SEQ ID NO:10)

whertein

Y1 is Gly, Glu, Val, or Lys;
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Y3 is Arg or Lys;

YS is Arg or Lys;

Y6 is Gly, Ser, Lys, Ile or Arg;

Y7 is Ttp or absent;

Y8 is Val, Thr, Asp_,_ Glu ot absent; and
Y10 is Lys or abisent.

In some embodiments, Y is a peptide sequence having the formula (11g)
Y1-Pro-Y3-Scr-Y5-Y6-Y7-Y8-Cys-Y 10 (lg) (SEQ ID NO:11).

wherein

Y1is Gluor Lys;

Y3 is Argor Lys;

Y5 is Argor Lys;

Y6 is.Gly, Ser, Lys, Ile or Arg;
Y7 is: Ttp or-absent;

Y8 is'Val or absent; and

Y10 is Lys or absent.

In some embodiments, the peptide of formula-(I) comprises-at least three, at least
fbur, at least five, at least six, at least seven, at least eight; at least nine, at least ten, at lcast
eleven, at least twelve, at least thirteen, at least fourteen or at least fifteen Y resicdues in Y.,

1n some embodiments, Y1 to ¥3 are present and Y4 to Y15 are-absent.

In some embodiments, Y1 to Y11 are present and Y12 to Y15 arc absent.

In some embodiments, Y1 to Y10 ate present and Y11 to Y15 are absent.

In some-embodiments, Y8 and Y'15 are absent.

In sorne embodiments, Y3 and Y15 are absent

In some embodiments, Y3, Y14 and Y15 arc absent.

In some émbodiment Y5 is absent.

Ini some embodiments Y1, Y5,Y7, Y12, Y13, Y14 and Y15 are absent.
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In someé embodimients Y1, Y5, and Y7 arc absent. In some embodiments, Y8 is
absent. In'some embodiments, ¥3 is absent In some embodiments Y1, Y5, Y7, and Y11-
Y15 are absent. Insome embodiments, Y8 and Y11-Y15 are absent. In some
embodimeénts, Y3 and Y11-Y15 are absent.

In some embodiments, the present invention provides a conpound of formula (1),
wherein the compound comprises any one of the X /'Y peptide sequence formula.
combinatjons presented in Table 1 below.

Table 1: Illustrative combinations of X and Y peptides of a compound of Formula (I)

Combination X Pept:i@e Y ?epﬁ@e

Nuniber Sequence Sequence

’ Formula Formula
1 Ta IIa
2 1a 1Ib
3 Ta | Il
4 Ta 1Id
5 ' Ta 1le
6 Ta ' I
7 Ta ' Ig
8 Ib Ta
9 - Ib 1Tb
10 Ib Tl
11 Ib TId
12 ~Ib Tie
3 ib 1If
14 Ib g
15 _ Ic Ila
16 Ic 11b

17 - Te Ile

18 - Ic ild
19 1c. Te
20 Ic. Iif
21 I g
22 Td ‘ Tla
23 _ 1d ilb
24 ) Id Iic
25 Id a
26 1d Ile
27 Id nf
28 id g
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In some embodiments, the invention provides peptides, which may be isclated
and/or purified, comprising, consisting essentially of, or consisting of, the following
structural formula:

RVX-Y-RY (') (SEQ ID NO21)

or:a phatmaceutically acceptable salt or solvate thereof, wherein

R is hydrogen, an Ci-Cs alkyl, Cs-Cap aryl, Ce-Cyz aryl C1-Cg alkyl, C;-Cyp alkanoyl (c.g.,

‘methyl, acetyl, formyl, berizoyl or trifluoroacetyl, isovaleric acid, isobutyric acid; octanoic

acid, lauric acid and hexadecanoic acid), y-Glu-hexadeeanoic acid) or pGlu, appended to
the N-terminus, and including PEGylated versions (¢.g., PEG3 to PEG11), alone or as.
spacers of any of the foregoing;

R¥ is-NH; or -OH;

X’ is apeptide sequence having the formula (Ta”)
X1-X2-X3-X4-X5-X6-X7-X8-X9-X10 (Ia*) (SEQ ID NO:13)

wherein
X1 is Asp, Glu, Ala, Gly, Tht, Ida, pGlu, bhAsp, D-Asp; Tyr, Leu or absent;
X2 is Thr, Ala, Aib, D-Thr, Arg or absent;

X3 is His, Lys; Ala, or D-His;

X#4'is Phe, Ala, Dpa, bhPhe or D-Phe;

X51s Pro, Glu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro, bhPro, Satc, Abu or absent;

X6 is Ile; Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg , D-Cys, Val, Ser or Ala;

X7 is Cys; e, Ala, Leu, Val, Ser, Phe, Dapa; D-1le or D-Cys;

X8 igIle, Lys, Arg, Ala, GIﬁ_,_ Phe, Glu, Asp, Tyr, Ser, Leu, Val, D-Ile, D-Lys, D-Arg or
Dapa;

X9 is Phe, Ala, lle, Tyr, Lys, Arg, bhPhe or D-Phe; and

X10is Lys, Phé or absent;
and provided that if Y is absent, X7 is lle; and
Y? is a peptide having the formula (Ha’)
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Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y&-Y9-Y10-Y11-Y12-Y13-Y14-Y15 (Ila’) (SEQ ID NO:16)

wherein

Y1 is Gly, Cys, Ala, Phe; Pro, Glu, Lys, D-Pro, Val, Ser or absent;

Y2 is Pro, Ala, Cys, Gly or-absent;

Y3 is Arg, Lys, Pro, Gly, His, Ala, Trp or absent;

Y4 is Ser, Arg, Gly, Trp, Ala, His, Tyr or absent;

Y51s Lys, Met, Arg, Ala or absent;

Y61s Gly, Ser, Lys, Ile, Arg, Ala, Pro, Val or absent;

Y7 is Trp, Lys; Gly, Alalle, Val or absent;

Y8 is Val, Thr, Gly, Cys, Met, Tyr, Ala, Glu, Lys, Asp, Arg or absent;
Y9is Cys, Tyr or absent;

Y10'1is Met, Lys, Arg, Tyt or absent;

Y11 is Arg, Met, Cys, Lys or absent;

Y12 is Arg, Lys, Ala or absent;

Y13.is Arg, Cys, Lys, Val or absent,

Y14 is Atg, Lys, Pro, Cys, Thr or absent; and

Y15 is Thr, Arg of absent;

wherein said comipound of formula (I") is optionally PEGylated on R, X?, or'Y?; and.

whetein when said compound of formula (I”) comprises two or more cysteine residues, at

least two of said cysteine residues being linked via a disulfide bond.
In some embodiments, R'” is hydrogen, isovaleric-acid, isobutyric acid or acetyl.
In some embodiments of the peptide compound of formula (1), X’ is'a peptide

sequence a6 cording to formula (Ia*), wherein

X115 Asp, Ala, Ida, pGlu, bhAsp, Leu, D-Asp or absent;

X2 is Thr, Ala, 6t D-Thr;

X3 is His, Lys, D-His or Lys;

X4 is Phe, Ala, Dpa or D-Phe;

X5 is Pro, Gly, Arg, Lys, Ala, D-Pro or bhPro;
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X61is lle, Cys, Arg, Lys, D-lle or D-Cys;
X71is Cys, Ile, Leu, Val, Phe, D-Ile or D-Cys;
X8 is Ile, Arg, Phe, Gln, Lys, Glu, Val, Leu or D-Ile;
X9 is Phe or bhPhe; and
X10is Lys, Phe or absent.

In some embodiments of the peptide compound of formula I’, X’ is a peptide
sequence having the formula _(Ib"")

X1-Tht-His-X4-X5-X6-X7-X8-Phe-X10 (1b”) (SEQ ID NQ:14)

wherein
X1-is Asp, Ida, pGlu, bhAsp or absent;
X4 is Phe or Dpa;
X5'is.Pro or bhPro;
X6 ig Ile; Cys or Arg;
X7 is Cys, lle, Leu or Val;
X8 is Ile Lys, Glu; Phe, Gln-or Arg; and
X10 is Lys orabsent.

Insome embodiments of the peptide compound of formula I’, X’ is a peptide
sequence having the formula(Ic”)
X1-Thr-His-X4-X5-Cys-1le-X8-Phe-X10 (Ic”) (SEQ.ID NO:15)
wherein:
X1 is Asp, Ida, pGlu, bhAsp or-absent;
X4 is: Phe or Dpa;
X5 1is Pro or bhPro;
X8 isIle Lys, Glu, Phe, Gln or.Arg; and
X10 is Lys or-absent;

In some embodiments of the peptide compound of formula ¥, X” is a péptide

sequence Having the forfula (1d”)

X |-Thr-His-Phe-X5-Cys-Ile-X8-Phe-X10 (Id’) (SEQ 1D NO:4)
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wherein
X1 is Asp, Glu, or Ida;
X4 is: Phe:
X5 is Pro or bhPro;
X8 is Ile, Lys, or Phe; and
X10 is absent;
In some embodiments of the peptide compound of formula.”, Y” is a peptide

sequence having the formula (11b")
Y1-Y2-¥3-Y4-Y5-Y6-Y7-Y8-Cys-Y10 (IIb") (SEQ ID.NO:17)

wherein

Y1 is Gly, Ala, Lys, Pro ot D-Pro;
Y2 is Pro, Ala or Gly;

Y3.is Arg, Ala, Lys or Trp;

Y4 is Ser, Gly or Ala;

Y5 is Lys, Met, Arg or Ala;

Y6is Gly, Arg or Ala;
Y7 is Trp or Ala;
Y8 is Val, Thr, Ala or Glu; and
Y10 is Met, Lys or absent.
In some embodiments of the peptide compound of formula I’, Y* is a peptide:

sequence having the formula (IIc”)
Y1-Y2-¥3Ser-Lys-Gly-Trp-Y8-Cys-Y10 (IIc”) (SEQ.ID NO:18)

wherein:

Y1 is Gly, Pro or D-Pro;
Y2 is Pro-or Gly;

Y3 is Arg or Lys;

Y8 is Val or Thr; and
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Y10 is Met, Lys or absenit,

Tn soine embodiments. of the peptide compound of formula I”, Y? is a peptide

sequence having the formula (11d°)

Y1-Cys-Y3-Y4-Arg-Y6-Y7-Y8-Cys-¥10-Y11-Y12-Y13-Y14-Y15 (11d") (SEQ ID NO:19)

wherein

Y1 .is Val or Ala or absent;
Y3 is Gly, Pro or absent;
Y4 is His, Ttp.or Tyr;

Y6 is Ser, Gly or Pro;

Y7 is 1le, Gly or Lys;

Y38 is Gly, Met or absent;
Y10 is Tyr or Cys;

Y11is Arg, Lys, Met or Ala;

Y12is Arg or Ala;
Y13 is Cys or Val or absént;

Y14 is Cys, Lys, Pro, Arg, Thr or absent; and

Y15 is Arg, Thr or absent.

In sonie embodiments of the peptide compound of formula I', Y’ is a peptide

sequence having the formula (1J¢)

Val-Cys-Y3-His-Arg-Y6-Y7-Y8-Cys-Tyr-Arg-Y 12-Y 13-Y14-Y15 (He’) (SEQ ID NO:20)

wheftein

Y3 is Gly orabsent;

Y6 is Ser or Pro;

Y7 is Ile or Lys;

Y8 is Gly or absent;

Y12 is Arg or Ala;

Y13 is.Cys, Val or absent;
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Y14 is Cys, Arg, Thr or absent; and
Y15 is Arg or absent.
In sonie embodiments of the peptide compound of formula I’, Y” is a peptide

sequence having the formula (TIf)
Y1-Pro-Y3-Ser-Y5-Y6-Y7-Y8-Cys-Y 10 (IIf") (SEQ ID NO:10)

wheiein

Y1 is Gly, Glu, Val, or Lys;

Y3 is Arg or Lys;
Y5 is Arg or Lys;
Y6 is Gly, Ser, Lys, Ile or Arg;
Y7 is Trp or absent;
Y8 is Val, Thr, Asp, Glu or absént; and
Y10 is Lys or absent.
In some embodimients of the peptide compound of formula I’, Y” is a peptide

sequence having the formula (IIg”)
'Y1-Pro-Y3-8er-Y5-Y6-Y7-Y8-Cys-Y10 (1Ig”) (SEQ ID NO:11)

wherein
Y1.is Glu or Lys;
Y3 is Arg or Lys;
Y5is Arg or Lys;
Y6.is Gly, Ser, Lys; Ile or Arg;
Y7 is Trpox absent;
Y8 is Val or absent; and
Y10 is Lys or absent.
In'some embodiments, the peptide of formula I’ comprises. at least three, at least
four, at least five, at least six, at least seven, at least eight, at least nine; at least ten, at least

eleven, at least twelve, at least thirteen, at least fourteen or at least fiffeen Y residues in Y™
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In some embodiments, Y1 to Y3.are present and Y4 to Y15 are absent.

In some embodiments; Y1-to Y11 -are present and Y12 to Y15 are absent.

In some embodiments, Y1 to Y10 are present and Y11 to Y15 are absent.

In some embodiments, Y'8 and Y 15:are absent.

In some émbodiments, Y3 and Y15 are absent

In some embodiments, Y3, Y14 and Y15 are absent.

In some embodiment Y5-is absent.

Tn some embodiments Y1, Y5, Y7, Y12, Y13, Y14 and Y15 are absent.

In some embodiments, the present invention provides a compound of formula (I),
wherein the compound comprises any one of the X /'Y” peptide sequence formula

combinations presented in Table 2 below.

Table 2: Illustrative combinations of X’ and Y? peptides of a compound of Formula
¥

Combination | % eptide | Y7 Peptide
Number ;Sequenc;e_ -_S_eguencg
Formula Formula
1 12’ IIa’
2 la” b
3 Ia’ Tc”™
4 Ia’ T1d”
5 Ia> Ile”
6 12’ 1If
7 To’ Iig’
8 Ib’ a”
9 b b’
10 v’ | 1Te”
1t Ib" Od’
12 b’ 1le’
13 v’ I
14 b’ 1Ig’
15 Ic’ 1Ia’
16 Ic> IIb”
17 Ic’ Tic’
18 I¢’ g’
19 Ie’ e’
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20 Tc’ f
21 I¢’ g
22 Td’ I
23 1’ b’
24 1 e’
25 Id’ 11d’
26 I’ e’
27 1d" e
28 1 g’

In some embodiments, the invention provides peptides, which may be isolated
and/or purified, comprising, consisting essentially of, or consisting of, the following
struetural formula:

RIxy7RY (I"?) (SEQ ID NO:27)
ora pharmaceuticallyraccep_t'a‘tﬂc salt or solvate thereof, wherein
R is hydrogen, an Ci-Cg-alkyl, Cg-Cyz aryl, C4-Cis aryl Ci-Cs alkyl, C1-Cj alkanoyl
(c.g,,'mcthyl, acetyl, formyl, benzoyl or trifluoroacetyl, isovaleric acid, isobutyric acid,

octanoig acid, lauric acid and hexadecanoic acid), y-Glu-hexadecanoic acid) or pGlu,

appended to the N-terminus, and including PEGylated versions (e.g., PEG3 to PEG11),

alone or as spacers of any of the foregoing;

R**{s -NI1, or -OH;

X" is a peptide sequence having the formula (Ia’")
X1-X2-X3-X4-X5-X6-X7-X8-X9-X10 (Ia*") (SEQ ID NO:22)

wherein

X1 is Asp, Glu, Ala, Gly, Thr, 1da, pGlu, bhAsp, D-Asp, Tyr, Leu or absent;

X2 is Thr, Ala, Aib, D-Thr; Arg or absent;

X3 is His, Lys, Ala, D-His or Lys;

X4 is Phe, Ala, Dpa, bhPhe or D-Phe;

X5 is Pro, Glu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro, bhPro, Sarc, Abu or absent;

X6 is Ile, Cys, Arg, Leu, Lys, His, G, D-Ile, D-Arg, D-Cys, Val, Ser or Ala;

X7'is Cys, Ite, Ala, Leu, Val, Ser, Phe, Dapa, D-Ile or D-Cys;

X8is lle, Lys, Arg, Ala, Gln, Phe, Glu, Asp, Tyr, Ser, Leu, Val, D-Ile, D-Lys, D-Arg, or

Dapa;
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X9 is Phe, Ala, Ile, Tyr, Lys, Arg, bhPhe or D-Phe; and
X10is Lys, Phe or absent;
and provided that if Y’ is absent, X7 is Ile;
wherein said compound of formula I"* is optionally PEGylated on R, X", 0r Yy and
wherein when said compound of formula I'* comprises two. or more cysteine residucs, at
least two of said cysteine residues being linked via a disulfide bond..
I sorhe embodiments, Y is absent.
In some embodiments, R is hydrogen, isovaleric-acid, isobutyric acid or acetyl.
Insothe embodiments of the compound of formula (1), X is a peptide sequence
acéording to formula (Ia’’), wherein
X1 is Asp, Ala, Ida, pGlu, bhAsp, Leu, P-Asp or abserit;
X2.is Thr, Ala, or D-Thr;
X3 is His, Lys,-or D-His;
X4 is Phe, Ala, or Dpa;.
X5 is'Pro, Gly, Arg, Lys, Ala, D-Pro or bhPro;
X6 is Tle; Cys, Arg, Lys, D-Tle or D-Cys;
X7 is Cys, Ile, Leu, Val, Phe, D-1le or D-Cys;
X8 is Tle, Arg, Phe, Gln, Lys, Glu, Val, Leu or D-Il¢;
X9 is Phe or bhPhe; and
X101is Lys ot absent.
In somi embodiments of the compound of formula (I"), X** is a peptide sequence

‘having the formula, (Ib’ )
X1-Thr-His-X4-X5-X6-X7-X8-Phe-X10 (Tb"") (SEQ ID NO:23)

wherein

X1 is Asp, Ida, pGlu, bhAsp or absent;
X4 is Plie or Dpa;

X5 is Pro of bhPro;

X6 is Ile, Cys or Arg;
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X7 is Cys, Ile, Leu or Val;,
X8 is Ile, Lys, Glu, Phe, Glo or Arg; and
X10 is Lys, Phe or absent,
In some embodiments of the: compound of formula (I"?), X"’ is a peptide sequence

having the formula (Ic””)
X1-Thr-His-X4-X5-Cys-lle-X8-Phe-X 10 (I¢”) (SEQ ID NO:24)

wherein
X1 is Asp, Ida, pGlu, bhAsp or absent;
X4 1is Phe or Dpa;
X51is Pro.or bhPro;
X8is Ile, Lys, Glu, Phe, Gln or Arg; and
X10is Lys or.absent.
In some embodiments of the compound of formula (I”), X** is.a peptide sequence

having the formula (Id”"}

X1-Thr-His-Phe-X5-Cys-Ile-X8-Phe-X10 (1d**) (SEQ ID NO:4)

wherein
X1 is Asp, Glu or Ida;
X4 is Phe;
X5 is Pro or bhPro;
X8 is Ile, Lys, or Phe; and
X10'is absent.
In some embodiments of the compound of formula (I"), Y’” is a peptide having the

formula (T1a*")
Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y8-Cys-Y10 (Ila’"}) (SEQ ID NO:25)

wherecin:
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Y115 Gly, Ala, Lys, Pro or D-Pro;

Y2 is Pro, Ala or Gly;

Y3 is Arg, Ala, Lys or Trp;

Y4 is Ser, Gly or Ala;

Y5 is Lys, Met, Arg or Ala;

Y6 is Gly, Argor Ala;

Y7is Trp Ala or-absent;

Y8 is Val, Thr, Lys, Ala, Glu or absent; and
Y10 is Mef, Lys or absent.

In some embodiments of the compound of formula ('), Y’ is a peptide sequence
according to formula (ITa’") (SEQ ID NO:25)
wherein
Y1is Gly, Glu, Val, or Lys
Y2is Pro
Y315 Arg or'Lys:

Y4is Ser

Y5is Arg or Lys;

Y6 is Gly, Ser, Lys, 1le or Arg

Y7 is Tep or absent

Y8 is Val, Thr, Asp, Glu or absent;
Y10 is Lys or absent

In somé embodiments of the compound of formula (I"*), Y** is a peptide sequence
according to formula (ITa**) (SEQ ID'NO:25)
wherein
Y1 is.Glu or Lys
Y2 is Pro
Y3 is Arg'or Lys;

Y4 is Ser
Y5 is.Arg or Lys;

43



10

15

20

25

Y6 i5'Gly, Ser, Lys, Ie or Arg;
Y7 is Trp or absent;

Y8 is Val or absent;

Y10 is Lys or absent
In some embodiments of the compound of formula (I'*), Y 1s a peptide sequence

according to formula (I1a””) (SEQ TD NO:25)

‘wherein

Y1 is Gly, Pro orD-Pro;
Y2 is Pro or Gly;
Y3is Arg or Lys;
Y4is Ser;
Y5is Lys;
Y6is Gly;
Y7 is Trp;
Y8 is Val or Thr; and
Y10 is Met, Lys or absent.
In some embodiments of the compound of fornmula (I"*), Y’ is a peptide sequence

having the formula (ITh’*)
Y1-Y2-Y3-Ser-Lys-Gly-Trp-Y8-Cys-Y10 (1Ib”") (SEQID NO:26)

wherein

Y1 is Gly, Pro or D-Pro;
Y2 is Pro or Gly;

Y3 is:Arg or Lys;

Y8 is'Val or Thr; and
Y10 is'Met, Lys or absent.

In some embodiments, the present invention provides a compound of formula (I°°),

‘wherein the compound comprises any one of the X/ Y™’ peptide sequence formula

combinations presented in Table 3 below.
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Table 3: Tlustrative combinations of X** and Y*’ peptides of a compound of Formula

g ki)

1 ia” TE8™
2 | Ta” 1Ib”
3 Ibn’- Has:
4 1b™ 1Ib”
5 Ic” Ila™
6 ‘Icn_ Hb.n
7 | (T B |
8 I-d” ‘IIbJ:

In some embodiments the peptide of formula (I'*) comprises at least three, at least

four, at least five, at least six, at least seven, at least eight, at least ning, or at least ten Y

residues in Y. In some etitbodimients, Y11 to Y3 are present and Y4 to Y10 are absent, Tn

some embodiments Y5 is absent. In some ¢mbodiments Y1, Y5, and Y7 are absent, In
some embodiments, Y8 is-absent. In some embodiments, Y3 is absent.

In some embodiments, the present invention provides a compound of formula @,
sequence, according to the present disclosure, whetein X7 is Leu. In particular

embodiments, formula 6] comiprises (2) Ta, Tb, Ic, or 1d and, optionally, (b) 1Ia, Tib, i, IId,

e, TIf, or Ig, as described herein. In particular embodimerts, formula (I") comprises (a)

Ta’, 16", Ic’, or Id’ ‘and, optionally, (b) Ia’, 1Ib”, II¢’, 11d, TIe’, TIf’, or 11g’, as described

herein, In particular embodiments, formula (I *") comptises (i) Ta’’, Ib’*, Ic**, or 1d’” and,

optionally, (ii) Oa’* or TIb’, as described herein,

In some embodiments; the present invention provides a compound of formula (1),
("), or 1°"), as described herein, cach respectively comprising an X, X, or X'” peptide
sequence, according to the present disclosure, wherein X7 is Val. In particular
etibodinients, formula (I} comprises (a) Ia; Ib, Ic, or Id and, optionally, (b) Ta, IIb, Tc, ITd,

Ile, IIf, or IIg, as described herein. In particular embodiments, formula (I") comprises (&)
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Ia’,Ib’, Ic’, or1d’ and, vopﬁ'onally, (b) Ta’, 1167, 11c”, T, Ie”, 1If?, or Tg’, as described
herein. In particular embodiments, formula (I"”) comprises (i) 1a’, Ib”, Ic’”, or 1d”* and,
optionally, (ii) ITa’’ or IIb’, as described herein.

In some embodiments, the present invention provides a compound of formula (T),
("), or (1), as-deseribed herein, each respectively comprising an X, X, .0r X peptide
sequence, according to the present disclosure, wherein X6 is Cys. In particular
embodiments, formula (I) comprises (a) Ia, Ib, Tc, or Id and, optionally, (b) 1Ta, IIb, e, 11d,
Ile, Iif, or ITg, as deseribed herein. .In particular embodiments, formula (1%) comprises ()
I2’, Ib’, Ie*, or 1d’ and, optionally, (b) TTa’, b, IIe”, 1d’, Ie”, If, or Tg’, as described
herein. In particular embodiments, formula (I*’) comprises (i) Ta’, Ib™, Ic”*, or 1d”” and,
optionally, (ii) I1a’” or IIb’, as: described herein.

In some embodiments, the présent invention provides a compound of formula (T),
("), or (I””), as described herein, each tespectively comprising an X, X?, or X’ peptide
sequence, according to the present disclosure, wherein X7 is Cys. In particular
embodiments, formula (). comprises (a) Ia, Ib, Ic, or 1d and, optionally, (b) ITa, IIb, Tic, TId,
Tle, TIf, or ITg, as described hetein. In particular embodiments, formula (I') comprises (a)
Ia*, Tv’, Ic?, ot Td’ and, optionally,. (b) I1a”, Ib”, Tc?, TId’, Te’, I, or Tlg’, as described
herein. In particular embodiments, formula (I””) comprises (i) [a**, 16°*, Ic™, or 1d*” and,
optionally, (i) a’” or TIb’, as described herein.

In some embodiments, t}Ie.jp’rf:S'eni: invention provides a compound of formula (I),
(I’), or (I""), as desctibed herein, each respectively comprising an X, X7, or X’ peptide
sequence, according to the present disclosure, wherein X6 is Ile: In particular
embediments, formula (I) comprises (a) Ia, Ib, Ic, or Id and, optionally, (b) Ila, IIb, Ilc, TId,
Ile, Hf, or 1Ig, as deseribed herein. In particular embodiments, formula (I") comprises ()
I, Tv”, Ie”, or 1d” and, optionally, (b) Ila’, IIb’, Ii¢*, 11d’, 1Ie’, IIf", or T1g’, ‘as described
herein. In particular embodiments, formula (I”*) comprises (i) Ia?*, 1b°*, 1™, or Id™” and,
optionally, (i) Ia’” or ITb’, as described herein.

In some embodiments, the present invention provides a-compound of formula (I),

(L), 0r (I ’),_-as:describcd herein, each respectively comprising-an X, X, or XV peptide
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sequence, acéording to the present disclosure, wherein X7 is Ile. In particular
embodiments, formula (I) comprises (a) Ia, Ib, Ic, or Id and,_ optionally, (b) 1la, 1Ib, 1Ic, I1d,
Lle, 1Tf, or Ig, as described herein. In particular embodiments, formula (I’) comprises (a)
Ie’, I, Ic7, o1 1d” and, optionally, (b} Ila’, TIb’, Tic”, Td”, Tle?, IIf", or 1g’, as described
herein, In particular embodiments, formula (1) ¢omprises ,(i) Ia”, 16", 1¢™, or 1d** and,
optionally, (i) la” or TIb’, -as described herein.

In some embodiments; the present inyention provides a compound of formula (T),

(1), or (17"}, as described herein, each réspectively comprising an X, X°, or X** peptide

sequence, according to the present disclosure, wherein X8 is Tle. In particular

embodiments; formula (I) comprises (a) 1a, T, Ic, or Id and, optionally, (b) Ila, IIb, T, 11d,
Ie, IIf, or 11g; as described herein. In particular embodiments, formula (I) comprises (2)
la’,1b’, ¥¢*, or Id’ and, optionally, (b) Ia*, TIb’, ¢, 1Id”, 1e’, TIf, or Ig’, as described
hetein, In particular embodiments, formmila (I°*) comprises: (i) Ia”, Ib>’, Ic”’, or Id** and,
optionally, (ii) Ita’* or IIb’, as described heréiii.

Tn some émbodiments, the present invention provides a.compound of forimila (1),
(I"), or (I'"), as desctibéd herein, each respectively comprising an X, X, or X peptide
sequence, according to- the present disclosure, wherein X8 is Lys. In particular
embodiments, formula (I) comprises (a) Ta, Tb, Ic, or Id and, optionally, (b) Ia, ITb, Ilc, IId,
Ile, Iif, or Ig, as described herein. In particular embodiments, formula (I’) comptises (a)
Ja', Ib’, Ie’, or 1d” and, optionally, (b} la’, TIb°, Il¢’, I1d°, 1e’, IIf°, or Lg’, as described
herein. In patticular embodiments, formula (1°*) comprises (i) 1a>*, Ib”*, I¢®*, or Id”’ and,
optionally, (if) Ila” or IIb*, &s described herein.

In some embodiments, the present invention provides a compound of formula (I),
(I), or (I"”), as described herein, each respectively comprisingan X, X’, or X** peptide
sequence, according to the present disclosure, wherein X6 is Cys and X7 is [le. In
particular embodiments, formula (I) comprises (a) Ia, Ib, Ic, ot Id and, optionally, (b) Ila,
IIb, Ll¢, T1d, e, 1If; or Hg, as described herein. In particular embodiments, formula (I")
comprises (a) Ta’, Ib”, Ie’, or Id’ and, optionaily, (b) I1a’, TIb*, 1c?, Id”, T1e’, IIf, or Tlg’, as
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described herein. In p‘arﬁcular' embodiments, formula (I°”) comprises. (i) Ia’’, Ib™, Te”’; or
1d"> and, optionally, (ii) ITa™* or 1Ib’, as described herein.

In some embodiments, the present invention provides a compound of formula (),
(I"), or (I'*), as described herein, each respectively comprising an X, X”, or X peptide
sequence; according to the present disclosure, wherein X6 is Cys-and X8 is Ile. In

particular embodiments, formula (I) comprises (a) la, Ib, Ic, or 1d and, optionally, (b) 1la,

b, 1le, Hd, Ile, IIf, or g, as described herein. In particular-embodiments, formula (I%)

comprises (a) Ia’, Ib", Ie*, or1d” and, optionally, (b) Ha’, ITb’, IIe*, TId’, Tle’, TIf’, or g, as
described herein. In particular embodiments, formula (I") comiptises (i) Ia’?, 1b””, Ie”’, or
1d’? and, optionally, (ii) Iia’* or 1Ib’, as described herein,

In some embodiments, the present invention provides a compound-of formula (1),
(1), or (I"), as described herein, each respectively comprising an X, X’, or X peptide
sequence, according to-the present disclosure, wherein X6 is:Cys, X7 is lle, and X8'is Tle.

In particular embodiments, formula (I) comprises (a) Ta, Ib, Ic, or Id and, optienally, (b) Ia,

TIb, Tie, T0d, 1I¢, I, or Tlg, as described herein. In particular embodiments, formula (I”)

comprises (a) Ta*, Ib’, Ic’, or 1d’ and, optionally, (b) Ia”, ITy’, ITe’, Id”, Ue’, IIf, or Ilg”, as
described herein. In particular embodiments, formula (I'*) comprises (i) Ia”, Ib’”, I¢**, or
Id’ and, optionally, (ii) Tla’* or ITb’, as described herein.

In some embediments, the present invention provides a compound of formula (1),
(I), or (I’), as described herein, each respectively comprising an X, X, or X peptide
sequence, according to the present disclosure, ‘wherein X6 is Ile and X7 is Cys. In
particular embodiments, formula (I) comprises (a) Ia, Ib, Ic, or Id and, optionally, (b) 1Ia,
TIb, Me, 11d, e, IIf, or Tg, as described herein. In particular embodiments, formula (I%)
comprises. (a) Ta’, Tb’, Ic”, or Id’ and, optionally, (b) Ila*, b, Ile’, IId”, 1le’, TIf", or Hg’, as
deseribed herein, In particular embodiments, formula (I”) comprises (i) Ia>, 1b>*, 1¢””, or
1d’* and, optionally, (i) Ta’ or ITb’, as described herein.

In somg embodiments, the present invention provides a compound of formula (1),
(I"), or (I'"), as deseribed herein, each respectively comptising an X, X, ot X* peptide

seéquence, according to the present disclosure, wherein X7 is Cys.and X8 is Ile. In
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particular embodiments, formula (I) comprises (a) Ia, Ib, Ic, or Id and, optionally, (b IIa,
1lb, e, TId, 11¢, TIf, or Ilg, as described herein. In particular embodiments, formula (I*)
comprises (a) Ia’, Ib’, Ie’, or Id” and; optionally, (b) Il2’, TTb’, Ile’, N, IIe’, 1If, or Tig’, as
described herein. In particular embodiments, formula (I"*).comprises (i) Ia”*, 1b”, Ic™, or
Id” and, optionally, (ii) TIa”” orlIb%, as.described herein,

In some embodiments; the present invention provides a compound of formiila (I),

("), or (1), as described herein, each respectively comprising an X, X', or X’ peptide

sequence; according fo the present disclosure, wherein X6 is Tle, X7 is Cys, and X8 is Ile.

In particular embodiments, formula (T) comprises (a) Ia, Ib, I¢, or 1d and, optionally, (b) Ila,
Hb, ¢, 11d, Iic, TIf: or Tig, as described herein. In particilar embodinients, formula (1)
comptises (a) Ta’, Ib’, I¢’, orTd” and, optionally, (b) Ia’, Ib*, 1ic”, Td”, 1le’, T0f", or XIg’, as
described hercin, In particular embodiments, fornmila T "} comprises (i) Ia>*, Ib”, Ie™”, or
Id’* and, optionally, (ii) la’* or 1Ib’, as described herein.

In some embodiments, the present invention provides a compound of formula.(I),
(%), or (I""), as described herein, ¢ach respectively comprising an X, X', or X’ peptide
sequence, according to the present disclosure, wherein X6-is Cys and X8 is Lys. In

particular embodiments, formula (I) comprises (a) Ia, 1b, T, or 1d and, optionally, (b) 1Ia,

IIb, Me, Iid, e, IIf, ot 1lg, as desctibed herein. In particular embodiments, formula (1%

comprises (a) 1a”, Ib’, Ic”, or 1d’ and, optionally, (b) Ha’, IIb’, TIc’, Iid’, TIe’, 11, or IIg’, as
described herein. In particular embodiments, formula (I™”) comprises (i) 1a”*, Ib*”, I¢”’, .ot
Id” and, optionally, (ii) Tla’” or IIb", as described herein. ‘
In some embodirents, the present invention provides a compound of formula (D,
(I), or(I"*), as described herein, each respectively comprising an X, X°, or X péptide.

sequence, according to the present disclosure, wherein X6 is Cys, X7 is Tle, and X8 is Lys.

In particular embodiments, formula (I) comprises (a) Ia, Tb, Ic, or Id and, optionally, (b) Tla,

Tib, Iic, 11d, Tle, IIf, or Ilg, as described hercin. In particular einbodiments, formula (")
comprises (a) Ia’, Ib", I¢’, or Id” and, optionally, (b) ITa*, TIb’, T1¢”, 1Id’, 1Ie’, I, or 1lg’, as

described herein. In particular embodiments, formula (I°*) comprises. () Ia”* b, Ie*’, or

1d”" and, optionally, (ii) IIa”* or ITb’, as described herein.
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In some embodiments, the present invention provides a.compound of formula (T),
(1", or (I'"), as described herein, each respectively comprising an X, X’, or X’* peptide

sequence, according to the present disclosure, wherein X6 is Cys and-C7 is Leu. In

_particular embodiments, formula (I) comprises (a) Ia, Ib, Ic, or Id and, optionally, (b) Ila,

1b, e, I1d, Ile, ITf, or Ilg, as described herein. In particular embodiments, formula (I”)
coinptis¢s (a) Ia*, Ib", Ic’, or Id" and, optionally, (b) s, 1Ib’, TI¢", 1Id”, 1ie’, 11", of TIg’, as
described herein. Inparticular embodiments, formula (I°*) comprises (i) Ta™, Tb™*, Ie”, or
1d** -and, optionally, (ii) Ia>* or ITb*, as described herein.

In some embodiments, the presént invention provides a compound of formuila (1),
(I"), o (I""), as-described herein, each respectively comprising an X, X’, or X*” peptide
sequence, according to the present disclosure, wherein X6 is Cys and C7 is Val. In
particular émbodiments, formula (T) comprises (a) Ta, Ib, Ic, or Id and, optionally, (b) I1a,
1Ib, I, IId, 1le, IIf; or Ilg, as described herein. In particular embodiments, formula (I7)
comprises (a) Ta’, Ib”, Ic’, or Id” and, optionally, (b) Ha’, TIb?, ITe”, TId”, The?, TIf7, or Tig’, as
described herein, In particular embodiments, formula (I*) comprises (i) Ia”, Ib™, Ie*’, or
1d’*and, optionally, (if) T1a’* or ITb’, as described herein.

In some embodiments, the ptesent invention provides a compound of formula (1),
(1), or:(I*"), as described herein, each respectively comptising an X, X’, or X*’ peptide
sequence, according to the present disclosure, wherein X7 is Ile and X8 is Lys. In
particular embodiments, formula (I) comprises (a) Ta, Ib; Ie, or Id and, optionally, (b) ITa,
T0b, We;, 11d, Ile, IIf; or Ilg, as described herein. In particular embodiments, formula (T%)
comprises (a) 1a*, Ib”, I¢’, or Id” and, optionally, (b) Ha’, Ob’; Ile’, 1d’, 1le?, IIf*, or I1g’; as
described herein. In particular embodiments, formula (1"”) comprises (i) Ja**, Ib*’, Ie’?, or
Td*” and, optionally, (ii) ITa™ or 1Ib’, as described herein.

In some embodiments, the present invention provides a compound of formula (I),
(I"), or (I'*), as described herein, each respectively comprising anX, X’, or X*” peptide
sequence, according to-the present disclosure, wherein X7 is Leu and X8.is Lys. In
particular embodiments, formula (T) comprises (a) 1a, Ib, Ic, or Id and, optionally, (b) Ila,
Iib, ¢, Iid, e, IIf, or I1g; as described herein. In particular-embodiments, formula (I*)
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comptises (a) 1a’, 1b’, Ic’, or Id” and, optionally, (b) Iz2’, Ib*, Tle’, Thd’, 1le’, IIf, or 1Ig’, as

described herein, In particular embodiments, formula (I*) comprises (i) Ia”, Ib™", I¢™, or

1d” and, optionally, (i) Ila’" or ITb?, as described herein.

In some embodiments, the present inyvention provides a compound of formula I,

I, ot (I'"),-as described herein, each respectively comprising an X, X, or X peptide

sequence,according to the present dis¢losure, wherein X7 is Val.and X8 isLys. In

particular embodiments, formula () comprises (a) Ia, Ib, Ic, or Id and, optionally, (b) Ila,
ITh, Tle, 11d, 1le, 1If; ot Tlg, as described herein. In particular embodinients, formula (I7)
comprises (a) Ia*, Ib*, 1¢’, or Id” and, optionally, (b) I1a’, TIb’, Ile’, 1id’, Tle’, IIf, or Tig’, as
described herein, In particular embodiments, formula (1°) comprises (i) 1a”, Ib”, Ie”; or
Id’” and, o_ptional'l_y., (ii) I1a’* or I1b’, as described herein.

In some émbodiments, the present invention provides a compotnd of formula (T),
(I°), or (I'"), as described herein, each respectively comprising an X, X7, or X’ peptide
sequence, according to the present diselosure, wherein X6 is Cys, X7 is Leu and X8 is Lys.
In particiilar embodiments, formula (f) comprises (a) Ia, Ib, Ic, or 1d and, optionally, (b) 11a,
1Ib, Tle, 11d, Te, 11, or g, as described herein. In particular embodiments, formula (I%)
comprises (a) Ia’, 1b’, Ie’, or Id’ and, optionally, (b) TIa’, b, 1le’, 11d”, IIe”, TIF, or Mg, as
deseribed herein. In particular embodiments, formula(I°*) comprises (i) Ia”, Ib”’, Ie™, or
1d’> and, optionally, (ii) la’* or ITb”, as deseribed herein.

In some embodiments, the present invention provides a compound.of formula (I),

(1", or (I"), as described herein, each respectively comprising an X, X, or X peptide

sequence, according to the present disclosure, wherein X6 is Cys, X7 is Val,; and X8 is.Lys.

In particular embodiments, formula (I) comprises (a) Ta, Ib, I, or Id and, optionally, (b) Ila,
1b, Ie, 11d, Tle, IIf, or Hg, as described herein. In particular embodiments, formuta (I7)
comprises (a) Ia’, Ib?, Ic”, 'or 1d” and, optionally, (b) ITa’, Ib?, ITe*, TId, Tle’, 1P, or g’, as
deseribed herein. TIn particular embodimients, formula (I”) comprises (i).1a”, Tb"", I¢”, or
1d’* and, optionally, (i} Ila** or IIb’, as described herein.

In some embodiraents, the present irivention provides a compound of formula @,

'(1’), ot (I*"), as described herein, each -re'spect’ively comprising an X, X, or X p___epﬁd’e
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sequence, according to the present disclosure, wherein X6 is Cys, X7 is le, Leu, or Val. In
particular embodiments, formula () comprises (a) Ia, Tb, Ic, or Id and, optionally, (b) Ila,
TIb, 11c, 11d, ITe, IIf, or Ilg, as described herein. Inparticular embodiments, formula(T°)
comprises (2) Ia, Ib”, Ic’, or Id” and, optionally, (b) Tla’, TIb’, 11¢”, TId’, 1le’, TIf, or Tg?, as
described herein. In particular embodiments, formula (1”) comprises @ Ia”, Ib*?,1c™, ot
1d’* and,-optionally, (i) Ila>* or IIb*, as described herein.

