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NOVEL MODULATORS OF MELANOCORTIN RECEPTORS

CROSS REFERENCE

[00011 This application claims priority to U.S. Provisional Patent Application No.
82/017 137 filed June 25, 2014, and claims prority to U.S. Patent Application No.
14/300,891 filed on June 10, 2014, the spedcification(s) of which isfare incorporated

herein in their entirety by reference,

GOVERNMENT SUPPORT

6002} This invention was made with the govemment support under Grant Nos. RG1
DK 017420 and RO1 GM108040 awarded by the national institutes of heaith (NIH).
The government has certain rights in the invention.

FIELD OF THE INVENTION

180431 The present invention relates {0 a series of N-methylated variations on a cyclic
peptide, in particular {0 a series of N-methylated variations on the SHUS119 peptide.
Methyl groups are added o a variety of places on a parmacophore of a base
compound, and the agonizing and antagonizing properties of the resulting
compounds are examined.

BACKGROUND OF THE INVENTION

16004} Melanocortin receptors, MC1-5R are a family of five receptor compounds that
have varying effects related to melanin. All, but melanocortin-2, is capable of being
activated by different types of melanocyte stimulating hormone {Yang). Prior {o the
invention, it has been difficult {o target the recepiors, except for MC2IR,
independently of one another. The key difference between this compound and
similar compounds is that the present invention is specific to individual types of
melanocortin receptors (Grimes, el. al). Each methylated form of the invention grants
a different effect {0 cerfain melanocortin receptors, either agonizing them or
antagonizing them. This would potentially reduce the amount of side effects incurred

by the treatments involving the present invention.

{0005} The melanocortin system'™ remains a challenging target for rational peptide
and peplidomimetic design as the 3D-topographical reguirements for specific
melanocortin  receptor subtype recognition have not been fully elucidated.®”
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Neveriheless, the numerous multifaceted physiclogical functions of the five known

subtypes of human melanocortin receptors  (WMC1-8R),  including  skin

G 1

control of the immune system,'™™" erectile function,™" blood

14,15

pigmentation,®

pressure  and  heart rate,
3.6,18-21

control  of feeding behavior and energy

homeostasis, 222 and mediation

24-26

modulation of aggressive/defensive behavior,
of pain, continue to provide a strong stimulus for further development of potent

and selective melanocortin agonists and anfagonisis.

6006} Until recently, much of this work was focused on the hMCAR due fo its direct

involvement in the reguiation of feeding behavior and energy homeostasis, 381521

as
well as sexual behavior. "% The hMC3 receptor has been suggested to play a
complementary role in weight control. "2 Although the full scope of physiological
funclions of this receptor is vet 10 be unraveled, the current understanding based on
the observed stimulation of food intake by peripheral administration of an MCU3R-
selective agonist™ and MC3R agonist-induced inhibition of spontaneous action of
Pro-apiamelanocortin (POMC) neurons™ suggests that hMC3R is an inhibitory
autoreceptor on POMC neurons.® In addition, development of selective ligands for
the hMC1 and hMCS receptors is receiving increasing attention lately due to the

&

roles of these receplors in regulation of pain, skin pigmentation, ¥ control of the

immune systern (hMCIR)®' and; in regulating exocrine gland function® and
coordinating centrat and peripheral signals for aggression (hMCER).*%

[6007} On the other hand, development of selective ligands to melanocortin system
bears intrinsic challenges due {o conserved amino acid sequences and their
structural simitarity contained in the 7 transmembrane GPCR fold. % Unlike other
protein targets, hMCRs, known to be the smallest GPCRs have separate natural

agonist and antagonist molecules for functional regulation. 2%

This aspect of
hMCRs imposes a second dimension on melanocordin fligands for achieving
selactivity not only to receptor subtype but also between the required agonistic and
antagonistic properties. Designing such melecules which possess both functional
selectivity and hMCR sublype selectivity from a four residue hMOR recognition
sequence™* His-Phe-Arg-Trp is very demanding and necessitates fo experiment

with every possible molecule designing tool in peptide chemistry.
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{60081 Great efforts have been made in the last decade fo develop selective

melanotropin peptides by following various general appraaches,3ﬁ‘39 which include

{a) p-amino acid scanf/unnatural amino acid substifutions in linear -, B- and y-

40,41

melanocortin stimulating hormone (MSH)-derived sequences, {k) hybricizations

of the native MSH sequences with each other and with sequences of other bicactive