In some embodiments, the present invention provides-a compound of formula (T),

(1), or (I""), ‘as described herein, each respectively comptising an X, X, or X'” peptide

sequence,-according to the present disclosure, wherein X6 is Cys, X7 is Ile, Leu, or Val,

and X8 is Lys. In particular embodiments, formmla (T) comprises (a) Ia, Ib, Ic,or 1d and,
optionally, (b) Ma, Iib, ¢, 11d, Te, IIf, or 1lg, as described herein. In particular
embodiments; formula (I') comptises (a)1a’,1b’, Ic’, or I’ and; optionally, (b) Ia’, ITb’,
Tic’, 4%, Te?, 1If7; or lg’, as described herein. In particular embodinients, formula (I”).
comprises (i) Ia”, Ib>, 1>, or Id™ and, optionally, (ii) Ila’* or IIb”, as described herein.

Tn some embodiments, the present inverition provides a.compound of formula (1),
(1), or (I""), as described herein, each respectively comprising an X, X’, or X’ peptide
sequence, according to the-present disclosure, wherein X1 is ASP or'IDA, X6 is Cys, X7 is
ile, Leu, of Val, and X8 is Lys. In particular embodiments, formula (I} comprises (a) Ia, Ib,.
Ic, or Id:and, optiolially, (b) Iia, b, e, I1d, e, 1IF, or Ilg, as described herein, In
partieular embodiments, formula (I) comprises. (a) Ia’, Ib”, Ic’, or Id>and, optionally, ()
Ha’, b’ Tle’, 1Id”, e*, 1IF, or lg’, as described herein. In particular embodiments,
formula (I'*) comprises (i) Ta”, 16*’, 1c”’, or 1d”” and, optionally, (ii) Ila"* or TIb’, as
described herein.

In some, embodiments, the present invention provides a compound of ermIﬂaz-(l'),

(I), or (I'"), as described herein, each respectively comprising an X, X, or X'* peptide

sequence, accarding to the present disclosure, wherein X1 is Asp or IDA, X6 is Cys, X7 is

Ile, Leu, or Val, and X8 is Lys. In particular embodiments, formula (I) comiprises (a) Ta, Ib,
Tc, ot Id and, optionally, (b) [Tz, TIb, IIc, I1d, e, IIf, or Ilg, as described herein. In

particular embodiments, formula (I*) comprises (a) [a’, Ib”, Ic*, or Id’ and, optionally, (b)
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Ia’, IIb’, i’ 11d”, Te’, 11, or [g’, as described herein. In particular embodiments,
formula (") comprises (i) Ia”; Ib*, Ie*, or 1d’” and, optionally, (ii) I1a™ or Tib’, as
described heréin.

In some embodimicnts, the present.invention provides a compound of formula D,

(), or (I""), as described herein, cach respectively comptising an X, X*, or. X’ peptide

sequence; according to the present disclosure, wherein X2 is Thr, X6 is Cys, X7 is Ile, Leu,
of Val, and X8 is Lys. In particular embodiments, formula (I) comprises () Tz, Ib, Ic, or Id
and, optionally, (b)IIa, Iib, Ic, I1d, Ile, IIf, or ITg, as desciibed herein. In particylar
embodiments, formula (I') comprises (a) Ia’ ,Ib’, 1%, or Id’ and, optionally, (b) Ila’, TIb?,
I¢’, Td’, 11e”, Tif", or Hg’, as described herein, In patticular embodiments, formula (I*)
comprises (i) 1a°%, Tb’”, Ic”’, or Id’’ and, optionally, (ii) Tla** or IIb*,-as described herein.

In some cmbodiments, the present _invc:n:tion_proyi'dcs a Zcompoun'd of formula (I),
(I, or (I'"), as described herein, ¢ach respéctively comprising an X, X?, or X** peptide
sequence, according to-the present disclosure, wherein X3 ig His, X6 .1":_54 Cys, X7 is-Ile, Len,
or Val, and X8 is Lys. In particilar embodiments, formula (I) comprises (a) Ta, Ib, I¢, or Id

and, optionally, (b) Tfa, 1Tb, Tlc, 11d, Ile, IIf, or Ig, as described herein. In particular

embodiments, formula (I} comprises (a) Ia’, Ib’, Ie’, or Id’ and, optionally, (b) Ta’, 1Ib’,

Tlc?, 11d’, Ite’, Tif’, ot Ifg’, as described herein. In particular embodiments, formula (1)
comprises (1) Ta”, Ib”, I¢”, or Id** and, optionally, (ii) ITa’* or IIb’, as described hefein.

In some embodiments, the present invention provides a compound of formula. (1),
("), ot (I"’), as described herein, each respectively comprising an X, X', or X'” peptide
sequence, according to the present disclosure, wherein X4 is Phe, X6 is Cys, X7 is Ilg, Leu,.
or Val, and X8 is Lys. In particular embodiments, formula (I) comprises (a) Ia, 1b, Ic, or Id
and, optionally, (b) Ila, 11b, Ilc, TTd, e, IIf, or Ilg; as described herein. In particular
enibodiments, forrula (I”) comprises (2) Ta*, Ib’, Ic*, or Id> and, optionally, (b) ITa, IIb’,
Hie’, 1Id’, Iie’, IIf, or Ilg’, as described herein. In particular embodiments, formula (I”)
cOMPYISES (1) Ta”, b’ Ic”, or Id’* and, optionally, (ii) Ia’” or IIb’, as described heréin.

In some embodiments; the present invention provides a compound of formula @,

(1), or (I'"), as described herein, each respectively comprising an X, X, or X peptide
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séquence, according to the present disclosure, wherein X35 is Pro, X6 is Cys, X7:is 1l¢, Leu,
ot Val, and X8 is Lys. Ia particular embodiments, formula (I) comprises (a) Ta, Ib, Ie, or1d
and, optionally, (b) Ila, TIb, Ic; TId, Ile, IIf, or Ilg, as desctibed herein. In particular
embodiments, formula (I”) comptises (a) Ia’, Ib, Ic’, or Id” and, optionally, (b) ITa’, 1y,
Ie’, Id’, Tle’, I, or IIg’, as describéd herein. In particular embodiments, formula (1)
comprises (i) Ia”, Ib™,Ic*”, or Id” and, optionally, (ii) ITa”* or ITb’, as described hetein.

Tn somé embodiments, the present invention provides a compound of formula (1),
(D), or (I""), as described hetein, each respectively comprising an X, X', or X peptide
sequernce, according to the present disclosute, wherein X6 is Cys, X7 is Ile, Leu, .or Val, X8
is Lys, and X9 is Phe. In particular embodiments; formula (I) compriscs () Ia, Ib, Ic, or Id
and, optionally; (b) Tla, IIb, Ilc, I1d, Hc, IIf, or IIg, as described herein. In particular
embodiments, formula (I') comprises (a) I2°, Ity’, Ic’, or Id’ and, optionally, (b) Ha*, IIb’,
Tc’, TId*, e’, Tif, or TIg”, as described herein, In particular embodiments, formula (1**)
comprises (i) Ia’, Ib™’, Ie’?, or Id”’ and, optionally, (ii) Ila™ or IIb*, as described herein.

In.some embodiments, the present invention provides a compound of formula (I),
("), or (I*), as described herein, each respectively comprising an X, X, or X*” peptide
sequence, according to the present disclosure, wherein X2 is Thr, X6 is Cys, X7 is Ile and
X8 is Lys. Inparticular embodiments, formula (I) comprises (a) Ia, Ib; Ic, or Id and,
optionally,(b) Ila, IIb, IIc, TId, He, IIf, or IIg, as described herein. Inparticular
embodiments, formula (I’) comprises (a) Ia’, Ib’, Ic’, or Id” and, optionally, (b) Ila’, 1Ib7,
Ile?, Id’, We?, 1IF°, or Ig’; as described herein. In particiilar embodiments, formula (I’”)
comprises (i) Ia’’, Ib**, k¢, or Id*” and, opticnally, (ii) ITa™ or TIb’, as described herein,

In some embodiments, the present invention ptovides a compournd of formula (1),
(I"), or (I'"), as described herein, each respectively comprising an X, X, or X’ -peptide
sequetice, according to the present dis¢losure, wheérein X3:is His, X6 is Cys, X7 is Ile, and
X8is Lys. In particular émbodiments, formula (l) comprises (a) Ia, Ib, Ic, or Id and,
optionally, (b) Ta, TTb, Ttc, T1d, Tle, TIf, or TIg, as described herein. hl_partidular
embodiments, formula (I') comprises (a) Ia’, b, Ie’, or Id’ and, optionally, (b) Ila’, IIb’,
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Ile’, TId*, e, 1if7, or Ilg’, as described hetein. In particular embodiments, formula (I°?)
comprises (i) la”, Ib”’, I¢’*, or Id”? and, optionally, (i) Ila’* or Ib’, as described herein.

Insome embodiments, the present invention providesa compound of formula (T),
(1), or (I'");.as described herein, each respectively comprising an X, X*, or X"’ peptide
sequence, according to the present disclosure, wherein X4 is Phe, X6.is Cys, X7 Ile, and
X8 is Lys. Inpatticular embodiments, formula (I) comprises (a) 1a, Ib, Ic, or Id and,
optionally, (b) IIa, Ib, IIc, I1d, Ile, IIf, or Ilg, as described herein. In particular
embodiments, formula (I') comprises (a) Ia’, Ib®, Ic*, or Id*-and, optionally, (b) ITa’, TID’,
Ile’, d’, Te?, TIF, or TIg’, as described herein. Tn particular embodiments, formula (I’*)
compiises (i) 1a**, Ib*’, Ic”’, ot Id’” and, optionally, (ii) Ila’” ot IIb’, as described herein.

In some embodinicnts, the present invention provides a compound of formula (I),
(I), or (I""), as described heréin, each respectively-comprising-an X, X’, or X’ peptide
sequénge, according to the present disclosure, wherein X5 is.Pro, X6 is Cys, X7 Ile, and X8
isLys. In particular embodiments, formula (I) comprises (a) Ta, b, Ic, or1d and,

optionally, '(',b)'IIa, 1Ib, ITc, ITd, Tle, TIf, or Hg? as described herein. In particulat

embodiments, formula (I”) Qomprisesf(a) Ia’, b, 1¢’, or ki and, optionally, (b) Il2’, ITb’,

Le’, IId’, Ile”, I, or Tig®, as described herein. Ifi particular embodiments, formula (I"*)
comprises (i) Ia”, Tb””, T¢”, or 1d** and, optionally, (ii) Ha’> or IIb’, as described herein.
In some embodiments, the present invention provides a compound of formula C[)

(I"), or (I'"), as described herein, each respectively comprising an X, X’,-or X’” peptide

sequence, according to the present disclosure, wherein X6 is'Cys, X7 is Ile, X8 is Lys, and

X9 is Phe. In particular-embodiments, formula (I) comprises {a)1a, b, Tc, or Id and,
optionally, (b) ITa, Ifb, Ic; IId, ITe, Of, or TIg, as described herein, In particular
embodiments, formula (I") comprises (a) [a’; Ib?, I¢’, or Id” and, optionally, (b) Ila’, IIb’,

Tie*, O, 1le”, 1P, or Tg’, as described herein. Inparticular embodiments, formula (I"")

comptises (i) Ia”, Ib’’, I¢”’, or Id”* and, optionally, (ii) Ila’” or ITh’, as described herein.

In some embodiments, the present invention provides a compound of formula (I),
(I"), or (I'"), as described herein, sach respectively comprising an X; X, or X’ peptide

sequence, according to the present disclosure, wherein X5 is Pro, X6 is Cys, X7 is 1le, X8
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is Lys, and X9 is Phe. In particularembodiments, formula (I) comprises (a) Ia, Ib, Ic, or'1d

and, optionally, (b) Ha, Ilb, 1Ic, 114, Il¢, IIf; of Mg, ‘as described herein. In particular

embodiments, formula (1"} comprises (a) Ia’, Ib’, Ic’, or 1d’ and, optionally, (b_).lIa", 1Ib’,
Tic?, 1Id’, Te”, 11f°, or Tlg’, as described heréin. In particular embodiments, formula (I**)
comprises (i} Ia””, Ib>’, Ic>*, or Id*" and, .optionally, (i) Ila” or ITb*, as described herein.

In some embodiments, the present invention provides a compound of formula (I);
(I),-or(I""), as deseribed herein, cach respectively comprising-an X, X?, or X* peptide
sequence, according to the present disclosure, wherein X4 is Phe, X5 is Pro, X6 is Cys, X7

is Tle, X8 is Lys, and X9'is Phe. In particular embodiments, formula () comprises (a) Ia,

Ib, Te, or 1d and, .q_pﬁon&lly, (b) Ia, Tib, I1c, 114, Ile, TIf, or Iig, as described herein. In

'par_ticﬁlar;embodirnents,,‘fé'rmula (") comprises (a) Ia’, Ib’, I¢’, or Id” and, optionally, (b)

la’, Iy, T, 11d’, 1le’, TIf%, or 11g’, as described herein. In particular embodiments,
formula (I"*). comprises (1) Ia”’, Ib™, Ic”’, or Td*” :and, optionally, (ii) Ha’’ or IIb’, as
described herein.

In some embodiments, the present invention provides a-compound of formula (I),
(I"), or (I""), as desctibed herein, each respectively comprising an X, X', or X” peptide
sequence, according to the present disclosure, wherein X3 is His, X4 is Phe, X5 is Pro, X6
is Cys, X7 is Tle, X8 is Lys, and X9 is Phe. In particular embodiments, formula (I)
comprises (a) Ia, Ib, Ic, or'Id and, optionally, (b) 11a, IIb, Ilc, 11d, Tie, IIf, or g, as
described herein. In particular embodiments, formula (I} comprises (a) 1a’, Ib”, I¢”, or Id”
and, optionally; (b} Ita’, ITb’, Ie’, Td’, ITe?, Tf’, or ITg’, as described hetein. In particular
embodiments, formula (") comprises (i) 1a*’, Ib*’, I¢*’, orId’* and, option_ally_, (ii) Ia” or
1Ib’, as described herein,

In some embodiments; the present invertion provides a compound of formula (1),

(1), or (I'"), as described herein, each respectively comprising an X, X, or X”"_pe‘ptide

‘sequence, according to the present disclosure, wherein X2 is Thr, X3 is His, X4 is Phe, X5

is Pro, X6 is:Cys, X7 is Ile, X8 is Lys, and X9 is Phe. In particular embodiments, formula,

(D) comprises (a) Ia, Ib, Ic, or Id and, optionally, (b) ITa, Iib, Tic, I1d, Te, TIf, or ITg, as

described herein. In particular embedimernits, formula (I') comprises (a) 1a’, Ib’, I¢’, or Id’
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and, optionally, (b ITa’, IIb®, Tic’, TId’, Ite’, I, or 1g’, as described hergin. In particular
embodiments, formula (I"”) comprises (i) Ja’*, Tb”*, I¢”, ot 1d’* and, optionally, (i) IIa” or
b, as described hetein.

In some embodiments, the present invention provides a compound of formula (1),
("), or (1), as described hetein, each respectively comprising an X, X, or X* peptide
sequence, according to the present disclosure, wherein X! is Asp or IDA, X2 is Thr, X3 is
His, X4 is Phe, X5-is Pro, X6 is Cys, X7 is Ile, X8 is Lys, and X9 is Phe. In particular
embodiments, formula (1) comprises (a)Ta, Ib, Ic, or 1d and, optionally, (b) Ila, Tib, I¢, 114,
Ile, IIf, or Ig, as described herein: In particular embodiments, formula (I") comprises (a)
Ia’; 16, Te?, orId” and, optionally, (k) Ha’, 1b*, TIc’, 11", Ilc’, IIf, or IIg’, as deseribed
herein. In particular embodiments, formula (I**) comprises (i) Ia’”, Ib’”, I¢’”, or Id’* and,
optionally, (ii) I1a’’ or [Tb?; as described herein.

In some embodiments, the present invention provides a compound of formula (I),

(1), or (I"*), as described herein, each respectively comprising an X, X°, of X”” peptide

sequence, according to the present disclosure, wherein X1 is Asp or IDA, X2 is Thr, X3'i8

His, X4 is Phe, X5 is Pro; X6 is Cys, X7 s Ile, Leu, or Val, X8 is Lys, and X9 .is Phe, In
particular embodiments, formula (Iy comprises (a) Ia, Ib, Ic, or 1d and, optionaliy; (b) ITa,
1Ib, Hc, 114, 1le, If, or g, as described herein. In pafti'cu'lar‘ embodiments, formula (1)
comprises (a) Ta’, 1b°, Te*, or Id” and, optionally, (b) Ila’, IIb”, ¢’ 11d”, Le’, TIf7, or 11g’, as
described herein. In particular-embodiments, formula (I"") comprises (i) Ja’*, Ib**, Ic**, or
Id” -and, optionally, (i) Tla> or TTb’, as described herein.

In some embodiments, the present invention provides a compound of formula (I),
("), or (I’?), as described herein, each, respectively co_mpr'ising anX, X’, or X’ peptide
sequerice, according to the present disclosure, wherein X1 is Asp, X2 is Thr, X3 is His, X4
isPhe, X5 is Pro X6 is Cys, X7 is lle, X8 i§ Lys, and X9 is Phe. Inparticular
embodimerits, formula (I) comprises (a) 1, Ib, Ic, or Id and, optionally, (b) Ila, IIb, Tc, T1d,
Tle, T0f; or Ilg, as described herein. In particular embodiments, formula (I’) comprises (a)

Ia’, Ib%, I¢, or Id” and, optionally, (b) Ila’, Ib’, ic’, Td*, Te; IIf7, or 1lg’, as described
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herein. Inparticular embodiments, formula (I’*) comprises (i) Ta*, Ib™, Te*’, or Id*™ and,
optionatly, (ii) Ila’’ or IIb’, as described herein.

In some cmbodiment’s? the present invention provides a compound-of formula (),
(I), or(I"), as described hérein, each respectively comprising an X, X, or X’ peptide
sequence, according to the present disclosure, wherein X1 is IDA, X2 is Thr, X3 is His, X4
is Phe, X5 is Pro, X6 is Cys, X7 is Tle, X8 is Lys,-and X9 is Phe. In particular
embodiments, formula (I) comprises (a) Ia, Ib, Ic, or Id and, optionally, (b) TTa, IIb, Iic, IId,
Tle, ITf, or 1Ig, as described herein. In particular embodiments, formula (I) comprises (a)
Ta’,1b’, Ie’, or 1d’ and, optionally, (b) Ia’, IIb*, Te’, 11d”, Tle’, I, ot 11g’, a5 described
herein. In particular embodiments, formula (I'*) comprises (i) Ta>*, Tb*, Ie**, or Id** and,
optio_na[ly,”(i'i) 12> or ITb’, as described herein.

In some embodiments, the present invention provides a.compound of formuia (1),
(17, or ('), as described herein, wherein the compound comprises an R’ that is isovaleric
acid.

In some embodiments, the presént invention providés a.compound of formula (1),
(I), or (I'"), as described herein, each respectively comprising an X, X', or X" peptide
sequience, according fo the presenit disclosure, wherein X1 is Asp or IDA, X2 is Thr, X3 is
His, X4 is Phe, X5 is Pro, X6 is Cys, X7 is Tle, Leu, or Val, X8 is Lys, and X9 is Phe;

wherein said peptide further comprises an. R’ that is isovaleric acid. In particular

embodiments, formula (I) comprises (a) Ia, Ib’?' Ic, or Id and; eptionally, (b) Ila, IIb, Ilc, 1Id,

Ile, IIf, or Tlg, as described heréin. In particular embodiments, formula (17) comprises (a)
Ia%, 1b’, Ic’, or Id’ and, .optionally, (b) Ila’, ITb*, Ilc’, TId", Te’, IIf, or Tig’, as described
herein. In particular embodinients, formula (I**) comprises (i) Ia’*, 1b**, I¢”*, ot 1d*" and,
optionally, (i) Ia’ or ITb’, as described herein.

Insome embodiments, the present invention provides a-compound of formula (1),
(I"), or (I""), as described herein, each respectively comprising an X, X°, or X’ peptide.
sequence, according to the present disclostre, wherein X1 is Asp, X2 is Thr, X3 is His, X4
is Phe, X5 is.Pro, X6 is Cys, X7 is Ilg, Len, or Val, and X8 is Lys; wherein said peptide

further comprises an R’ that is isovaletic acid. In particular embodiments, formula (T)
p L ‘
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comprises (a) la, Ib, Ic, or Id and, optionally, (b) Ha, IIb, ITc, 11d, Ile, IIf, or Ilg, as
described herein. In particular embodiments, formula (I’) comprises (a) Ia’, Ib”, Ic’, or 1d”
and, optionally, (b) IIa’, ITb’, Ile’, 11d’, ITe*; IIf°, or Ilg’; as described herein. In particular
embodiments, formula (I"”) comprises (i) 12*’, Ib’*, I¢**, or Id*" and, optionally, (ii) 11a’" or
IIb’, as described herein..

In some embodiments-,_ the present invention provides a compound of formula (I),
(I"), or (I""), as described herein, each respectively comprising an X, X', or X*” peptide
sequence, according to the present disclosure, wherein X1 is Asp, X2 is Thr, X3 is His, X4
is,Phe, X5 is Pro, X6 is Cys, X7 is Ile, Leu, or Val, X8 is Lys, and X9 is Phe; wherein said
peptide further comprises an R group that is isovaleric acid. In particuler embodiments,
formula (Ty comprises (a) Ia, Ib, Te, or Id and, optionally, (b) Ila, IIb, II¢, TId, Ilc, IIf, or IIg,
as described herein, In particular embodiments, formula (I") comprises (2) Ia’, Ib°, 1¢°, or
Td* and, optionally, (b) TTa’, TIb’, T, TTd?, TIe?, 11, or TIg’, as described herein. Tn
particular embodiments, formula (I'*). comprises (i) Ia*, 1b*, I¢”’, or 1d"* and, optionally,
(i) ITa”” or T1b’, as described herein.

In‘'some embodiments, the present invention provides a compound of formula (I),
(1), or ('), -as deseribed herein, cach respectively comprising an X, X’, or X”* peptide
sequence, according to the present disclosure, wherein X1 is Asp, X2 is Thr, X3 is His, X4
is Phe, X5 is Pro, X6 is Cys, X7 is lle, X8 is Lys, and X9 is Phe; wherein said peptide
further comprises-an R group thatis isovaletic acid. In particular embodiments, formula (I)
comprises (&) Ia, Ib, Ic; or Id and, optionally, (b) Ia, IIb, Ilc, IId, ITe, IIf, or1lg, as
described herein. In particular embodiments, formula (I') comprises (2) I2’, Ib’, Ie”, or Td’
and, optionally, (b) Ila’, TTb’, T¢*, TId’, e, TIf°, or 1Ig’, as described herein, Inparticular
embodiments, formula (I**) comprises (i) 1a’’, Ib**, Ie*’,.or 1d’” and, optionally, (ii) Ha’* or
1Ib?, as described herein.

In some embodiments, the present invention provides a compound.of formula (),
(I), or (I'"), as described herein, wherein the compound comprises a peptide sequence: that
is 85% or higher (e.g., 85%,.90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or

99.5%) homologous to an amino acid sequence set. forth in any one of Tables 5-15. In
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particular embodiments, formula (I) comprises (a) Ia, Ib, Tc, or Id and, optionally, (b) ITa,
IIb, e, 11d, Ile, 1If, or Ilg, as described herein. In particular etnbodiments, formula (I')
comprises (&) Ia’, Ib”, Ic’, or Id’ and, optionally, (b) Ila’, ITb’, I1c’, Id’, 11e’, Iif, or TIg’, as
described hetein. In particular embodiments, formula (I") comprises (1) Ta”’, Ib”, 1¢™*, or
1d*’ and, optionally, (ii) Ila’* or 1Ib’, as described herein.

In cettain embodiments, a peptide or a peptide dimer of the present invention
comptises any one of the compounds shown in any one of Tables 5-15.

Tn certain embodiments, a peptide or a peptide dimer of the present invention
comprises any one of the amino acid sequences provided jasES'EQ:__ID'NOS:i 1-334 and 338-
375, or as $Shown in any one of Tables 5-15

In certain embodiments, a peptide or a peptide dimer of the present invention

‘comprises an amino acid sequenice set forth in any one of Tables 5-15.

In certain embodiments, a peptide or a peptide dimer of the present invention has a
structuré shown in any one of Tables 5-15, e.g., Tables 7 or 12-15. In-one certain
embodiment, a peptide or a peptide dimer of the present invention comprises an amino acid
sequence set forth in any otie of Tables 5-15, e.g.; Tables 7 or 12:15. 1In some:
embodiments, a peptide of the present invention comprises an amino acid sequence having
at least about 85% identical or at least about 90%, 95%, 97%; 98%, 99% identical to any
amino acid sequence set forth in any one of Tables:5-15, e.g., Tables 7 or 12-15, or any one
of SEQ ID NOS: 1-334 and 338-375. In one certain embodiment, a peptide or a peptide.
dimer of the present invention comprises an amino acid sequence having at least about 85%
identical or at least about 90%, 95%, 97.%, 98%, 99% identical to any amino-acid sequence
set forth in Table 7 or any one of Tables 5-15.

It is understood that in the context of the invention, a peptide or peptide dimer:
comprising a peptide sequence shown in one of the accormpanying Tables or sequence
listing may have certain minor alterations to one or more amino acid residues of the. peptide:
sequence, as compared to- the native amino acid, yet still be considered to comprises the
peptide sequence shown in the Tables or sequence listing. For example, one or more side

chains of one or more amino acid residues present in the peptidé.or peptide dimer may be
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slightly altered due to the attachment of a linker or dimerization via cysteine residues, or an
N-terminal or C-terminal amino acid may be amidated.

In some embodinients, a peptide or a peptide dimer of the present invention exhibits
hepeidin activity. In.some embodiments, a peptide or a peptide dimer of the present
invention exhibits at least about 50%, 60%, 70%, 80%, 90%; 95%, 97%, 98%, 99%,
greater than 99%, greater than 100%, greater than 110%, greater than 120%, greater than
150%, greater than 200% greater than 500%, or greater than 1000% of the.activity of &
reference hepeidin, (e.g.; any one of the hepeidin reference compounds provided in Table
4). In some embodiments, the activity is.an in vitro oran in vivo.activity as described
herein.

In some embodiments, a peptide ora peptide dimer of the present invention exhibits
at least about 50%, 60%, 70%, 80%, 90%, 95%., 97%, 98%, 99%, or greater than 99% of
the in vitro activity for inducing the degradation of human ferropertin protein as that of a
reference hepeidin, (e.g., any one of the hepéidin reference.compounds provided in Table
4), wherein the.activity is measured according to the methods described herein (e.g:,
according to Example 2).

Tn some embodiments, a peptide or a peptide dimer of the present invention exhibits-
at least about 50%, 60%, 70%, 80%, 90%, 95%, 97%, 98%, 99%; or greater than 99% of
the i vive activity for inducing the reduction of free plasma iron in an individual as does a
reference hepeidin, (e.g., any one of the hepeidin reference compounds provided in Table
4), wherein the activity is measured according to the methods desctibed herein (e.g.,
according to Example 8).

In some embodiments, a peptide or a peptide dimer of the present invention exhibits
in¢reased hepcidin activity as compared to ahepeidin reference peptide, (e.g., any one of
thehepcidin reference compounds provided in Table 4). In.certa;in embodiments, a peptide
or a peptide dimer of the present invention exhibits 1.5, 2, 3,4, 5,6, 7, 8,9,10,11, 12,13,
14,15, 16,17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100,.120, 140, 160, 180, or 200-fold
greater or at least dbout 10%, 20%, 30%,; 40%, 50%, 60%, 70%, 80%, 90%, 100%, 200%,
300%, 400%, 500% , 700%, or L000% greater astivity than a reference hepeidin, (e.g., any

61



10

15

20

25

one of the hepeidin reference compounds provided in Table 4) In somé embodiments, a
peptide or a peptide dimer of the present invention exhibits at least about 50%, 60%, 70%,
80%, 90%, 95%, 97%, 98%, 99%, or greater than 99% of thé activity exhibited by a

hepeidin reference compound, Insome embodiments, the activity is an i vitro or an in

vivo activity, €.g., an fn vive oran in vifro activity described herein, In certain
embodiments, 2 peptide or-a peptide dimer of the present invention exhibits 1.5, 2, 3,4, 5,
6,7,8,9,10, 11,12, 13, 14,15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120,
140, 160, 180, or 200-fold greater or at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%; 100%, 200%, 300%, 400%, 500% , 700%, ot 1000% greater activity than a
reference hepeidin, {¢.g:, any one of the hepcidin reference compounds provided in Table
4), whercin the activity is an in vitro activity for inducing the degradation of ferropontin,
e.g., as measured according to Example 2; or wherein the activity is an in vivo activity for
reducing free plasma iron, ¢.g., as measured according to Example 8.

In some embodiments, a peptide or a peptide dimer of the present investion binds
ferroportin, e.g., uman ferropottin. In some embodiments, a peptide or a peptide dimer of
the present invention exhibits at least about 50%, 60%, 70%, 80%, 90%, 95%, 97%, 98%,
99%, or greater than 99% . of the ferroportin binding ability that {s exhibited by a reference
hepeidin (e.g., any-one of the hepcidin reference compounds provided in Table 4). In some

embodiments, a peptide or a peptide dimer of the present invention has a lower ICso (ic.,

‘higher binding affinity) for binding to ferroportin, (e.g., human fétroportin} compared to a

reference hepeidin, (¢.g., any one of the hepeidin referénce compounds provided in Table:
4). Tn some embodimehts? the peptide of the present invention has an ICs in a—‘férroportj'n
competitive bi'n’ding assay which is at-least about 10%, 20%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 100%, 200%, 300%, 400%, 500% , 700%, or 1000% lower than a reference
hepcidin, (¢:g., any one of the hepcidin reference compounds provided in Table 4),

In some embodiments, the present invention provides a compound of formula I, T’,
or.1’’, as described herein, wherein the peptide exhibits increased stability (e.g, as
measured by half-life, rate of protein degradation) as compared {o a reference hepcidin,

(e.g., any one of the hepeidin reference compounds provided in Table 4). Tn'some
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embodiments, the present invention provides a dimer of'such a.compound, and in certain
embodiments the dimer is a homodimer: In certain embodiments, the stability ofa peptide-
or a peptide dimer of the present inveniton is-increased at Iéast about 1.5,2,3,4,5,6,7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50, 60, 70, 80, 90, 100, 120, 140, 160,
180; or 200-fold greater or at least about 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, 200%, 300%, 400%, or 500% greater than a reference hepeidin, (e.g., any one
of the hepeidin reference corpounds provided:in Table 4). Insome embodinients, the
stability is a stability that is described heréin, In some embodiments, the stability isa
plasma stability, e.g., as optionally measured according to the method described in
Example 7.

In particular embodiments, the present invention provides a compound of formula I,
I, or X", as desciibed herein, wherein the peptide cxhibits a longer half-life than a
reference hepeidin, (¢.g., any one of the hepeidin reference compounds provided in Table
4). Insome embodiments, the present invention provides a dimer of such a compound, and
in cértain embodiments the dimer is a homodimer. In particular embodiments, a peptide or
a peptide dimer of the present invention has.a half-life under a given set of conditions (e.g.,
temperature, pH) of at least about 5 minutes, at least about 10 minutes, at lcast about 20
minutes, at Teast about 30 minutes, at least about 45 minutes, at least about 1 hou, at least
about 2 hour, at least about 3 houirs, at least about 4 hours, at least about 5 hours, at least
about 6 Hours, at least about 12 houts, at least about 18 hours, at least about 1 day, at least
about 2 days, at least about 4 days, at least about 7 days, at least about L0 ddys, at least
about two weeks, at least aboui three weceks, at least-about 1 month, at least about 2
months, at Icast about 3 months, or more, or any intervening half-lifc or range in between,
about 5 minutes, about 10 minutes; about 20 minutes, about 30 minutes, about 45 minutes,
abotit 1 hour, about 2 hour, about 3 hours, about 4 hours, about 5 hours, about 6 hours,
about 12 hours; about 18 hours, about 1 .day, about 2 days, about 4 days, about 7 days;
about 10 days, about two weeks, about three weeks, about 1 month, about 2 months, about
3 months, or more, or any intervening haif:life or range in between. In some embodiments,

the half life of a peptide or a peptide.dimer of the present invention is extended due to its
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conjugation to one or more lipophilic substituent, e.g., any of the lipophilic substituents
disclosed herein, Insome embodiments, the half life of a peptide or a peptide dimer of the
present invention is extended due tq its conjugation to one or more polymeric moieties,

c.g., any of the polymeric moieties: disclosed herein. In certain embodiments, the

temperature is about 25 °C, about 4 °C, or about 37 °C, and the pH is a physiological pH, or

a pH about 7.4

In some embodiments, the half-life is measured.in vitro using any suitable method

known in the art, e.g., in sonie embodiments, the stability of a peptide or a peptide dimer of

‘the present invention is determiried by incubating the peptide or the peptide dimer-with pre-

warmed human serum (Sigma) at 37 ° C, Samples aré taken at various time points,

typically up to 24 hours; and the stability of the sample is analyzed by separating the.

peptide or peptide dimer from the serum proteins and then analyzing for the presence of the

peptide or peptide dimer of intercst using 1.C-MS.

In some embodiments, the stabili’ty‘ of the peptide 15 measured in vivo using any
suitable methed known'in the art; e.g., in some embodiments, the stability of a peptide ora
peptide dimer is determined in vivo by admjnj's_tering the peptide of peptide dimer to a
subject such as a human or any mammal (e.g:, mouse) and then samples are taken from the
subjeet via blood draw at various time points, typically up to 24 hours. Samples ate then
analyzed as described above in regard to the in vitro method of measuring half-life. In
sorme E:mbbdiments; in vivo stability ofa peptide or a peptide dimer of the preserit
invention is determined via the method disclosed in Example 7.

In some embodiments; the present invention provides a compound of formula I, T,
or I"*, as described herein, or a dimer thereof, wherein the peptide or the dimer exhibits
improved solﬁbility or improved aggregation characteristics as compared to 2 reference
hepeidin, (e.g., any one of the hepeidin reference compounds provided in Table 4).
Solubility may be determined via any suitable method known in the art. Tn some
embodiments, suitable methods knewn in the art for determining solubility include
incubating peptides in various buffers (Acetate pH4.0, Acetate pHS.0, Phos/Citrate pHS.0,
Phos Citrate pH6.0, Phos p 6.0, Phos pH 7.0, Phos pH7.5, Strong PBS pH 7.5, Tris
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pH7.5, Tris pH 8.0, Glycine pH 9.0, Water, Acetic acid (pH 5.0 and other known in the arf)
and testing for aggregation or solubility using standard technigues. These include, but are
niot limited to, visual precipitation, dynamic:"l’ight scattering, Citculat Dichroism and
fluorescent. dyes to measure surface hydrophobioity, and detect aggregation or fibrillation,
foi example. In some embodiments, improved solubility means the peptide is mote soluble
in.a given liquid than is areference hepeidin (c.g., any one ofthe hepeidin reference
compounds provided in Table 4),

In some embodiments, the present invention provides a compound of formula L, T,
or I”, as desctibed herein, or a dimer thereof, wherein the peptide or the dimer exhibits less
degradation (i.e., morc degradation stability), e.g., greater than or about 10% less, greater
than or-about 20% less, greater than ot about 30% less, greater than or about 40 less, or
greater than or-about 50% less than a reference hepeidin (e.g., any one of the hepcidin
reference compounds provided in Table 4). In some embodiments, degradation stability is
determined viaany suitable method known in the art. In'some embodiments, suitable
methods known in the art for determining degradation stability include the method
deseribed in Hawe et.al J Pharm Sci, VOL. 101, NO. 3, 2012, p-895-913, incorporated
herein in its entirety. Such methods are:in some embodiments used to select potent
sequences with enhanced shelf lifes.

In some embodiments, the present invention provides compositions and
medicaments comprising at least one peptide or peptide dimer as-disclosed hetein. In some
embodiments, the present invention provides a method of manufactuting medicaments
comprising at least one peptide or peptide dimer as disclosed hergin for the treatmeént of
diseases of iron metabolism, such as iron overload diseases. In some embodiments, the
present invention provides a method of manufacturing medicaments comprising at least
ofie peptide or pepitde dimer as disclosed herein for the treatment of diabetes (Type I or
Type II, insulin fesistance, or glucose intolerance. Also provided aré methods of treating a-
discase of iron metabolism in a subject, such as a mamimalian subject, and preferably a
human subject, comprising administering at least one peptide, peptide dimer, or

composition.as disclosed herein to the subject. Iin sorhe embodiments, the peptide, peptide
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dimet, or the composition is administered in a therapeutically effective amount, Also

provided are methods of treating diabetes (Type I or Type II), insulin resistance, or glicose

intolérance in a subject, such as a mammalian subject, and preferably a hutan subject,
comiprising administeting at least one peptide, peptide dimer, or composition as disclosed
herein to the subject. In some embodiments, the peptide, peptide dimet, or composition 1§
administered in a therapeutically-effective amount.

In'some embodiments; thepeptide, or peptide dimer of this invention is synthetically
manufactured. In other embodiments, the peptide or peptide dimier of this invention is
tecombinantly manufactured.

In some embodiments, the invention provides a process for manufacturing a
compoufld? peptide, peptide analogue, peptide dinet, ot pharmaceutical composition as
disclosed herein.

In some embodiments, the Invention provides a device comprising at least one
peptide, peptide analogug, or peptide dimer of the present invention, or pharmaceutically
acceptable salt or solvate thereof for delivery of the peptide analogue or the peptide dimer:
to a subject,

In sore embodiments, the present invention provides methods of binding a
fertoportin or-inducing ferroportin internalization and degradation which comprises
coritacting the fetroportin with at least one peptide or peptide analogue, peptide dimer, or
composition-as disclosed herein,

In some embodiments, the present invention provides kits-comprising at least ong
péptide, peptide analogue, peptide dimer, or composition as disclosed herein packaged
together with a reagent, a device, insfructional material, or a combination thercof,

In some embodiments; the present invention provides complexes which comprise-at
least one peptide or pe‘pt_ide dimer as disclosed hersin bound to-a ferroportin, preferably a
huiman ferroportin, or an antibody, such as an antibody which -spéciﬁcally-”binds a peptide
or a peptide dimer as disclosed herein, Hep25, or a combination thereof.

In some embodiments, the-compound has-a measurement. (e.g., an EC50) of less

than 500 nM within the Fpn internalization assay. As a skilled person will realize, the
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function of the peptide is dependent on the tertiary structure of the peptide and the binding

surface presented. It-is then possible to make minot changes of the sequence that do. not

affect the fold or'are not on the binding surface and maintain function. In other

embodiments, the compound of the invention is a peptide of peptidomimetic compound, or

a dinier thereof having 85% or higher (e.g., 85%, 90%, 91%, 92%,-93%, 94%, 95%, 96%,
97%, 98%, 99%, or 99,5%) identity or homology to an amino acid sequence of any

compound of formula T, I’, or I"* that exhibits an activity, or lessens a symptom of a disease
or indication for which hepcidin is involved.

In some embodiments, the peptide, peptide analoguc, or dimer thereof of the
inivention may comprise functional fragments or variants thereof that have at most 10, 9, 8,
7,6,5,4,3,2, or 1 amino acid substitutions compared to on¢-or more of the speeific
sequences recited below.

In addition to the methods disclosed herein in Example 1, the péptides and the
peptide dimers of the present invention may be produced using methods known in theart
including chemical synthesis, biosynthesis or in vitro synthesis using recombinant DNA
methods, and solid phase synthesis. See e.g. Keily & Winkler (1990) Genetic Engineeting.
Principles and Methods, vol. 12, J. K. Setlow ed., Plenum Press, NY, pp. 1-19; Merrifield
(1964) T Amer Chiem Soc 85:2149; Houghten (1985) PNAS USA 82:5131-5135; and
Stewart & Young (1984) Solid Phase Peptide Synthesis, 2ed. Pierce, Rockford, IL, which
are hetein incorporated by reference. The peptides of the present invention may be purified

using protein purification techniques known in the art such as reverse phase high-

performance liquid chromatography (HPLC), ion-exchange or immunoaffinity

chromatography, filtration or size exclusion, or eléctrophoresis. See Olsnes, S. and A. Pihl
(1973) Biochem. 12(16):3121-3126; and Scopes (1982) Protein Purification, Springet-
Verlag, NY, which are herein incorporated by referente. Alternatively, the peptides of the
present invention may be made by recombinant DNA techniques known in the art. Thus,
polynucleotides that encode the polypeptides of the present invention are contemplated

hereini. In preferred embodiments, the polynucleotides are isolated. As used herein
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"isolated polynucleotides" refers to polynucleotides that are in an environment different.
from thatin which the polynucleotide naturally occurs.

In certain embodiments, peptides of the present invention bind ferroportin,

preferably human ferroportin, Preferred peptides of the present invention specifically bind

human ferroportin. As used herein, "specifically binds" refers to a specific binding agent's

preferential interaction with a given ligand over O'ther..agents_ in a’sample. For example, a

specific binding agent that specifically binds a given ligand, binds the given ligand, under
suitable conditions, in an amount or a degree that is observable over that of any fionspecific

intéraction with other ¢omponents in the sample. Suitable conditions are those that allow

interaction betiveen a given specific binding agent and a given ligand. These conditions

include pH, temperature, ¢oncentration, solvent, time of incubation, and the like, and may
differ among given spccific binding agerit and ligand pairs, but may be readily determined
by those skilled in the art,

The peptides of the present invention that mimic the hepcidin activity of
Hep25, the bioactive human 25-amino acid form, are herein referred to as "mini-
hepeidins™. As used herein, in certain embodiments, a compound having "hepeidin activity"
means that the compound has the ability to lower plasma iron concentrations in subjects
(e.g. mice or humans), when administered thereto (e:g. parenterally-injected or orally
administered), in a dose-dependent and time-dependent manner. See e.g. as demonstrated

in Rivera et-al. (2005), Blood 106:2196-9. In some-embodiments, the peptides of the

‘present invention lower the plasma iron concentration in a subject by at least-about 1.2, 1.5,

2,3,4,5,6,7,8,9, er 10-fold, or at least about 5%; 10%, 20%, 25%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, or about 99%.

In some embodiments, the peptides. of the present invention have in vitro activity as
assayed by the ability to cause the internalization and degradation of ferroportin in a
ferroportin-expressing cell line as taught in Nemeth ¢t al. (2006) Blood 107:328-33. In
vitro activity may be measured by the dose-dependent loss of fluorescence of cells
engineered to display ferroportin fuseéd to green fluorescent protein as in Nemeth et al.
(2006) Blood 107:328-33: Aliquots of cells ar¢ incubated for 24 hours with graded
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concentrations of a feference preparation of Hep25 or a mini-hepcidin. As provided herein,

the EC50 values are provided as the concentration of a given compound. (e.g. peptide) that

elicits 50% of the maximal loss of fluorescence generated by the reference Hep25

‘preparation. EC50 of Hep25 preparations in this assay range from 5 to 15 nM and preferred

mini-hepciding have EC50 values in in vitro activity assays of about 1,000.nM or less. In
certain embodiments, a peptide of the present invention hias an EC50 in an in vitro activity
assay (e.g., as described in Nemeth et al, (2006) Blood 107:328-33 or Example 2 herein) of
less than about any onc of 0.01, 0,05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, 1,2, 3, 4,5, 6,
7.8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, 60,70, 80, 90, 100, 200 or
500 nM. In some embodiments, a peptide analogue or bio’therapautic-rcom’positio_n has an
ECsqvalue of about 1nM or less;

Other methods known in the art for caleulating the hepeidin activity and in vitro

activity of peptides according to the present invention may be used. For example; the in

vitro activity of compounds may be measured by their ability to internalize cellular
ferroportin, which is determined by immunchistochemistry or-flow cytometry using
antibodies which reco gnizes extracellular epitopes of ferroportin. Alternatively, the in vitro
activity of compounds may be measured by their dose- dependent ability to inhibit the
efflux of iron from ferroportin-expressing ¢ells that are preloaded with radicisotopes or
stable isotopes of iron, as in Nemeth et-al. (2006) Blood 107:328-33.
Conjugation

The skilled person will be well aware of suitable techniques for preparing the
compounds émployed in the ¢ontext of the invention. For examples of suitable chemistry,
see, e.g., WO98/08871, WO00/55184, WO00/55119, Madsen et al (J. Med. Chen. 2007,
50, 6126-32), and Knudsen et al. 2000.(/ Med Chem. 43, 1664-1669).

‘The side chains of one or more amino acid residues (e.g. Lys tesidues) in‘a
compound of the invention may be further conjugated (i-e. covalently attached) to a
lipophilic substituent. The lipophilic substituent may be ¢ovalently bonded to an atom in

the amino acid side chain, or alternatively may be conjugated to.the -anmiino acid side chain
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'via one of more spacers. The amino acid(s) in question may be part of the peptide moiety

X, ot a part of the peptide moiety Y.

‘Without wishing to be bound by any particular theory, it is believed that the
lipophilic substituent birds to albumin in the blood stream, thereby shielding the peptide
analogue of the invention from enzymatic degradation, and thus ¢nharicing it§ half-life,
The spacer, when present, may provide spacing between the peptide analogue and the
lipophilic substituent.

In certain embodiments, the. lipophilic substituent may COTpTise a hydrocarbon
chizin having from 4 to 30 C atoms,.for example at least § or 12 C atoms, and preferably 24
C atoms or fewet, or 20 C atoms or fewer. The hydrocarbon chain may be lincar or
branched and may be saturated or unsaturated. In cértain embodiments, the hydrocarbon
chain is substituted with a moicty which formis part of the attachment to the amino acid side
chain or the spacer, for example an acyl group, a sulfonyl group, an N atom, an O atom or
an S atom. Insome embodiments, the hydrocarbon chain is substituted with an acyl group,

and accordingly the hydrocarbon c¢hain may form part of an alkanoyl group, for example

“palmitoyl, caproyl, lauroyl; myristoyl orstearoyl,

A lipophilic substituent may be-jco_njugated to any amino acid side chain in a
compound of the invention. In certain embodiment, the amino-acid side.chain includes a;
carboxy, hydroxyl, thiol, amide or amine group, for forming an ester, a:sulphonyl ester, a
thioester, an amide.or a sulphonamide with the spacer or lipophilic substituent. For
example, the lipophilic substituent may be conjugated to Asn, Asp, Glu, Gln, His, Lys;
Arg, Ser, Thr, Ty, Trp, Cys or Dbu, Dpr or Orn.. In certain embodiments; the lipophilic
substituent is conjugated to Lys. An amino acid shown as Lys in.any of the fofimulae
provided herein may be replaced by, e.g., Dbu; Dpr or Orn where a lipophilic substituent is
added.

In further embodiments of the present invention, alternatively oi additionally, the
side-chains of one or more amino acid residues in the compound of the invéntion may be

conjugated to a polymeric moiety, for example, in order to. increase solubility and/or half-
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life in vivo (e.g. in plasma) and/er bioavailability. Such modifications are also known to
reduce clearance (¢.g, renal clearance) of therapeutic proteins and peptides.

As used herein, “Polyethylene glycol” or “PEG” is a polyether compound of
general formula H-(O-CH2-CH2)n-OH. PEGs arg-also known as polyethylene oxides
(PEOs) or polyoxyethylenes (POEs), depending on their molecular weight PEQ, PEE, or

POG, as used herein, refers to-an oligomer or polymer of éthylene oxide. The three names

are chiemically synonymous, but PEG has tended to referto oligomers and polymers with 2

molecular mass below 20,000 g/mol, PEO to polymers with a mélecular mass-above

20,000 g/mol, and POE to a polymer of any molecular mass. PEG and PEO are li'ql_iids or

low-melting solids, depending on their molecular weights. Throughout this disclostire, the
3 names are used indiét‘inguishably; PEGs are prepared by polymerization of cthylene
axide and arc commercially available over a wide range of molecular weights from 300
g/mol fo 10,000,000 g/mol. While PEG and PEO with different molecular weights find use
in different applications, and have different physical properties (e.g. viscosity) due to chain
length effects, their chemical properties are nearly identical. The polymeric moiety is
preferably water-soluble (amphiphilic-or hydrophilic); non-toxic, and pharmaceutically
inert.. Suitable polymeric moieties include polyethylene glycols (PEG), homo- or co-
polymets of PEG, a monomethyl-substituted polymer of PEG (mPEG), or polyoxyethylene
glycerol (POG). See, for example, Int. J. Hematology 68:1 (1998); Bioconjugate Chem.
6:150 (1995); and Crit. Rev. Therap. Drug Carrier Sys. 9:249 (1992). Also encompassed

aré peptides that are prepared for purpose of half life extension, for example, mono-

activate d,._alkoxy‘-terminated' polyalkylene oxides (POA’S) such as'mono-methoxy-

terminated polyethyelene glycols (mPEG’s); bis activated polyethylene oxides (glycols) or
other PEG derivatives are also ¢contemplated. Suitable polymers will vary substantially by
weights r_anging from about 70 to about 40,000 or from:about 200 to about 40,000 are
usually selected for the purposes of the present invention. Molecular weights from 200 to
2,000 are.preferred and 200 fo 500 are particularly preferred. There are different forms of

PEG are also available, dependirig.on the initiator used for the polymerization process —the
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most-common initiator is 2 monofunctional methyl ether PEG, or methoxypoly(ethylene
glycol), abbteviated mPEG.

Asused hergin, lower-molecular-weight PEGs ate also available as pute oligomers,
referted to as monodispetse, uniform, or discrete. These are uséd in ¢ertain embodiments of
the present invention.

PEGs are also available with different geometries: Branched PEGs have three to ten
PEG chains emanating from a central core group; Star PEGs have 10 to 100 PEG chains
emanating from a central core group; Comb PEGs have multiple PEG chains normally
grafted onto a polymer backbone. PEGs can also be linear. The numbers that are often
included in the:names of PEGs indicate their average molccular weights (c.g. a PEG with n
= 9 would have an-avcrage molecular weight of approximately 400-dalfons, and would be
Tabeled PEG 400,

Asused herein, “PEGylation” is the act of covalently coupling a PEG structure to
the peptide of the invention, which is then referred to as a “PEGylated peptide”. In-some
embodiments, the X moisty of forniula I, the Y moiety of formula I, the R’ ‘moiety of
formula I, the R* mioiety of formula 1, or any combination thereof, is PEGylated. Tn some

embodiments, the X moiety of formula I’, the Y’ moiety of formula I, the R moiety of

formula I, the R® moiety of formula I’, or any combination thereof, is PEGylated. In

some-embodiments, theé X*” moiety of formula I*?, the Y**'moiety of formmla I**, the R"™
moiety of formula T, the R> moiety-of formula I*’, or any combination thereof, is
PEGylated. Insome embodiments, one or more side chains of an amino acid in the peptide
of formula I, formula I, or formulal’” is PEGylated. In certain embodiments, the PEG of
the PEGylated side chain is a PEG with 2 molecular weight from about 200 to about

40,000. In some embodiments, a spacer of a peptide of formuta I, formmla I”, or formula I”?
is PEGylated. In cértain embodiments, the PEG of a PEGylated spacér is PEG3, PEG4,
PEGS, PEG6, PEG7, PEGS, PEGY, PEG10; or PEGL1. In certain embodiments, the PEG of
a PEGylated spacer is PEG3 or PEGS. In certain embodiments, the PEG of a PEGylated
spacer is PEG3 or PEGS.
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Other suitable polymeric moieties include poly-amino acids such as poly-lysine,
poly-aspartic acid and poly-glutamic acid (see for example Gombotz, et al. (1995),
Bioconjugate Chem., vol. 6:.332-351; Hudecz, et al. (1992), Bioconjugate Chem., vol.:3,
49-57 and Tsukada, et al. (1984), J. Natl. Cancer Inst., vol. 73, : 721-729. The polymeric
moiety may be straight-chain or branched. In some embodiments, it has a molecular
weight of 500-40,000 Da, for example 500-10,000 Da, 1000-5000 Dz, 10,000-20,000 Da,
or 20,000-40,000 Da.

In some embodiments, a compound of the invention may comprise two or mote
such polymeric moietics, in which cas¢ the total molecular weight of all such moieties will
generally fall within the ranges provided above,

In:some embodiménts, the polymetic moicty may be coupled (by covalent linkage)
to an amino, carboxyl or thiol group of an amino acid side ¢hain. Preferred examples are
the thiol group-of Cys residues and the epsilon amino group of Lys residues, and the
carboxyl groups of Asp and Glu residues may also be involved.

The skilled worker will be well aware of suitable techniques which can be used to
perforim the coupling reaction. For example; a PEG moiety bearing a methoxy group-can
be coupled to a Cys thiol group by a maleimido linkage using reagents commercially
available from Nektar Therapeutics AL. See also WO 2008/101017, and the references
cited above, for details of suitable chemistry. A maleimide-functionalised PEG may also be
conjugated to the-side-chain sulfhydryl group of a.Cys residue.

As used herein, disulfide bond oxidation can occur within'a single step or is a two
step process.. As used herein, for a single oxidation step the trityl protecting group is often
employed during assembly, allowing deprotection during cleavage, followed. by solution
oxidation. When a second disulfide bond is required one has the option of native or
selective oxidation. For selective oxidation requiring: orthogonal protecting groups.Acm
and Trityl is used as the protecting groups for cysteine. Cleavage results in the removal of
one protecting pair-of eysteine allowing oxidation of this pair. The sécond oxidative

deprotection step of the cysteine protected Acm group is then performed. For native
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oxidation the trityl protecting group is used for all cysteines, allowing for natural folding of
the peptide.

A skilled worker will be well aware of suitable:techniques which can be used to-
perform the oxidation step.

Peptide Dimers.

The term “dimer,” as ina peptide dimer, refers to compounds in which two peptide
chains are linked, either identical (homo-dimer) or non-identical (hetero-dimer) througha
linking moiety. A cysteing dimer is then two peptides chains linked through the amino acid
cysteine disulfide bond.

In some eémbodiments, the peptides of the present invention may be active in a
dimer conformation oi a hetero-dimer conformation, in particular when frec-(:_yéteiﬁe

residues atre present in'the peptide. In certain embodiments, this ogeurs either as a

syrithesized dimer or, in particulat, when a free cysteine monomer peptide is present and

under oxidizing conditions, dimérizes. In some embodiments, the dimer is a homodimer.

In other embodiments, the dimer is a heteradimier.

In certain embodiments, a peptide analogue of the present invention is a peptide
dimer comprising a peptide of the invéntion. In patticular embodiments, the peptide dimers
comprise a peptide of formula 1, a peptide of formula I’, or a peptide of formula 1", In
particular embodiments, the peptide dimers comprise two peptides of formula I, two
peptides of formula I, or two peptides of formula T, In certain embodiments, the peptide

dimers aré homodimers. In particular embodiments wherein the peptide dimer comprises a

peptide of formiila I, X has the formula Ia, Ib, Ic, or Id. Tn particular embodiments wherein

the peptide dimer comprises a peptide. of formula I, Y has the formula ITa, ITb, Tlc, IId, e,
IIf, or IIg. In particular embodiments wherein the peptide dimer comprises a peptide of
formula I', X* has the formula Ta”, Tb’, Ic’, or Id’. In particular embodiments wherein the
peptide dimer comprises a peptide of formula I, Y has the formula ITa’, TIb*, TI¢’, 1Id°,
1le’, 11f°, or Ilg”. In particular embodiments wherein the peptide dimer comprises a peptide

of formula I*?, X** has the formula Ia’”, Tb”’, Ic™’, or Id”’. In particular embodiments

74



10

15

20

25

‘wherein the peptide dimer ¢omprises a peptide of formmula I"’, Y** has the formula TIa™ or

IIb™.

Tn some embodimeénts, the dimer'is between two X groups of formula I, two X
groups. of formula I, or two X’ groups of formula I"*, e.g., the two peptides of the dimer
are'linked through two X groups of formula I, two X groups of formula I’, or two X*”
groups of fotrmula I'”. In some embodiments; the dimer comprises two X gtoups of
formula I, two X* groups of formula I, or two X’* groups of formula I*. Io some
embodiments, the two X groups, X* groups, or X’ groups in the dimers comprise the same
amino acid residues. In some embodiments, the two X groups, X groups, or X°” groups-in
the dimers comprise different amino acid residues (i.c., each amino acid in each of the two.

X, X’ or X** groups is independently selected). In some cnibodiments, the dimer is

between two Y groups of formula I, two Y groups of formula T, of two Y groups of
forrula 17, ¢.g., the two peptides of the dimer are linked through two Y groups, of formula

I two Y groups of formula T’, or two Y’* groups of formula 1. Tn some embodiments,
the dimer comprises two 'Y groups of formula I, two Y groups of formula I', or two Y
groups of formula I*”. Tn some embodiments, the two 'Y groups, Y’ groups, or Y*> groups
in the dimer’ comprise the sameé-amino acid résidues. In some embodiments, the two Y
groups, Y’ groups or Y’ groups in the dimer comprise different-amino acid residues (€.,
each amino-acid in each of the Y, Y’ or Y** groups is independently selected). In somie
embodiments, a-dimer is between an X group of formula I and a'Y group of formula 1 (e: g.,
the two peptides of the dimer are linked through an X group of formulaTand a Y group of
formula T), an X’ group of formula I and.a 'Y group of formula I (e.g., the two peptides of
the dimer are tinked through an X group of formula I’ and a Y* group of formula I’), or an
X" group of formula 1> and a'Y”” group of formula I’* (e.g., the two peptidés of the dimer
are linked thirough an X** group of formula I’* and a 'Y”” group of formula I’*).

In particular embodiments, a peptide dimer of the present invention comiprises a

‘peptide comprising: a peptide sequenice set forth in any one of Tables 5-15 or SEQ ID-NOs:

1-334 and 338-375; or a peptide sequence having at least 85%, at least 90%, at least 91%,
at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least
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98%, or at. least 99% identity to a peptide sequence set-forth in-any one.of Tables 5-15 or
SEQ ID NOs: 1-334 and 338-375. In particular embodiments, a peptide.dimer of the
present invention is a homodiimer comprising two peptides, each comprising: a peptide
sequence set forth in any one of Tables 5-15 or SEQ ID NOs: 1-334 and 338-375;.or a
peptide sequerice having at least 85%, at least 90%, at least 91%, at lcast 92%, at léast
93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99%
identity to a peptide sequence set forth in any one of Tables 5-15 or SEQ ID NOs: 1-334

and 338-375. In particular embodiments, a peptide dimer of the presentinvention

comprises a ¢compound set forth in any one of Tables 5-15. In particular embodiments, a

peptidé dimer of the present invention is a homodimer comprising two peptides, each
comhptising & compound set forth in any one of Tables 5-15.

In certain embodiments, the-peptide dimers comprise two peptides dimerized viaa
disulfide linkage between a cysteinetesiduc present inotie of the peptides and a cysteine
residue present in the second peptide, i.€., an intermolecular disulfide bond between these:
cysteine residues,

In cettain embodiments, the peptide dimers comprise two peptides dimerized by
covalent attachment of each peptide to 2 common linking moeity, i.e., a linker. A variety
of linkers suitable for dimerizing two peptides are known in the art and commercially
available, including, e.g;, diethylene"gly’col (DIG), iminodiacetic acid (IDAY), B-Ala-<IDA,
PEG13,-and PEG25. In particular embodiments, peptide dimers include any of the linking
moieties shown below or have any of the structures shown below. In particular
embodiments, peptide dimers are dimerized via both a linking moiety and a disulphide
bond between a ¢cysteiné residue in one peptide and a cysteine tesidue in the other peptide.

ofthe dimet.
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In certain embodiments, the linking moicty comprises the formula: <NH-Ryq-NH-,
wherein Ryp is a lower (C1.20) alkyl. In certain embodiments, the linking moiety comprises
the formuia: -CO-(CH;‘)n—(X{CHg)m)o~X-(CH2)pCO-, wherein n is 1-3,.m'is 1-3, p is 1-3,
0is.0-24, and X is O or NH. In one embodiment, n, m and p are each 2, 0 is 1-25, X is O,

In certdin embodiments, the linking moiety comprises the formula: -NH-(CHz)o:-
[0-(CH,)p),-05-(CHp).-Y -, wherein o, B and £ are each integers whose values are
independently selected from 1 to 6, 8is 0 or 1, ¥ is an integer selected from.0 to 10, and y is
selected from NH or CO, provided that B is 2 when yis greater than 1.

In various cmbodiments, the linker is attached to the N-terminal amino acid of one

or both peptides of the dimer, the linker is attached to the C-terminal amino acid of one or

‘both peptides of the dimer, or the linker is attached to an internal amino acid of one or both

peptides of the diimer. In one embodiment, the linker is attached to lysine residues in each
of the peptides-of the diimier. In particular embodiments, the linker is not attached to the N-
terminal amino acid of one of both peptides of the dimer..

In particular emboditments, one or both peptides present in-a dimer.comprise an
amino acid residue that is conjugated (i.e., covalently attached)to a lipophilic substituent,
including any of those described herein. Tn certain embodiments, one or both peptides
present in a dimer comprise an amino acid residue that is conjugated to & polymeric moiety,

including any of those described herein. Tn certain embodiments, one ot both of the
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peptides present in the peptide dimerss conjugated to an acidic compound, e.g., isovaleric
acid, isobutyrie acid, valetic acid, or the like.

In particular embodiments, a linking moiety present in.a dimer 1s-¢onjugated (i.e.,

covalently attached) to a lipophilic substituent, including any of those described herein. In

certain embodiments, a linking moiety present in-a dimer is conjugated to-a polymeric

moiety, including any of those described herein. In cértain embodiments, a linking moiety

present in a peptide dimer is conjugated to an acidic.compound, e.g., isovaleric acid,

isobutyric acid, valeric acid, or the like.
Pharmaceutical compositions.

It is to be undeérstood that the inclusion of a peptide analoguc or a dimer thereof of
the invention _(ile;., ofe-or more_pcptide analogucs of the invention or one or more peptide
dimers of the present invention)'in a pharmaceutical composition also encompasses
inclusion of a pharmaceutically acceptable salt or solvate of a peptide analogue or a peptide
dimer of the invention.

The invention also provides.a pharmaceutical composition comprising a peptide
analogue, or a pharmaceutically acceptable salt or solvate thereof, according to the
invention. In particular embodiments, the invention provides.a pharmaceutical
composition comprising a peptide dimer, or a pharmaceutically acceptable salt or solvate
thereof, according to the-invention. In particular embodiments, the pharmaceutical
compositions further comprise one or more pharmaceutically acceptable carrier, ecxcipient,
or vehicle.

The invention also. provides a pharmaceutical composition comprising a peptide
analogue, or a pharmaceutically acceptable salt or solvate thereof, for treating a variety of
conditions, diseases, or disorders as disclosed herein elsewhere (see, €.g., therapeutic uses,
supra). -In particular embodiments, the invention provides a pharmaceutical composition,
comprising-a peptide dimer; or a pharmaceutically acoeptable salt or solvate thereof, for
treating a variety of conditions, diseases, or disorders as disclosed herein elsewhere (see,

€.g., therapeutic uses, supra).
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The peptide analogues, including the peptide dimers, of the present invention may

‘be formulated as pharmaceutical compositions which are suited for administration with or

without storage, and which typically comprise a therapeutically effective amount of at least
one peptide-analogue of the invention, together with a pharrna(:euﬁc_ally.ac‘ceptable carrier;
excipient or vehicle..

The term “pharmacentically acceptable carrier” includes any of the standard

pharmaceutical carriers. Pharmaceutically acceptable carriers for therapeutic use are well

‘known in the pharmaceutical art and are described, for example, in “Remington's

Pharmaceutical Sciences”, 17th edition, Alfonso R.. Gennaro (Ed.), Mark Publishing
Company, Easton, PA, USA, 1985. For example, sterile'saline and phosphate-buffered
sdling at sli ghtly acidic or physiological pH may be used. Suitable pH-buffering agents
may, e.g., be phosphate, citrate, acetate, tris(hydroxymethyl)aminomethane (TRIS), N-
tris(hydroxymethyl)methyl-3-aminopropanesulfonic acid (TAPS),-ammonium bicarbonate,

diethanolamine, histidine, arginine, lysine or acetate (e.g. as sodium acetate), .or mixtures

thereof. The term further encompasses any carrier agents listed in the US Pharmacopeia for

use in animals, including humans:

A pharmaceutical composition of the invention may be.in unit dosage form. In such
form, the compiosition is divided into unit doses containing appropriate quantities of the
active componeént or componénts. The unit dosage form may be presented as a packaged
preparation, the package containing diserete quantities of the preparation, for example,
packaged tablets, capsules or powders in vials or ampoules. The unit dosage form may also
be, e.g., a capsule, cachet or tablét in itself, or it may be an appropriate number of any of
these packaged forms. A unit dosage form may also be provided in single-dose injectable
form;, for example in the form of a pen device containing 2 liquid-phase: (typically aqueouis)
composition. Compositions may be formulated for any suitable route and means of
administration. Pharmaceutically acceptable carriers or diluents include those used in.
formulations suitable for e.g. oral, intravitreal, rectal, vaginal, nasal, ’c_o‘pical”’,. enteral or
parenteral (including subcutangous (SC), intramuscular (IM), intravenous (IV), intradermal

and transdermal) administration or adtinistration by inhalation. The formulations may
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conyeniently be presented in unit dosage form and may be prepared by any of the methods
well known in the art of pharmaceutical formulation.

Subcutaneous or transdermal modes of administration may be particularly suitable
for the peptide analogues of the invention.

Further embodiments of the invention relate to devices, dosage forms and packages
used to déliver the pharmaceutical formulations of the present invention. Thus, at least one
peptide analogue or-specified portion or variant in either the stable or preserved
formulations or solutions described herein, can be administered to a patient in accordance
with the present invention via a variety of delivery methods, including SC ot IM injection;-
transderinal, pulmonary, transmucosal, implant, osmotic pump, cartridge, micro pump, or
other means appreciated by the skilled artisan as well-known in the art,

Still further embodiments of the invention relate to oral formiulations and oral
administration, Formulations for oral administration may rely-on the co-administration of
adjuvants (e.g. resorcinols and/or nonionie surfactants such as polyoxyethiylene oleyl ether
and ri-hexadecylpolyethylene ether) to artificially increase the permeability of the intestinal
walls, and/or the co-administration of enzymatic inhibitors (eg pancreatic trypsin
inhibitors, diisopropylfluorophosphate (DFF) or trasylol) to inhibit enzymatic degradation.
The active constituent compound of a solid-type dosage form for oral administration can be
mixed with at [east one additive, such as sucrose, lactose, cellulose, mannitol, trehalose,
raffinose; maltitol, dextran, starches, agar, alg-ina‘_tes, chiting, chitosans, pectins, gum
tragacanth, gum arabic, gelatin, collagen, casein, albumin, synthetic or semisynthetic
polyiner, or glyceride. These dosage fornis ¢an also contain other type(s) of additives, ¢.g.,
inactive diluting.agent, lubricant such as magnesium stearate, paraben, preserving agent
such as sorbic acid, ascorbic acid, alpha-to copherol, antioxidants such as cysteine,
disintegrators; binders, thickeners, buffcring agents, pH adjusting agents, sweetening
agents, flavoring agents or perfuming ageiits.

Dosages
A typical dosage.of a peptide analogue, €.g., a peptide or a dimer of the invention,

as employed in the context of the present invention may be in the range from about 0:0001
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to about 100 mg/kg body weight per day, such as from about 0.0005 to about 50 mg/kg
body weight per day, such as from about 0.001 to about 10 mgrkg body weight per day, e.g.
from.about .01 to about 1 mg/kg body weight per day, administered in one or more: doses,
such as from one to three doses.. As already indicated to some extent above, the exact
dosage emaployed will depend, inter alia, on: the nature and severity of the disease or

disorder to be treated; the sex, age, body weight and general condition of the subject to be

treated; possible other, concomitant, disease or disorder that is undergoing or is to undergo

treatment; as well as-other factors that will be kriown to 2 medical practitioner of skill in

the art.

A peptide-analogue, e.g., a peptide or a dimer, of the invention may be administered
continuously {c.g. by infravenous-administration or another continuous drug administration
method), or may be administered to a subject at intervals, typically at regular time
intervals, depending on the desired dosage and the pharmaceutical composition selected by
the skilled practitioner for the particular subject. Regular administration dosing intervals
include; e.g., once daily, twice daily, once every two, three, four; five or six days, once or
twice weckly, once or twice monthly, and the like.,

Such regular peptide analdgue, peptide, or dimer administration regimens of the
invention may, in certalh circumstances such as, ¢.g., during chronic long-term
administration, be adyantageously interrupted for a-period of time so that the medicated
subjéct reduces the level of or stops taking the medication, often referred to as taking a
“drug holiday.” Drug holidays are useful for, e.g., maintaining or regaining sensitivity to a
drug especially during long-term chronic treatment, -or t6 réduce unwanted side-effects of
long-termi chronic treatment of the subject with the drug. The timing of a drug holiday
depends on the timing of the regular dosing regimen and the purpose for taking the drug
holiday (¢.g., to regain drug sensitivity and/or to -reduce unwanted side effects of
corfinuous, long- term administration), In some embodiments, the drug holiday may be a
teduction in the dosage of the drug (e.g. to below the therapeutically effective amount for a
certain interval of time). In other embodiments, administration of the drug is stopped for a

certain interval of time before administration is started again using the sanie or a different
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dosing regimen (e.g. at a lower or higher dose and/or frequency of administration). A drug
holiday of the invention may thus be selected from a wide range of time-periods and

dosage regimens. An cxemplary drug holiday is two or more days, oné or more weeks, or

ohe or more months, np to about 24 mionths of drug holiday. So, for example, a regular

daily dosing regimen with 4 peptide, a peptide analogue, or a dimer of the invention may,
for example, be interrupted byﬂa,dru_g holiday of a week, or two weeks, or four weeks, after
which time the preceding, regular dosage regimen (e.g. a daily or a weckly dosing regimen)
is resumed. A variety of other diug holiday regimens are ¢nvisioned to be useful for
administering the peptides, the dimers, and the peptide analogues of the invention.

Thus, the peptide analogue, peptide; or dimer may be deliveted via an
administration regime which comprises two-or more. administration phases separated by
respective drug holiday phases.

During each administration phase, the peptide analogue, peptide, or dimer is
administered ta the.rccipient subject in a therapeuﬁ'célly g':ffective-amount. according to d
pre-determined administration pattem. The administration pattern may comprise:
continuous administration of the drug to the recipient subject over the duration of the
administration phase. Alternatively, the administration pattern may comprise
administration of a plurality of doses of the peptide analogue to the récipient subject,
‘wherein said doses are spaced by dos'iﬁg'.int'erVals.

A dosing pattern may comprisc at least two doses per administration phase, at least
five dos¢s per-administration phase, at least 10 doses per administration phase, at least 20
doses per administration phase, at least 30 doses per.administration phase, or more.

Said dosing intervals may be regular dosing intervals, which may be as set out
above, including onee daily, t'wiée,daify, once every two, three, four, five or six days, once
or twice weekly, once or twice monthly, or a regular and even less. frequent dosing interval,
depending on the particular dosage formulation, bioavailability, and pharmacokinetic

profile of the peptide analogue the peptide, or the peptide dimer of the present invention.
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An administration phase may have a duration of at least two days, at least a week, at
least 2 weeks, at least 4 weeks, at least.a month, at least 2 months, at least 3 months, at
least 6 months, or more.

Where an administration pattern comprises. a plurality of doses, the duration of the
following drug holiday phase is longer than the dosing interval used in that administration
pattern. Where the dosing interval is irregular, the duration of the drug holiday phase may
be greater than the mean interval between doses over the course of the administration
phase. Alternatively the duration of the drug holiday may be longer than the longest
interval between consceutive doses during the administration phase.

The duration of the drug holidaj phase may be at least twice that of the felevant
dosing interval (or mean thereof), at least 3 times, at least 4 times, at least 5 times, at least
10 times, or at lcast 20 times that of the rel¢vant dosing interval or mean thereof.

Within these constraints, a drug holiday phase fay have a duration of at Iéast two
days, at least a week, af least 2 weeks, at least 4 weeks, at least a month, 4t 1east 2 months,
at least 3-months, at least 6 mont_hs_-, Ot more, de_p,endi'n_g on the administration pattern
during the previous administration phase.

An administration tegime comprises at least 2 administration phases. Consecutive
administration phases are separated by tespective drug holiday phases. Thus the
administration regime may comprise at least 3, at least 4, at least 5, at least 10, at least 15,
at least 20, at least 25, or at least. 30 administration phases, or more, each separated by
respective drug holiday phases.

Consecutive administration phases may utilise the same administration pattern,
although this may not always be desirable or necessary. However, if other drugs or active
agents are administered in combination with a peptide analogue, a peptide or a peptide
dimer of the invention, then typically the same combination of drugs or active agents is
given in consecutive administration phases. In certain embodiments, the recipient subject
is human.

Devices-and Kits
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In some embodiments, the invention relates to a device comprising one or more
peptides; peptide analogues, peptide dimersor pharmaceutically acceptable salts or solvates
thereof of the inyention, for delivery of the-compound of the present invention to a subject.
Thus, one or more peptide analogues, peptides; dimers, or pharmaceutically acceptable
salts or solvates thereof ¢an be administered to a patient in accoerdance with the present
invention via" a'variety of delivery methods including intravenous, subcutaneous,
inframuscular, or intraperitoneal injection; oral administration, transdermally, 'by
pulmonaty or transmucosal administration, by implant or osmotic puinp, by cartridge or
micro pump, or by other means-appreciated by the skilled artisan, as well-known in the art.

In soine embodiments, the invention relates to a kit comptising one or more peptide
analogu'es or phannaceutically"acjceptablc salts or solvates thereof of thesinvention. In
some embodiments, the invention relates-to a kit comprising one or more peptide dimer of
the present invention, or pharmaceutically acceptable salts or solvates, thereof. In other
embodiments, the kit comprises.one or mere pharmaceutical compositions comprising one
ormore peptide analogues or pharmaceutically acceptable salts or solvates thereof. In

certain embodiments, the kit further comprises packaging or instructions for use. In other

-embodiments, the kit comprises.one or more phann’abeutib&l compositions comprising one’

ormore peptide dimer of the present invention, or p}i_armacautically acceptable salts or

solvates thereof. In certain embodiménts, the kit further compiises packaging or

instructions for use.
Combination therapy

As noted above, it will be undetstood that refererice in the following to a peptide
analogue of the invention (e.g., the compounds listed in any one of Tables 5-15, for
example compounds 1,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14,15, 16, 17, 18, 19,20, 21,
22,23,24, 25, 26, 27,28,29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40,41, 42,43, 44, 45,
46,47,48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 65, 66, 67, 68, 69, 70, 71, 73, 74,
75,76,78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
100, 101,102, 103, 105, 106, 107, 108, 109, 110, 111, 112, 113, 114, 115,117, 118, 119,
120, 121, 122, 123, 124, 125, 126, 127, 128, 129, 130, 131, 132, 133, 134, 135, 136, 137,
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139, 140, 141, 142, 143, 144, 145, 146, 147, 148, 149, 150, 151, 152, 153, 154, 155, (56,
157,158, 159, 160, 161, 162,163, 164, 165, 166, 167, 168, 169, 170, 171, 172,173, 176,
177,178, 179, 180,.181, 182, 183, 184, 185, 186, 187, 188, 189, 190, 191, 192, 193, 194,
195, 196, 197, 198, 199,200, 201, 202, 203, 204, 205, 206, 207,208,209, 210,211, 212,

213,214, 215, 216, 217,218, 219, 220, 221, 222, 223, 224, 225, 226,227,228, 229, 230,

231,232,233, 234, 235,236,237, 238, 239, 240, 241, 242, 243, 244,245, 246,247, 248,

249,250, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 264, 265, 266,

267,268,269,270, 271,272, 273,274, 275, 276, 277, 278, 279, 280, 281, 282, 283, 284
285, 286, 287, 288, 289,290, 291, 293, 297, 298, 299, 300, 301, 302, 303, 304, 305, 306,
307, 308, 309,.310, 355, 356, 357, 358, 359, 360, 361 or dimers thercof, e.g., any one of
the peptide dimers disclosed in Tables.12-15, for examplc compounds 311-353 also
extenids to a pharmaceutically acceptable salt or solvate thereof, as well as-to a composition
comptising more than one different peptide, peptide analogue, or peptide dimer of the
invention.

In certain embodiments, a peptide analogue or a peptide dinier of the invention may
have some benefit if administered in combination with an iron chelator, such as

Deferoxamine and Deferasirox (Exjade ™

EXAMPLES
The following examples demonstrate certain spec_iﬁc embodiments of the present
invention. The following ‘examples were carried out using standard techniques that are
well known and routine to those of skill ini the att, except where otherwise described in
detail. Tt is to be understood that these examples are for illustrative purposes only and do
not purport to be wholly definitive as to conditions or scope of the invention. As such,

they should not be construed in any way as limiting the scope of the present invention.

ABBREVIATIONS:
DCM:  dichloromicthane
DMF:  N,N-dimethylforinamide
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HBTU:
HATU:

DCC:
NHS:
DIPEA;
EtOH:
Et20:
Hy:

TFA:

TIS:
ACN:
HPLC:
ESI-MS:
PBS:
Bogc:
Fmoc:

Acm:

IVA:

K( ):

Palm:

N-methylpyrolidone

O-(Benzotriazol-1-y1)-N,N,N' N'-tetramethyluronium hexafluorophosphate
2-(7-aza-1H-benzotriazole-1-yD)-1,1,3,3-tetramethyluronium
hexafluorophosphate

Dicyclohexylcarbodiimide

N-hydoxysuccinimide

diisopropylethylamine

¢éthanol

diethyl ether

hydrogen

trifluoroacetic acid

triisopropylsilane

acetonitrile

high performance liquid chromatography

electron spray ionization mass spectrometry
phosphate-buffered saline

t-butoxycarbonyl

Fluorenylmethyloxycarbonyl

acetamidomethyl

Isovaleric acid (or Isovaleryl)

1In the peptide sequences provided herein, wherein a-compound of chemical

group is presented in parentheses directly after a Lysine residue, it is to be
undetstood that the compound or chiemical group in the parentheses is a side:
chain conjugated to the Lysine residue. So, e.g., but not to be limited in any

way, K(PEGS) indicates that a PEG8 moiety is conjugated to a sidé ¢hain of this

Lysine. Fora few non-limiting examples of such a conjugated Lysines, please

sce, e.g., compounds 54 and 90.

TIndicates conjugation of a palmitic acid (palmitoyl).
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As used herejn “C()” refers to a cysteine residue involved in a particular disulfide
bridge. For example, in Hepeidin, there are four disulfide bridges; the first between the
two C(l) residugs; the'second between the two C(2) residues; the third between the two
C(3) residues; and the fourth between the two C(4) residues. Accordingly, in some
embodiments, the sequence for Hepcidin is written as follows:
Hy-DTHEPIC(DIFC(2)C(3)GC(2)C(4)HRSKC(3)GMC(4)C(1)KT-OH (SEQ ID N0:335);

and the sequence for other peptides may also optionally' be written in the same manner..

The following examples are provided to illustrate certain embodiments of the

invention and are not.intended 16 limit the scope of the invention.

EXAMPLE 1

SYNTHESIS OF. COMPOUNDS.

Unless otherwise specified, reagents and solvents employed in the following were
available commercially in standard laboratory reagent or analytical grade, and were. used
without further purification.

Procedure for solid-phase synthesis of pepiides

Tllustrative compounds of the invention (e.g., Compound No. 2) were chemically
synthesized using optimized 9-fluorenylmethoxy carbony! (Fmoc) solid phase peptide
synthesis protocols. For C-terminal amides, rink-amide resin was used, although wang and
trityl resins were also used to produce C-terminal acids. The side chain protecting groups
were as follows: Glu, Thr and Tyr: O-tButyl; Trp and Lys: t-Boc (t-butyloxycarbonyl);
Arg: N-gamma-2,2 4,6,7-pentamethyldihydrobenzofuran-5-sulfonyl; His, Gln, Asn, Cys:
Trityl. Forselective disulfide bridge formation, Acm (acetamidomethyl) was also used as-a.
Cys protecting group. For coupling, a four to ten-fold excess of a solution containing
Fmoc amino acid, HBTU and DIPEA (1:1:1.1) in DMF was added to swelled resin

[HBTU: O-(Benzotriazol-1-y1)<N,N,N’ N'-tetramethylurcnium hexafluorophosphate;

DIPEA: diisopropylethylamine; DMF: dimethylformamide]. HATU(O-(7-
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az'abenzotl‘iazol'-ll—‘yl)-l,,l,3,3,-tctrame_thy1uronium hexafluorophosphate) was used instead
of HBTU to improve coupling efficiency in difficult regions. Fmoc protecting group
removal was achieved by treatment with a DMF, piperidine (2:1) solution.
Prrocedure for cleavage of peptides off resin

Side chain deprotection and cleavage of the peptides of the invention (e.g.,
Compound No. 2) was achieved by stirring dry resin in a solution containing trifluoroacetic
acid, water, ethanedithiol and trizisopropylsilane (90:5:2.5:2:5) for 2 to 4 hours. Following
TFA remaoval, peptide was precipitated using ice-cold diethyl ether. Theé solution was
centrifiged and the ether was decanted, followed by a sccond dicthyl éther-wash. The.
peptide was-dissolved in an acetonitrile, water solution (1:1) containing 0.1% TFA
(trifluoroacetic acid) and the resulting solution was filtered. The linear peptide quality was
assessed using electrospray ionisation mass spectrometry (BSI-MS).
Procedure for purification of Peptides

Purification of the peptides of the invention. (e.g., Compound No. 2) was achigved

using reverse-phase high performance liquid chromatography (RP-HPLC). Analysis was.

performed using a C18 column (3um, 50 x 2mm) with a flow tate of 1 mL/min.

Purification of the linear peptides was achieved using preparative RP-HPLC with a C18

column (51im, 250 x 21.2 mm) with a flow tate of 20 mL/min. Separation was achieved

usiiig linear gradients of buffer B in A (Buffer A: Aqueous 0.05% TFA; Buffer B: 0.043%
TFA, 90% acetonitrilé in water).

Procedure for oxidation of peptides

Method A (Single disulfide oxidation). Oxidation of the unprotected peptides of

the invention (¢.g., Corpound No. 2) was achieved by adding drop-wise iodine in MeOH
(1 mg per 1 mL) to the peptide in a solution (ACN: H,0, 7: 3, 0.5% TFA). After stirring
for 2 min, ascorbic acid portion wise was added until the solution was clear and the sample
was iminediately loaded onto the HPLC for purification.

Method B (Selective oxidation of two disulfides). When more than one

disulfide was present (c.g., Compound 30), selective oxidation was often performed.

Oxidation of the free cysteines was achieved at pH 7.6 NH4CO; solution at 1mg /10 mL
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of peptide. After24 h stirring and prior to purification the solution was acidified to.pH 3
with TEA followed by lyopﬁﬂizat‘iOn. The resulting single oxidized peptides (with ACM
protected cysteines) wete then oxidized / selective deprotection.using iodine solution,
The peptide (1 mg per 2 mL) was dissolved in. MeOH/H,0, 80:20 iodine dissolved in the
reaction solvent was added to-the reaction (final concentration: 5 mg/ml) at room
temperature. The solution was stirred for 7 minutes beforé ascorbic acid was added
portion wise until the solution is clear. The solution was then loaded directly onto the
HPLC.

Method C (Native oxidation). When more than one disulfide was present-and

when not performing sclective oxidations, native oxidation was performed (e.g., this
method was used for Compound 19). Native oxidation was achieved with 100 mM
NH4CO3 (pH7.4) solution in the prescnce of oxidized and reduced glutathione
{peptide/GSH/GSSG; 1:100:10 molat ratio) of (peptide: GSSG:GSH, 1:10, 100). After
24 h stirring and prior to RP-HPLC purification the solution was acidified to pH 3 with
TFA followed by lyophilization.