4744 ( C}

peptides, implementation of various global and local conformational

45-52

constraints wia peptide cyclization and employment of constrained amino acids,
{d) manipulation of steric factors that influence receptor-ligand interaction, % (g)
construction of small molecules based on B-tum peptidomimetics and “privileged

structure” scaffolds, ™ and (f) multiple N-methylation.®®

{80097 Application of several of these strategies has resulted in the development of
two cyclic peptides, 1. Ac-Nle*-c[Asp®, p-Nal (2'), Lys“Ja-MSH(4-10)-NH; (SHU9118,
p-Nal {2} henceforth is abbreviated as nai’),*® a potent agonist for the hMC1R and
hMC5R and a potent antagonist for the hMC3R and hMC4R; ii. Ac-Nis*-clAsp®, p-
Phe’, Lys'"Ol0-MSH{4-10)-NH, (MT-1}), a universal agonist for all the hMCRs.*® The
two ligands, although lacking exclusive recepior subtype sslectivity, have been
extensively used in understanding the combined funclional aspects of hMCRs. The
complexily of the melanocortin system can be envisaged from the amine add
sequences of SHU9119 and MT-lL. Although these two ligands differ in side chain of
a single amino acid (nal’ Vs, p-Phe’ in SHUS119 and MT-ll, respectively) and
possess a structural similarity,” ™ they give rise to entirely contrasting functional
responses with melanocorting. The distincthess in aclivity of these iwo simiar
ligands has been atiributed mainly {o the differences in the digposition of functional

side chains around the peptide backbone,

{8010} Noticeable varigtions in the activity of SHUS119 have been reporied with any
changes even in the chemical constifution of nal’ aromatic side chain, signifying the
sensitivity of hMCRs towards their iigands.“e Several amino acid substitution studies
have been camied out on MT-li and SHUS119 to modify the structure 5
Replacement of His® in SHU9119 with conformationally constrained amino acids
resulted in selective agonists for hMCS5R and antagonisis for hMC3R and
hMC4R #® This lead to the understanding that the conformational restriction at His®

and around nal’ may help in receptor discrimination. Among the other studies carried
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out, it has also been shown that the activity of melanocortin ligands is sensitive o the
side chain x conformation.®® Such outcomes suggest melanocortin ligand designs in
which side chain disposttion is altered while retaining the functional moietlies
unchanged. Furthermore, a proper insight into the structure driven responses of
metanocortin subtypes requires a systematic perturbation of ligand conformation.

[0011} To accomplish this, the N-methyiation strategy™®

is applied to the
melanocortin ligands. Recently, N-methylation of backbone amide NHs of peptides
has been shown to substantially improve the physicochemical, structural and
biological features of peptides.¥ ™ N-methyiation stands as the simplest way to
include conformational restraints into the peptide backbone as # introduces steric
restrictions, allows for ofs-peplide bonds, and prevents hydrogen bond formation. As
these effects make N-methyialed amine acids often act as irn promoting moieties
(akin to prolines),®" the strategy heips in generating secondary structural features
in peptides without changing the constituent peplide sequence. The specific impact
of N-methylation on melanocortin peptide ligands has not been investigated
systematically untit this strategy is used on MT-ll to develop completsly selective
hMC1R agonists.® Interestingly, in contrast to the parent MT-ll, some of the N-
methylated MT-Ul peplides possessed anfagonistic achivity, meaning a swilch in

functional selectivity while the amino acid seguence remained unchanged.

{6012} Based on these intriguing aspecis and being deficient of melanocortin ligands
exhibiting improved biological activity and pharmacokinetic profiles, the present
invention is considered to modulate the peptide conformation and the functional side
chain disposition of SHU9119 peplide by M-methylation of the backbone amide NHs.
In search of a more selective melanocortin peplides and also {o gain further insight
into the intricate correlations among amino acid sequence, conformation and achivity-
selectivity, a combinatorial kbrary consisting of N-methylated-SHUS119 analogues
with single and multiple N-methylation in the core cyclic sequence of SHUS112 has
been designed, synthesized and characterized in vitro. Syntheses were performed in
analogy to the synthesis of the library of N-methylated MT-Hl peptides.®

[6013} Any feature or combination of features described herein are included within

the scope of the present invention provided that the features included in any such
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combination are not mutually inconsistent as will be apparent from the context, this
specification, and the knowledge of one of ordinary skill in the art. Additional
advantages and aspects of the present invention are apparent in the following
cetailed description and ¢laims.

SUMMARY OF THE INVENTION

[a014} Melanocortin recepiors (hMC1R, hMC3R, hMC4R and hMCSR), due {o their
structural similarity have bheen challenging {argets fo develop ligands that are
explicitly selective to sach of their subtypes, which is further complicated by the
presence of separate biclogical agonist and antagonist responses for the receptor
system demanding for function specific ligands toc. To modulate the conformational
preferences of the melanocortin ligands and improve the biofunclional agonist-
antagonistic activities and selectivities, the present invention applies a backbone N-
methylation approach on SHU9118, a non-selective cyclic peptide anfagonist at
hMC3R and hMC4R. Systematic N-methylated derivatives of SHUS119, with all
possible backhone N-msthylation combinations have been synthesized and
examined for their binding and functional activities towards melanocortin receptor
subtypes 1, 3, 4 and 5 (hMCRs).