Procedure of Cysteine oxidation to produce dimers. Oxidation of the
unprotected peptides of the invention (e.g., Compound No. 1) was achicved by adding
drop-wise iodine in M&OH (1 mig per 1 mL) to the peptide in asolution (ACN: H20, 7: 3,
0.5% TFA). After stirring for 2 min, ascorbic acid portion wise was added until the
solution was clear and the sample was immediately loaded onto the HPLC for purification.

Procedure for Dimerization. Glyxoylic acid, IDA, or Fmoc-B-Ala-IDA was pte-

activated as the N-hydoxysuceinimide ester by treating the acid (1 equiv) with 2.2 eq of
both N-hydoxysuccinimide (NHS) and dicyclohexyl carbodiimide (DCC).in NMP (N-
methyl pyrolidone) at a 0.1 M final concentration. For the PEG13 and PEG25 linkers, these
chemical entities were purchased pre-formed as the activated succinimide ester. The
activated ester ~ .4 eq was added slowly to the peptide in NMP (1mg/mL) portionwise.
The solution was left stirring for 10 min before 2-3 additional aliquots of the linker ~0.05
eq were slowly-added. The solution was left stirring for a further 3 h before the solvent

was removed under vaccuo and the residue was purified by reverse phase HPLC. An
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additional step of stirring the peptide in 20% piperiding in DMF (2 x 10 min) before an
additional reverse phase HIPLC purification was performed.
One-of skill in the-art will app'reciatc that standard methods of peptide syrithesis

may be used to generate the compounds of the invention,

EXAMPLE 2

ACTIVITY ASSAYS METHODOLOGY,

The designed peptides wete tested in vitro for induction of degradation of the
human ferroportin protein.

The ¢<DNA encoding the human ferroportin (SLC40A1) was cloned from a ¢cDNA.
clone from Origene.(NM_014585). The DNA encoding the ferroportin was amplified by
PCR using primers also encoding terminal restriction sites for subcloning, but without the
termination codon. The ferroportin receptor was subcloned irto & mammalian GFP

expression vector contdining a neomyecin (G418) resistance market in such that the reading

frame of the ferroportin was fused in frame with the GFP protein. The fidelity of the DNA

encoding the protein was confirmed by DNA sequencing. HEK293 cells were used for

transfection of the ferroportin-GFP receptor-eéxpression plasniid. The cells were grown
according to standard protocol in growth medivm and transfected with the plasmids using
Lipofectamine (manufacturer’s protocol, Invitrogen). The cells stably expressin_gf
ferroportin-GFP were selected using G418 in the growth medium (in that only cells that
have taken up and incorporated the cDNA expression plasmid survive) and sorted several

times on a Cytomation MoFlo ™ cell sotter to obtain the GEP-positive cells (48 8nm/530

nm). The cells were propagated and frozen in aliguots.

To determing compound activity on the human ferroportin, the cells were incubated

ini 96 well plates in standard media, without phenol red. Compound was added to desired

final concentration for at least 18 hours in the incubator. Following incubation, the

remaining GFP-fluorescence wis.determined either by whole cell GFP fluorescence

(Envision plate reader, 485 / 535 filter pair), or by Beckman Coulter Quanta ™ flow

20



cytometer (express as Geometric mean of fluorescence intensity at 485nm/525nm).
Compound was added to desired final concentration for at least 18 hours buf no more than
24 hours in the incubator.

Reference compounds ingluded native Hepeidin, Mini-Hepeidin, and R1-Mini-

5 Hepcidin, which is an analog ef miini-hepeidin: The “RI™in RI-.Mir:i—Hepci_din refers to
Retro Inverse. A retro inverse peptide is 2 peptide with axeversed sequence in all D amino
acids. An example is that Hy-Glu-Thr-His-NH2 becomes Hy-DHis-DThr=Dglu-NF2. The
EC50 of these reference compounds for ferroportin-degradation was determined according
to the activity assay described above. These peptides served as.control standards for many

10 of the subsequence studies.

Table 4: Reference com pounds

Hepeidin | Hy- o _ 335 169
| DTHFPIC(1)FC(2)C(3)GC(2)C(4)HRSK
C(3)GMCHC(1)KT-OH

Mini- Hy-DTHFPICIF-NH, 336 712
Hejpicidin

1-9

RIMini | Hy-DPhe-Dlie-DCys-DIie-DPro-DPhe- 337 >10 pM

Hepcidin | DHis-DThr-DAsp-NH;

To determine whether a given peptide modifies the internalization and degradation
of endogenous ferroportin, the protein levels and celtular distribution of ferroportin in
hepatocytes and macrophages treated with the peptide may be assayed using Western

15 blotting, immunohistochemistry and fetroportin antibodies known in the art;
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EXAMPLE 3
CYSTEINE REPLACEMENT SCAN OF MINI-HEPCIDIN

Previous studies indicate that the N-terminal segment of Hep25 is important for its
hepeidin activity and is likely to form the interface with ferroportin. Furthermore, it was

thought that Cys in-the 7% position is critical for activity. Disulfide bonds can act by

structural, catalytic or by functional means. It is postulated that Hepcidin binds to

Ferroportin through a disulphide linkage which subsequently internalizes the receptor. A
closer inspection of hepcidin reveled that therc are 4 disulfides present and that, any one of
these cysteine might be responsible for binding to ferroportin. As such, the free thiol of
ferroportin possesses a “functional, allosteric bond™ equivalent. In order to more
thoroughly understand the structure activity relationship with respect to the position of the
cysteines within Hepcidin, we performed a cysteiné scan up to the 15® residue of a mini-
hepeidin peptide and we analyzed the peptides. for their ability to exhibit hepeidin dctivity,
Peptides were synthesized using the methods described in Example 1, and their potency for
ferroportin degradation was tested as described in Example 2. Results of this study are
shown in Table 5, with potency indicated by ECS50 values.

Table 5. Cysteine replacement scan of Mini-Hepcidin derivatives.

269 292 DTHFPIATFAAGICI-NHy Not active
7370 - 293 DTHFPIAIFARICI~NH, Not active
271 294 DTHFPIAIFAICI-NH, Not active
272 265 DTHFPIATFICI~NH; ‘Not active
273 296 DTH_Fé IAT Iig_i —-NH, Not active
274. 297 DTHEPIATCI-NHj | Not active
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275 298 DTHEPIICI-NH; Not active
MiniHepeidint 336 ay-DTHFPICIF-NI 7120M
1 28 DTHFPCIIF-NH; 133 nM.

276 299 DTHICIAIF-NH, Not acﬁVe

271 300 DTHCPTATF-NHy No’t- active

Inactive = Not active at 30 M and / or lowest dose

Altering the position of the-cysteine ablated activity for most of the peptides that
were tested; however these data surprisingly demonstrated that Compound 1 is active
despite having-a Cysteine at the 6™ position. Figure 1 shows a comparison of the. dose
response curves for Compound 1, as compared to Hepeidin, and the Mini-Hepcidin control,

These data clearly demonstrate that Compound 1 has similar in-vitro potency as Hepeidin,

EXAMPLE 4
ALA SCANS Or COMPOUND 1 IDENTIFIED IN CYSTEINE SCAN

To validate the tesults from Example 3, -an Ala scan was. performed on Compound
1. Peptides were synthesized as described in Example 1, and they were tested for activity

as described in Example 2. The results of this study are shown in Table 6. By.comparing

20  this result with known structure activity relationships with hepeidin and other mini-

hepeidin analogs; we have increased potency. Moreover; these data clearly demonstrate
the importance of several residues for activity. Conversly, these date also identify a
rumbet of residues that can be modified without ablating activity..

Table 6:: Alanine scan of Compound 1

r 1 28 DTHFPCITF-NH, 133 aM
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10

278 301 DTHEPCII;A‘.-Nﬂz | >1 uM
51 78 DTEFPCIAF-NH; 382nM
279 302 DTHFPGATF-NH, >1 uM:
236 | 303 | DTHFACTIF-NH» >1 uM
282 | 305 DTHAPCIIF-NH, | Not sctive
283 306 | DTAFPCIIF-NH; 739 nM
52 79 DAHFPCILF-NH; 388 1M
284 307 ATHFPCITF-NH, >1 uM
281 304 E}TIIZ{F_ [ (D) -BlA]-CILF- Notactive

EXAMPLE 5

ANALYSIS OF PEPTIDE ACTIVITIES IN VITRO

Based in part on the structure activity relationships (SAR) determined from the
results of the experiments described in Examples 3 and 4, a variety of Hepeidin-like
peptides of the present invention were synthesized using the method described in Example
1, and in vitro activity was tested as described in Example 2. Reference compounds
(shown in Table;4) included native Hepeidin, Mini-Hepeidin, and R1-Mini-Hepcidin.

ECS50 values of the peptides-are shown in summary Table 7.

Table 7. In vitro activity of Hepcidin analog peptides

1 28 Hy-DTHFPCITF-NH; 133

2 29 Isovaleric acid-DTHFPICIFGPRSKGWVC-NH, 5
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3 30. Isovaleric acid-DTHFPCIIFGPRSRGWVCK-NH; 15
4 31 Isovaleric acid-DTHFPCIFGPRSKGWVYC-NH, 19
5 32 [Ida]-Tﬁf[Dpa]-[throj-IcmGPRsKGwch-NHz i7
b 33 I[sovaleric aéiti—.‘DIHFPCIFF GP RSKG‘V\WVCK-'I\-IH2 23
7 | 34 Isovaleric acid-DTHFPCITFGPRSKGWTCK-NH, 24
8 35 [Ida]-TH- [Dpa]-[bh‘—Pro]r—CIIFGP,RS-RGWVCK-NHZ 29
9 | 36 Isovaleric acid-DTHFPCIKFGPRSKGWVCK-NH, 32
10 37 Isovaleric acid-DTHFPCIQFGPRSKGWYVCK-NH, 35
i1 38 Isovaleric acid-DTHFPCIFGPRSKGWVCK-NH, 9
12 | 39 Hy-DTHFPIC IFVC,GHRSIC,YRRC R-NH, 77
i3 | 40 Tsobutyric acid-DTHFPI(:ﬂVCZHRs_KGc;YRRclR-NHZ 63
4| 4 Hy-DTHEPIC,IFVC,HRSKGC, YRAC,-NH, 69
15 42 Isovaleric acid-DTHFPCIEFGPRSKGWVCK-NH, 79
6| 43 Hy-DTHFPICIFGPRAKGWVCM-NH, 88
17 | 44 Tsobutyric acid-DTHFPIC;IFVCHRSKGC; YRRC R-NH;, 93
18 | 45 Hy-DTHFPICIFGPRSKGWVCM-NH, 125
19 46 Hy;D.THFPICIIFVCZHRS_KGGQYRRC_IR—NHZ. 140
2 | 47 Hy-DTHFPICIFGPRSRGWVCK-NH, 101
71 48 Hy-DTHFPCIFGPRSKGW VCM-NH, 46
22 49 Hy-DTHFPICIFAPRSKGWVCM-NH, 9430
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23

Hy-DTHFPIC{IFVC,GHRSKGC,YMRC/KT-NH;

50 Hy-DTHFPICIEGPRSKGWVCM:-0H 131

24 | 51 ‘Hy-DTHFPCIQF-NH; 138
25 | 52 Hy-DTHFPIC,IFVC;GHRSKGC,;YRRC,R-NH, 144
26 | 53 Hy-DTHFAICIFGPRSKGWVCM-NH; 147
27 | 54 Hy-DTHFPICIFGPHRSKGWVCM-NH, 149
28 | 55 Hy-DTHFPICIFGPRAKGWVCM-NH; 88
29 | 56 Hy-DTHFMCIFGERSKGW\?CM—_NPLZ 157
30§ 57 Hy-DTHFPC, IIFVC;HRPK GC, YRRVC R-NH, 173
31 | 58 Hy-DTHEPICIFGPRSKAWVCM-NH, 175
32 59 Hy-DTHFPIC,IFVC,GHRGK GC,YRRC{R-NH; 182
33 | 60 Hy-ATHFPICIFGPRSKGWVCM-NH; 184
34 51 Hy-DTHFPICIFGPASKGWVCM-NH, 206
| 35 62 Hy-DTHFPIC IFVC,HRSKGC, YARC,-NH, 214
-36 63 Ac;_DTHFPICIFGPRSKGWVCM—_NHZ 239
37| o4 Hy-DTHFPICIFGPRSAGWYVCM-NH, 239
38 | 65 Hy—DTHAE[CIFGPRSKGWVCM-’-NHZ 254
39 | 66 Hy-DTHFPIC,IFVC,HRSKGC; YRRC,-NH; 256
40 | 67 pGlu-THFPIC,IFVC,HRSKGC, YRRC;R-NH, 260
41 68 Ac-DTHFPICIFKPRSKGWVCM-NH, 262
421 6 265




Hy-DTHFPICIFGPRSKGAVCM-NH;

43 1 70 Hy-DAHFPICIFGPRSKGWVCM-NH, 265
4 1 71 Hy-DTHFPICIFVC,;YRGIC;YRRCR-NH; 269
45 72 Ac-DTHFPICIFGPRSKGWVCM-NH, 272
a6 | 73 Hy-[bhAsp]-THFPICIFGPRSKGWVC-NIH, 274
47 74 Hy-DTHFPICIFGPRSKGWACM-NH; 313
i | s _.[Ida]:TH—[D_pa]-’[thro]-R(IJ\]FIEI—[._thhe]—GPRSKGWVCM— 381
49 | 76 Hy-DTHFPCIRF-NHy 334
50 77 I;sovalé:ic a’cid-fHFPCﬁ-ﬁFGPRSK.GWVCM—'NHZ 345
st | 78 Hy-DTHFPCIAF-NH, 382
s2 | 79 Hy-DAHFPCIIF-NH, 388
53 80 Hy-DTHFPIC, IFVC,HRPKGC3;YRRC, P-NH2 393
54 | 81 Ac-DTHFPICIFKPRS-K(PEGS)-GWVCM-NH, 479
55 82 Hy-DTHFPCIIFK-NH; 419
56 | 83 Hy-DTHFPCIFF-NH; '441'
57 84 Hy—DTI-IFPICIFG_PRSK,—K(PEGS)-WVCM.-NHz 462
58 | 85 AG-DTHFPICIFGPRSKKWVCM-NHZ. 472
59| 86 Hy-DTHEPIC, IFC,PWGMC,C K-NH2 495
60 | 87 Hy-DTAFPICIFGPRSKGWVCM:NH, 498
65 88 Hy-DTHFPIC,IFVC,; YRGIC, YMRC,KT-NH, 763
| 66 89 520
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67

20 Hy-DTHFPICIAGPRSKGWVCM-NH, 2466
68 | 91 Hy-DTHFPICAFGPRSKGWVCM-NH, >10 pM
69 | 92 Hy-DTHFPIAIFGPRSKGWVAM-NH, Inactive
70 | 93 Hy-DTHFPCRRFGPRSKGWVC-NH; Inactive.
71 | 94 [Ida]-THF-[bh-Pro}-CRR-[bh-Phe]-GPRSKGWVC-NH, N/A
73 96 Hy-DTHFPC IIFVC,HRSKGC,Y WAVC,-NH, 2640
74 97 Hy¢DTHFP-(D_)Cy51~HFVC;H{§SKGﬂCzYWAV-.®}Cysx- 356

F-NH>

75 98 Hy-DTHFPC{IIFVC;HRSK GC, YWAVC, FW-NH, | Not Tested
76 | 99 Ac-DTHFPICIF-K(PEGE)-PRSKGWVCM-NH, 610
78 | 101 Hy-DTH-[Dpal-PCIIFGPRSRGWYCK-NHy >1yuM
79 | 102 Hy-DTHF-‘[bh-Pm]-CIIFGERsRGwV‘cK-Nm > 1 pM
80 | 103 H}DTHFPC_[[FGPRSRG‘.VRCK—NHQ >1 M
g1 | 104 Hy-DTHFPCIRFGPRSRGWVCK-NH; >1 M
82 | 105 _Hy+DTHFPCtRFGPRS‘RGWRCK-—NH; >1uM
83 | 106 Hy-DTHFPCIFGPRSRGWVCK-NH;, >1uM
84 | 107 Hy-DTHFPCIIFGPRSRGVCK-NH; >1uM
85 | 108 Hy-DTHFPCFY FGPRSKGWVCK-NH;, 705
86 | 109 Hy-DTHFPCIIFGPRSKGWVCK-NH; >1 M
87 | 110 Hy-DTHFPCIIFGPRARGWVCK-NH, >1uM
88 111 Octenoic acid-DTHFPCHFGPRSRGWVYCK-NH> > 1 M
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Isobutyric a¢id-PEG11-DTHFPCIIFGPRSRGWVCK-NH;

go | 112 Palm-PEG11-DTHFPCIFGPRSRGWVCK NH; >1 M
9 | 113 Ac-DTHFPICIF-K(2K PEG)-PRSKGWVCK-NH, 107

91 | 114 Hy-DTHFPCIIFGPRSKGWKCK-NH, “Naot Tested
92 | 115 Hy-DTHEPCIKFGPRSKGWKCK-NH; Not Tested
93 | 116 Isovaleric a"c'id-DTHFPCLIFGPRSKGWVCK‘—NHZ 19

94 | 117 Isovaleric acid-DTHFPCVIF GPRSKGWVCK-NH, 41

95 | 118 Isovaleric acid-DTHFPCSIFGPRSKGWVCK-NH, 78

9% | 119 Tsovaleric acid-DTHFPCQIFGPRSKGWVCK-NH, 157
97 | 120 Hy-THFPCIIFGPR;-S_KGWVCK—NﬁZ | Inactive
98 | 121 Isovaleric acid-THFPCITFGPRSKGWVCK-NH, . Inactive
99 | 122 Hy-HFPCIIFGPRSKGWV.CK-NH, Inactive
100 | 123 Isovaleric acid-HFPCOFGPRSKGWVCK-NHs, Inactive
101 | 124 Hy-DTHFPCISFGPRSKGWVCK-NH; >1uM
w2 | 12s Hy-DTHFPCIKFGPRSKGWVCK-NH, > 1 uM
103 ] 126 ‘Hy-EDTHF.BCI[FGPESKGWVCK-NHZ >1uM
105 | 128 Isovaleric: a.cicl—'DTHFPICHFE.,P.RS_K_'Gf'IV\fCI_{-'l'\]H,{1 10
106 | 129 Isovaleric acid-DTHFPCHFSPRSKGWVCK-NH; 44
107 | 130 Isovaleric acid-DTHFSCIFGPRSKGWVCK-NI; 50
108 | 13 Octanoic acid-PEG11-DTHFPCIIFGPRSRGWVCK-NH, >1uM
109 | 132 >1puM
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1o | 133 [1da]-THFPCIFGPRSRGWVCK-NH, >300 oM
111 | 134 Isovaleric acid-DTHFPCIIEGPKSKGWVCK-NH;, 12
2 | 133 Isovaleric-acid-DTHEPCIKFGPKSKGWVCK-NH, 15
113 13 5. Isovalericacid-DTHFPCITFGPRSKGWCK-NH, i5
114 | 137 Tsovaleric aci(d—D'j-‘}IFI"CIIF.VG;'}E‘RSKGVV(;:-1\IH_'2 | 18
115 | 138 Tsovaletic acid-DTHFPCIIFGPRSKGCK-NH, 21
117 | 140 Isqvaleﬁg,acid-DTH FPC-[Dapa]-IFGPRSKGWDCK-NH, 65
118 " 141 Isovaleri¢ aé’id—DTHF PCI-[Dapa]-FGPRSKGWDCK-NH; 17
119 | 142 | Tsovaleric acid-DTHFPC-[Dapal-IFGPRSKGWECK-NH, 151
120 | 143 Tsovaleric acid-DTHEPCI-[Dapa]-FGPRSKGWECK-NH, i5

' 121 | 144 Tsovaleric acid-DTHFP QIKFGPRSK'GWECK_-NEZ 14
122 145. Isovaleric acid-DTHEGCIIFGPRSK GWVCK-NH, 57
123 ] 146 Hy-DTHFGCNFGPRSKGWVCK-NH, | Inactive
124 | 147 Isovaleric ac‘i'd—DTHFRCLEFGPRSKGWVCK—_I.\TH;_ 106
1251 148 Hy-DTHFRCUFGPRSKG WVCK-’NE Inactive
126 1 149 Isovaleric acid~DTHE-[Sarc]-CLIF GPRSKG'WVCK -NH; 31
127 | 150 :Hy-D’i'HF-[SdIC] -CIIFGPRSKGWVCK-NH, Inactive
128 .1=5i Tsovaleric aciﬁeDTHF-[B-Ala] -CIIFGPRSKGWVCK-NT; 264
129 | 152 | Hy-DTHE-[B-Ala]-CITFGPRSKGWVCK-NH, Inactive
130 | 153 Isovaleric acid -DTHFK’CIIFGPRSKGWVCK‘-’NH; 150
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131

Hy-DTHFK CIIFGPRSKGWVCK-NH;

154 Inactive
132 | 155 Hy-THFPCIIFGPRSKGW VCM-NH, >1 uM
133 | 156 Hy-HFPCIIFGPRSKGWVCM-NH; >1 uM
1| 157 Isovaletic acid-HFPCIIFGPRSKGW VCM-NH, 51 pM
135 | 158 Hy-DTHFPCISFGPRSKGWVCM-NH, 545
136 | 159 Hy-DTHFPCIKFGPRSKGWVCM-NH, 669
137 | 160 Hy-EDTHFPCIIFGPRSKGWVCM-NH, 873
139 | 162 Hy-DTHFPCOFEPRSKGWVCM-NH, N/A
140 | 163 Isovaleric acid-DTHFK CIEFGPRSKGWVCK-NH, 21 uM
141 | 164 Isovaleric acid-DTHFPCIIFGPRSKGWACK-NH; 11
142 | 165 Isovaleric acid-DTHFPCIFEPRSKGWVCK-NH, 9
143 | 166 Tsovalericacid-DTHFPCIIFGPRSKGWVCKEKKINH, 24
144 | 167 Isovaleric acid-DTHFPCOFEPRSKGWVCKKKK NH; 15
1451 168 Isovaleric acid-DTHFPCIIFGPRSKGWVCKK-NH, 9
146 | 169 Isovaleric acid-DTAFPCIFGPRSKGWVCK-NH; 24
147 | 170 Isovaleric acid-DTKFPCUFGPRSKGWVCK-NH, 20
148 171 Isovaleric acid-DTHFPC,IIFVCHRPKGC,YRRVC;R- 29
NH,
o | 172 Isovaleric acid-DTHFPCI-K(PEGS)-FGPRSKGWVCK- g
) . NH
' Isovaleric acid-DTHFPCIKF-K(PEGS)-PRSKGWVCK-
150 | 173 , ' 7
NH; .
‘ _ Isovaletic acid-DTHFPCIKFGP-K(PEGS)-SKGWVCK-~
151 ] 174 Nt 13
.4
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Isovaleric acid-DTHFPCIKEGPRS-K(PEGS)-GWVCK-

Isovaleric:acid-DTHFPCIF GPRSKGWKCK-NH;

1521 17 16
521 175 NH, i6
. . Isovaleric acid-DTHFPCIKFGPRSKGWVC-K(PEGS)- .
153 | 176 : 18
NH,
1541 177 Isovaleric acid-DTHFPCIK FGPRSKGWTCK-NH, 18
155 | 178 Isovaleric acid-DTHFPCIEFGPRSKGWTCK-NH;, 38
156 | 179 Isovaleric acid-DTHFPICIFGPRS-K(Betaine)-GWVC- Not Tested
NH,
157 | 180 Tsovaleric amd-‘DTHFPCII{FGPRS‘-K(Bet’ame)—GWVCK— I8
NH, ,
1ss | 181 Isovaleric acid-DTHFPCI-K(Betaine)-FGPRSKGWVCK- 16
_ NH;
50| 182 Tsovaleric-acid-DTHFPGIKFGPRSKGWVC-K(Betaine)- 7
, N
160 | 183 Ac-DTHFPCIKFGPRSKGWVCK-NH,. 464
161 | 184 Isovaléric acid-PEG3-DTHFPCTKFGPRSKGWVCK-NH, 666
162 | 185 Isobutyric acid-DTHFPCIKFGPRSK GWVCK-NH, 41
163 | 186 Valeric acid-DTHFPCIKFGPRSKGWVCK-NH; 64
164 | 187 Hy-VDTHFPCIKFGPRSKGWVCK-NH, 146
165 | 188 Hy-LDTHFPCIKFGPRSKGWVCK-NH, 107
166 | 189 Hexanoic acid-DTHFPCIKFGPRSKGWVCK-NH; 36
67 1 100 5-Méthylpentanoic acid-‘]_)T_HFPCIKFGPRSKGWVCK— 99
NHy
168 | 191 Cyclohgxanoic acid-DTHFPCIKFGPRSKGWYCK-NH; 30
169 | 192 | Heptanoic acid-DTHFPCIK FGPRSKGWVCK-NH, 91
170 | 193 Octanoic acid-DTHFPCIKFGPRSKGWVCK-NH, 183
171 | 194

48
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172 | 195 Isovaleric acid-DTHFPCIIFGPRSK GWECK-NH; 15
173 | 196 Tsovaleric acid-DTHFPCRRFGPRSKGWVCK-NI, Not Tested
176 | 199 Isovaleric acid-DTHFPICIFGPRS-K/(PEG8)-GWVC-NH; 6
177 | 200 Isovaleric acid-DTHFPICIFGPRS-K(PEG4)-GWVC-NH, 6
- - Isovaleric acid-DTHFPCIIFGPRSRGWVC-K(PEGS)- _
178 | 201 3
NH,
17 | 202 Tsovaleric aCi_d-DT.HFPCHFGPRSR_GWVC-K(PEG‘L’,)- 4
_ NH; _
10 | 203 Tsovaleric .a'CId,-DTHFP,C“IIF._GPRSRGWVC-K(PEG@- 9
NH,

i81 | 204 Tsovaleric acid-DTHFPCTKFEPRSKGWVCK-NH2 15.
182 | 205 Tsovaleric acid-DTHFPCIKFEPRSKGWTCK-NH; 13
183 | 206 Tsovaleric acid-DTHFPCIKFEPRSKGWCK-NH,. 17
184 | 207 Tsovaleric acid-DTHFPCIK FEPRSKGCK-NH, 23
185 | 208 Isovaleric acid-DTHFPCIFEPRSK GCK-NI, 54
186:| 209 Tsovaleric acid-DTHFPCIFEPRSKGWCK-NH, i2
187 | 210 Isovaleric acid-DTHFPCIKFGPRSKCK-NH, 21
188 | 211 Isovaléric acid-DTHFPCIKFGPRSCK-NH, 30
189 1 212 Isovaleric acid-DTHFPCIKFGPRCK-NH; 36
190 | 213 Tsovaleric acid-DTHFPCIKFGPCK-NH, 55
191 | 214 Tsovaleric acid-DTHFPCIKFGCK-NH, 97
192 | 215 Tsovateric acid-DTHFPCIKFCK-NH, 48
193 | 216 Isovaleric acid-DTHFPCIKFC-NH; 80
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Isovaleric-acid-DTHEPCI-K(Palm)-FGPRSKGWVCK-

213

236

194 | 217
__ 217 “ N 4
1 . Tsovaleric acid-DTHFPCIKF-K{Palm)-PRSKGWVCK-
195 | 218 NE 9
. ] )
196 | 219 Isovaleric dcid-DTHEP CIIl_\{TFHGP—.K(P.aIm_)—SKGWV_CK— 9
N B Isovaleric acid-DTHFPCIKFGPRS-K(Palm)-GWVCK:
197 220 ~NH 1
) 2
108 | 291 Tsovaléric-acid-DTHFPCIKFGPRSKGWVC-K(Palm)- 7
NH,
190 1 22 Isovaleéric agid-DTHFPCI-K(PEG3-Palm)+ .
' ~ FGPRSKGWVCK-NH,
_ - Isovaleric acid-DTHFPCIKF-K(PEG3-Palm)- _
200 § 23 PRSKGWVCK-NH, 6
sot | o Isovaleric acid-DTHFPCIKFGP-K(PEG3-Palm)- 4
SKGWVCK-NH,
o0 | 205 Isovaleric acid-DTHFPCIKFGPRS-K(PEG3-Palm)- 3
' GWVCK-NH, '
203 | 226 Tsovaleric acld--DTHFPCI_KfGPRSKGWVC-K(PEG}- A
Palm)-NH,
204 | 27 Hy:DTHFPCI-K(IVA)-FGPRSKGWVCK-NH; >300 oM
} 205 | 228 Hy-DTHFPCIKF-K(IV.A)-PRSKGWVCK-NH; >300 nM
206 | 229 Hy-DTHFPCIKEGP-K(IVA)-SKGWVCK-NH; 624
207 | 230 Hy-DTHFPCIKFGPRS-K(IVA)-GWVCK-NH, 318
208 | 231 Hy-DTHFPCIKFGPRSKGWVCK(IVA)-NH;y 109
200 | 232 Hy-DTHFPCI-K(PEG3-IVA)-FGPRSKGWVCK-NH, 342
210 f 233 Hy-DTHFPGIKF-K(PEG3-IVA)-PRSKGWVCK-NH,, 457
211 | 234 Hy-DTHFPCIKFGP-K(PEG3-IVA)-SKGWVCK-NH, >300 nM
212 | 235 Hy-DTHFPCIKFGPRS-K(PEG3-IVA)-GWVCK-NH, >300 nM
Hy:DTHFPCIKFGPRSKGWV.C-K(PEG3-IVA)-NH, 233
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214 | 237 Isovaleric acid-DTHFPCIKFEPRSKKWVCK-NH; 15

215 | 238 Hy-DTHFPCIKFGPRSKGWVCK-NH, >1uM

216 | 239 Palm-DTHFPCIKFGPRSKGWVCK-NH, =1 pM

217 | 240 Palm-PEG3-DTHFPCIKFGPRSKGWYCK-NH, >1 pM

g | 241 Tsovaleric acid-DTHFPCI-K(isoglu-Palm)-FEPRSK GCK- 10
NH;

. : Isovaleric acid-DTHFPCIKF-K(isoglu-Palm)-PRSKGCK-

219 | 242 = : 9
NH,

20 | 243 Tsovaleric acid-DTHFPCIKFEP-K (isoglu-Paim)-SKGCK- 5
NH;

o1 | 244 Tsovaleric acid-DTHFPCIKFEPRS-K(isoglu-Palm)-GCK- 4
NH;

o9 | 245  Isovaleric acid-DTHFPCIKFEPRSK-K (isoglu-Palm)-CK- A
NH,

223 | 246 Isovaleric acid-DTHFPCIK FEPRSKGC-K(isoglu-Palm)- 5
NH,

24| 24y  Isovaleric ac’id-DTHFPCII{.FEPRSKGCK.—K(I'_sogh'J— A

Palm)‘NHz
25 | 248 Isovaleric acid-DTHFPCI-K(dapa-Palm)-FEPRSKGCK- 17
_ NH, '

26 | 20 Tsovaleric ‘a’cid:DTHFPCIKF—'K(&aP_a.—Palm’)-PRSKGCK- 1
NH,

227 | 250 Isovaleric acid-DTHF PCIKEEP -K({dapa-Palm)-SKGCK- 10
NH,

298 | 251 Isovaleric acidﬂDTHFPCH{FEPRS.-K(dapa—Palm‘_)-G'CK- ;
NH;

299 | 250 Isovaleric-acid-DTHFP ClKF’EPRSK-K(dapafPa]m)-CK,-. 13
NH; .

230 953 Isovalerc aG.ld-DIHFPC[K,E EPRSKGC-K(dapa-Palm)-K- 10
NI

031 | 254 Isovaleric acid-DTHFPCIKFEPRSK GCK-K(dapa-Palm)- 1
NH2

232 | 255 Isovaléric acid-DTHFPCIKFGPRSK GWVCK-NH, Not Tested

233 | 256 Isovaleric acid-AAHFPCIKFGPRSKGWVCK-NH, 320
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234 { 257 Isovaleric-acid-ATHFPCIKFGPRSKGWVCK-NH, 60
235 | 258 Isovaleric-acid-DAHFPCIKFGPRSKGWVCK-NH, 203
236 | 259 Isovaleric acid-DTHAPCIKFGPRSKGWVCK-NH, =500 nM
237 | 260 Isovileric acid-DTHFPCIKAGPRSKGWVCK-NH, 50
238 | 261 Isovaleric acid-DTHFPCIKFEPRSKGWYVYCK-OH 47
239 | 262 Isavaleric acid-DTHFPCIKFEPRSKGWECK-OH 101
240 | 263 Isovaleric acid-DTHFPCIIFEPRSKGWEC-OH 139
a1 | 264  Isovaleric acid-DTHFPCIKFK(isoGlu-Palm)- 6
; PRSKGWECK-NHE; '
242 | 265 Isovaleric acid-DTHFPCIKFEPK (isoGlii-Palm)- g
243 | 266 Isovaleric acid-DTHAPCIKFEPRSKGWECK-NH; Inactive
244 | 267 1da-THFPCIK FEPRSK-K(is0G li-Palm) CK-NH, 25
. : Tsovaleric acid-DTHFPCI-K(isoGlu-Palim)- ‘
245 | 268 FEPRSKGWEC-OH 131
: . 4,4-5:5-6,6,6-Heptafluorchexanoic acid- _.
246 | 269 DTHEPCIKFGPRSKGWYCK-NH, 480
sa7 | 270 Isovaleric acid-DTHFPCIKF-K{mysteric acid)- ;
'  PRSKGWVC-NH,,
' , Tsovaletic acid-DTHFPCIKF-K (lauric acid)- ,
2481 271 PRSKGWVC-NH, 10
- Isovaleric acid-DTHFPCIKF-K (decancic acid)- .
249 | 272 PRSKGWVC-NH, 22
. é _ TIsovaleric acid-DTHFPCIKF-K(octanoit acid)- '
250 ¢ 273 PRSKGWVC-NH, 30
s Tsovaleric acid-DTHFPCIKF-K (hexanoic acid)-
251 | 274 PRSKGWVC-NH, 21
. Isovaleric acid-DTHFPCIKF-K(butyric acid)= ‘
2321 20 PRSKGWVC-NH, 37
253 | 276 Tsovaleric acid-DTHFPCIKF-K(Ac)-PRSKGWVC-NH;. 29
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254

277 Ida-THFPCTKFEPRSK GWV C-K (mysteric acid)NH, 20
255 | 278 [Ida]-THFPCIKFEPRSKGWVC-K(lauric acid)-NH, 52.
256 | 279 [1da]- THFPCIKFEPRSKGWV C-K{(decanoic acid)-NH, 116
257 | 280 [Id4]- THFPCIKFEPRSKGWVC-K(octanoic acid)-NH, 129
258 | 281 [[da]-THFPCIKFEPRSKGWVC-K(Hexanoic acid)-NH, 191
259 | 282 [1da]-THFPCIKFEPRSKGW VC-K (butyric acid)-NH; 355.
260 | 283 [Ida]-THFPCIKFEPRSKGWVC-K(Ac)-NH.. 502
261 | 284 ' Isovaleric acid-’HFPCE;EE;IEKGWVC;K(octanoiG 300 AM.
a2 | 285 Tsovaleric acid—HEPSCE[gi%ZIzSKGWC-Kum;c .7_7.
263 | 286 Isovaleric acid-DTHFPCIKFEPHSK GCK-NH2 62
264 § 287 is ovaleric acid-DTHFPCIHFEPHSKGC-NH, 118
265 288” Isovaleric acid-DTHFPCIKFEPHS-K{(Albu)-GCK-NH, 6
266 | 289 Isovaleric acid-DTHFPCIKFEPREK EC-NH; 183
267 | 290 Isovaleric acid-DTAFPCIKFEPRSKEC-NH; >1 uM
268 { 291 Isovaléric acid-DTHFPCIKFECK-NH, 107
269 | 292 Hy-DTHEFPIATFAAGICI-NH, Tnactive
270 | 293 Hy-DTHFPIAIFAAICI-NH, Inactive
271 | 294 Hy-DTHFPIAIFAICI-NH;, Inactive:
272 | 295 Hy-DTHFPIATFICI-NH, Inactive
273 | 296 I-I_y~DTHF-PIAIICI—NHz Inaciive
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274 | 297 Hy-DTHFPIAICI-NH; Inactive
275 | 298 Hy-DTHFPIICI-NH, Thactive
276 | 299 Hy-DTHICTATF-NH, Tnactive
2771 300 Hy-DTHCPTATF-NH; Inactive
278 | 301 Hy-DTHFPCITA-NH, >1 uM
279 | 302 Hy-DTHFPCAIF-NH; >] pM
280 | 303 Hy-DTHFACIIF-NH,. >] M.
281 | 304 - Hy-DTHF-(D)--Ala-CIIF-NH, Tnactive
282 | 305 | Hy-DTHAPCITF-NH,, Inactive
283 306 Hy-DTAFPCIIF-NH, 739 nM
284 | 307 .Hy-ATHEPCHENHé =1 pM
285 | 308 [Ida]-THF-[bh-Pro]-CIIF-NH; >1 uM
287 | 310 Hy-DTHFPCIEF-NH; >1 uM
288 311 Isovaleric acid-DTHFPCIF-NH; 16.nM
286 | 312 Isovaleric acid-DTHFPAIIF-NH2 Inactive:
250 313 Isovaleric acid-DTHFPSITF-NH2 Inactive
291 | 314 Tsovaleric acid-DTHFPCIKF-NH; 7nM
203 | 316 Hy-DTHFPCIF-NH; 512';/1"1\?
297 | 320 ‘Hy-DTHFPCIKFF-NH, 6;%2’:
208 | 321 ‘Not Tested

Hy-YTHEPCITF-NH,

108




299 | 322 Hy-LTHFPCITE-NH, 64% at
[ pM
300 | 323 Hy-ETHFPCIIF-NH, T3%at
1pM
301 | 324 Hy-DRHFPCIIF-NH; Not Tested
S : , ) 60% at
302 | 325 Hy-DTKFPCIIF-NH; L M
303 | 326 Hy-DTHFECIIF-NH, Not Tested.
" ) . . 55% at
304 | 327 Hy-DTHFPQHK—NHZ LM
305 | 328 ‘Hy-DTHFPCHR-NH, 62% at 1pM
306 | 329 Hy-DTHFPCIEF-NH,. Not Tested-
307 | 330 Hy-DTHFPCIVE-NH, 75% at
- 1 pM
. ()0 (0
308 | 331 Hy-DTHFPCILF-NH, 89% at
1.pM
e . £50
309 | 332 Hy-DTHEPCILK-NH, 515 ot
. ‘ M
. , o 0%.at
310 | 333 Hy-DTHFPCIEK-NH, L M
355 | 369 Isovaleri¢ acid-DTHFPCTKFEPRSKECK-NH,. 43
356 | 370 Tsovaleric acid-DTHFPCIKFEPHSKECK-NH, 181
357 1 371 Isovaleric acid-DTHFPCIKK EPHSKECK-NH, >1pM
358 | 372 | Isovaleric acid-DTHFPCIKF-K (isoglu-Palm)-PHSKECK-NI; 6
'3_59 1 373 Isovalericacid-DTHFPCIKFEPRECK-NH, 64
360 374 Tsovaleric acid-DTHFPCIKFEPHECK-NH,. 138
361 375 Tsovalene acid-DTHFPCIKFEPRCK-NH, 29

Inactive = Not active at 30 pMand / or Towest dose. _ _
For Table 7, parentheticals; c.g., (__), represent side chain conjugations and brackets, e.g.,
[__1. represent unnatural amino acid substitutions.
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For certain compounds-comprising an N-terminal PEG11 moiety (e.g.;;compounds 89, 108,
angd 109), the following was used in their synthﬁsi_‘s_:

Foc-amino PEG propiotic acid

EXAMPLE 6

5 ATLANINE SCAN OF COMPOUND 18

To further understand Hepeidin’s striicture activity relationship, an alanine scan
was performed on Compound 18, which is & Hepeidin analogue of the present invention
ihat comprises a cysteine in the 7 position. Peptides were synthesized as described.in
Example 1 and tested for activity as described in Example 2; results are shown in Table 8

10 hetein.
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Table 8. Alanine scan of Coupound 18

S

18 45 DTHFPICIFGPRSKGWVCM-NH, 125

47 74 DTHFPICTFGPRSKGWACM-NH; 313

66 89 " DTHFPICIFGPRSKGAVCM-NH, 520

31 58 DTHFPICIFGPRSKAWVCM-NHy 175.
37 64 DTHFPICIFGPRSAGWVCM=NH; 239

16 43 DTHFPICIFGPRAKGWVCM-NH;. 88

34 ! DTEFPICIFGPASKGWVCM-NH; 206
354 334 DTHFPICIFGARSKGWVCM-NHy 153

22 49 DTHFPICTFAPRSKGWVCM-NH, 9430

67 90 DTHFPTCIAGPRSKGWVCM-NH, 2466

68 91 DTHFPICAFGPRSKGWVCM-NH: S10uM
69 92 DTHFPIAIFGPRSKGWVAM-NH; Tnactive
29 56 DTHFPACIFGPRSKGWVCM-NH; 157

26 53. DTHFAICIFGPRSKGWVCM-NH, 147

38 65 DTHAPICIFGPRSKGWVCM-NH; 254
60 37 DTAFPICIFGPRSKGWVCM—NH> 498

43 70 ' DAHFPICIFGPRSKGWVCM-NH; 265

33 60 ATHFPICIFGPRSKGWVCM-NH, 184

Inactive = Not activerat-30 pyM and/ or lowest dose
25 As was the case with the alanine scan of compound I (cysteine in position 6) this

scan identified residues within compound 18 (cysteine in position 7) that-are important for

activity, as well as several residues that appear to be less important for activity and thus

may modified without ablating activity.

30

Serum stability experiments were undertaken to complement the in vivo results and

assist in the design of potent, stable Ferroportin agonists. In order to predict the stability in

PLASMA. STABILITY

humans, ex vivo stability studies were initially performed in human serum..
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Key peptides (10 pM) were incubated with pre-warmed human serum (Sigma) at 37
degrees C. Samples were taken at various time points up to 24 hours. The samples were
separated from-serum proteins and analysed for the presence of the peptide of interest using.

LC-MS, The-amount of intact peptide in each sample was calculated using the analyfe

peak area in relation to the zero time point. Table 9 shows the results of this: study.

Table 9. Stahility of key compounds in human serum

\ -Hﬂpdidl'n 276

Mini Hepeidin 1-9 | {0'.10!
1 0.18 |

18 232

46 2.10

2 1.99

47 ~40

8. 0.51

3 0.51

EXAMPLE 8

REDUCTION OF FREE PLASMA IRON IN RATS

To investigate whether the hepcidin mimetic Compound No. 2 was effectiveiin
decreasing free F ¢ in serom, Retro Inverse mini Hepcidin was used as a.reference
peptide. Although RI'mini-Hep has a very low poten¢y in vitro it is hi ghly active in vivo
as reported by Presza et al. J Clin Invest. 2011.

At Day 1, the animals were monitoréd for free Fe™ in serum. In order to reach a
homogenous - serum level, Fe?* was analyzed and a homogenous cohort of 7 or 8 animals

randomized to each treatment group. At Day 2, an acute experiment where the animals
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were subjected to1.p. dosing of test compound and subsequent tail vein blood samples.
Priot to dosing, the animals were put under a heating ’1amp for 3-5 minutes. Blood samples
were drawn from the tail vein from all animals in order to determine:serum iron levéls prior
to vehicle or compound dosing, Animals were dosed i.p. with 1 ml of test substance in
vehicle or just vehicle and blood samples of 250 pl-was drawn from each animal at =0, 60,
120, 240, 360 min and 24 houts in the study of the reference compound. The dose response
study performed with Retro Inverse/(RI) mini-Hepoidin (Reference compound), and the
efficacy study performed with Compound No. 2 were performed as two separate
experiments.

Analysis of F¢** from Day 0 and 1 was done at a later time point not later than 10

days after. The chemicals and equipment used in this example are shown in Table 10.

Isovaleric
aGidr Na-
DTHEPICIF 2 29 | 2144.52 86.2 862 90 Acetate
GPRSKGW 1 buffer
VC-NH,
RI- . L . - ] Sﬁong,
o 337 | 1091.3 82.7 82,7 942
Hepcidinl-9 | PBS

Tnitially, all peptides were solubilized in acidic H;O inpH=2.5and to a
concentration of 3 mg/ml APL. Compounds were thereafter either dissolved in Na-Acetate
buffer (50.mM Acetic Acid, 125 mM NaCl, pH 5.0) or strong PBS, (25 mM sodium-
phosphate, 125 mM NaCl, pH 7.4).

Male Sprague-Dawley rats weighing 200-250 g were used. in the study. They were
housed in groups for n=2 in a light-, temperature- and humidity-controlled room (12-hour
light: 12-hour dark cycle, lights on/off at 0600/1800 hour; 23 degrees Celcius; 50% relative
humidity). Humane endpoints were applied, according, to OECD’s ‘Guidelines for-
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Endpoints in Animal Study Proposals.” The animals were monitored daily. In case.of

-si'gn'iﬁ'canﬂy affected condition (based on signs such as weight loss > 30% (obese animals);

abnormal posture; rough hair coat; exudate arouind eyes and/or nose; skin lesions; abnormal
breathing; difficulty with ambulation; abnormal food or water intake; or self mutilation), or
othér conditions causing significant pain-or distress, the animals were euthanized
immediately.

Iron content in plasma/serum is measured for iron content using a colofimetric
assay on the Cobas ¢ 111 according to instructions from the manufacturer of the assay-
(assay: IRON2: ACN 661).

The data obtained from the cobas Iron2 analysis are presented as mean values +/-
SEM.

As shown in Figures 2 and 3, IP dosing of compound 2 resulted in a decrease in

scrum iron level that was comparable to that observed after injection of the positive control

Retro Inverse mini Hepeidin (RI-Mini-Hepcidin). The decrease induced by RI-Mini-

Hepcidin and compound 2 was in neither case significant, which was probably due to a-

large intergroup variance in the measurements.

EXAMPLE 9

IN VIVOVALIDATION OF SELECTED PEPTIDES

Selected peptides of the présent invention were tested for in vive activity, as
described in Example 8, with the following changes. Instead of rats, mice (C57-BL6) were
tested. Peptides or vehicle-controls were administered to the mice (n=8/group) with the
compounds of the present invention dosed at 3000 nmol / kg, and a hepcidin control
administered via subeutancous injection at. 1000 nmol/kg. The primary goal of this
éxperiment was to validate, in a mouss model, the activity of several peptides that were
shown to be active in rat. Serum iron levels were assessed as i Example 8 two hours after
peptide or vehicle administration. As'shown in Figure 4, at these doses, a significant

reduction in serum iron was observed in compound-treated animals as compared to the
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vehicle control. Furthermore, the'max-dose responses of the compounds of the invention
were very similar'to-the max-dose response achieved with Hepeidin.

A similar experiment was performed with lower doses to assess the dose response
of these compounds for inducing serum iron reduction, Mecthods were as described above
in'this Example, except for the following parameters: n =4 mice / group, howevern= 8

for the vehicle, as two groups were pooled. Mice were administered test compounds at two

separate dosages (300 nmol/kg or 1000 nmol/kg), via subcutaneous injection. Serum iron

levels were assessed as in Examiple 8 two hours after peptide or vehicle injection. As
shown in Figure 5, these peptides induced similar iron reductions as did native hepeidin in
viva. Motreovet, it was clear that several of the compounds were able to induce maximum
effects at dosages.as low as 300 nmol/kg.

Other peptides were tested similarly,- either in rats-as-described in. Example 8, or in
mice as described above in the present Example, and the results of these tests are presented
in Table 11, herein, in the ¢olumn having the heading “in vivo activity.” In this table,
dosing is indicated in the sub-headings listed in the first row of the “ir vivo activity”
column; ir vivo activity data is reported as a “yes” or “no” determination, with yes
indicating that i1z vivie activity for serum iron reduction was observed, and with “ne™

indicating that no such act_ifvity was observed. The route of peptide administration was via

subcutaneous injection, unless otherwise indicated as having been via intraperitoneal

injection (this is noted on the table by “i.p.” in parentheses following the “yes” or “no”
determination).

‘The peptides were also tested for other pharmacokinetic/ pharmacodynamic
(PK/PD) parameters using methods commonly know by the skilled artisan. The results of
these tests are also indicated on Table 11. These parameters included determinations
regarding stability ‘(hours stable in plasma from the indicated human or rat subject), half-
life in mice, and in vifro activity (ECsp), tested as described in Example 2. One example of
such a study Is-presented in Figure 6, wherein the PK/PD-properties of two compounds-of
the present invention (#153 and #181) were compared with hepcidin to determine their

PK/PD effects in C57BL6 mice, Each of these compounds produced a rapid decrease in
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serum-iron, which was-transient in the case of Cmpd #181, and sustainéd in the case of
Cmpd #153.

These data, in addition to the data presented herein in Table 11, démonstrated the activity

and beneficial PK/PD properties of the peptides of the presént invention, a plutality of which shovr

similar or improved PK/PD profiles as compared to hepcidin,

Table 11:

Peptide activities in vive

Hepeidin

Hy-
DTHFPICIFCCGCCHRS
KCGMCCKT-OH
SEQID NO: 335

Var

2.76

34

Yes

Yes

Isovaleric acid -
DTHFPICIFGPRSKGW
VC-NH;

(SEQ 1D NO: 29)

0.15

1.99

17.4

Yes

Yes

Isovaleric acid -

DTHFPCIFGPRSRGWV
CK-NH,
(SEQ 1D NO:30)

0.08

0.43

15

No (.p.)

No (ip)

105

Isovaleric acid -
DTHFPCHFEPRSKGWV
CK-NH,

(SEQ ID NO:128)

0.68

2.22

36.9

10

Yes.

Yes

Isovaleric acid -
DTHFPCIKFGPRSKGW
VCK-NH,

| (SEQ ID NO:36)

0.14

0.57

275

32

Yes.

Yes

10

Isovaleric acid-
DTHFPCIQFGPRSKGW
VCK-NH»

(SEQ ID NO:37)

0.12

35

Minor

15

Isovaléric acid -
DTHFPICIEFGPRSKGW
VCK-NH;

(SEQ ID NO:42).

0.15

Minor
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v Isovaleric.acid -
115 |DTHFPCIIFGPRSKGCK 21 . No
-NH; (SEQ ID NO:138) :

Isovaleric acid —
DTHFPCIKFK(PEGS)PR
SKGWVCK-NH; (SEQ
IDNO:173)

150 042 | 1351316 7 Yes

Isovalericiacid —
DTHFPCIKFGPRSKGW
VCK(PEGR)-NH, (SEQ
ID NO:176)

153 041 | 3.36 18 Yes Yes

Isovaleric acid —
DTHFPICIFGPRSK(PEG
8)GWVC-NH,

(SEQ 1D NO:199)

176 1.62 15 6 Yes

Isoya_leric a¢id- _
184 _DTHFPCIK_FEPRSKGC 212 } 816 1369 16 Yes Yes.
K-NH, (SEQ ID NO:207)

Isovalerie acid-
DTHFPCIKFEPRSKGW
VCK-NH;

(SEQID NO:204)

181 15 Yes

Unless otherwise stated all compounds were injected s.c. Note Compound 2 wasg injected LP..

EXAMPLE 10

IN VITRO-ACTIVITY OF SELECTED PEPTIDE DIMERS:

Selected jp;pt_ide dimers of the present invention were tested for in vitro activity, as.
described in Example 2,

The ECsp and % activity at 1 pM were determined for the peptide monomers and
peptide dimers shown in Table 12. These peptide dimers were dimerized via a single

disulphide linkage between a cysteine residue present in each peptidé monomer. The

‘results of these experiements are shown in Table 12.
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Table 12. In vitro activity of peptides dimerized through a single disulphide linkage

between cysteine residues

1 Hy-DTHFPCIIF-NH; 133 92 311  |(Hy-DTHFPCUF-NHy),| 35 96
(SEQ ID NO:28) (SEQ ID NO:338)
203 Hy-DTHEPCIF-NH; 51 52 312 |(Hy-DTHFPGI F-NHj),| =300 51
(SEQ ID NO:316): M (SEQ IDNO:339) 1M
297 | Hy-DTHFPCIKEF- | 5300 64 314 (Hy-DTHFPCIKFF- 130 100
NH,(SEQ ID NO:320) | M NH,), (SEQ I NO:341)
299 Hy-LTHFPCIIE-NH, | >300 64 315 | (Hy-LTHFPCUF-NH,), | 35 97
(SEQID'NO:322) ‘oM (SEQ 1D NO:342)
300 Hy-ETHFPCUF-NE; | >300 77 316 | (Hy-ETHEPCLE-NHy); | 63 100
{SEQID NO:323) M _ (SEQ ID.NO:343)
302 Hy-DTKFPCIF-NH2 >1 60 317 |(Hy-DTKFPCIF-NHy),| 137 | 87
(SEQID NO:325) pM (SEQ 1D NO:344)
304 | Hy-DTHFPCIK-NH, »1 55 318 | (Hy-DTHFPCIK-NH;);| 5300 49
{SEQ ID NO:327) oM (SEQIDNO345) |y
305 ‘Hy-DTHFPCHR-NH, =1 62 319 | (Hy-DTHFPCIIR-NH),| 268 79
(SEQIDNO:328) | M. | (SEQID NO:346)
e : NI : 5 (Hy-DTHFPCIVF-NH,);| 59 ;
307 Hy DTHFPCWF 2 | =300 75 320 (SEG 1D NO347) 5 93
(SEQ ID'NO:330) nM -
308 | Hy-DTHFPCILF-NH, | >300 ‘89 321  |(Hy-DTHEPCILF-NH;),| 83 94
(SEQIDNO331) | mM (SEQ ID:NO:348)
309 DT - 5 55 392 |(Hy-DTHFPCILK-NHy);| 300 47
Hy-DTHFPCILK-NH, | >300 3 (SEQ ID NO:349) 7
(SEQID NO:332) M oM
310 | HyDTHFPCIEK-NH, | =1 0 323 |(Hy-DTHEPCIEK-NH;);| >1 0
(SEQID NO:333) pM {SEQ ID'N0:350) uM
288 Isovaleric acid= 16 100 325 (Isovaleric acid- 4 100
DTHEPCIIF-NH; DTHFPCIF-NH,),
(SEQID NO:311) (SEQ IDNO:351)
291 Isovaleric acid- 7 100 326 {Isovaleric acid- 3 100
DTHFPCIKF-NH, DTHFPCIKF-NH,),
(SEQ ID NO:314) _ {SEQ ID.NO:352)
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ECsp values were also determined for the peptide dimers having the sequences
shown in Table 10. The activity of peptide dimers dimerized only through a disulphide
linkagé between the two pepfidc monomers was compated to the activity of peptide dimers
of the same monomers dimerized through both the disulphide linkage and also a DIG
linking moiety, In addition, the activity of peptide dimers dimerized through a DIG linking
moiety coupled to the N-terminus of the monomers, the C-terminus of the monomers, o1
different internal lysine residues was examined. The results of these experimerits-are’
ptovided in Table 13.

Tabl¢ 13. Dimer Position explored (DIG as the representative linker explored)

(DTHFPCIKF-NH;)3
Hy:-Asp-The-His-Phe-Pro-Cys-Lle-Lys-Phe Ny
327
(SEQID T 193
NO:353) 1
Hy-Asp-Thr:His-Plie-Pro-Cys- Tle-Lys-Phe:NFT,
DIG-{DTHEPCIKF-NH,); DIG through N ~terminus
' Asp-Thr:His-Phe-Pro-Cys-Ile-Lys-Phe-NH 5
328 o=§ L o
(SEQ ID : 1 >1000
NO:354) Q 1
- o= ro
. Asp-Thr-His-Phe-Pro-Cys-Ite-Lys-Phe-NH 5.
(Isovaletic acid-DTKFPCIRF-NH,),
: _9 - Asp- Thr-Lys-Phe Pio-Cys-Tie-Avg-Phé-NH,
329 > L
(SEQ ID T 9
N@:355) &
'>_3—A'sp-Thr-L}":-l‘h:-l‘x\p-’ﬂ'js—ﬂ@ﬂrg-l’he-mz
(Isovaletic acid-DTKFPCIRF-NH,), DIG through
3 40 . " Asp-Thr-Lys-Phe-Pio-Cys-Tle-Arg-PheNH v,
(SEQ ID _u'=>«“ - L, 212
NO:356} =°l L
->“_)—Asp—'rm¢Lys-l-he_-p'm£yyue»mg-ph=—Nn_,
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(Isoyaleric acid-DTHFPCIKF-NH,),
le]

>_)\—Asp._Thr.His-Phc-l’i&C_Vs-[]cJ‘y'sfl’ltc-Nﬂg

326 L
(SEQ ID T 3
NO:357) !
)&‘—Asp-'_I]lrv.l-Hs«f}1zxﬁ0€‘){_s«lleALySAP,hg:‘,Nug
(Isovaleric acid-DTHF -NHb>), DIG throu
1 1 d-DTHEPCIKF-NH>), DIG through
K8
3 4 2 }__S\.—Asmﬂlr-}ﬁs;]»‘hc-]’ro Cys <He-Y ys—PhL-NH-,
(SEQ ID L [ Moo 10
NO:358) | ,C
)\)—A«p ~Th-His-Phe-Pro cgs i I/y_sﬁl:;lz
(Isovalerlc acid-DTHFPCIRK-NH;),
) —Asp-Thr-His-Phe-Pro-Cys:1é-Arg-Lys-] -NH3
343 L
(SEQID S‘ i1
NO:359) L
)&Asp‘]‘h -1 lig-Phic-Pro-Cys-Tle-Arg-Lys-N1T,
(Isovaleric acid-DTHFPCIRK-NH3); DIG through
K9
344 .>_:‘—Aap—'rh:f]_ii's—Ph;¥Pqujr__srlle—;A:gfL:.jsiNH;
(SEQ ID [ e 45
NO:360) . | ,C
)\_‘}_asp.m-ms—rh&m{[sﬂms-u&j:\u |
(Isovaleric acid-DTHFPCIK FK-NH3),
345 >_3—Asp-’_ﬂi_r_-l'[is»l’he~l’rw(;)s-]Ie-Lys-Phe-Ly;NHz
(SEQ ID LS\ 8
NO:361) !
);o)"-q\spzThmﬁs?he—i’r@[s-ﬂ&!uys-l’ﬁaﬁLysNﬁ;
" (Isovaleric acid-DTHFPCIKFK-NH,) , DIG through
K10
345 \ ? A_sp'-'lhf-ilis-_Phe-F_’rq-(;si'-'!lc-[ar's-PhL:'-[,.ys;N;lI"3l .
(SEQID 2N o 15
NO:362) 1 E

)\)—Asll-'.l‘hr His-Plis-Pro-Cyé-lle-Lys-Fhe-LysNH;,
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Table 14. Dimerization using various linkers at different:
B g

ECso values were determined for peptide dimers comprising different linking moieties, and
as compated to linkage via a disulphide bridge between the two peptide monomers,

ECsq values were détermined for peptide dimers comprising different linking
inoieties, and as compared to linkage via a disulphide bridge between the two peptide
motiomers, including the peptide dimers shown in Table 14. Where a particular linking
moiety is not indicated, the peptide dimer was dimerized via a disuiphide bridge between
cysteine residues present in each of the peptide monomers of the peptide dimer. The
results of this experiment are shown in Table 14, and various. linker types are shown as

schematics in Figure 7.

327 (Hy-DTHFPCIKF-NH,),. (SEQ ID NO:353)

348 (Hy-DTHFPCIKE-NH2);-[IDA-(B-Ala)]  (SEQIDNO:363) 18

326 (_Isoval’eric'aci'd—DTHFPCH(F-NHQ_); (SEQ IDNO:357) 6

349 (Isovaleric acid-DTHFPCIKF-NH;),-[IDA-(B-Ala)-Palm] 5
, (SEQID NO:364)

345 (Isovaleric acid-DTHFPCIKFK-NH,), (SEQID NO:361) 8

(Isovaleric acid-DTHFPCIK FK-NH,),-[DIG]

346 DIG-throngh K10 (SEQID NO:362) 15
327 (Hy-DTHFPCIKF-NH,), (SEQ I NO:353] 193
351 [PEG25]-(DTHFPCIKF-NH;); (SEQ ID NO:366) >1000

In Table 14, brackets indicate linker and any linker conjugates (if present), e.g., [linker].
ECs values were determined for peptide dimers. dimerized via a glycol linker
attached ta the sy -of lysine residues within the peptide chains, as compared to the peptide
monomers. As shown in Table 15, the peptide dimers had lower ECsps than their
corresponding peptide monomers. In this case; the disulphide bond exists intramolecularly
within each peptide (e.g., cmpd # 2 and cpd# 3) moiety before dimerization through
using DIG through acylation of the Ng of Iysine.
Table 15. Dimerization through a glycol linker attached to the ex of Iysine within the

peptide chain
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3 Isovaleric acld-DTHFPCIIFGPRSRGHWVCK-NH,

[DIG] (SEQ ID NO:368)

(SEQ ID NO:30) 15

45y | (Isovaleric acid-DTHFRCITEGPRSRGRVCK-NH,)z- [DIG] s
| (SEQ ID NO:367)

5 | Isovaleric acid-DTHEPICIFGPRSKGWVC-NE, a1

' (SEQ ID NO:29) 4l

353 (Isovaleric acid-DTHFPICIFGPRSKGWVC-NH3) o~ 20

All of the above U.S. patents, U.S. patent application publications, U.S. patent

applications, foreign patents, foreign patent applications and mon-patent publications

referted to in this specification-and/or listed in the Application Data Sheet, are incorporated

5 herein by reference, in their entirety.

Having thus described exemplary émbodiments of the present invention, it should.

be noted by those skilled in the art that the within disélosures are exemplary only and that

various other alternatives, adaptations, and modifications may be made within the scope of

the present invention. Accordingly, the present invention is not limited fo the specific

10 embodiments as illustrated herein, but is only limited by the following claims.
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CLAIMS

Whatis claimed is:

1 A peptide having the following structural formufa I’
R X-y°-R? () (SEQ ID NO:21)

or a pharmacentically acceptable salt or solvate thereof,
wherein
R" is hydrogen, an C:Cs alkyl, Cs-Cia aryl, Cs-Ci atyl Ci-Cs alkyl, Ci-Cao alkanoyl (e.g.
methyl, acetyl, formyl, benzoyl or trifluoroacetyl, isovaleric acid, isobutyric acid, octanoic acid,
lauric acid and hexadecanoic acid), y-Glu-hexadecanoic acid) or pGlu , appended to the N-
terminus, and including PEGylated versions (e.g: PEG3 to PEG11), alone of as spacers of any of
the fotegoing;
R is.-NH, or -OH;
X’ is a peptide sequence having the formula Ia’

X1-X2-X3-X4-X5-X6-X7-X8-X9-X10 (Ta’) (SEQ ID NO:13)
whertein
X1 is Asp, Glu, Ala, Gly, Thr, Ida, pGlu, bhAsp, D-Asp, Tyt, Leu or absent;
X2 is Thr, Ala, Aib, D-Thr, Arg or absent;
X3 is His, Ala, D-His or-Lys;
X4:is Phe, Ala, Dpa, bhPhe or D-Phe;
X5 is Pro, Ghu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro, bhPro, Sarc, Abu or absent;
X6 is Ile, Cys, Arg, Leu, Lys, His, Glu, D-Il¢, D-Arg, D-Cys, Val, Ser or Ala;
X7 is Cys, He, Ala, Leu, Val, Ser, Phe, Dapa, D-Tle or D-Cys;
X8 is Ile, Lys, Arg, Ala, Gln, Phe, Glu, Asp, Tyr, Ser; Leu, Val, D-lle, D-Lys, D-Arg, or Dapa,
X9 is Phe, Ala, Tle, Tyr, Lys, Arg, bliPhie or D-Phe; and
X10 is Lys, Phe or absent;
and provided thatif Y’ is -ab‘sént_, X718 e,
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Y is a peptide having the formuia 12’
Y1-Y2-Y3-Y4Y5-Y6-Y7-Y8-Y9-Y10-Y11-Y12-Y13-Y 14-Y15 (ia”) (SEQ ID NO:16)
wherein
Y1 is Gly, Cys, Ala, Phe, Pro, Glu, Lys, D-Pro, Val, Sér or absent;
Y2 is Pro, Ala, Cys, Gly or absent;
Y3 is Arg, Lys, Pro, Gly, His, Ala, Trp or absent;
Y4 is Ser, Arg, Gly, Trp, Ala, His, Tyr or absent;
Y5 is Lys, Met, Arg, Ala orabsent;
Y6'is Gly, Ser, Lys, Ilg, Ala, Pro, Val or absent;
Y7 is Trp, Lys, Gly, AlaIle, Val or abserit;
Y8 is Val, Thr, Gly, Cys, Mct, Tyr, Ala, Glu, Lys, Asp, Arg or absent;
Y9 is Cys, Tyr-or absent;
Y10 is Met; Lys, Arg, Ty_r orabsent;
Y11 is Arg, Met, Cys, Lys or absent;
Y12 is-Arg, Lys, Ala or absent;
Y13 is Arg, Cys, Lys, Val or absent;
Y14 is Arg, Lys, Pro, Cys, Thr or absent; and
Y15 i Thr, Arg or absent;
wherein said compound of formula I is optionally PEGylated on R > X, or Y and
‘whetein when said compound of formula I' comprises two or more cysteing residues, at least two

of said cysteine residues being linked via a disulfide bond.

2. A peptide according to-claim 1, wherein R is hydrogen, isovaleric acid, isobutyric acid

or acetyl.

3. A peptide according to claims 1 or 2, wherein X 1s & peptide having formula Ia’ and
wherein

X1 is Asp, Ala, Ida, pGlu, bhAsp, Leu, D-Asp or absent;

X2 is Thr, Ala; or D-Thr;
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X3.is His, Lys, D-His of Lys;

X4 is Phe, Ala, Dpa or D-Phe;

X5 is Pro, Gly, Arg, Lys, Ala, D-Pro or bhPro;

X6 is Ile, Cys, Arg, Lys, D-Tle or D-Cys;

X71s Cys, lle; Leu, Val, Phe, D-Ile or D-Cys;

X81s Ile, Arg, Phe, Gln, Lys; Glu, Val, Leu or D-Ile;
X91s Phe or bhPhe: and

X101s Lys, Phe or absent.

4, A peptide according to claims 1 or 2, wherein X? is.a peptide having formula Ib’
X1-Thr-His-X4-X5-X6-X7-X8-Phe-X10 (Ib*} (SEQ ID NO:14)

wherein

X1 is Asp, Ida, pGlu, bhAsp ot absent;

X4 is Phe orDpa;

X5 is Pro or bhPro;

X6 is Ile, Cys or Arg;

X7 i5:Cys, Ile, Leu or Val;

X8 is Tle, Lys, Glu, Phe, Gln or Argj-and

X10 is Lys or absent.

5. The peptide according to ¢laim I or 2, wherein X’ is a peptide having formula Ic’
X1-Thr-His-X4-X5-Cys-Ile-X8-Phe-X10 (Ic”) (SEQ ID NO:15)

wlhierein

X1 is Asp, Ida, pGlu, bhAsp or absent;

X4 is Phe or Dpa;

X5 is Pro or bhPro;

X8 is Tlg, Lys, Glu, Phe, Gln or Arg; and

X10 is Lys or-absent,
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6.. The peptide-according to any one of claims 1 to 5, wherein Y is a peptide baving.
formula IIb”
Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y8-Cys-Y10 (IIb”) (SEQ ID NO:17)
wherein
Y1 is Gly, Ala, Lys, Proor D-Pro;
Y2 is Pro, Ala or Gly;
Y3 is Arg, Ala, Lys or Trp;
Y4is Ser, Gly or Ala;
Y5 is Lys, Met, Arg or Ala;
Y6 is. Gly, Arg or Ala;
Y7 is Trp or Ala;
Y8 isVal, Thr, Ala or Glu; and
Y10 is Met, Lys or absent.

7. Thepeptide according to any one of claims 1 to.5, wherein Y is a peptide having
“formula ¢’
Y1-Y2-Y3-Ser-Lys-Gly-Trp-Y8-Cys-Y'10 (1Ic?) (SEQ ID NO:18)

wherein

Y1 is Gly, Pro or D-Pro;

Y2 is Pro or Gly;

Y3 is Arg or Lys;

Y8 is Val or Thr; and

Y10 is Met, Lys.or absent.

8. The peptide according to any one of claims 1 to 5, wherein Y’ is a peptide having the
formula I1d'

Y1-Cys-Y3-Y4-Arg-Y6-Y7-Y8-Cys-Y10-Y 11-Y12-Y13-Y14-Y15 (11d*) (SEQ ID-NO:19)
wherein

Y1 is Val or.Ala or absent;
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Y3 is Gly, Pro or absent:

Y4 is His, Trp.or Tyr;

Y6 is Ser, Gly or Pro;

Y7 is lle, Gly or Lys;

Y8 1s Gly, Met or absent;
Y10'is Tyror Cys;

Y11 is Arg, Lys, Met or Ala;
Y12is Arg or Ala;

Y13 is Cys or Val or absent;
Y14.s Cys, Lys, Pro, Arg, Thr or absent; and
Y15 is Arg, Thr or absent.

9. The peptide according to any-one-of ¢laims 1 to 5, wherein Y is.a péptide having the
formula Ile?

Val-Cys-Y3-His-Arg-Y6-Y7-Y8-Cys-Tyr-Arg-Y12-Y13-Y14-Y 15 (Ile’) (SEQ D NO:20)
wherein

Y3 is Gly orabsent;

Y6.is Ser-or Pro;

Y7 is Ile.or Lys;

Y$ is: Gly orabsent;

Y12 is Arg or Ala;

Y13 is Cys or Val or-absent;

Y14 is Cys, Arg, The or absent; and

Y15 is Argor absent,

10.  The peptide according to any one of claims 1 o 5, wherein Y1 to Y3 are present and Y4
to Y15 are absent.
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1{.  The peptide according to any one of claims 1 to 5, wherein Y1 to Y11 are present and

Y12 to Y15.are absent.

12, The peptide according to any one of claims 1 to 5, wherein Y1 to Y10 are present and
Y11 to Y15 arc.absent.

13, The peptide according to any one of claims 1 to 5, whetein Y8 and Y15 are absent.

14.  Thepeptide a'c“,cordin‘g to any one of claims 1 to S, wherein Y3 and Y15 are absent.

15.  The peptide according to any one of claims 1 to 5, wherein Y3, Y14 and Y15 arc dbgent.
16, ‘Thepeptide according to.any one of claims 1 to 5, wherein Y5 is absent,

17.  The peptide according to any one of claims 1 to 5, wherein Y1,Y5, Y7, Y12, Y13, Y14,
Y15 are absent.

18.  Thepeptide according to any one of claims 1 to 17, wherein the peptide exhibits hepcidin

activity.
19.  The peptide according to any one of claims 1 to 18, wherein the peptide binds ferropoitin.

20. A composition which comprises at least one peptide according to any one of claims 1 to

19.
21. A method of binding a ferroportin or inducing ferroportin interralization and degradation

which comprises contacting the ferroportin with at least one peptide according to any one of

claims 1 to 19-or the composition according to claim 20,
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22. A method of treating a disease of iron metabolism in a subject which ¢omiptises
administering at least one peptide according to any one of claims 1 to 19 or the composition

according to claim 20 to the subject.

23.  The'method of claim 22, wherein the disease of iron metabolism is an iton overload

dis¢ase.

24.  Améthod of manufactiring a peptide analogue according to any oneof claims 1 to 19

synthetically,

25. A method of manufacturirig a peptide analogué according to any one of claims 1 to 19

reé¢ombinantly:

26. A progcess for manufacturing a-.compound or pharmaceutical composition according to

any of the:above claimis.

27. A pharmaceutical composition comprising a peptide analogue, or pharmaceutically
acceptable salt or solvate thereof, according to claim 1 to 19, in combination with one or more
peptide analogue or pharmaceutically acceptable salt or solvate thereof according to claim 1 to

19 together with a pharmaceutically acceptable carrier, excipicnt or vehicle.

28. A device comprising at least one peptide analogue; or pharmaceutically acceptable salt or

solvate thereof, according to claim 1 to- 19, for delivery of the peptide analogue to a subject.
29, AKkit comprising at least one peptide according to any one of claims 1 to 19 or the

composition according to claim 20 packaged together with a reagent, a device, instructional

matgrial, or.a.combination thereof.
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30. A complex comprising at least one peptide according to any one of claims 1 to 19 bound

to a ferroportin.or an antibody.

31. A peptide having the following structural formula I°*
R%X7-y-R®? (1) (SEQ ID NO:27)

ora pharmaceutically-acceptable salt or solvate thereof, wherein
R s hydrogen, an C-Cg alkyl, Ce-Crz aryl, Cg-Crz aryl Ci-Cg alkyl, Ci-Cyg alkanoyl (e:g.
mcthyl, acetyl, formyl, benzoyl or trifluoroacetyl, isovaleric acid, isobutyric.acid, octanoic acid,
lauric acid and hexadecanoia 'adi’d),_T-Glurhexadecanoid; acid) or pGlu, appended to the N-
terminus, and including PEGylated veisions (e.g. PEG3 to PEG11), alone or as spaceis of any of
the foregoing;
R%is -NH;, or-OH;
X is a peptide sequence having the formula Ia™

X1-X2-X3-X4-X5-X6-X7-X8-X9-X10 (Ia* ) (SEQ ID NO:22)
wherein
X1 is Asp, Glu, Ala, Gly, Thr; Ida; pGlu, bhAsp, D-Asp, Tyr, Leu or absent;
X2 is Thr, Ala, Aib, D-Thr, Arg or absent;
X3 is His, Ala, D-His or Lys;
X4 is Phe, Ala, Dpa, bhPhe-or D-Phe;
X35 is Pro, Glu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro, bhPro, Sarc, Abu or absent;
X6 is Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys, Val, Seror Als;
X7 is:Cys, Ile, Ala, Leu, Val, Ser, Phe, Dapa, D-Ile or D-Cys;
X8 is lle; Lys, Arg, Ala, Gln, Phe; Glu, Asp, Tyr, Ser, Leu, Val, D-Ile; D-Lys, D-Arg, or Dapa;
X9 is Phe, Ala, Tle, Tyr, Lys, Arg, bhPhe or D-Phe; and
X10 is Lys, Phe or absent;
and provided that if Y’? is absent, X7 is Ile.

32.  The compound of claim 31, wherein said compound is PEGylated on R"”Z_X’-’-? or Y,
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33.  The compound of claims 31 or32, wherein said compound of comprises two or'more:

cysteire residues, at least two of said cysteine residues being linked via a disulfide bond.

34.  The compound of claitms any onc of ¢laims 31-33, wherein R'? is hydrogen, isovaleric

acid, isobutyric acid oi-acetyl.

35.  The compound of any one of claims 31-34,
wherein

X1 is Asp, Ala, Ida, pGlu, bhAsp, Leu, D-Asp or absent;
X2'is Thr, -Ala; or D-Thr;

X3 s His, Lys, D-His or Lys;-

X4 is Phe, Ala, o Dpa;

XS5 is Pro, Gly, Arg, Lys, Ala, D-Pro or bhPro;

X6 is Tle, Cys, Arg, Lys, D-Ile or D-Cys;

X7is Cys, lle, Leu, Val, Phe, D-Ile or D-Cys;

X8 is Ile, Arg, Phe, Gln, Lys; Glu, Val, Leu or D-Ile;
X9'is Phe or bhPhe; and.

X10 is Lys or absent.

36.  The.compound of any of ¢claims 31-34, wherein X is a peptide sequence having the
formula Ib*’ instead of Ta’?,
X1-Thr-His-X4-X5-X6-X7-X8-Phe-X10 (Ib**) (SEQ ID NO:23)
wherein
X1 is Asp, 1da, pGlu, bhAsp or absent;
X4 is Phe or Dpa;
X5 is Pro or bhPro;
X61is Tle, Cys or Arg;
X7 is Cys, Ile, Leu or Val;
X8 is lle, Lys, Glu, Phe, GIn or Arg; and
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X10 is Lys, Phe or absent.

37.  The compound of any of claims 31-34, wherein X’ is a peptide sequence having the
foriula Ic*” instead of Ta”,
X1-The-His-X4-X5-Cys-Tle-X8-Phe-X 10 (Ic”) (SEQ ID NO:24)
wherein
X1 is Asp, Ida, pGlu, bhAsp or absent;
X4 is: Phe or Dpa;
X5'is Pro orbhPro;
X8:i¢ Iie, Lys, Glu, Phe, Gln or Arg: and
X10.1s Lys or abgent,
38.  The compourd of any one of claims 31-37, wherein Y’ is a peptide having the formula
IIa™
Y1-Y2-Y3-Y4-Y5-Y6-Y7-Y8-Cys-Y10 (ITa””) (SEQ ID NO:25)
wherein
Y1 is Gly, Ala, Lys, Pro or D-Pro;
Y2 is Pro, Ala.or Gly;
Y3is Arg, Ala, Lys or Trp;
Y4 is Ser, Gly or Ala;
Y5 is Lys, Met, Arg or Alg;
Y6 is Gly, Arg-or Ala;
Y7is Trp Ala or absent;
YR is Val, Tht, Lys, Ala, Glu or absent; and.
Y10 is Met, Lys or-absent.

39. The compoi.m{i. of'any one of claims 31-37, wherein Y”? is a peptide sequence having the
formula TIb*’
Y1-Y2-Y3-Ser-Lys-Gly-Trp-Y8-Cys-Y10 (IIb*")

wherein
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Y1 is Gly, Pro or D-Pro;

Y2 is Pro, Gly;

Y3 is Arg, Lys;

Y8 is Val or Thr; and.

Y10 is Met, Lys or absent.

40.  The compound of any one of claims 31-39, wherein the peptide-of formula I’ comprises
at least three; at least four, at least five, at least six, at least seven, at least eight, atleast nine, or

at least ten Y’” residues.

41,  The compound of any one of claims 31-40, whereini Y1 to Y3 aic present and Y4 to Y10

are absent..

42.  The compound of any one of claims 3 [-40, wherein Y5 is-absent,

43,  The compound of any one of claims 31-40, wherein Y1, Y5, and Y7 are absent.

44.  Thepeptide of any one of claims 31 to 43, wherein the peptide exhibits hepeidin activity.
45.  Thepeptide of any one of claims 31 to 43, wherein the peptide binds ferroportin.

46. A composition comprising at least one peptide according to any one of claims 31 to 45.
47. A method of binding a ferroportin or inducing ferroportin internalization and degradation,

comprising contacting the ferroporiin with at least one peptide according to any one of claimis-31

to 45 or the compos'ition aceording to claim 46.
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48. A method for treating a disease of iron metabolism in a subject comprising administering
at least one peptide according to any one of claims 31 to 45 or the composition according to

clajm 46 to the subject.

49.  The method of claim 48, wherein the disease of iron metabolism is an iron overload

diséase.

50. A mcthod of synthetically manufacturing a peptide according to any-one of claims 31 to
45.

51. A method of recombinantly manufacturing a peptide according to any onc of claims 31 to

45.

52. A process for manufacturing a compound ot pharmaceutical composition according to

any of the above claims.

53. A pharmaceutical composition comprising a peptide analogue; or.phar’maCGutical_Iy
acceptable salt or solvate thereof, according to claim 31 to 38, in combination with one or more
peptide analogue or pharmaceutically aceeptable salt or solvate theréof according to claim 31 to

38 together with a pharmaceutically acceptable carrier, excipient of vehicle.

54, A device comprising at least one-peptide, or pharmaceutically acceptable salt or solvate

thereof, according to claims 31-435, for delivery of the peptide to a subject.
55.  Akit comprising at least one peptide according to any one of claimis 31 to 45 or the

composition aceording to claim 46 packaged together with a reagent, a device, instructional

material, or-a combination thereof.
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56. A compléx comprising at least one _papfi’dc‘ according to any one of claims 31-45 bound

to a ferroportin or anm antibody.
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1354825_1.txt
SEQUENCE LISTING

<110> Protagonist Therapeutics, Inc.
<120> HEPCIDIN ANALOGUES AND USES THEROF
<130> PRTH-001/01iw0 321085-2001

<150> US 61/800,048
<151> 2013-03-15

<150> US 61/800,284
<151> 2013-03-15

<160> 375
<170> PatentIn version 3.5

<210> 1

<211> 10

<212> PRT . .

<213> Artificial Sequence

220> .
<223> Hepcidin peptide analogue motif

<220>

<221> MISC_FEATURE

222> (D (D o o

<223> Xaa = Asp, Glu, Ala, Gly Thr, Tyr, Leu, D-Asp, Iminodiacetic
acid, pyroglutamic acid, beta-homoaspartic acid or absent

<220>

<221> MISC_FEATURE

<222 (2)..(®) _ ) )

<2235 Xaa = Thr, Ala, Arg, p-Thr, alpha-aminoisobutyric acid or absent

<220>

221> MISC_FEATURE

<222> (3)..(3) )
223> Xaa = His, Lys, Ala or D-His

<220> o =

<221> MISC_FEATURE

<222> (4)..(4) , -

<223> Xaa = Phe, Ala, D-Phe, béta-beta-diphenylalanine or
beta-homophenylalanine

<220> _

<221> MISC_FEATURE

<222> (5)..(5) _ _ ,

<223> Xaa = Pro, Glu, Ser, Gly, Arg, Lys, val, Ala; D-Pro,
beta-homoproline, 4-aminobutyric acid, sarcosine or absent

<220>

<221> MISC_FEATURE

<222> (6)..(6) ) _ _

<223> Xaa = Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys,
val, Ser or Ala

<2205

<221> MISC_FEATURE

<222> (7).. (D _ “ , _ |

<223> Xaa = Cys, Ile, Ala, Leu, val, Ser, Phe, D-Ile, D-Cys or
(2,3-diaminopropanoic acid)

<220>
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. 1354825_1.tXxt
<221> MISC_FEATURE
<222>  (8)..(B)
<223> Xaa = Ile, Lys, Arg, Ala, Gln, Phe, Glu, Asp, Tyr, Ser, Leu, val,
D-Ile, D-Lys, D-Arg or (2,3-diaminopropancic dacid)

<220 _

<221> MISC_FEATURE

<222> (9)..(9) | N

<223> Xaa = Phe, Ala, Tle, Tyr, Lys, Arg, beta-homoproline or D-phe

<220>

<221> MISC_FEATURE

<222> (10)..C10)

<223> Xaa = Lys, Phe or absent

<400> 1

§aa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xda Xaa
5 10

<210> 2

<211> 10

<212> PRT

<213> Artificial Sequence

<220
<223> Hepcidine peptide analogue motif

<220>

<221> MISC_FEATURE

<222> (1)..¢1) ,

<223> Xaa = Asp, Glu, iminodiacetic acid, pyroglutamic acid,
beta-horicaspartic acid or absent

<220> _

<221> MISC_FEATURE

<222> (4)..(4) ) .
<223> Xaa = Phe or (beta,beta diphenylalanine)

<220>

<2215 MISC_FEATURE

<222> (5)..(5)

<223> Xaa = Pro or beta-homoproline

<220

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Ile; Cys or Arg

<220

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = Cys , Ile, Leu or val

<2205 _

<221> MISC_FEATURE

222> (8)..(8)

<223> Xaa = Ile, Lys, Glu, Phe, GIn or Arg
<220>

<221> MISC_FEATURE

<222> (10)..(10)

<223> Xaa = Lys, Phe. or absent

<400 2
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1

<210>
<2115

<212>

<213>

<220>

<223>

<220>

<2215

<222>
<223>

<220>
<221>
<222>
«223>

<220>

221>
<222>
<2233

<220>
<221>
<2225
<2235

<220>
<221>
<2225
<223>

<400>

1354825_1..txt

Xaa Thr His Xaa Xaa Xaa Xaa Xda Phe Xaa
5 i0

3

10

PRT _
Artificial Sseguence

Hepcidin peptide analogue motif

‘MISC_FEATURE

(1)..(D
Xaa = Asp, Glu, Iminodiacetic acid, pyroglutamic acid,
heta-homoaspartic acid or absent

MISC_FEATURE

(4)..(4)

Xaa = Phe or (beta,beta diphenylalanine)
MISC_FEATURE

5)..(5)

Xaa = Pro or beta-homoproline

MISC_FEATURE

(8)..(8) , ) ‘ ‘
Xaa = Ile, Lys, Glu, Phe, Gla or Arg

MISC_FEATURE
Xaa = Lys or -absent

3

Xaa Thr His Xaa Xaa Cys Ile Xaa Phe Xaa
1 5 ' 10

<210>
<211
<2125
<213>

<220>
<2235

<220>
<2215
<222>
<223>

<220>
<221>
<2225
<223>

<220>
<221>
€222>
<223>

4

10
PRT

Artificial Sequence

Hepcidin peptide andlogue motif

MISC_FEATURE
..

Xaa = Asp, Glu or Iminodiacetic acid

%gSC_FEATURE

Xdaa = Pro or beta-homoproline

MISC_FEATURE
(8).-(8) .
Xaa = Ile Lys or Phe
Page 3



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

<400>

<2105
«211>
<212>
<213>

<220>
<2235

<220>
<221>

<222>

<223>

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

<220>

<221>
<222>
<2235

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

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

<220>
<221>
<2225
<223>

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

220>
<221>

<2225
<2235

<220>
<221>

<222>

<2235

1354825_1.txt

MISC_FEATURE
(10.. . (10
¥aa = absent

4
Xaa Thr His pPhe Xaa Cys Ile Xaa Phe Xaa
1 5 ‘ 10
5
15
PRT

Artificial Seduence

Hepcidin peptide analogue motif

MISC_FEATURE
(1..1) . , . . ,
Xaa = Gly, Cys, Ala, Phe, Pro, Glu, Lys, D-Pro, val, Ser or

;absent

MISC_FEATURE
(2)..(2)

‘Xaa = Pro, Ala, Cys, Gly or absent

MISC_FEATURE
(3)..(3) .
Xaa = Arg, Lys, Pro, Gly, His, Ala, Trp or absent

MISC_FEATURE
{4)..(4) , ‘ .
Xaa = ser, Arg, Gly, Trp, Ala, His, Tyr or absent

MISC_FEATURE
(5)..(5
Xaa = Lys, Met, Arg, ‘Ala or absent

MISC_FEATURE
(6)..(6) , . _
Xaa = Gly, Ser, Lys, Ile, Arg, Ala, Pro, val or absent

MISC._FEATURE

(7)..(7) ,
Xaa = Trp, Lys, Gly, Ala Ile, val or absent

MISC_FEATURE
(8)..(8)

Xaa = val, Thr, Gly, Cys, Met, Tyr, Ala, Glu, Lys, Asp, Arg or

absent

MISC_FEATURE
@.. (9
Xda = Cys, Tyr or absent
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<220>
<221> MISC_FEATURE
<222>  (10)..C¢10)
<223> Xaa = Met, Lys, Arg, Tyr or absent

<220>

<221> MISC_FEATURE

<222>  (11)..(11) _
<223> Xaa = Arg, Met, Cys, Lys or absent

<220> '

<2215 MISC_FEATURE

<222> (12)..(12)

<223> Xaa = Arg, Lys, Ala or absent

<220>

<221> MISC_FEATURE.

<222> (13)..(13) ‘

<223> Xaa = Arg, Cys, Lys, Vval or absent

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa = Arg, Lys, Pro, Cys, Thr or absent

<220> , _

<221 MISC_FEATURE

<222> (15)..(15)

<223> Xaa = Thr, Arg or absent

<400> 5

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa i?a
1 5 .

<210> 6

211> 1

<212> PRT

<213> Artificial Sequence

<220> , o
<223> Hepcidin peptide analogue motif

<220> o

<2215 MISC_FEATURE

<222>  (1)..(1)

<223> Xaa = Gly, Ala, Lys, Pro-or D-Pra

<220> 3

<221> MISC_FEATURE

<222> (D..(2)

<223>» Xaa = Pro, Ala aF Gly

<220
<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Arg, Ala, Lys or Trp

<220

<221> MISC_FEATURE.

<222> (4)..(4)

<223> Xaa = ser, Gly or Ala

<220> .
<221> MISC_FEATURE
<222>  (5)..(5)
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- 1354825_1.txt
<223> Xaa = Lys, Met, Arg or Ala

<220> _

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Gly, Arg or Ala

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = Trp, Ala or absent

<220> _

<221 MISC_FEATURE

<222> (8)..(8) ,

<223> Xaa = Val; Thr, Lys, Ala, Glu or absent
<2205

<221> MISC_FEATURE

<222> (10)...(10) v ,

<223> Xaa = Met, Lys or absent

<400> 6

Xda Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa
i 5 10

<210> 7

<211> 10

<212> PRT

<213> Artificidl Sequence

<220> .
<223> Hepcidin peptide analogue motif

<220>

<221> MISC_FEATURE

<222> (1)..(1)

<223> Xaa = Gly, Pro or D-Pro

<220>

<221> MISC_FEATURE
<222> {2)..(2)

<223> Xaa = Pro or Gly

<220> o

<221> MISC_FEATURE
222> (3)..3

<223> Xaa = Arg or Lys

<220>

<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = val or Thr

<2205

<221> MISC_FEATURE

<222> (10)..(10D

<2235 Xaa = MeL; Lys or absent
<400> 7

Xaa Xaa Xaa Ser Lys Gly Trp Xaa Cys Xaa
1 5 10
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<210> 8
<211> 15
<2125 PRT _
<213> Artificial sequence

<220> ) .
<223> Hepcidin peptide analogue motif

<2205

<221> MISC_FEATURE

<222 (.. B
<223> Xaa = val, Ala or absent

<220>

<221> MISC_FEATURE

<222 (3)..(3)

<223> Xaa = Gly, Pro or absent

<220> _

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = His, Trp or Tyr

<220>

221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Ser, Gly or Pro

<220>

<221> MISC_FEATURE

<222> (7)..(7) _

<223> Xaa = Ile, Gly or Lys

<220>

<221> MISC.FEATURE

<222> (8)..(8)

<223> Xaa = Gly, Met or absent

<220> o

<221> MISC_FEATURE
<222> (10)..(C10)

<223> Xaa = Tyr ar Cys

<220>

<221> MISC_FEATURE

<222>  (11)..({11)

<223> Xaa = Arg, Lys, Met or Ala

<220>

<221> MISC_FEATURE
<222> (12)..(12) .
<223> Xaa = Arg or Ala

<220> A

<221> MISC_FEATURE

<2225 (13)..(13)

<223> Xda = Cys or val or absent

<220> _

<221> MISC_FEATURE

<222>  (14)..(14)

<223> Xaa = Cys, Lys, Pro, Arg, Thr or absent

<220>
<221> MISC_FEATURE
<222> (15)..(15)
<223> Xaa = Arg, Thr or absent
Page 7
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<400> §

iaa Cys Xaa Xaa Arg Xaa Xda Xaa Cys Xaa Xaa Xaa Xaa Xaa Xaa
5 10 ;

<210> 9

<211> 15

<212> PRT 7

<213> Artificial Sequence

<220> . .
<223> Hepcidin peptide analogue motif

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Gly or ahsent

<220>

<221> MISC_FEATURE
<222 (6)..(6)

<223> Xad = Ser or Pro:

<220>

<221> MISC_FEATURE
<222> (7)..(7)

<223> Xad = Ile or Lys

<220>

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xda = Gly or absent

<220> _

<221> MISC_FEATURE
<222> (12)..(12)

<223> Xaa = Arg or Ala

<220>

<221> MISC_FEATURE

<222> (13)..(13) ,

<223> Xaa = Cys or val or absent

<220> o
<221> 'MISC_FEATURE
<2225 (14)..(14) -
<223> Xaa = Cys, Arg, Thr or absent

<220>

<221> MISC._FEATURE

<222> (15)..(15)

<223> Xaa = Arg or absent

<400> 9

ga] Cys Xaa His érg Xaa Xaa Xaa Cys {%r Arg Xaa Xaa Xaa Xaa

<210> 10

<211> 10

<212> PRT

<213> Artificial Sequence

<220>
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<223> Hepcidin peptide analogue motif

<220>

<221> MISC_FEATURE

<222 (1)..(1)

<223> Xaa = Gly, Glu; val or Lys

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Arg or Lys

<220>

<221> MISC_FEATURE
<222>  (5)..(5)

<223> Xaa = Arg or Lys

<220>

<221 MISC_FEATURE

<222> (6)..(6) _

<223> Xaa = Gly, Ser, Lys, Ile or Arg

<220>

<221> MISC _FEATURE

<222> (7)..(D)

<223> Xaa = Trp or absent

«220>

<221> MISC_FEATURE

<222> (8)..(8). _
<223%». Xaa = val,; Thr, Asp, Glu or absent

<220>

<221> MISC_FEATURE

<222> (10}..(10) .
<223> Xaa = Lys of absent

<400> 10

Xada Pro Xaa Ser Xaa Xaa Xaa Xad Cys Xda
1 5 10

<210> 11

<211> 10

<212>» PRT _

<213> Artificial Sedquence

<220> o .
<223> Hepcidin peptide analogue motif

<220> .
<221> MISC _FEATURE
<222> (1)..{1)

<223> Xaa-= Glu or: Lys

<220> .

<221s MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Arg or Lys

<220>

<221> MISC_FEATURE
<222>  (5)..(5)

<223> Xaa = Arg or Lys
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<220~ , _
<221> WMISC_FEATURE
<222> (6)..(6)
<223> Xaa = Gly, Ser, Lys, Ile or Arg

<220>

<221> MISC_FEATURE

<222 (7)..(7)

<223> Xaa = Trp or absent

<220> o

221> MISC_FEATURE

<222> (8)..(8)

<223 Xaa = val, or absent

<220>
<221> MISC_FEATURE
«222> (10)..(10)

<223» Xaa = Lys or absent
<400> 11

Xaa Pro Xaa Ser Xaa Xaa Xaa Xaa Cys Xaa
1 ' 5 10

<210> 12
<211> 25
<212> PRT

<213> Artificial Seguence

<220> . o .
<223> Hepcidin peptide analogue motif

«220>

<221> MISC_FEATURE

<222> (1)..(1) | | L .

<223> Xaa = Asp, Glu, Ala, Gly Thr, Tyr, Leu, D-Asp, Iminodiacetic
acid, pyroglutamic acid, béta-homoaspartic acid or absent

<220> By

<221> WMISC_FEATURE

<222> (2)..(2) _

<223> Xaa = Thr, Ala, Arg, D-Thr, alpha-aminoisobutyric acid of absent

<220>

<221> MISC_FEATURE

<2225 (3)..(3) -

<223> Xaa = His, Lys, Ala or D-His

<220>

<221> MISC_FEATURE

222> (4)..(4) _ )

<223> Xaa = Phe, Ala, D-Phe, beta-beta-diphenylalanine or
beta-homophenylalanine

<2205

<221> MISC_FEATURE

<222> (5)..(5) , _

<223> Xaa = Pro, ‘Glu, Ser, Gly, Arg, Lys, Val, Ala, D-Pro,
beta-homoproline, 4-aminobutyric acid, sarcosine or absent

<220> _ _
<221> MISC_FEATURE
<222>  (6)..(6) L
<223s Xaa = Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys,
val, ser of Ala ,
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<220> ,

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = Cys, Ile, Ala, Leu, val, Ser, Phe, D-ITe, D-Cys or
(2,3-diaminopropanoic acid)

<220> _

<221> MISC_FEATURE

<222> (8)..(8) |

<223> Xada_= Ile, Lys, Arg, Ala, Gln, Phe, Gliu, Asp, Tyr, Ser, Leu, val,
D-Ile, D-Lys, D-Arg or {(2,3-diaminopropanoic acid)

<220>

<221> MISC_FEATURE

<2225 (9)..(9) _ _
<223> Xaa = phe, Ala, Tle, Tyr, Lys, Arg, beta-homoproline or D-Phe

<2203

<221> MISC_FEATURE

<222>  (10)..(10)

<223> Xaa = Lys; Phe or dbsent

<220> .

<221> MISC_FEATURE

<222> (11)..(11) g _

<223> Xaa = Gly, Cys, Ala, phe, Pro, Glu, Lys, D-Pro, Val, ser or
absent ' '

<220> _

<221> MISC_FEATURE

<222 (12)..¢12). _ _
<223> Xaa = Pro, Ala, Cys, Gly or absent

<2205 -

<221> MISC_FEATURE

222> (13)..(13) _ _
223> Xaa = Arg, Ly¥s, Pro, Gly, His, Ala, Trp or absent

<220> ]

<221> MISC_FEATURE

<222> (14)..(14) _

223> Xaa = Ser, Arg, Gly, Trp, Ala, His, Tyr or absent

<220>

<221> MISC_FEATURE

<222> (15)..(15)

<223> Xaa = Lys, Met, Arg, Ala or abhsent

<220

<221> MISC_FEATURE

<222> (16)..(16)

<223> Xaa = Gly, Ser, Lys, Ile, Arg, Ala, Pro, val or absent

<220> N

<221> MISC_FEATURE

<222> (17)..(17) _

<223> Xaa = Trp, Lys, Gly, Ala Ile, val or absent

<220>

<221> MISC_FEATURE

<222> (18)..(18) _

<223> ‘xga = val, Thr, Gly, Cys, Met, Tyr, Ala, Glu, Lys, Asp, Arg or
absent '

<220> B

<221> MISC_FEATURE

<222>  (19)..(19) _
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<223> Xaa = Cys, Tyr or absent

<220>

<221> MISC_FEATURE

<222> (20)..C20) -

<223> Xaa = Met, Lys, Arg, Tyr or absent

<220>

<221> MISC_FEATURE

<222> 2)..2D

<223> Xaa = Arg, Met, Cys, Lys or absent

<220>

<22]> MISC_FEATURE

<222> (22)..(22)

<223> Xaa = Arg, Lys, Ala or absent

<220>

<221> MISC_FEATURE

<222> (23)..(23)

<223> Xaa = Arg; Cys, Lys, val or absent
<220> o

<221> MISC_FEATURE

<222> (24)..(24)

<223> Xaa = Arg, Lys, Pro, Cys, Thr or absent

<220>

<221> MISC_FEATURE

<222>  (25)..(25)

<223> Xaa = Thr, Arg or absent
<400> 12

Xda Xaa Xaa Xda Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa §§a.xaa
1 5 '

Xaa Xaa Xaa Xaa Xaa Xaa Xda Xaa Xaa

20
<210> 13
<211> 10
<212> PRT
<213> Artificial Sequence
<220>

<223> Hepcidin peptide analogue motif

<220> ,

<221> MISC_FEATURE

222> (.M |

<223> Xaa = Asp, Glu, Ala, Gly Thr, Tyr, Leu, D-Asp, Iminodiacetic
acid, pyroglutamic acid, beta-homoaspartic acid or absent

<220> _ _

<221> MISC_FEATURE

<222> (2)..(2) _ _ L . -

<223> Xaa = Thr, Ala, Arg, D-Thr, alpha-aminoisobutyric acid or absent

<220>

<221% MISC_FEATURE

<222>  (3)...(3) v
<223> Xaa = His, Lys, Ala or D-His

<220>
Page 12
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<221> MISC_FEATURE

<222> (4)..

<223 Xag = Phe Ala, D-Phe, beta-beta-diphenylalanine or
beta- homopheny131an1ne

<220>

<221> MISC_FEATURE

<222>  (5)..(5)

<223> Xaa = Pro, Glu, Ser, Gly, Arg, Lys, val, Ala, D- Pro,
beta- homopro11ne, 4-aminobutyric acid, sarcosine or absent

<220>

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Ile, Cys, Arg, lLeu, Lys, His, Glu, D-Ile, D-Arg, D-Cys,
val, Ser-or A1a

<220>

<221> MISC_FEATURE

222> (7)..(D _

<223> Xaa = Cys, Ile, Ala, Léu, val, Ser, Phe, D-Ile, D-Cys or
2,3- d1am1nopropano1c ac1d)

220>

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xaa = Tle, Lys, Arg, Ala, GTn Phe, Glu, Asp, Tyr, Ser, Leu, Val,
p-Ile, D- Lys, D-Arg or (2 d1am1nopropano1c acid)

<220>

<221> MISC_FEATURE

<222> (9). (9)

<223> Xaa = Phe, Ala, Ile, Tyr, Lys, Arg, beta-homoproline or D-Phe

<220>

<223>. MISC_FEATURE

<222> (10)..(C10) .

<?23> Xaa = Lys, Phé or absent

<400> 13

Xaa. Xaa Xda Xaa Xaa Xaa Xaa Xaa Xaa Xaa

1 5

<210> 14

<211> 10

<212> PRT

<213> Artificidl sequence

<220> o ) )

<223> Hepcidine peptide analogue motif

<220>

'<221>' MISC_FEATURE

<2225 (L)..(1)

<223> Xaa = Asp, iminodiacetic acid, pyroglutamic acid,
beta-homoaspartic acid or absent

<220>

«22%> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = Phe or (beta,beta diphenylalanine)

<220>

<221> MISC_FEATURE

<222= (5)..(5)
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<223> Xaa = Pro or beta-homoproline

<220>

<221> MISC_FEATURE

<222> {6)..(6)

<223> Xaa = Ile, Cys or Arg

<220>
<221> MISC_FEATURE
<223> Xaa = Qys , Tle, Leu or val

<220> _

<221> MISC_FEATURE

<222> (8)..(8 , _

<223> Xaa = Ile, Lys, Glu, Phe, Gln or Arg

<220>

<221> MISC_FEATURE

222>  (10)..(10) ,
<223> Xaa = Lys or absent

<400> 14

Xaa Thr His Xaa Xaa Xaa Xda Xaa Phe Xaa
1 5 '

<210> 15

<21 10

<2123 PRT

<213> Artificial Sequence

<220> N _
<223> Hepcidin peptide analogue motif

<220

<221> MISC_FEATURE

<222> (DD .

<223> Xaa = Asp, Iminodiacetic acid, pyroglutamic acid,
beta-homoaspartic acid or absent

<220> ,

<221> MISC_FEATURE

222> (D..(4) o ]
<223> Xaa = Phe or .(beta,beta diphenylalanine)

<220>

<221> MISC_FEATURE

<222> (5)..(5) .

<223> Xaa = Pro or beta-homoproline

<220>

<221> MISC_FEATURE

<222» (8)..(8) _ ,
<223> Xaa = Ile, Lys, Glu, Phe, GIn or Arg
<2205 _ o

<221> MISC_FEATURE

<222>  (10)..(10) o

<223> Xaa = Lys or abisent

<400> 15

Xaa Thr His Xaa Xaa Cys Ile Xaa Phe Xaa
1 5 10
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<210> 16

<211> 15

<212> PRT =

<213> Artificial Sequence

<220> o ,
<223> Hepcidin peptide analogue motif

<220>

<221> MISC_FEATURE

<222> (1)..(1) | o

<223> Xaa = Gly, Cys, Ala, Phe, Pro, Glu, Lys, D-Pro, Vval, Ser or
absent '

<220> 7

<221> MISC_FEATURE

<222> (2)..(2)

<223> Xaa = Pro, Ala, :Cys, Gly or absent

<220>

221> MISC_FEATURE

<222>  (3)..(3) _

<223> Xaa = Arg, Lys, Pro, Gly, His, Ala, Trp or absent

<220>

<221> MISC_FEATURE

222> (B..(4) .

<223> Xaa = Ser, ‘Arg, Gly, Trp, Ala, His, Tyr or &absent

220>

<221> MISC_FEATURE

<222> (5).:.(5) _
<223> Xaa = Lys, Met, Arg, Ala or absent

<220>

<221> MISC_FEATURE

222> (6)..(6) o _ .
<223> Xaa = Gly, Ser, Lys, Ile, Arg, Ala, Pro, val or absent

<220>

<223> MISC_FEATURE

<222> (7)..(7)

<2235 Xaa = Trp, Lys, Gly, Ala Ile, val or absent

<220>

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xga = val, Thr, Gly, Cys; Met, Tyr, Ala, Glu, Lys, Asp, Arg or
absent

<220>

<221> MISC_FEATURE

<222> (9)..(9

<223> Xaa = Cys, Tyr or absent

<220

<221> MISC_FEATURE

<222> (10)..(10)

<223> Xaa = Met, Lys, Arg, Tyr or absent

<220> B

221> MISC_FEATURE

<222 (113, .C11) o N

<223> Xaa = Arg, Met, Cys, Lys or absent

<220> ‘
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<221> MISC_FEATURE
<222>  (12)..(12)
<223> Xaa = Arg, Lys, Ala or absent

<220> B

<221> 'MISC_FEATURE

<222>  (13)..(13)

<223> Xaa = Arg, Cys, Lys; val or ahsent

<220> _ _

<221> MISC_FEATURE

<222> (14)..(14) _ _
<223> Xaa = Arg, Lys, Pro, Cys, Thr or absent

<220> o

<221> MISC_FEATURE

<222> (15)..(15)

<223> Xaa = Thr, Arg or absent

<400> 16

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xda Xaa %ga
N 5

<210> 17

<211 10

<212> PRT

<2135  Artificial Sequence

<220> _ ] _
<223> Hepcidin peptide analogue motif

<220> _

<2215 MISC_FEATURE

<222> (1)..(1) o
<223> Xaa = Gly, Ala, Lys, Pro or D-Pro

<220>

<221> MISC_FEATURE

<222> (2)..(2)

<223> Xaa = Pro, Ala or Gly

<2205

<2215 MISC_FEATURE

<222 (3)..(3)

<223> Xaa = Arg, Ala, Lys or Trp

<220> _ _

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = Ser, Gly or Ala

<220>

<221> MISC_FEATURE

<222> (5)..(5)

<223> Xaa = Lys, Met, Arg or Ala

<2205

<221> MISC_FEATURE

<222> (6)..(6) _
<223> Xaa = Gly, Arg or Ala

<220%
<221> MISC_FEATURE
<2225 (7)..C7)
<223> Xaa = Trp or Ala
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<220

<221> MISC_FEATURE

<2225 (8)..(8)

<223> Xaa = val, Thr, Lys, Ala or Glu

<220>

<221> MISC_FEATURE

<222  (10)..(10)

<223> Xaa = Met, Lys or absent

<400> 17

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Cys Xaa
1 5 10

«Z210> 18

<211> 10

<212 PRT

<213> -Artificial Seguence

<220> » , .
<223> Hepcidin peptide anaiogue motif

<220>

<221> MISC_FEATURE

222> (1)..(Q1)

<223> Xaa = Gly, Pro or D-Pro

<220> L

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = Pro or Gly

<220>

<221> MISC_FEATURE
<222> (3)..(3)

<223> Xaa = Arg or Lys
<220>

<221> MISC_FEATURE
<2225 (8)..(8)

<223> Xaa = val or Thr

<220> o

<221> MISC_FEATURE

<222> (10)..(10)

<223> Xaa = Met, Lys or absent

<400> 18

Xaa Xaa Xaa Ser Lys Gly Trp Xaa Cys Xaa
1 5. 10

<210> 19

<211> 15

<212> PRT _

<213> Artificial sequence

<220> .
<223> Hepcidin peptide analogue motif

<220> |
<221> MISC_FEATURE _
page 17
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<222> (1)..(L) ,
<223> Xaa = val, Ala or absent

<220>

<221> MISC_FEATURE

<222 (3)..(3)

<223> Xda = Gly, Pro or absent

<220>

<221> MISC_FEATURE

<222> (4)..(4)

<223> Xaa = His, Trp or Tyr
<220> ,

<221> MISC_FEATURE

<222> (6)..(6) ,
<223» Xaa = Ser, Gly or Pro

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = Ile; Gly or Lys

<220>.

<221> MISC_FEATURE

<222> (8)..(8) _
<223> Xaa = Gly, Met or ahsent

<220> -

<221> MISC_FEATURE
€222 (10)..(10)

<223> Xaa = Tyr or Cys

<220> _

<221> MISC_FEATURE

<2225 (11)..QAD o
<223> Xaa = Arg, Lys, Met or Ala

<220>

<221> MISC_FEATURE
<222> (A2)..12)

<223> Xaa = Arg or Ala

<220>

<221> MISC_FEATURE

<222> (13)..(13) .

<223> Xaa = Cys or val or absent

<220>

<221> MISC_FEATURE

<222 (14)..(14)

<223> Xaa = Cys, Lys, Pro, Arg, Thr or absent

<220> _

<221> MISC_FEATURE

<222> (15)..(15)

<223> Xaa = Arg, Thr :or absent

<400> 19

Xaa Cys Xaa .Xaa Arg Xaa Xda Xaa Cys Xaa Xaa Xaa Xaa Xaa %ga
1 5 10 ‘

<210> 20
<211l> 15
<212> PRT
<213> Artificial Sequence
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<220> . .
<223> Hepcidin peptide ‘analogue motif

<220

22215 MISC_FEATURE

<222> (..

<273> Xaa = Gly or absent

<220

221> MISC_FEATURE
<222> (6).-(6)

<223> Xaa = Ser or Pro;

<220> ‘ o
<221> WMISC._FEATURE
<222»  (7)..(7)

<223> Xaa = Ile or Lys

<220> _ _

<221> MISC_FEATURE

<222> (8)..(8)

<223> Xaa = Gly or absent

<220

<221> MISC_FEATURE
<2275 (12)7.(12)

<223> Xaa = Arg or Ala

<220>

<221> MISC_FEATURE

<222>  (13)..(13) _

<223> Xaa = cys or val or absent

<220>

<221> MISC_FEATURE

<222> (14)..(1D _

<223> Xaa = Cys, Arg, Thr or absent

<220> ) o

<221> MISC_FEATURE

<222> (15)..(15)

<223> Xaa = Arg or ahsent

<400> 20

val Cys Xaa His Arg Xaa Xaa Xda Cys T%r Arg Xaa Xaa'Xaa,ﬁﬁa
1 5 1

<210> 21

<211> 25

<212> PRT

%213> Artificial sequence

<220> , .
<223> Hepcidin peptide analague motif

<220> .

<221> MISC_FEATURE

<2225 (1)..(M | | o

223> Xaa = Asp, Glu, Ala, Gly Thr, Tyr, Leéu, D-Asp, Iminodiacetic
acid, pyroglutamic acid, beta-homoeaspartic acid or absent

<220> -
221> MISC_FEATURE , N
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<222
<223>

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

<220>
<221>
<222>
<2235

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

<220>
<221>
<222
<223>

%2205

<221>
222>
<223>

<220>
<221>
222>
<223>

<220>
221>
<222>
<223>

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

<220>

<221>
<2275
<223>

<220>
<221>

<222>
<223>

<220>
<221>
<222>
<2723>

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

1354825_1.txt
(2)..@2)

Xaa = Thr, Ala, Arg, D- Thr, alpha-aminaisobutyric acid or absent

MISC_FEATURE
(3)..03) .
Xaa = His, Lys, Ala or D-His

MISC_FEATURE

(B..(B

Xaa = Phe, Ala, D-Phe, beta-beta-diphenylalanine or
beta- homopheny1a1an1ne

MISC_FEATURE
(5)..(5)

Xaa = Pro, Glu, Ser, Gly, Arg, Lys, val, Ala, D-Pro,

beta- homopro11ne 4~aminobutyric ac1d, sarcosine or absent

'MISC_FEATURE.

(6)..(6) ]
Xaa = Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys,
val, ser or Ala

MISC_FEATURE

@@ |
Xaa = Cys, Ile, Ala, Leu, val, Ser, Phe, D-Ile, D-Cys or
2,3+ d1am1nopropano1c aC1d)

MISC_FEATURE

(8)..(8) .
Xaa = Iie, Lys, Arg, Ala, G1n, Phe, Glu, Asp, Tyr, Ser, Leu, val,
p-Ite, D-Lys, D-Arg or (2 d1am1nopropano1c acid)

MISC_FEATURE
(9)..(9) . . _ L -
Xaa = Phe, Ala, Ile, Tyr, Lys, Arg, beta-homoproline :or D-Phe

MISC_FEATURE
(10)..(10)

Xaa = Lys, Phe or absent

MISC_FEATURE

(11)..(11) ,
Xaa = Gly, Cys; Ala, Phe, Pro, Glu, Lys, D-Pro, val, Ser or
absent

MISC_FEATURE
(12)..(12) _
Xaa = Pro, Ala, Cys, Gly or absent

MISC_FEATURE
(13)..(13) _ ; .
Xaa = Arg, Lys, Pro, Gly, His, Ala, Trp or absent

MISC_FEATURE

(14)..(14) - v

Xaa = Ser, Arg, Gly, Trp, Ala, His, Tyr or absent
' ' Page 20
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<220 o
<221> MISC_FEATURE

<222> (15)..(15) _
<223> Xaa = Lys, Met, Arg, Ala or absent

<220>

<221> MISC_FEATURE

<222> (16)..(16) v _

<223> Xaa = Gly, Ser, Lys, Iie, Arg, Ala, Pro, val or absent

<220>

<221> MISC_FEATURE

<222> (17)..(17) _ :

<223> Xaa = Trp, iys, Gly, Ala Ile, val or absent

<220>

<221> ‘MISC_FEATURE

<222> (18)..(18) ) _

<223> Xaa = val, Thr, Gly, Cys, Met, Tyr, Ala, Glu, Lys, Asp; Arg or
absent '

<220>

<221> MISC_FEATURE

<222> (19)..(19

<223> Xaa = Cys, Tyr or absent

<220>

<221> MISC_FEATURE

<222> (20)..(20) )

<223> Xaa = Met, Lys, Arg, Tyr or absent,

<220>

<221> MISC_FEATURE

<222> (21)..(2L) )
<223> Xaa = Arg, Met, Cys, Lys or absent

<220

<221> MISC_FEATURE

<222>  (22)..(22)

223> Xaa = Arg, Lys, Ala or absent

<220>

<221> MISC_FEATURE

<222>  (23)..023)

<223> Xaa = Arg, Cys; Lys, val or absent

<220>

<221 MISC_FEATURE

<222> (24)..(24)

<223> Xaa = Arg, Lys, Pro, Cys, Thr or absént

<220>

<221> MISC.FEATURE

<222> (25)..(25)

<223> Xaa = Thr, Arg or absent
<400> 21

iaasXaa Xaa Xaa'ﬁaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa iga_Xaa
' . 10 :

Xda Xaa Xaa Xaa Xaa Xad Xaa Xaa Xda
20 25

<210> 22
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<211>
<212
<21.3>

<220>
<223>

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

<220>
<221>
<2225
<223>
<220>
<221>
<2225
<223>

<220>

<221
<222>

<223>

<220>
<221>
<222>

<223>

<220>
<2271>
<222>
<2235

<220>
<2215
<222>
<223>

<220>
<221>
<222
<223>

<220>
<221
<222>
<223>
<220>
<2 271>
<222>
<223>

<400>

- 1354825_1.txt
10

PRT

Artificial Sequence

Hepcidin peptide analogue motif

MISC:_FEATURE

(1.1

Xaa = Asp, Glu, Ala, Gly Thr, Ty¢f, Leu, D-Asp, Iminodiacetic
acid, pyrog]utam1c ac1d beta homoaspartic acid or absent

MISC_FEATURE
(2)..(2)

Xaa = Thr, Ala, Arg, D-Thr, alpha-aminoiscbutyric acid or absent

MISC_FEATURE

(3)..03) )
Xaa = His, Lys, Ala or D-His

MISC_FEATURE
4.0

Xaa = Phe, Ala, D-Phe, beta-beta-diphenylalanine or

beta- homopheny1a3an1ne

MISC_FEATURE
(5):.(5)
Xaa = Pro, Glu, Ser, Gly, Arg, Lys, val, Ala, D-Pro,

beta- homopr011ne 4—am1nobutyr1c ac1d sarcosine or absent.

MISC_FEATURE

(6)..(6) _

Xaa = Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys,
val, ser or Ala

MISC_FEATURE

7)..(7)

Xaa = Cys, Ile, Ala, Leu, val, Ser, Phe, D-ITe, D-Cys or
,3- d1am1nopropano1c ac1d)

MISC_ FEATURE

(8)..(8)
Xaa = Ile, Lys, Arg, Ala, Gln, pPhe, Glu, Asp, Tyr, Ser, Leu, Vval,
D-Tle, D-Lys, D-Arg or (2 3-- d1am1nopropano1c acid)

MISC FEATURE
Xaa = Phe Ala, ITe, Tyr, Lys, Arg, beta-homoproline or D-Phe

MISC_FEATURE

10)..(10)
Xaa = Lys, Phe or absent
22

Xaa Xda Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa
1 5 10
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<210> 23

<211> 10

<212> PRT . ,

<213> Artificial Seguence

<2205 |
<223> Hepcidine peptide analogue iotif

<2205

<221> MISC_FEATURE

<222>  (1)..(1) o _

<223> Xaa = Asp, iminodiacetic acid, pyroglutamic acid,
beta-~homoaspartic acid or absent

<220>

<221> MISC_FEATURE

<222> (4)..(4) .
<223> Xaa = Phe or (beta,beta diphenylalanine)
<220>

<221> MISC_FEATURE

<222>  (5)..(5)

<223> Xaa = Pro or beta-homoproline

<220> v

<221> MISC_FEATURE

<222> (6)..(6) _
<223> Xaa = Ile, Cys or Arg

<220>

<221> MISC_FEATURE

<222> (7)..(7)

<223> Xaa = Cys , Ile, Lelu or val

<220>

<221> MISC_FEATURE

<222»  (8)..(8) _ .
<223> Xaa = Ile, Lys, Glu, Phe, Gln or Arg

<220>

<221> MISC_FFATURE

<222 (10)..(10)

<223> Xaa = Lys, Phe or absent

<400> 23

Xaa Thr His Xda Xaa Xaa Xaa Xaa Phe Xaa
1 5 ‘

<210> 24

<211> 10

<212> PRT . |

<213> Artificial Sedquence

<220> _
<223> Hepcidin peptide analogue motif

<220>

221> MISC_FEATURE

<222> (1)..(L)

<223> Xaa = Asp, Iminodiacetic acid, pyroglutamic acid,
beta-homoaspartic acid -or absent
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<220>

<221> MISC_FEATURE

222> (4)..(4) . _

<223> Xaa = Phe or (beta,beta diphenylalanine)

<220>

<221> MISC_FEATURE

<222> (5)..(5).

<223> Xaa = Pro or beta-homoproline
220> _

223> 'MISC_FEATURE

<222>  (8)..(8) |
<223> ‘Xaa = Ile, Lys, Glu; Phe, Gln or Arg

<220> ‘

<221> MISC_FEATURE

<222> (10)..(10) _
<223> Xaa = Lys or absent

<400> 24

Xaa Thr His Xaa Xaa Cys Ile Xaa Phe Xaa
1 5 ' 10

<210> 25

<211> 10

<212> PRT o
%213> Artificial Sequenceé

<220> . o
<223> Hepcidin peptide analogue motif

<220>

<221> MISC_FEATURE

<222> (1)..(1) )

<?223> Xaa = Gly, Ala, Proe, Lys or D-Pro

<220

<221> MISC_FEATURE

<2225 (..

<223> Xaa = Pro, Ala or Gly

<220>

<221> MISC_FEATURE

<222> (3)..(3)

<223> Xaa = Arg; Lys, Ala or Trp

<220> ,

<221> MISC_FEATURE

<222> (4)..(4)

<2235 Xaa = Ser, Gly or Ala

<220>

<221> MISC_FEATURE

222> (5)..(5) _ _
<223> Xaa = Lys, Met, Arg or Ala

<2205

<221> MISC_FEATURE

<222> (6)..(6)

<223> Xaa = Gly, Arg or Ala

<220>

<221> MISC_FEATURE

<222 (7)..(7) _
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<223> Xaa = Trp, Ala or absent

<220> »

<221> MISC_FEATURE

<222> (8)..(8) ,

<223» Xaa =val, Thr, Ala, Glu, Lys or absent

<220>

<221> MISC_FEATURE

<222> (10)..(10)

<223> Xaa = Met, Lys or absent

<400s> 25

iaa Xaa Xaa Xaa Xaa Xaa Xda Xaa Cys_%ga
5 )

<210> .26

<211> 10

<212> PRT

<213> Artificial sequence

<220> . ..
<223> Hepcidin peptide analogue motif

<220>

<221> MISC_FEATURE

<222> (D..(D ‘
<223> Xaa = Gly, Pro or D-Pro

<220>

<221> MISC_FEATURE
<222> (2)..(2)

<223> Xaa = Pro or Gly

<220> |

<221> MISC_FEATURE
<222 (3)..(3)

<223> Xaa = APg of LysS

<220> _
<221> MISC_FEATURE
<222> (8)..(8)

<223> Xaa = val or Thr

<220>

<221> MISC_FEATURE

<222> (10)..(10) ‘
<223> Xaa = Met, Lys or absent

<400> 26

Xaa Xaa Xaa Ser Lys Gly Trp Xaa Cys Xda
1 5 10

<210> 27

<211> 20

<212> PRT

4213 Artificial Sequence

<22{> .
<223> Hepcidin peptide analogue motif

<220>
Page 25



<221>
<2225
223>

<220>
<22T>
<2225
<223>

<220>

<2215
<222>
<223>

<220>
<221>

<222>
<223>

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

<220>
<2721>
<222>
<223>

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

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

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

<2205
<221>
<222
<223>
<220>
<221>
<222>
<223>

<2205

<221

<222>
223>
<220

<221>
<222>

, | 1354825_1.txt
MISC _FEATURE
(1.1

Xaa = Asp, Glu, Ala, Gly Thr, Tyr, Leu, D-Asp, Iminodiacetic

acid, pyroglutamic acid, beta-homoaspartic acid or absent

MISC..FEATURE
(2)..(2)

Xaa = Thr, Ala, Arg, D-Thr, alpha-aminoiscbutyric acid or -absent

MISC.-FEATURE
(3)..03) o L
Xaa = H1s, Lys, Ala or D-His

MISC_FEATURE

(4)..&®)

Xaa = Phe, Ala, D-Phe, beta-beta-diphenylalanine or

beta-~homephenylalanine

MISC_FEATURE
(5)..(%)

Xaa = Pro, Glu, ser, Gly, Arg, Lys, val, Ala, D-Pro,

beta-homoproline, 4-aminobutyric acid, sarcosine or absent

MISC, FEATURE

(6)..(6) 7 ) 7 _

Xaa = Ile, Cys, Arg, Leu, Lys, His, Glu, D-Ile, D-Arg, D-Cys,
val, Ser ar Ala

MISC_FEATURE

(7)..(7) _ _ v _ ,

Xaa = cys, Ile, Ala, Leu, val, Ser, Phe, D-Ile, D-Cys or
(2;3-diaminopropanoic acid)

MISC_FEATURE

(8)..(8) -

Xaa = Ile, Lys, Arg, Ala, Gln, Phe, Glu, Asp, Tyr, Ser, Leu, val,
D-Ile, D-Lys, D-Arg er (2,3-diaminopropanoic acid) S

MISC_.FEATURE
(9)..0(9) Py : - , g ,
Xaa = Phe, Ala, Ile, Tyr, Lys, Arg, beta-homoproline or D-Phe

MISC_FEATURE
(10)..(10)
Xaa = Lys, Phe or absent

MISC_FEATURE
(11)..(11) ,
Xaa = Gly, Ala, Pro, Lys or D-Pro

MISC_FEATURE
(12)..(12)
Xaa = Pro, Ala er Gly

MISC_FEATURE
(13)..(13)
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<223> Xaa = Arg, Lys, Ala or Trp

<220>

<221> MISC_FEATURE

<222> (14)..(14)

<223> Xaa = Ser, Gly or Ala

<220> ‘

<221> MISC_FEATURE

<222> (15)..(15) .
<223> Xaa = Lys, Met, Arg or Ala

<220> _

<221> MISC_FEATURE

<222>  (16)..(16)

€223> Xaa = Gly, Arg or Ala

<220>

<221» MISC_.FEATURE

<222 (17)..C17)

<223> Xaa = Trp, Ala or absent
<220>

<221> MISC_FEATURE

<222> (18)...18)

<223> Xaa = val, Thr, Ala, Glu, Lys or absent
<220> ‘ N

<221> MISC_FEATURE

<222> (20)..020)

<223> Xaa = Met, Lys or absent
<400 27

Xaa Xaa Xaa Xaa Xaa Xda Xad Xaza Xad Xaa Xaa Xaa Xad Xaa Xaa Xaa
1 5 10 15

Xaa Xaa Cys Xaa
20

<210> 28

<211> 9

<212> PRT .

<213> Artificial Ssequence

<223> Hepcidin peptide analogue
<400> 28

?sp Thr His:Phe.gro cys Ile Ile Phe

<210> 29

<211> 18

<212> PRT

<213> Artificial sequence

<220> .
<2233 Hepcidin pepiide analogue

<400> 29
Asp Thr His Phe Pro Ile cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
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val Cys

<210> 30

<211> 19

<212> PRT

<213> Artificial Sequence

<220> _

<223> Hepcidin peptide.analogue

<400> 30

Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro. Arg Ser Arg Gly Trp
1 5 10 " 15 '
val Cys Lys

<210> 31

<211> 18

<212> PRT , ,
<213> Artificial Segquence

<220> o . |
<223> Hepcidin peptide analogue

<400> 31
Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys

<210> 32

<211> 19

<212> PRT

<213> Artificial Sequence

<220> L ]
<2235 Hepcidin peptide analogue

<220>

<221> MOD_RES

<222> (1)..(%)

<223> Xaa is iminodiacetic acid
<220>

<221> MOD_RES

<222> (4)..(® o _
<223> Xaa is beta,beta diphenylalanine

<220> o

<221> WMOD_RES

<222> (5)..(5)

<223> Xaa is beta-homoproline
<400> 32

Page 28



1

- 1354825_1.txt

Xaa Thr His Xaa Xaa Ile Cys Ile Phe ggy Pro Arg Ser Lys g;y.Trp
5 ' . :

val Cys Met

<210>
<211>
<2125
<213>

<220>

<2235
<400>.

1

33

19.

PRT _
Artificidl Seguénce

Hepcidin peptide analogue

33

Asp Thr His phe Pro Cys Ile Phe Phe g%y Pro Arg Ser Lys~g;y Trp
: 5 10

val Cys Lys

<210>
<2115
<212>

<213>

<220>
<223

<4005

34

19

PRT | N

artificial Sequence
Hepcidin peptide analogue
34

Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 i 10 15

Thr Cys Lys

<210>

<211>.

<212>
<213>

<220>
<223>

<2205
<221>
<222>
<220>.
<221>
<222>
<223>

<220>

<221>

<222>
<223>

<400>

35

19

PRT .

Artificial sequence

Hepcidin peptide analogue

MOD_RES
V..M

MOD_RES _
(4)..(4)

Xaa is beta,beta diphenylalanine

MOD_RES

(5)..(5) .
Xaa is beta-homoproline
35
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Xaa Thr His Xaa Xaa €ys Ile Ile Phe Gly Pro Arg Ser Arg §1y Trp
0 15

5 1

val Cys Lys

<210>
<211>
<212>
<213>

<220>
<223>

<4003

36

19

PRT o
Artificial Sequence

Hepcidin'peptide analogue
36

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>

<211>

<2125
<213>

<220>
<2235

<400

37

19

PRT .
Artificial sequence

Hepcidin peptide analogue.
37

Asp Thr His Phe Pro Cys Ile Gln Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>
<211>
<212>
<213
<2203
<223>

<400>

1

38

19

PRT

Artificial Seguence

Hepcidin peptide analogue
38

Asp Thr His: Phe gro Cys Ile Ile Phe g%y Pro Arg Ser LyS-ggy Trp

val Cys Lys

<210>
<211
‘.<2:12>
<213>

39

22

PRT

Artificial Seguerice
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<220>
<223> Hepcidin peptide analogue
<400>- 39

Asp: Thr His Phe Pro Ile Cys Ile Phe val Cys Gly His Arg Ser Ile
1 5 10 15

Cys Tyr Arg Arg Cys Arg
20

<210 40

<211 23

<212> PRT

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 40
Ala Asp Thr His Phe Pro Ile Cys Ile Phe val Cys His Arg Ser Lys
1 5 10 15

Gly Cys Tyr Arg Arg Cys Arg
' 20

<210> 41

<211> 21

<212> PRT .

<213> Artificial Seguence

<220> ‘ ,
<223> Hepcidin peptide analogue.

<400> 41
Asp Thr His Phe Pro Ile Cys Ile Phe val Cys His Arg Ser Lys Gly
1 5 10 15

Cys- Tyr Arg Ala Cys
20

<210> 42

<211> 19

<212> PRT _

<213> Artificial Sequence

<220> , |
<223> Hepcidin peptide analogue

<400> 42
Asp Thr His Phe Pro Cys Ile Glu Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210> 43
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<211> 19

<212> PRT )

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 43

Asp Thir His Phe Pro ITe Cys Ile Phe Gly Pro Arg Ala Lys Gly Trp
i 5 10 15
val Cys Met

<210s 44

<211> 23

<212> PRT

<213> Artificial Sequence

<220> _ v
<223> Hepcidin peptide analogue

<400> 44

Ala Asp Thr His Phe Pro Ile Cys Ile Phe val Cys His Arg Ser Lys
1 5 10 15
Gly Cys Tyr Arg Arg Cys Arg

20

<210> 45

<211> 19

<212> PRT ‘

<213> Artificial Seguence

<220> .
<223> Hepcidin peptide analogue

<400> 45

Asp Thr His Phe Pro Tle Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Met

<2105 46

<211> 22

<212% PRT

<213> Artificial Seguence

<2205
<223> Hepcidin peptide analogue

<400> 46
Asp Thr His Phe Pro Ilé Cys Tle Phe val Cys His Arg Ser Lys Gly
1 5 10 15

Cys Tyr Arg Arg Cys Arg _
' Page 32



<210>
<211>
<212>
<213>

<220>
<223>

<400

1354825_1.txt
20

47
19
PRT
Artificial Seguernce

Hepcidin peptide analogue
47

Asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 15

val Cys Lys

<210>
<211>
<212>
<213>.

<220>
<223>

<400>

48

19

PRT ,
Artificial Sequence

Hepcidin peptide analogue

48

Asp Thr His pPhe Pro Cys Ile Ile phe: Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Met

<210>
<211
<212>
<213>

<220

<223>

<400>

49

19

PRT 7

Artificial Sequence
Hepcidin peptide analogue
49

Asp Thr His Phe gro Ile Cys Ile Phé»éga‘Prp_Arg‘Ser Lys ﬁgy Trp
1

val Cys Met

<210>
<211>
Z212>

<2135

<2205
<223>

<400

50

20

PRT =
Artificial Sequence

Hepcidin peptide analogue
50

Asp Thr His Phe Pro Ile Cys Ile phe Gly Pro Arg Ser LyS Gly Trp
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10

val Cys Met His

<210

<211>
<212>
<213>

<220>
<223>

<400>

20

51
9
PRT

Artificial Sequence

Hepcidin peptide analogue
51

"ﬁsp Thr His Phe Pro Cys Ile Gln Phe
' 5

<210>
<211>
<212%
<213>

<220>
<223

<400>

52

23

PRT .

Artificial Sequehnce

Hepcidin peptide analogue
52

Asp Thr His phe Pro Ile cCys Ile Phe val Cys Gly His Arg Ser Lys
1 5 10 5

Gly Cys Tyr ggg Arg Cys Arg

<210>
<211
<2125
<213>
<220>
<223>

<400>

1

53

19

PRT

Artificial Sequence

Hepcidin peptide analogue
53

Asp Thr His phe Ala Ile Cys Ile phe ggy-Pro Arg ser LyS %§y Trp

val Cys Met

<210>
<211>
<212>
<213>

<220>
<223>

<4005

54

20.

PRT

Artificial sequénce

Hepcidin peptide analogue
54

Asp Thr His phe Pro Ile Cys Ile Phe Gly Pro His Arg Ser Lys Gly
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1 5 10 15
Trp val cys met.
20.

<210> 55

<211> 19

<212> PRT .

2213> Artificial Sequence
<220>

<223> Hepcidin peptide analogue

<400> 55

Asp Thr. His phe Pro Ile Cys Ile Phe Gly Pro Arg Ala Lys Gly Trp
1 3 10 15

val Cys Met

<210> 56
<211> 19
<2125 PRT
«213> Artificial Sequence

<220> A
<223> Hepcidin peptide anaiogue

<400= 56
Asp Thr His Phe Pro Ala Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Met

<210> 57

<211> 23

<212> PRT .

<213> Artificial Sequence

<220> ‘ o
<223> Hepcidin peptide analogue
<400> 57

Asp Thr His Phe Pro cys Tle I1é Phe val Cys His Arg Pro Lys Gly
1 5 10. 15
Cys Tyr,Arg_Agg‘Va1'cys Arg

¥ 3

210> 58

<211 19

<212> PRT

<213> Artificial Seguence

<220s _
<223> Hepcidin peptide analogue
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<400> 58

Asp Thr His Phe Pro Ile Cys Ile phe Gly Pro Arg Ser Lys Ala Trp
1 5 10 15
val Cys Met

<210> 59

211> 23

<212> 'PRT

«213> Artificial Sequence

<220> _
<223> Hepcidin peptide analogue:

<400> 59

Asp Thr His Phe Pro Ile cys Ile Phe val Cys Gly His Arg Gly Lys
1 5 10 15
Gly Cys'Tyrvggg Arg Cys Arg

<210> 60

<211 19

212> PRT

<213> Artificial sequence

<220> .

<223> Hepcidin peptide analogué

<400> 60

Ala Thr His Phe Pro Tle Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ﬁ 15
val Cys Met

<210> 61

<211> 19

<212> PRT .

<213> Artificial Sequence

<220> o o N
<223> Hepcidin peptide analogue

<400> 61

Asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Ala ser Lys Gly Trp
1 5 10 15
val Cys Met

<210> 62
<211> 21
<212> PRT
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<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 62
Asp Thr His Phe Pro Ile Cys Ile Phe val Cys His Arg Ser Lys Gly
1 5 10 15

Cys Tyr Ala Arg Cys
20

<210> 63

<211> 19

<212% PRT

<213> Artificial Ssedquence

<220>
<223> Hepcidin peptide analogue

<400> 63

Asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Arg ser Lys_g1y Trp
. ! 5

1 5 10

val Cys Met

<210> 64

<211> 19

<212> PRT _

<213> Artificial Sequence

<2205 , _ |
<223> Hepcidin peptide analogue

<400> 64

Asp Thr His Phe Pro Ile cys Ile Phe Gly Pro Arg ser Ala Gly Trp
1 5 10 15
val Cys Met

<210> 65

<211> 19

<212>. PRT .

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400> 65

Asp Thr His Ala Pro Ile Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Met
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<210> 66

<211 21

<212> PRT

<2135> artific¢ial Sequence

<220> »

<223> Hepcidin peptide andlogue

<400> 66

Asp Thr His Phe Pro Ile Cys Ile Phe val Cys His. Arg Ser Lys Gly
1 5 ' 10 15
Cys Tyr Arg Arg Cys

20

<2105 67

<211> 22

<2125 PRT

<213> Artificial Sequence

<220> ) )
<223> Hepcidin peptide analogue

<220>

<221> MOD_RES

<2225 (1)..(1) ,
<223> Xaa is pyroglutamic acid

<400> 67

Xaa Thi His Phe Pro Ile Cys ITe Phe val Cys His Arg Ser Lys Gly
1 5 10 15

Cys Tyr Arg Arg Cys Arg
20

<210> 68

<211> 19

<212> PRT

<213> Artificial Sequence

<220> . v
<223> Hepcidin peptide analogue
<400> 68

Asp Thr His Phe Pro Ile Cys Ile Phe Lys Pro ‘Arg Ser Lys Gly Trp
1 5 10 15
val Cys Met

<210> 69

211> 24

<212> PRT _

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue
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<400> 69
Asp Thr His phe Pro Ile Cys Ile pPhe val Cys Gly His Arg Ser Lys
1 5 10 ' 15

Gly Cys Tyr ggt_Arg Cys Lys Thr

<210> 70

<211> 19

<212> PRT_ |

<213» Artificial Sequence

<2205 - | |
<223> Hepcidin peptide analogue

<400> 70

Asp Ala His Phe Pro Ile cys Ile pPhe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Met

<210 71

<211> 21

<212> PRT .

<213> Artificial sequence

<220> o

<223> Hepcidin peptide analogue

<400> 71

Asp Thr His phe Pro Ile cys Ile phe val Cys Tyr Arg Gly Ile Cys
1 5 10 ‘ 15
Tyr Arg Arg Cys Arg

20

<210> 72
<211> 19
<212> PRT
«213> Artificial Sequence

<220> ] o
<223> Hepcidin peptide analogue

<400> 72
Asp Thr His Phe Ero:11egcys Ile Phe-igy Pro Arg Ser Lys ggy'Trp
L ) , ' :

val Cys Met

<210> 73

<211> 18

<212> PRT _
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<213> Artificial Sequence
<2205
<223> Hepcidin peptide analogue

<220>

<223> MOD_RES

<222> (1)..(D) o
‘<2235 Xaa is beta=homoaspartic acid

<400> 73

Xaa Thr His Phe Pro Ile cys Ile Phe Gly Pro Arg Ser Lys Gly Trp

val Cys

<210 74

<211> 19

<212> PRT o

<2133 Artificial Sequence

<220> . )
<223> Hepcidin peptide analogue

<400> 74

Asp Thr His: Phe Pro Ile Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
Ala Cys Met

<210> 75
<211> 19,
<212> PRT
<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<220>

<221> MOD_RES

222> (1)..(¢1)

<223> Xaa js iminodiacetic acid

<220>

<221> MOD_RES

<222> (4. (D) , .
<223> Xaa is beta,beta diphenylalanine

<220> v

<?221> MOD_RES

<222> (5)..(5) _
<2235 Xaa is beta-homoproline

<220> _

<221> MOD_RES

<222> (9)..(9) .
<223> Xaa 1s beta homophenylalanine
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<400> 75 -

Xaa Thr His Xaa Xaa Arg Cys: Arg Xaa Ggy Pro Arg Ser Lys Gly Trp
1 5 10 15

val €ys Met

<210> 76

<211> 9

<212> PRT

<213> Artificial sequence

<220> _
<223> Hepcidin peptide analogue
<400> 76

%sp Thr His Phe Pro Cys Ile Arg Phe
5

<210> 77

<211> 18

<2123 PRT

<2135 Artificial sequence

<220> _ u
<223> Hepcidin peptide analogue
<400> 77

Thr His Phe Pro Cys Ile ITe Phe Gly Pro Arg Ser Lys Gly Trp val
1 5 10 15
Cys Met

<210> 78

«211l> 9

<212> PRT. _

213> Artificial Sequence

<220> . o
<223> Hepcidin peptide analogue

<400> 78
Asp Thr His Phe Ero cys Ile Ala Phe
1

<210> 79

<211> 9

<212» PRT »

<213> Artificial Sequence

<220>. N L
<223> Hepcidin peptide analogue

<400> 79
?sp Ala His Phe Ero Ccys Ile Ile Phe
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<210> 80

<211> 22

<212> PRT »
<213 Artificial Sequence

<220> ,
<223> Hepcidin peptide analogue

<400> 80

Asp Thr His Phe Pro Ile Cys Ile Phe val Cys His Arg Pro Lys Gly
1 5 10 ’ 15
Cys Tyr Arg Arg Cys Pro

20

<210> 81

<211> 19

<212> PRT

<213> Artificial Sequence

<220> _

<223> Hepcidin peptide analogue

<400> 81
Lys Pro Arg Ser Lys Gly Trp

Asp Thr His Phe Pro Ile Cys Ile Phe
1 5 10 15

val Cys Met

<210> 82

<211> 10

<212> PRT

<213> Artificial Sequence

<220> ) . _
<223> Hepcidin peptide analogue

<400>- &2

Asp Thr His Phe Pro Cys Ile Ile Phe Lys
1 5 10

<210> 83

<211> 9

<212> PRT

<213> Artificial Sequence

<220> 7 ] ,
<223> Hepcidin peptide analogue

<400> 83

Asp Thr His Phe Pro Cys Ile Phe Phe
1 5 '

<210> 84
<211> 19 .
Page 42



1354825_1.txt
<212> PRT .
<213> Artificial sequence

<220> _
<223> Hepcidin peptide analogue

<400> 84
Asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Arg Ser Lys Lys Trp
1 5 10 15

val Cys Met

<210> 85

<211s 19

<212> PRT _
<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 85

Asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Arg Ser lys Lys Trp
1 5 10 15
val Cys Met

<210> 86

211> 17

<212> PRT. _

<213> artificial sequence

<220> L ‘
<223> Hepcidin peptide analogue

<400> -86

Asp Thr His Phe Pro Ile Cys Ile Phe Cys Pro Trp Gly Met Cys Cys
1 5 10 15
Lys

<210> 87

<211> 19

<212> PRT _

<213> Artificial Sequence

<220> o ‘
<223> Hepcidin peptide analogue

<400> 87

Asp Thr Ala phe Pro Ile Cys Tle Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ’ 15

val Cys Met
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<210> 88

<211s 22

<212> PRT

<213» Artificial Sequence

<220> .
<2233 Hepcidin peptide analogue

<400> 88

Asp Thr His phe Pro Tle Cys 1le Phe val Cys Tyr Arg Gly Ile Cys
1 5 10 15

Tyr Met Arg:ggs.Lys Thr

<210> 89

<21l> 19

<212> PRT_

<213%  Artificial sequence

<220> . L
<223> Heépcidin peptide analogue

<400> 89
Asp Thr His pPhe gro.ITe-Cys Ile Phecggy Pro Arg ser Lys i}y*ATa
1 10 .

val Cys Met

<210> 90

<211> 19

<212> PRT _

<213> Artificial Sequence

<220> - . _
<223> Hepcidin peptide analogue

<4005 90
Asp Thr His Phe Pro Ile Cys Ile Ala Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Met

<210> 91

<211> 19

<212> PRT .

<213> Artificial Sequence

<220> . : .
<223> Hepcidin peptide analogue

<400> 91
Asp Thr His Phe pro Ile Cys Ala Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
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Val Cys Met

<210> 92

<211> 19

<21Z2> PRT

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400> 92

Asp. Thr His Phe Pro TIle Ala Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Ala Met

<210> 93

<211 18

<212> PRT

<213> Artificial Segquence

<2205 |
<223> Hepeidin peptide analogue

<400> 93

Asp Thr His Phe Pro Cys Arg Arg Phe Gly Pro Arg Ser Lys Gly Trp
i 5 ' 10 15
val cys

<210> 94

<211> 18

<212> PRT

<213> Artificial Sequence

<220> . _
<223> Hepcidin peptide -analogue

<220>
<2215 MOD_RES
<222> (1. (1)

<223> xaa is iminodiacetic acid

<220> ,

<221> MOD_RES

<222> (5)..(5)

<223> Xaa 1is beta-homoproline

<220>

<221> MOD_RES

<222>  (9)..(9) o
<223> Xaa is beta-homophenylalanine
<400> 94

Page 45



o 1354825_1.txt
éaa Thr His phe éaaﬁCys Arg Arg xaa ggy'Pro Arg ser Lys Egy Trp

val Cys

<210> 95

<400> 95
000

<210> 96

QL1 22

<212s> PRT

<213> Artificiadl Sequence

<220>
<223> Hepcidin peptide analogue

<400> 96

Asp Thr His Phe Pro Cys Ile Ile Phe val Cys His Arg Ser Lys Gly
1 3 10 15
Cys Tyr Trp Ala val Cys

20 '

<210> 97

<211> 23

%212> PRT

<213> Artificial Sequence

<220> _ _
<223> Hepcidin peptide analogue

<400 97
Asp Thr His Phe Pro €ys Ile Ile Phe val Cys His Arg Ser Lys Gly
1 5 10 15

Cys TYr Trp %%a val Cys: Phe

<210> 98

<211> 24

<212> PRT

<213> Artificial Sequence

<220> . .
<2233 Hepcidin peptide analogue

<400> 98
Asp Thr His Phe Pro Cys Ile Ile pPhe val Cys His Arg Ser Lys Gly
1 5 10 15

Cys Tyr Trp Ala val Cys Phe Trp
20

<210> 99
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<211> 19
<212> PRT ,
<213> Artificial séquence

<220> .
<223> Hepcidin peptide analogue

<400> 99

Asp Thr His Phe Pro Ile Cys Ile Phe Lys Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Met

<210s= 100

<4005 100
000

210> 101

<211> 19

<212> PRT

<213> Artificial séquéence

<220>
<223> Hepcidin peptide analogue

<220> _

<221> MOD_RES

<2225 (.. o
<223> Xaa 1§ beta,beta diphenylalanine
<400> 101

Asp Thr His Xaa Pro Cys Ile Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 15
val Cys Lys

<210 102

<211> 19

<212> PRT .

<213> aArtificial Sequence
<220> o

<223> Hepcidin peptide analogue

<220>
<221> MOD_RES
<223> Xaa is beta-homoproline
<400> 102
Asp Thr His Phe Xaa Cys Tle Ile Phe Gly Pro Arg Ser -Arg Gly Trp
I 5 ' 10 15
val €ys Lys
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<220>
<223>

<400>

1354825_1.txt

103

19

PRT

Artificial Sequence
Hepcidin peptide analogue
103

5

Asp Thr His Phe Pro Cys Ile Ile Phe ggy Pro Arg Ser Arg ggy Trp
1 | 5

Afg Cys. Lys

<210>

<211>
<212>
<213>
<220>
<223>

<400>

104

19

PRT

Artificial Sequence

Hepcidin peptide analogue
104

Asp Thr His Phe Pro Cys Ile Arg Phe Gly Pro Arg Ser Arg Gly Trp
1 5 ' 10 15

val Cys Lys.

<210>
<2115
<212>
<213>

<220
<223>

<400>

105

19

PRT _
Artificial Sedquence

Hepcidin peptide analogue
105

Asp Thr His Phe Pro Cys Ile Arg Phe Gly Pro Arg Ser Arg Gly Trp
1 | 5 | 10 15

ATg Cys Lys

<210>
<2115
<212>
<213>

<220
<223>

<400>

1

106

19

PRT _
Artificial sequence

Hepcidin peptide analogue
106.

Asp Thr His Phe Pro Cys Ile Ile Phe g%y Pro: Arg SE€r Arg ggy Trp

5 ,
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val Cys Lys

<210> 107

<211> 18

<212> PRT _

<213 Artificial sequence

<2205 _

<223> Hepcidin peptide analogue
<400> 107

Asp Thr His phe Pro cys Ile ITe Phe Gly Pro Arg Ser Arg Gly val
1 5 0 15
Cys Lys

<210> 108

<211» 19

<212> PRT. _

<213> Artificial Ssequence

<220> _
<223> Hepcidin peptide analogue

<400> 108

Asp Thr. His Phe Pro Cys Ile Tyr Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ' 15
val Cys. Lys

210> 109

<211> 19

<«212> PRT

<213> Artificial Sseduence

<220> _ _
<223> Hepcidin peptide analogue

<400 109
Asp Thr His Phe.gro cys Ile Ile phe Ggy Pro Arg Ser Lys g;y Trp
1 5 1 NY

val Cys Lys

<210> 110

<211 19

<212> PRT

<213> Artificial sequence

<220> . ]
<223> Hepcidin peptide analogue
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110

Asp ‘Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ala Arg Gly Trp
1 5 10 ' 15

‘val Cys Lys

<210>
<211
<212>
<213>

<220>
<2233

<4005

111

19

PRT

Artificial Sequence

Hepcidin peptide analogue

111

Asp Thr His Phe Pro cys Ile Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 15 ‘

val Cys Lys.

<210>
<211>
<212>
<213

<220>
<223>

<400>

112
19
PRT

Artificial Sequence

Hepcidin peptide analogue
112

Asp Thr His Phe Pro Cys Ile Ile Phe fgy Pro Arg Ser Arnggy Trp

val Cys Lys

<210>

<2115

<212>

<213>

<2203
<223>

<400>

113
19
PRT

Artificial Sequence

Hepcidin peptide analogue
113

Asp Thr His Phe Pro Ile Cys Ile Phe Lys Pro Arg Ser Lys Gly Trp
1 5 10 B 15 '

Val Cys Lys

<210>
<211
<212
<213>

114

19

PRT

Artificial Sequénce ,
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<2205 _
<223> Hepcidin peptide analogue

<400> 114

Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

Lys Cys Lys

<210> 115
<211> 19
<212> PRT
<213> Artificial Sequence

<220> ‘ -
<223> Hepcidin peptide analogue

<400> 115

Asp Thr His Phe Pro Cys Tle Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
LYS Cys Lys

«210> 116
<21l> 18
<2125 PRT
<213> Artificial Sequence

<220>
<223> HEpcidinypeptide analogue

<400= 116
Asp Thr His Phe Pro Cys Leu Ile phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ' 15

val Cys Lys

<210> 117

<211> 19

<212> PRT

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 117

Asp Thr His Phe Pro cys val Ile phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys
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<210> 118
<211 19
<212> PRT ‘
<213> Artificial Sequence

<220> ‘ . ‘
<223> Hepcidin peptide analogue

<400> 118

Asp Thr His Phe Pro Cys Ser Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15 )
val Cys Lys

<210> 119

<211> 19

<2123 PRT

<213> Artificial sedquence

<220> ‘ _
<223> Hepcidin peptide analogue

<400> 119
ﬁSp Thr His Phe §ro Cys Gln Ile Phe Gly Pro Arg Ser Lys'ggy'TFP
' ' 10 L)

val Cys Lys

<210> 120

<211> 18

<212> PRT _
<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400s 120
Thr His phe Pro Cys ITe Ile Phe Gly Pro Arg Ser Lys Gly Trp Val
1 5 10 15

Cys Lys

<210> 121

<211> 18

%2125 PRT

<213> Artificial Sequence

<220> . )
<223> Hepcidin peptide analogue

<400> 121

Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp val
1 5 10 15
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Cys Lys

<210> 122
<211 17
<212> PRT - .
<213> Artificial Sequence

<220> , ;
<223> Hepcidin peptide analogue

<400> 122

His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp val Cys
1 5 10 15

LYS

<210> 123

<21l> 17

<212> PRT

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400> 123

gis Phe Pro Cys Ile ITe Phe Gly Pro*égg Ser Lys Gly Trp ¥§1 Cys
5 10 .

Lys

<210> 124

<211> 19

<212> PRT .

<213> Artificial Sequence

<220> _
<223> Hepcidin peptide analogue

<400> 124
Asp Thr His Phe Pro Cys Ile Ser Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210> 125

<211> 19

<212> PRT.

<213> Artificial sequence

<220> -

<223> Hepcidin peptide analogue

<400> 125
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Asp Thr His Phe Pro Cys Ile Lys Phe %&y Pro Arg Ser Lys ggy Trp
1 5. : 5

val Cys Lys

<210> 126

Q211> 20

<212> PRT.

<213> Artificial Sequence

<2205 _ .
<223> Hepcidin peptide analogue

<400> 126

Glu Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly
1 ’ 5 10 15
Trp val Cys Lys

20

<210> 127

<400 127
000

<210> 128

<211> 19

<212> PBRT _

<213> Artificial sequence

<220> .
<223> Hepcidin peptide analogue.

<400> 128

Asp Thr His. Phe Pro Cys Ile Ile Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 129

<211> 19

<212> PRT_

<213> Artificial sequence

<220> o N

<2235 Hepcidin peptide analogue

<400> 129

Asp Thr His Phe Pro Cys Ile I1e Phe Ser Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210> 130 _
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<211> 19
<212> PRT
<213> Artificial Sequence

<205 .

<223> Hepcidin peptide analogue

<400> 130

Asp Thr ‘His Phe ser Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210> 131

<211> 19

<212> PRT .

<2135 Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 131

Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 15

val Cys Lys

<210> 132

<211> 19

<212> PRT ,

<213> Artificial Ssequence

<220> o
%223> Hepcidin peptide. analogue

<400> 132

Asp Thr His Phe Pro Cys Ile Ile phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 15

val Cys Lys

<210> 133

<211s 19

<212> PRT

<213> Artificial Sequence

2220>
<223> Hepcidin peptide analogue.

<2205

<221> MOD_RES

<222> (D.. D) ,
<2235 Xaa 1is iminodiacetic acid

<400> 133
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Xaa Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5. 10 15

val Cys Lys

<210>

<211>

<212>
<213

<2205
<223

<400>

134

19

PRT

Artificial Sequence

Hepcidin peptide analogue
134

Asp Thr His phe Pro Cys ITe tle phe Gly Pro Lys Ser Lys Gly Trp
1 ¥ 10 15

val Cys Lys:

<210>
<211>
<212>
<213>

<2205
<223>

<400>

135

19

PRT )

Artificial sequence

Hepcidin peptide analogue

135

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Lys Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210>
<211>
<2123
<213>

<2205
<223>

<400>

136

18

PRT N
Artificial Seqguence

Hepcidin peptide analogue
136

Asp Thr HWis phe Ero Cys Tle Ile Phexggy Pro Arg ser Lys g}y'Trp
1 | _ |

Cys. Lys

<2105
<211>
<212%
<213>

137

17

PRT

Artificial Sequence
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<220> _
<223> Hepcidin peptide analogue
<400> 137

Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly val
1 5 i0 ' 15
Cys

<210> 138
<211> 17
<212> PRT
<213> Artificial Sequence

<220> _ .
<223> Hepcidin peptide analogue

<400> 138

Asp Thr His Phe Pro Cys Tle Ile Phe Gly Pro Arg Ser Lys Gly Cys
1 5 10 15
1ys

<210= 139

<4005 139
000

<210> 140

<211> 19

<212> PRT

<213> Artificial Sequence

<220> ‘
<223> Hepcidin peptide analogue

<220>

<221 MOD_RES

<222> (..(7) _ ] .
<223> Xaa 1is 2,3 diaminopropanoic acid

<400> 140

Asp Thr His Phe Pro Cys Xaa Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 - 15
Asp Cys Lys

<210> 141

<211> 19

<212> PRT ,

<213%> Artificial Seguence

<220> | .
<223> Hepcidin peptide analogue
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<220>

<221> MOD_RES

<222> (8)..(8) ) )
<223> Xaa is 2,3 diaminopropanoic acid

<400> 141

Asp Thr His Phe Pro cys Ile Xaa Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
ASp Cys Lys

<210> 142

<211> 19

<212> PRT

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<220>

<221> MOD_RES

222> (D..(7) _

<223> Xaa is 2,3 diaminopropanoic acid

<400> 142

Asp Thr His Phe Pro Cys Xaa ITe Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
GlU Cys Lys

<210> 143

<211> 19

<212> PRT

<213> Artificial sequence

<220>
<223% 'Hepcidin peptide analogue

<220> _

<221> MOD_RES.

<222> (8)..(8)

<223 Xaa is 2,3 diaminopropanoic acid

<400> 143

Asp Thr His Phe Pro Cys ITe Xaa Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

Glu Cys Lys

<210> 144

<211 19

<212> PRT

<213> Artificial Sequence _
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<220> _ _
<«223> ‘Hepc¢idin peptide analogue

<400> 144

Asp Thr His phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
Glu Cys Lys

<210 145

<211> 19

<212> PRT

<213> Artificial Sequence

<2205 . .
<223> Hepcidin peptide analogue

<400> 145

Asp Thr His phe Gly Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10. 15
val Cys Lys

<210> 146

<211> 19

<212> PRT

<213> Artificial Seguence

<220> -
<223> Hepcidin peptide analogue

<400> 146

Asp Thr His Phe Gly Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 147
<211> 19
<212> PRT
<213> Artificial Sequence

<220> _ o
<223> Hepcidin peptide analogue

<400 147
QSp Thr His Phe erg Cys ITe Iie Phe E%y Pro Arg Ser Lys g}y Trp

val Cys Lys
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<223>

<400>

1

1354825_1.txt

148

19

PRT . . . o
Artificial sequence
Hepcidin peptide analegue

148

Asp Thr His Phe Arg Cys Ile Ile Phe_g%y Pro- Arg Ser Lys_g;y Trp
o ) :

val cys Lys

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<2235

<400>

149

19

PRT _
Artificial Seguence

Hepcidin peptide analogue

MOD_RES

(5)..05)

'Xaa. is sarcosine

149

Asp Thr His pPhe Xaa Cys Ile Tle Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>
<211>
<212>
<213>

<220>
%223>

220>
<221>
<222>
<223>

<400>

150

19

PRT ‘
Artificial Sequence

Hepcidin peptide analogue

MOD_RES
(5)..(5)

Xaa 15 sarcosine
150

Asp Thr His Phe §aa Cys Ile Ile Phe ggy Pro Arg Ser Lys g}y’Trp
i ‘

val Cys Lys

<210>
<211>

151
19 _
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<212> PRT
<213> Artificial Sequence

<220> _
<223> Hepcidin peptide analogue

<220>

<221> MOD_RES

<222> (5)..(5)

<223> Xaa is beta-dlanine

<400 151

Asp Thr His Phé Xaa Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210> 152
<211> 18
<212> PRT
<213» Artificial Seguence

<220> ‘
<223> Hepcidin peptide analogue

<220> o

<221> MOD_RES

<222> (5)..(5) i
<223> Xaa 1s beta-alanine
<400> 152

Asp Thr His Phe Xaa Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val cys Lys

<210> 153

211> 19

<212> PRT .

<213> Artificial Sequence

<220> _ _
<223> Hepcidin peptide analogue

<400> 153

Asp Thr His Phe Lys Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 154
<211> 19
<212> PRT _
<213> Artificial Sequence _
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<220>
<223> Hepcidin peptide analogue

<400> 154
Asp Thr His Phe Lys Cys Ile Ile Phe Gly Pro Arg ‘Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210> 155

<211> 18

<212> PRT .

<213> Artificial Ssequerice

<220>
<223> Hepcidin peptide analogue

<400 15%

Thr His Phe Pro cys Tle Ile Phe Gly Pro Arg Ser Lys Gly Trp val
1 5 10 " 15
Cys Met

<210> 156

<211> 17

<212> PRT

<213> Artificial sequence

<220> N
<223> Hepcidin peptide analogue

<400> 156

His Phe Pro Cys Ile Ile Phe Gly Pro Arg ser Lys Gly Trp val Cys
1 5 10 15
Met

<2105 157

<211= 17

<212> PRT

<213> Artificial Seéguence

<220>
<223> Hepcidin peptide analogue

<400> 157
His Phe Pro Cys ITe Ile Phe Gly Pro Arg Ser Lys Gly Trp val Cys
1 5 10 15

Met
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«210>= 158
<211> 19
<212> PRT
<213» Artificial Sequence
<220> o
<223> Hepcidin peptide analogue
<400> 158
Asp Thr His Phe Pro Cys Ile Ser Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Met

<210> 159

<211> 19

<212> PRT _

<213> Artificial Sequence
<2205

<223> Hepcidin peptide analogue
<400> 159

Asp Thr His Phe pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 -5 ' 10 15

val Cys Met

<210> 160

<211> 20

<212> PRT

<213> Artificial Seguence
<220

<223> Hepcidin peptide analogue

<400> 160

Glu Asp Thr His phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly
1 5 10 15

Trp val Cys Met
20

<210> 161

<400> 161
000

<210> 162

211> 19

<212> PRT

<213> Artificial sequence

<220> o .

<223> Hepcidin peptide analogue

<400> 162 ,
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Asp Thr His Phe Pro Cys Ile Ile Phe Glu Pro Arg Ser Lys Gly Trp
i 5 10 ' 15

val Cys Met

<210> 163
<211> 19
<212> PRT
<213> Artificial Sequence

<220> _ .
<223> Hepcidin peptide analogue

<400> 163

Asp Thr His Phe Lys Cys Ile Glu Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210> 164
<211> 19
<212> PRT
213> Artificial Sequence

<220> . _
<223> Hepcidin peptide analogue

<400> 164

Asp Thr His phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
i ' ' 5 10 15
Ala Cys Lys

<210> 165

<211> 19

<212> PRT

<213» Artificial Sequence

<220> )
<223> Hepcidin peptide ana1qgue

<400> 165

Asp Thr ‘His Phe Pro Cys Ile Ile Phe Glu Pro Arg Ser Lys Gly Trp
1, 5 10 15
val Cys Lys

«210> 166

<211> 22

<212> PRT .

<213> Artificial Sequence
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<220>. )
<223> Hepcidin peptide analogue
<400> 166
Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 - 15

val Cys Lys 5%s Lys Lys

<210> 167

<211> 22

<212> PRT .

<213> Artificial Sequence

<220> ;
<223> Hepcidin peptide analogue

<400> 167
Asp Thr His Phe Pro Cys Ile Ile Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys 5%5 Lys Lys

<210> 168

<211 20

<212> PRT - _
<213> Artificial sequence

<220> . ,
<223> Hepcidin peptide analogue

<400> 168
Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys Lys
20

<210> 169

<211> 19

<212> PRT _

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400> 169
Asp Thr Ala phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210> 170
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<2135

<220>
«223>

<400>

1354825 _1.txt
19
PRT.
Artificial Sequence

Hepcidin peptide analogue
170

%sp Thr Lys Phe Pro Cys TIle Ile Phe.ggy ProvArg_5er-Ly§,g;y=Trp

val Cys Lys

<2105

<211

%2125
<213>

<220
<223>

<400

171

23

PRT

Artificial Sequence

Hepcidin peptide analogue

171

ésp Thr His Phe Pro Cys Ile I1e.Phe"XST Cys His Arg Pro,igs Gly

5

Cys Tyr Arg ggg'Vaj Cys Arg

<2105
<211>
<212>
<213>

220>
<223>

<400>

172
19
PRT
Artificial sequence

Hepcidin peptide analogue
172

Qsp Thr His Phe gro cys Ile Lys Phe'%gy Pro Arg Ser Lys ggy Trp:

val Cys Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

173
19

PRT

Artificial sequence

Hepcidin peptide analogue
173

?Sp Thr His Phe ?ro;Cys‘I1e Lys Phe i%s Pro Arg ser Lys:ggy Trp

val Cys Lys
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<213>

<220>
<223>

<400>
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174

19

PRT =
Artificial Sequence

Hepcidin peptide analogue
174

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Lys Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

175

19

PRT

Artificial Sequence

Hepcidin peptide analogue

175

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 2 10 15

val Cys Lys

<2105
<211>
<212>
<213>

<220>
<223>

<400>

176

19

PRT

Artificial Seguence

Hepcidin peptide analogue

176

%sp Thr His phe Ero cys Ile Lys.Pheﬁgéy Pro Arg Ser Lys g}y Trp

val cys Lys

<210>
<211>
<212>
<213>

<2205
<22.3>

<4005

177
19
PRT
Artificial Seguence

Hepcidin peptide analogue
177

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
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1 5 10 15
Thr Cys Lys

<210> 178

<211> 19

<212> PRT , _

<213> Artificial Sequence

<220> _

<223> Hepcidin peptide analogue

<400> 178

Asp Thr His Phe Pro Cys Ile Glu Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
Thr Cys Lys

<210> 179

€211> 18

<212> PRT _

<213> Artificial Seguence

<220> _ ) :
<223> Hepcidin peptide analogue

<400> 179

Asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
i 5 10 15

Val ‘Cys

<210> 180

<211> 19

<212 PRT _

<213> Artificial Sequence

<220> 7

<223> Hepcidin peptide analogue
<400> 180

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
val Cys Lys

<210> 181

<211> 19

<212> PRT.

<213> Artificial Seguence

<220>
223> Hepcidin peptide analogue
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<400> 181

Asp Thi His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 182

<211> 19

<212> PRT |

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 182
Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val cys Lys

<210> 183

<211> 19

<212> PRT . .

<213> Artificial Sequence

<220> L 5
<223> Hepcidin peptide analogue

<400> 183

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Ard Ser Lys Gly Trp
1 5 10 ' 15
val Cys Lys

<210> 184

<211> 19

<212> PRT

<213 Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400> 184

Asp Thr His Phe Pro cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 185
<211> 19
<212> PRT
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<220>
<223>

<400>

L 1354825_1.txt
Artificial Sequence

Hepcidin peptide analogue
185

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>
<211>
<212>
<213>

<220>
<2Z23>

<400>

186

15

PRT

Artificial Sequence

Hepcidin peptide analogue
186

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>
<211>
<2312>
<213>

<220
<223>

2400>

187

20

PRT .

artificial sequence

Hepcidin peptide analogue
187

val Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Sér Lys Gly
1 5 10 ' 15

Trp val Cys Lys
20

<210>
<211>
<212>
<213>

<220>
<223>

<400>

188

20

PRT o
Artificial Sequence

Hepcidin peptide analogue
188

Leu Asp Thr His ghe Pro Cys Ile Lys_ige.Giy‘Pro-Arg ser igs Gly
1 3 ' |

Trp val Cys Lys
20
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<213>

<220>
<223>

<400>

1354825_1.txt

189
19
PRT

Artificial Seduence

Hepcidin peptide analogue
189

Asp Thr His Phe Pro Cys Ile Lys fhe g%y Pro Arg Ser Lys ggy Trp
1 5 1

val Cys Lys

<210>
<211>
<212>

<213>

<220>
<223>

<400>

190

PRT _
Artificial Sequence

Hepcidin peptide analogue

190

Asp Thr His Phe Pro Cys ITe Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 ' 10 is

val Cys Lys

<210>
<211>
<212
<213>

<220>
<223>

<400>

191

19

PRT )
Artificial Sequence

Hepcidin peptide anailogue
191

Asp THr His Phe Pro Cys Ile Lys phe Gly Pro Arg ser Lys Gly Trp

val Cys Lys

<210>
<21k
212>
x213>

<220>

<223s
<400

192

19

PRT
Artificial Sequence

Hepcidin peptide analogue
192

Asp Thr His Phe Pro cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp.
1 5 10 15
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val Cys Lys

<210>
<211>
<212>
<213>

<220>
<223>

<400>

193

19

PRT

Artificial sequence

Hepcidin peptide analogue

Asp Thr His Phe Pro Cys: Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 - 15

val Cys Lys

<2105
<211>
<212>
<213>

<2205
<223>

<4005

%

194

19
PRT .
Artificial Sequence

Hepcidin peptide analogue

394

Asp Thr His Phe Pro .Cys Ile Ilé Phe Gly Pro Arg ser-Lys,géy Trp
£ :

10

Lys Cys Lys

<210>
<211>
<2125
<213>

<220>
<223>

<400>

1

195

19

PRT

Artificial Sequence

Hepcidin peptide analogue.

195

Asp Thr His Phe gro-Cys-I1e Ile Phe.ggy‘Pﬁo Arg ser Lys g%y Trp

Glu Cys Lys

<210>
<211>
<2125
<213>

<220>
<223>

<400>

196

19

PRT N
Artificial Sequence

Hepcidin peptide analogue

196
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Asp Thr His Phe Pro Cys Arg Arg Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 - 15 '
val Cys Lys

<210> 197
<400> 197
000

<210> 198

<400> 198

000

<210> 199

<211> 18

<212> PRT ,

<213> Artificial Sequence

<220> ‘
<223> Hepcidin peptide analogue

<400> 199

Asp Thr His Phe Pro Tle Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys

<210> 200

<211> 18

<212> PRT_

«213> Artificial Sequence

<220> . .
<223> Hepcidin peptide analogue

<400> 200
asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ‘ 15

val Cys

<210 201

<211> 19

<212> PRT

<213> Artificidl sequence
<220> _

<223> Hepcidin peptide analogue

<400> 201

Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 i 15 '
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val Cys Lys

<210= 202

<211> 19

<212> PRT

<213> Artificial Seqguence

<220>
<223> Hepcidin peptide analogue

<400>: 202

Asp Thr His Phe Pra Cys Ile Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 15
val Cys Lys

<210> 203

<211> 19

<212> PRT

<2135 Artificial Sequence

<220> , o
<223> Hepcidin peptide analogue

<400> 203
Asp Thr His Phe Pro Cys Ile Ile Phe Gly Pro Arg Ser Arg Gly Trp
1 5 10 15

val cys Lys

<210> 204

<211 19

<2125 PRT.

<213> Artificial Sequence

<220s o .

<223> Hepcidin peptide analogue

<400> 204

Asp Thr His Phe Pro Cys Tle Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210> 205
<21l> 19
<2125 PRT
<213> Artificial Seguence

<220> _ _
<223> Hepcidin peptide analogue

<400> 205 .
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Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15

Thr Cys Lys

<210>
<211>
<212>
<213>

<220
<223>

<400>

206

18

PRT

Artificial Sequence

Hepcidin peptide analogue
206

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

Cys Lys

<2105
<211
<212>
<213

<220>
<223>

<400>
1

Lys

<210>
<211
<212>
<213>

<220>
<223>

<400>

207
17
PRT

Artificial Sequence

Hepcidin peptide analogue
207

Asp Thr His Phe Pro Cys Ile Lys Phé'ggu Pro Arg Ser Lys g}y Cys
: 5 ' :

208

16

PRT

Artificial Sequence

Hepcidin peptide analogue
208

Asp Thr His Phe Pro Cys Ile Phe Glu Pro Arg Ser Lys Gly Cys Lys
1 5 ' 10 15

<210>
<211>

<212s
<2135

<220>
<223>

<400>

209

17

PRT .

Artificial Sequence

Hepcidin peptide dnalogue

209 |
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Asp Thr His Phe Pro Cys Tle Phe Glu Pro :Arg Ser Lys Gly Trp Cys
1 5 10 15

Lys

<210> 210

<211> 16

<212> PRT

<213> Artificial Sequence

<220> )
<223> Hepcidin peptide analogue

<400>. 210
Asp Thr Wis Phe Pro cys Ile Lys Phe Gly Pro Arg Ser Lys Cys Lys
1 5 10 15

<210> 211

<21l= 15

<2125 PRT

<213> Artificial sequence

<220 o N _
<223> Hepcidin peptide analogue
<400> 211

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pra Arg Ser Cys Lys
1 5 10 15

<210> 212

<211> 14

<212> PRT

<213> Artificial Seguence

<220>
<223> Hepcidin peptide analogue

<400> 212

Asp Thr His Phe Pro ¢ys Ile Lys Phe géy Pro Arg Cys Lys
1 5 i

<210> 213
<«211> 13
<212> PRT
<213> Artificial sequence

<220> . _
<223> Hepcidin peptide analogue

<400> 213
Asp Thr His phe gro Cys Ile Lys Phe Géy pPro Cys Lys
1 » 1 '

<210> 214
<211> 12
<212> PRT
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<213> Artificial Sequence

<2205 _
<223> Hepcidin peptide analogue
<400> 214

ésp Thr His pPhe ?rp Cys Ile Lys Phe ggy Cys Lys

<210> 215
<211 11
<212> PRT
<213> Artificial Sequence

<220> R _
<223> Hepcidin peptide analogue

<400> 215

Asp Thr His Phe Pro Cys Ile: Lys Phe Cys Lys
1 5 10

<210> 216
<211> 10
<2125 PRT
<213> Artificial Sequence

<220> o
<223> Hepcidin peptide analogue

<400> 216

Asp Thr His Phe Pro Cys Ile Lys Phe Cys
1 5 10

<210> 217

<211> 19

<212>  PRT

<213> Artificial sequence

<220> ]
<223> Hepcidin peptide analogue

<400> 217
Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val cys Lys

<210> 218
<211> 20
<212> PRT
<213> Artificial Seguence

<220> N
<223> Hepcidin peptide analogue

<400> 218

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Ala Pro Arg Ser Lys Gly
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1 5 10 15

Trp val Cys Lys
' 20

<210> 218

<211> 20

<212> PRT

<213> Artificial sequence

<220> _
<223> Hepcidin peptide analogue

<400> 219
Asp Thr His Phe Pro €ys. Ile Lys Phe Gly Pro. Lys Ala Ser Lys Gly
1 5 10 ' 15

Trp val Cys Lys
20

<210> 220

<211> 20

<212> PRT

<213> Artificial seguence

<220> . _
<223> Hepcidin peptide analogue

<4005 220

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Ala Gly
1 5 10 15
Trp val Cys Lys

20

<210> 221

<211> 20

<212> PRT

<213> Artificial Sequence

<220> L _ _
<223> Hepcidin peptide analogue

<400> 221
Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp’
1 5 10 15

val cys Lys Ala
20

<2105 222

211> 19

<212> PRT .

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue
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<400> 222

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 ' 10 15
val cys Lys

<210> 223

<211 19

<212> PRT _

<213> Artificial Sequence

<2205

%223> Hepcidin peptide analogue
<400> 223

Asp Thr His Phe Pro cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 224

<211> 19

<212> PRT _ _

<213> Artificial Sequence

220>
<223> Hepcidin peptide analogue

<400> 224
Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Lys Ser Lys Gly Trp
1 5 10 15 '

val Cys Lys

<210> 225

<211> 19

<2125 PRT _

<213> Artificial Sequence

<220> )
<223> Hepcidin peptide analegue

<400> 225
Asp Thr His Phe Pro cys Tle Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ' 15

val .Cys Lys

<210> 226
<211> 19
<212> PRT
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<213> Artificial Ssequence

<2205 _
<223> Hepcidin peptide analogue

<400> 226
Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 i - 15 '

val Cys Lys

<210> 227

<211> 19

«212> PRT .

<213> Artificial sequence

<220> _
<223> Hepcidin peptide analogue

<400> 227
Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ' 15 '

va1,cys_Lys

<210> 228

<21l> 19

<212> PRT _ o

<213> Artificial Sequence

<220> ,
<223> Hepcidin peptide analogue

<400> 228
Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210> 229

<211> 19

<212> PRT

<213> Artificial Sequence

<220> _ .
<223 Hepcidin peptide analogue

<400> 229
?sp Thr His Phe Pro Cys Ile Lys Phe Eéy Pro Lys Ser Lys %}y Trp
. 5 \

val Ccys Lys
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<213>

<220>
<223>

<400>

1354825_1.txt

230

19

PRT _

Artificial Sequence

Hepcidin peptide dnalogue

230

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>
<213
<212>
<213

<220>
<223>

<400>

231

19
PRT

Artificial Sequence

Hepcidin peptide analogug
231

ASp Thr His Phe Pré Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 ' 10 © 15

val Cys Lys

<210>
<211

<212

<213>

<220
<223>

<4005

232

19

PRT

Artificial Sequence
Hepcidin peptide analogue
232

Asp Thr His Phe Pro Cys Ile Lys phe gay Pro Arg Ser Lys g}y Trp
1 5

val Cys Lys

<210>
<2173>
<212>
<213>

<220>
<223>

<400>

233
19
PRT

Artificial Sequence

Hepcidin peptide analogue
233

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 2 10 15
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val Cys Lys

<210> 234

<211> 19

<212> PRT

<213> Artificial Sequence

<220 , .
<223> Hepcidin peptide analogue

<4005 234

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Lys Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 235

<211> 19

«212> PRT ,

<213> Artificial Sequence

<220> o .
<223> Hepcidin peptide analogue

<400s 235

Asp Thr His Phe Pro Cys TIle Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 236

<211> 19

<212> PRT

<213> Artificial Sequehce

<220> . .
<223> Hepcidin peptide analogue

<400> 236
Asp Thr His Phe Pro cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ' 15

val Cys Lys:

<2105 237

<211» 19

<212> PRT

<213> Artificial Ssequence

<220>
<223> Hepcidin peptide analogue

<400> 237
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Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Lys Trp
1 5 10 15

val Cys Lys

<210
<211>
<212>
<213>

<220>
<223>

<400>

238

19

PRT

Artificial Sequence

Hepcidin peptide analogue
238

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val cys Lys

<210>
<211>
<212>
<213>

<2205
%223>

<400

239

19

PRT

Artificial Seqguence

Hepcidin peptide analogue

239

Asp Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val cys Lys

<210>
<211>

<212>

<213>

<2205
<2235

<400>

240

19

PRT

Artificial Sequence

Hepcidin peptide analogue
240

Asp Thr His Phe Prc Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210>
211>
<212>
<213>

241

17

PRT

Artificial Seduence
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<220> .

<223> Hepcidin peptide analogue

<400> 241

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Cys
1 5 10 15

Lys

<210> 242

<211> 17

«212> PRT

<213> Artificial seguence

<2205 ‘ .
<223> Hepcidin peptide analogue
<400> 242

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Cys
1 5 10 15

Lys

<2105 243

<211 17

<212% PRT )

<213> Artificial Sequence

<2205 3
<223> Hepcidin peptide analogue

<400> 243

Asp Thr His Phe Pro cys Ile Lys Phe Glu Pro Lys Ser Lys Gly Cys
3 5 10 15
Lys

<210> 244

<211 17

<212> PRT

<213> Artificial sequence

<220> .
<223> Hepcidin peptide analogue

<400> 244
Asp Thr #is Phe Pro Cys. Ile Lys Phe Glu Pro Arg Ser Lys Gly Cys
1 5 ' ' 10 - 15

Lys

<210> 245
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<220>
<223%

<400>
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17
PRT
Artificial Sequence

Hepcidin peptide analogue
245

‘Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Lys Cys
1 5 10 15

Lys

<210>
<211>
<212>

<213>

<220>
<223>

<400

246

17

PRT = . _
artificial Sequence

Hepcidin peptide analogue
246

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Cys
1 5 ' 10 15

Lys

‘<;2 lO}
<211>
<212>
<213>

<220>
<223>

<400

247
18
PRT
Artificial Sequence

Hepcidin peptide analogue
247

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Cys
L 5 10 15

Lys Lys

<210>
<211>
<212>
<213>

220>
<223>
<400>
1

Lys

248

17

PRT . .
Artificial Sequence

Hepcidin peptide analogue

248

Asp Thr His phe Ero.Cys Tle Lys Phe GAU Pro Arg Ser Lys g}y Cys
: 1
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<211>
<212>
<213>

<220>

<2235

<400>

1354825_1.txt

249

17

PRT . o
Artificial Sequence

Hepcidin peptide analogue
249

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Cys
1 5 10 15

Lys

<210>

<211>
<212>

<213>

<220>
<2235

<400>

250
17
PRT

Artificial Sequence

Hepcidin peptide analogue

250

Asp Thr His Phe Pro Cys Ile Lys pPhe Glu Pro Lys Ser Lys Gly Cys
1 5 10 15

Lys

<210>
<211
<212>
<213

<220>
<223>

<400

251

17

PRT

Artificial Sequence

Hepcidin peptide analogue
251

Asp Thr His Phe Pro Cvs Ile Lys Phe Glu Pro Arg Sér Lys Gly Cys
1 5 10 ' 15

Lys

<210>
<211>
<212>
<213>
<220>
<223>

<400>

252

17

PRT

Artificial Seguence

Hepcidin peptide analogue
252

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Lys Cys
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10 15

Lys

<210> 253

<211> 18

212> PRT .

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 253

Asp Thr His Phe Pro. ¢ys Ile Lys Phe Glu Pro Arg Ser Lys Gly Cys
1 5 ' 10 15
Lys. Lys

<210> 254
<211> 18
<212> PRT
<213> Artificial sequence

<220> . .
<223> Hepcidin peptide analogue

<400> 254

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Cys
1 5 10 15
Lys Lys

<210> 255

<211> 19

<212> PRT _
<213> Artificial Sequence

<2205 o
<223> Hepcidin peptide analogue
<400> 255

Asp Thr His Phe Pro cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<230> 256

<211l> 19

<212> PRT

<213> Artificial Sequence

<220> ]
<223> Hepcidin peptide analogue o
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<400> 256

Ala Ala His Phe Pro Cys Tle Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 ' 15
val Cys Lys

<210> 257

<211> 19

<212> PRT

<213 Artificial Sequence

<2205 .
<223> Hepcidin peptide analogue
<400> 257

Ala Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 ' 10 15
val Cys Lys

<210> 258

<211> 19

<212 PRT »
<213> Artificial sequence

<220> .
<223> Hepcidin peptide analogue

<400> 258
Asp Ala His Phe Pro Cys ITe Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210> 239
211> 19
<212> PRT
<213> Artificial Sequence

<220> , )
<2233 Hepcidin peptide analogue

<400> 259
Asp Thr His Ala Ero Ccys Ile Lys Phe ?gy Pro Arg Ser Lys g}y Trp
A v 10

val Cys Lys

<210> 260
<211> 19
<212 PRT
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<213> Artificial sequence

<220> _
<223> Hepcidin peptide analogue

<400> 260

Asp Thr His Phe Pro Cys ‘Ile Lys Ala Gly Pro Arg Ser Lys Gly Trp
1 5 10 - 15
val Cys Lys

<710> 261

<211> 19

<212> PRT

<213> Artificial Sequence

<220> _ |
<223> Hepcidin peptide analogue

<400> 261
Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10: - 15

val Cys Lys

<210> 262

<211s> 19

<212> PRT ‘

<213> aArtificial Sequence

<220> o .
<223> Hepcidin peptide analogue

<400> 262
Asp Thr His Phe Pro Cys ITe Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 : 10 ' 15

Glu Cys Lys

<210s> 263

211> 18

<212> PRT

<213> Artificial Seduence

<220>
<223> Hepcidin peptide analogue

<400> 263

Asp: Thr His Phe Pro Cys Ile Ile Phe Glu Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

GTu Cys
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<210> 264

<211> 19

<212> PRT

<213> Artificial Sequence

<220> . ,
<223> Hepcidin peptide analogue

<400> 264

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 10 15

Glu Cys LyS

<210> 265

<211> 19

<212> PRT

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue
<400> 265

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Lys Ser Lys Gly Trp
1 5 ' 10 15
Glu Cys Lys

<210> 266

<211> 19

<212> PRT _

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400> 266
Asp Thr His Ala Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15

Glu Cys Lys

<210> 267

211> 17

<212> PRT .

<213> Artificial Seguence

<220> | ,
<223> Hepcidin peptideé analogue

<220> _
<221> MOD_RES
<222> (1)..(1)
<223> Xaa s iminodiacetic acid
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<400> 267

Xaa Thr His Phé Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Lys Cys
1 5 10 15

Lys

<210> 268

<211> 18

<212> PRT

<213> Artificial Sequerice

<220> o .
<223> Hepcidin peptide analogue

<400> 268

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15
Glu -Cys

<210> 269
<211> 19
<212> PRT
<213> Artificial Sequence

<220> .
223> Hepcidin peptide analogue

<400> 269

Asp. Thr His Phe Pro Cys Ile Lys Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210 270

<211> 18

<212> PRT

<213> Artificial Sequence

<220> _ ‘
<223> Hepcidin peptide analogue

<400> 270
Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys

<210> 271
<211> 18
<212> PRT
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<2135

<220>
<223>

<400

. 13548251, txt
Artificial Sequence

Hepcidin peptide analogue
271

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 10 15

val cys

<210>
<211s
<21.2>
<213>

<220>
<223>

<400>

272

18

PRT _
Artificial seguence

Hepcidin peptide analogue
272

Qsp Thr His Phe Pro Cys Ile Lys Phe &%S.Pro Arg ser Lys E%y Trp

val cys

<210>
<211>

<2125

<213>

<220>
<223

<400>

273

18

PRT .
Artificial Sequence

Hepcidin peptide analogue
273

Asp Thr His Phe Pro ¢ys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 ' 10 ' 15

val Cys

<210>
<211>
<2125
<213>

<2203
<223>

<400>

274

18

PRT

Artificial Sequence

Hepcidin peptide analogue
274

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 b 10 15

val cys
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<210>- 275

<211> 18

<212> PRT

<213> Artificial Sequence

<220> . _
<223> Hepcidin peptide analogue

<4005> 275

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 ' 10 ' 15

val Cys

<210> 276

<211l> 18

<2125 PRT _

<213> Artificial Sequence

<220>: _ .
<223> Hepcidin péptide analogue

<400> 276

Asp Thr His Phe Pro Cys Ile Lys Phe Lys Pro Arg Ser Lys Gly Trp
1 5 10 15

val cys

<210> 277

<211> 19

<212> PRT

<213> Artificial Sequence

<220
<223> Hepcidin peptide analogue

<220>

<221> MOD_RES

222> (1)..(1) . .
<223> Xaa is ‘iminodiacetic acid

<400> 277

Xaa Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15
val Cys Lys

<210> 278

<211 19

<212> PRT

<213> Artificial Seguence

<220> . .
<223> Hepcidin peptide analogue
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<220>

<221> MOD_RES

<222>  (1)..(10) .
<223> Xaa 15 iminodiacetic acid

<400> 278

Xaa Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210> 279

<211s 19

<212> PRT _

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<220>

<221> MOD_RES

<222> (1)..(1) _ ) .
<223> Xaa 15 iminodiacetic acid

<400> 279

Xaa Thr His Phe Pro Cys ITe Lys Phe Glu Pro Arg .Ser Lys Gly Trp
1 5 ' 10 15
val Cys Lys

<210> 280

<211> 19

<212> PRT ‘

<213> Artificial Sequence

<220> )
<223> Hepcidin peptide analogue

<220> _

<221> MOD_RES

<222> (1)..C0 .
<223> Xaa is iminodiacetic acid

<400>. 280
Xaa Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 15

val Cys Lys

<210> 281
<211> 19
<212> PRT
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<213> Artificial Sequence

<220> ‘
<223> Hepcidin peptide analogue

<220>

<221> MOD_RES

<222> (1)..(L)

<223> Xaa -is iminodiacetic acid

<400> 281

¥Xaa Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 ' 10 15

val Cys Lys

<210> 282

<211> 19

<212> PRT

<213> Artificial Sseguence

<220>

<223> Hepcidin peptide analogue

<220>

«221> MOD_RES

<222> (1)..(1)

<223> Xaa is iminodiacetic acid

<400> 282
Xaa Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 ' 10 15 '

val Cys Lys

<210> 283

<211> 19

<2125 PRT

<213> Artificial Sequence

<220> o
<223> Hepcidin peptide ‘analogue

<2205

<2__21> MOD_RES

<222> (..(1) . :
<223>» Xaa is iminodiacetic acid
<400> 283

Xaa Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp
1 5 10 ' 15

val Cys Lys
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<210>

<2115

<212>
<213>

<220>
<223>

<400>

1354825_1.txt

284

17

PRT .

Artificial Sequence

Hepcidin peptide analogue

284

gis Phe Pro Cys Ile Lys Phe Glu Pro Qgg Ser Lys Gly Trp g§1 cys
‘ 5 10 EN

Lys

<210>
<2115
<212>
<213>

<220>
<223

<400>

285

i7

PRT

Artificial Sequence

Hepcidin peptide analogue
285

His Phe Prag Cys Ile Lys Phe Glu Pro Arg Ser Lys Gly Trp val Cys
1 5 10 15

Lys

210>

<211

<212>

<2135

<220>

<223>

<400>

286
17

PRT

artificial Sequence

Hepcidin peptide analogue
286

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro His Ser-Lys'g}y Cys
1 15

Lys

<210>
<211>
<2125
<213>

<220>
<223>

<400>

1

) 10

287

16

PRT ‘
Artificial Sequence

Hepcidin peptide analogue

287

Asp Thr His Phe Pro Cys Ile His Phe Glu Pro His Ser Lys g%y Cys’
10 N

5
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<210> 288

<211> 17

<212> PRT

<213> Artificial Sequence

<223> Hepcidin peptide analogue

<400> 288

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pre His Ser Lys Gly Cys
1 5 10 - 15

Lys

<210> 289

<211> 16

<212> PRT

<213> Artificial Sequence

<220> s .
<223> Hepcidin peptide analogue

<400> 289

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Glu Lys Glu Cys
1 ' 5 ' 10 ' 15

<210> 290

<211> 16

<212> PRT

213> Artificial Sequerice

<2205 .
<223> Hepcidin peptide analogue

<4005 290

Asp Thr Ala Phe Pro Cys Ile Lys Phe Glu Pro Arg Ser Lys Glu Cys
A 5 10 15

<210s 291

<21l> 12

<212> PRT |

<213> Artificial Sequence

<220> X .
223> Hepcidin peptide analogue

<400> 291

Asp Thr His Phe.gﬁo Cys Ile Lys Phe Egu Cys Lys
1 ' .

<210> 292

<211 15

<212> PRT .

<213> Artificial Sequence

<220> o ,
<223> Hepcidin peptide analogue
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<400> 292

Asp Thr His phe Pro Ile Ala Ile Phe Ala ala Gly Ile Cys Ile
1 5 10 15

<210> 293

<211s> 14

<212> PRT

<213> Artificial Sequence

<220>
<223> Hepcidin peptide analogue

<400> 293

isp‘Thr His Phe Pro Ile Ala Ile Phe Ala Ala Ile Cys Ile
5 10

<210> 294

<211> 13

<212>. PRT

<213> Artificial Sequence

<220> _ .
<223> Hepcidin peptide analogue

<400> 294

Asp Thr His Phe Pro Ile Ala Ile pPhe Ala Ile Cys Ile
1 5 10

<210> 295

<211> 12

<212> PRT

<213> Artificial -Sequence

<220 L
<223> Hepcidin peptide analogue
<400> 29%

Asp- Thr His Phe Pro Xle Ala Ile Phe {ge cys Ile
1 5

<210> 296

<211> 11

<2125 PRT .

«213> Artificial Sequence

<220> ey .
<223> Hepcidin peptide analogue
<400> 296

Asp. Thr His Phe Pro Ile Ala Ile Ile Cys Ile
1 5 10

<210> 297

<211> 10

<217> PRT ,

<213> Artificial Sequence
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<220> ) .

<223> Hepcidin peptide analogue
<400> 297

Asp Thr His Phe Pro Ile Ala ITe Cys TIle
1 5 10
<210> 298

<211> 9

<212> PRT

<213> Artificial Sequence

<220> ,

<223> Hepcidin peptide analogue
<400> 298

Asp Thr His Phe Pro 1Ile Ile Cys Ile
1 5

<210> 299

<211> 9

<212> PRT

<213> Artificial sequence

<220> . ) |
<223» Hepcidin peptide ahalogue
<400> 299

.gsp Thr Hfs-I1e=gys Ile Ala Ile phe

<210> 300

<21 9

<212> PRT _

<213> Artificial Sequence

<220> s .
<223> Hepcidin peptide analogue

<400> 300

Asp Thr His Cys Ero Ile Ala Ile phe
1 5

<210> 301

<211l> 9

<212 PRT

<213> Artificial Sequence

<220> o )
<223> Hepcidin peptide analogue

<400> 301
Qsp'Thr His Phe Ero Cys Ile ITe Ala

<210> 302
<21l> 8
<212> PRT
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<213> Artificial Sequence

<220> . .
<223> Hepcidin peptide analogue

<400> 302

%sp Thr His_Phg,gro Cys Ala ITe Phe

<210> 303

<211> 9

<212> PRT. .

<213> Artificial sequence

<220> _ o
<223> Hepcidin peptide analogue
<400> 303

-?sp,Thr His Phe‘§1a‘cy5_ITE*I]e Phe

<210> 304

<211> 9

<212> PRT A

<213> Artificial sequence

<220>
<223> Hepcidin peptide analogue

<400> 304

-ésp’Thr His Phe,§1a Cys Ile Ile Phe

<210> 305

<211> 9

<212>  PRT v

<213> Artificial Ssequence

<220> .
<223> Hepcidin peptidevanaTque

<400> 305

Asp Thr His Ala Pro Cys Ile Ile Phe
1 5

<210> 306

<211 9

<2125 PRT

<2133 Artificial Sequence

<220> ,
<223> Hepcidin peptide analogue

<400> 306

Asp Thr Ala Phe Ero cys Ile Ile Phe
1

<210> 307 |
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<211> 9
<2125 PRT _
<213> Artificial Sequerce

<2205
<223> Hepcidin peptide analogue

<400> 307
§1a Thr His' Phe grb-cys Ile Ile Phe

<210> 308

<211> 9

<212> PRT

<213> Artificial Sequence

<220> , _ v
<223> Hepcidin peptide analogue

<2205 ,

<221> MOD_RES

<222> (1)..(Q) . .
<223» Xaa is “iminodiacetic acid
<220>

<221> MOD_RES

<222> (5)..(5) ..
<223> Xaa s beta-homoproline
<400> 308

Xaa Thr His Phe Xaa Cys Ile Ile Phe
1 5

<210> 309

<400> 309
000

<210= 310

<211 9

<212> PRT

<213> Artificial seguence

<220> , |
<223> Hepcidin peptide analogue

<400> 310

_Qsp Thi His Phe Ero Cys ITle Glu Phe

<210> 311

211> 9

<212> PRT _ |

<213> Artificial Sequence

<220>
«223> Hepcidin peptide analague

<400> 311

Asp Thr His Phe Pro cys Ile Ile phe _
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<210 312

<211> 9

<212> PRT. _

<213> Artificial sequence

<220> | |

<223> Hepcidin peptide analogue

<400> 312

ésp-Thr-His-Phe pro Ala Tlie Ile pPhe
- 5

<2105 313

211> 9

<2125 PRT _

<213> Artificial Sequence

<220> !
<223> Hepcidin peptide analogue

<400> 313

Asp Thr His Phe Pro Ser Ile Ile Phe
1 5

<210> 314

<211> 9

<212> PRT

<213> Artificial Sequence

<220> o .
<2235 Hepcidin peptide analogue

<400> 314

Qsp_Thr'His,Phe Ero-cys Ile Lys Phe

<210> 315

<400> 315

000

<210> 316

«211> 8

<212> PRT )

<213> Artificial Sequence

<220> . s ‘ :
<223> Hepcidin ‘peptide analogue
<400> 316

?sp Thr His Phe Ero Cys Ile Phe

<210> 317
<400> 317

000
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<210s 318

<400> 318
000

<210> 319
<400> 319
000

<210> 320

<211> 10

<212> PRY

<213> Artificial Seguence

<220> -
<223> Hepcidin peptide analogue
<400 320

Asp Thr His Phe Pro Cys Ile Lys Phe Phe
1 5 10

<210> 321

<211> 9

<212> PRT

<213> Artificial sequence

<220> .
<223> Hepcidin peptide analogue

<400> 321
Eyr Thr His Phe gro Cys Ile Ile phe

<210> 322

<211> 9

<212> PRT

<213> Artificial Sequence
<220> _

«223> Hepgidin peptide analogue

<400> 322
Leu Thr His Phe Pro Cys Ile Ile Phe
1 5

<210> 323
<211> 9

<212> PRT

<213> Artificial Sequence

<2205 ‘ .
<223> Hepcidin peptide analogue

<400> 323
-g]u Thr His Phe.Ero Cys TIle Ile Phe

<210> 324
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<211> 9
<212 PRT »
<213> Artificial Sequence

<220> o
<223> Hepcidin peptide analogue

<400> 324

ASp Arg His Phe Pro Cys Ile Ile Phe
1 5

<210> 325

<211> 9

<212> PRT

<213> Artificial Sequence

<720
<223> Hepcidin péptide analogue

<400> 325
%sp Thr Lys Phe Pro Cys Ile Iie Phe
5.

<210> 3206
<2115 9

<212> PRT

<213> Artificial Segience

<220> ,
<223> Hepcidin peptide analogue

<400> 326
ésp Thr His Phe Glu Cys Itle Ile Phe
' 5

<210s> 327

«211> 9

<212> PRT

<213> Artificial Sequence

< 220> e : .
<223> Hepcidin peptide analogue

<400> 327
Qsp Thr His Phe Ero cys Tle Tle Lys

<210> 328

<211> 9

<212> PRT

<213> Artificial Sequence

<220> - _
<223> Hepcidin peptide analogue

<400> 328

isp Thr His Phe ?ro Cys Ile Ile Arg
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<210> 329

<211> 9

«212> PRT .

<213> Artificial sequence

<2205 o , _
<223> Hepcidin peptide anajogue
<400> 329

Asp Thr His Phe Pro Cys Ile Glu Phe
1 5

<210> 330
<211> 9

<212> PRT _

<213> Artifigial Sequence

<220> ,
<223> Hepcidin peptide analogue

<400> 330
ﬁfp‘Thr His Phe Pro Cys Ile val phe
. 5

<210> 331

<211> 9

<212> PRT Lo

<213> Artificial Sequence

<220> L _
<223> Hepcidin peptide analogue

<400> 1331
%sp Thr His Phe Ero cys Ile Leu Phé

<210> 332

<211> 9

<212> PRT

<213> Artificial Sequence

<220>

<223> Hepcidin peptide analogue

<400> 332

Asp Thr His Phe Pro Cys Ile Leu Lys
1 5

<210> 333
<211> 9

<212> PRT

<213> Artificial Sequence

<220> .
<223> Hepcidin peptide analogue

<400> 333

Asp Thr His Phe Pro Cys Ile Glu Lys _
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<210> 334

<211> 19

«212> PRT , ,
<213> Artificial Sequence

<220> .
<223> Hepc¢idine peptide analogue

<400> 334

Asp Thr His Phe Pro I1eé Cys Ile Phe Gly Ala Arg Ser Lys Gly Trp
1 5 10 15

val Met Cys

<210s 335

<211> 25

<212> PRT .
<213> ‘'Homo sapiens

<400> 335
Asp Thr His Phe Pro Ile Cys Ile Phe Cys Cys Gly Cys Cys His Arg
1 5 10 15

sSer Lys Cys Gly Met Cys Cys Lys Thr
' 20 25

<210> 336

211> 9

<212> PRT

<213> Homo sapiens

<400> 336
?sp Thr His Phe—gro Tle Cys Ile pPhe

<210> 337

<211> 9

<212> PRT

<213> Artificial sequence

<220> o o o
<223> Retro inverse of mini-hepcidin peptide

<220>

<221> MISC_FEATURE

222> (1)..(09)

<223> All amino .acids are the D stereo isoform

<400> 337

Ehe.I]e Cys Ile grq Phe His Thr Asp

<210> 338 _
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<211
<212s
<213>

<220>
<223>

<220>

<221>
<222
<223

<400>

9 1354825..1.txt
PRT
Artificial sequence

Dimerized peptide through sing disulphide 1inkage between
cysteine

DISULFID
(6)..(6) i o
dimer Tinked through disulphide 1inkage

338

‘%sp Thr His Phe Pro Cys Ile Ile Phe
5.

<210>
<211>
<212%
<213

<2203
<223>

<220>

<221>
<222>

<400

339

8
PRT

Artificial Sequence

Dimerized peptide through sing disulphide Tinkage between
cysteine ' ‘

DISULFID.
(6)..(6)

339

Asp Thr His Phe Pro Cys Ile phe
1 5

<210>

<400>
000

<210>

<211

<212>
<213

2220>

<223>

<220>
<221>
<222>

<400>

340
340
341
10

PRT: L] ] .
Artifticial Sequence

Dimerized peptide through sing disulphide 1inkage between
cysteine

DISULFID
(6):.(6)

341

Asp Thr His Phe Pro Cys Ile Lys Phe Phe
1 5 10

<210>
<211>
<212>

342
9

PRT
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<213>

<2205
<223>

<2205
<221>

<222>

<400

. 1354825_1.txt
Aartificial Seguence

Dimerized peptide through sing disulphide Tinkage between
cysteine ' ) '

DISULFID
(6)..(6)

342

Leu Thr' Hi5 Phe Pro Cys Ile Ile Phe
1 5

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222

<400>

343
9.
PRT

Dimerized peptide through sing disulphide Tinkage between
cysteine '

DISULFID
6)..(6)

343

Glu Thr His Phe gro Cys Ile Ile Phe
1 )

<210
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<227>

<400>

344

9 .

PRT

Artificial seguence

Dimerized_peptidevthrough sing disulphidé 1inkage between
cysteine '

DISULFID
(6)..(6)

344

Asp Thr Lys Phe Ero Cys Ile Ile Phe
1 3 )

<210>

<211>
<212>
<213>

<220>

<223>

220>

345
9

PRT . .
Artificial Sequence

Dimerized peptide through sing disulphide Tinkage between
cysteine
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<221> DISULFID
<222>  (6)..(6)

<400> 345
isp Thr His pPhe grc.Cys Ite Ile Lys

<210> 346

<211> 9

<212> PRT _

<213> Artificial Sequence

<2205 v _ _
<223> Dimerized peptide through sing disulphide Tinkage between
cysteine

<220>
<221> DISULFID
<222> (6)..(6)

<400> 346

Asp Thr His pPhe Pro Cys Ile Ile Arg
1 5.

<210> 347

<211> 9

<212> PRT

<213> Artificial sSequence

20> _ ,

<223> Dimerized peptide through sing disulphide Tinkage between
cysteine

<220>
<221> DISULFID
<222> (6)..(6)

<400> 347
gsp Thr His phe ErO'Cys Ile val phe

<210> 348

<211> 9

<212> PRT _

<213> Artificial Seguence

<220>

<223> Dimerized peptide through sing disulphide Tinkage between
cysteine

<220>

<221> DISULFID
<222>  (6)..(6)
<400> 348

Asp Thr His Phe,gro Cys Tle Leu Phe
1 .
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<210>
<211>
212>
<213>

<220>
<223>

<220>
<221>
<222>

<400

1354825_1.txt

349
9
PRT

Artificial Sequence

Dimerized peptide through sing disulphide 1inkage between
cysteine

DISULFID

(6)..(6)
349

Asp Thr His Phe Pro cys Ile Leu Lys
1 5

<2105
<211>
<212>
<213>

<220>
<223>

<220>
<221
<222>

<400>

350
9

PRT =
Artificial Sequence:

Dimerized peptide through sing disulphide Tinkage between
cysteéine

DISULFID
(6)..(6)

350

ASp Thr His Phe Pro Cys Ile Glu Lys
1 5

<210>
<211>
<2125
<213>

<220>
<223>

<220>
<221>
<222

<400>

351

9

PRT =

Artificial Sequence

Dimerjzed peptide through sing disulphide 1inkage between
cysteine ' '

DISULFID
'(G)iecs)

351

‘Asp Thr His Phe Pro Cys Ile ITe phe
1 5

<210>
<211>

<2125

<2135

<220>

<2235

352
9

PRT | .
Artificial Sequerice

Dimerized peptide through sing disuTphide Tinkage between
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cysteine

<220>
<2213 DISULFID
<222> (6)..(6)

<400> 352
ésp.Thr-HTs Phe Pro Cys Ile Lys Phe
5

<210s 353

<211> 9

<212> PRT .
<213> Artificial Sequence

<2205 , , .
<223> Dimerized peptide through sing disulphide Tinkage between
cysteine

<220>
<221> DISULFID
<222> (6)..(6)

<400> 353
Asp Thr His Phe,gro Cys Ile Lys Phe

<210> 354
<211> 9

<212> PRT o

<213s Artificial Sequence

<220 _

<223> Hepcidin dimerized peptide

<220> _

<221> MISC_FEATURE

222> (1)..(D .
<223> Diethylene glycol Tinkage between Asp residues

220>

221> DISULFID

<222» (6)..(6)

<223> Disulphide linkage between Cys residues

<400> 354
?sp Thr His Phe_gro;cys‘lle Lys Phe

<210> 355
<211> 9

<212> PRT

<213> Artificial Sequence

<220> .
<223> Hepcidin dimerized peptide

<220>
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<2215 DISULFID
<222> (6)..(6) o
<223> disulphide Tinkage between Cys residues

<400> 355

Asp Thr-Lys Phe Pro Cys Ile Arg Phe
i 5

<210> 356

<211> 9

<212> PRT

<213> Artificial Seguence

<220 L ) ]
<223> Hepcidin dimerized peptide

<220

<221> MISC_FEATYRE

<222> (3)..(3) _
«223> Diethylene glycol Tinkage

<220>
<221> DISULFID
<222> (6)..(6)

<400> 356

Asp Thr Lys Phe Pro Cys Ile Arg Phe
1 5

<210s 357

<211> 9

<212 PRT _

<213> Artificial Sequence

<220> o . . .
<223> Hepcidin dimerized peptide

<2205
<221> DISULFID
<222> (6)..(6)

<400> 357

Asp Thr His Phe Pro Cys Ile Lys Phe
1 e

<210> 358

<211> 9

<212> PRT »
<213> Artificial Seguence

<2205 .. _
<223> Hepcidin dimerized peptide

<220
<221> DISULFID
<222> (6)..(6)
<220

<2215 MISC_FEATURE o
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<222> (8)..(8) )
<223> Diethylene glycol T1inkage

<400> 358
?sp Thr His Phe Pro Cys Ile Lys Phe
5

<210> 359

<21l> 9

<21Z2> PRT _ _
<213> Artificial Sequence

<220> o )
<223> Hepcidin dimerized peptide

<220>
<221> DISULFID
<222 (6)..(6)

<400> 359
?sp Thr His phe ?ro Cys Ile Arg Lys

<210> 360

<?211> 9

<212> PRT _

¥213> Artificial Sequence

<220> - )
<223> Hepcidin dimerized peptide

<220>
<221> DISULFID
<222> (6 ..(6)

<2205 .

<221> MISC_FEATURE

<2225 (9)..(9) .
<223> diethylene gilycol Tinkage

<400> 360

Asp Thr His Phe Pro Cys Ile Arg Lys
1 5

<210> 361

«211> 10

<212> PRT

<213> Artificial Sequence

<223> Hepcidin dimerized peptide

<220> o
<221> DISULFID
<222> (6)..(6)

<400> 361

Asp Thr His Phe Pro Cys Ile Lys Phe Lys
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1 5 10

<210> 362

<211> 10

<212> PRT v

<213> Artificial Sequence

<220> ,
<223> Hepcidin dimerized peptide

<220>
<221> DISULFID
<222> (6)..(6)

<220>

<221> MISC_FEATURE

<222> (10)..(10)

<2235 diethylene glycol Tinkage

<400> 362

Asp Thr His Phe Pro Cys Ile Lys Phe Lys
1 5 10

<210> 363

<211> 9

<212> PRT

<213> aArtificial Ssequence

<220> N
<223> Heépcidin dimerized peptide

<400> 363

Qsp Thr His Phe Pro Cys Ile Lys Phe
5

<210> 364

<211> 9

<212> PRT

<213> Artificial Sequence

<220> . . L

<223> Hepcidin dimerized peptide

<400> 364
isp'Thr His Phe Ero Cys Ile Lys Phe

<210> 365

<211> 10

<212> PRT

<213 Artificial Sequence

<220> .
<223> Hepcidin dimeérized peptide
<400> 365

Asp Thr His Phe Pro Cys Ile Lys Phe Lys
1 5 ' 10
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<210> 366
<211> 9
<2125 PRT _
<213> Artificial Sequence

<220> _
<223> Hepcidin dimerized peptide

<400> 366

ésp Thr His Phe Ero Cys I1eé Lys Phe

<210> 367
<211> 19
<212> PRT
<213> Artificial Sequence

<220> o
<223> Hepcidin dimerized peptide

<400> 367
Asp Thr His Phe Ero Cys Ile Ile Phe g1y Pro Arg Ser Arg Gly Trp
1 ' 10 - 15

val Cvs Lys

<210> 368

HQ11> 18

<212> PRT _

<213> Artificial Sequeénce

<220> - v
<223> Hepcidin dimerized peptide.

<400> 368
Asp Thr His Phe Pro Ile Cys Ile Phe Gly Pro Arg Ser Lys Gly Trp
1 5 10 i5

val Cys

<210> 369

<211> 17

<212> PRT ,

«213> Artificial Seguence

<2205 o o
<223> Hepciding analogue peptide

<400> 369

Asp Thr His Phe Pro cys Ile Lys Phe Glu Pro Arg Ser Lys Glu Cys
1 5 ' ic 15 '
LyS

Page 115



1354825_1.1tXt
<210> 370
<211> 17
<212> PRT ‘
<213> Artificial Sequence

<220> .
<223> Hepcidin analogue peptide

<400> 370
Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro His Ser Lys Giu Cys
1 5 ' 10 15

Lys

<210s> 371

<211> 17

<212> PRT

<213> Artificial sequence

<220> o
<223> Hepcidin analogue pepide

<400> 371
Asp Thr His Phe Pro Cys Ile Lys Lys Glu Pro His Ser Lys Glu Cys
1 5 - 10 15

Lys

<210> 372

<211 17

<2125 PRT

<213> Artificial sequence

<220> ‘ .
<223> Hepcidin analogue peptide

<400> 372
Asp Thr His Phe Pro €ys Ile Lys Phe Lys Pro His Ser Lys Glu Cys
1 5 10 15

Lys

<210> 373

<211s 15

<212> PRT

<213> Artificial Seduence

<220> _ _ _ _
<223> Hepcidin analogue peptide

<400> 373
Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Glu Cys Lys
1 5 10 15
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<210> 374
<211> 15
<212> PRT
<213 Artificial Sequence

<2205
<223> Hepcidin analogue peptide

<4005 374
Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro His Glu Cys Lys
1 5 10 15

<210> 375

<211 14

<212> PRT

<213> Artificial Sequence

<220> o
<223> Hepcidin analogue peptide

<400> 375

Asp Thr His Phe Pro Cys Ile Lys Phe Glu Pro Arg Cys Lys
1 5 10
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