{8015] Several N-methylated analogues which have selective and potent agonists or
antagonists activity for the hMC 1R or hMCSR; or selective antagonist activity for the
hMC3R are discovered from the library. The selective hMC1R ligands show strong
binding for human melanoma cells. The present invention features the first universal
antagonist for all subtypes of hMCRs, which will be of critical importance to modulate
the melanccortin system with endogenous agonists. Structure Activity Relation
{SAR) studies of selective ligands and chimeric human melanocortin 3 receptor lead
{0 new insights for hMC3R selectivity. No correlation could be seen between the
SHUS119 and the previous MT-lI libranies, with respect to the N-methylation pattern

and switching of agonistic or antagonistic activities.

{8016} Conformational studies in solution of the selected ligands have revealed that
the peplides have an anti-parallel §-sheet structure and the pharmacophore {His®
nai?—Arga—Trp?’} pooupies a Bil-turn like region with the furn centered about nal7—Args.

The analogues with different selectivities however showed distinct differences in the
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spatial arrangement of individual amino acid side chains. The docking studies do not
show any interactions between the N-methyl groups and the receptors, implying that
the role of N-methyl groups is primarily to reorganize the conformation of the peptide
backbone, The present invention signifies the sensitivity of the melanocortin system
to subtle changes in preferred backbone conformation and orientation of the
functional groups in ligands to define the agonistic and antagonistic activity for a
given peplide sequence.

BRIEF DESCRIPTION OF THE DRAWINGS

160171 FIG. 1 shows a structure of SHUS11Q peptide. The arrows indicate the sites of
N-maethylation i analogues synthesized with all combinations examined
systematically.

10018} FIG. 2a shows the amino acid sequences for SHUB11E (1) and N-methylated
SHUS11S anslogues {peptides 2-32; with the site of N-methylation highlighted in
bold font. FIGs. 2b to 2¢ respectively are histograms showing the results for 1C50
from binding assay {black bars} and ECB0 from cAMP assay (ight grey bars) at
hMC1R, hMC3R, hMC4R and hMC5BR. For a convenient comparison, the 1Csy and
ECs; are plotted in logy scale with error bars also represented. However, the
absolute 1Csp and ECse values are indicated above each bar. For more numeric
detalls including the hinding efficiency and ligand induced functional activity
compared to MTH {Act%) are shown in Table 4 and Table 5. ICsy= concentration of
peptide at 50% specific binding (N=4) and ECsy = Effective concentration of peptide
that was able to generate 50% maximal intraceliular cAMP accumulation (N=4).

[6019} FiGs. 3a to 3¢ show stereo views of the NMR structure of peptides 15 (3a,
pink): 17 (3b, green) and the overlay of the B-tum like His®nal’-Arg®-Trp® region from
peptides 15 and 17 (3¢). The ribbons along the backbones highlight the secondary
structural features. For a clearer view, the non-polar hydrogens in FIG. 3a and 3b,
whereas all the hydrogens and main chain in FIG. 3¢ are not shown.

(06201 FIGs. 4a 1o 4¢ shows Ramachandran plols that represent the (@, W) dihedral
gpace of constituent amino acids and corresponding secondary  structural

information, generated for (4a} peptides 15 and 17 based on their NMR structures;
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{4b) for peptides MT-ll and SHUS119. FIG. 4¢ is a graph showing the sile specific
variations in the dihedral space of the above four peptides.

100211 FIG. 5a shows ligands in contact with residues from the chimeric hMC3R. 1)
F295 is contacted by MT-H in »80% of results, with less than 80% in SHUS118
Feaptide 17 and about 20% in Peptide 15, indicate that F295 is important for the
agonist activity of hMC3R. 2) D154/D158 are contacted >83%, but almost 100% by
each ligand, indicate that D154/0158 are important for the binding to the hMC3R; 3)
H298 abolishes binding affinity in bioassay, but highest contact rate is 40%, usually
closer to 20%. 4) E131 may play more important role in SHUS119 binding with 50-60
contact rates, whereas in MT-ll has the lowest rate (35%). D-Phe-Arg-Trp is
essential to binding with highest contact % rates. FIG. 5b shows docking resulls on
interaction of peptide ligands with hMC3R showing the amino acid wise cumulative
contacts with residues of the hMC3R. Arg® has the highest contacts at hMC3R with
nearly all four peptides except SHUS119. n-Nal(2'}’ show more contacts at hMC3R
compared o the rest of the three peptides since it is agonist of BMC1R and hMCBR;
antagonist at AMC3R and hMC4R. Trp® also has very high contacts (>40) at hMC3R
(SHUB118, peptide 15 and 17) except for universal agonist MT-iI, indicating that Trp®

plays an important role of the hMC3R antagonist activity.

[80221 FIG. & shows docking results showing the peptlide ligands binding with
hMC3R. Six potential binding sites of hMC3R (E131, D154, D158, L1865, F285,
H298) are chosen 1o interact with the peptide ligands. Cluster represents unigque
docked conformation for two sels of docking runs for each ligand. Two runs
multiplied by nine clusters equais 18 {otal conformations.

160231 FIG. 7 shows names of the dihedral angles for the Lys10-Aspd side chain
cyclized region {as shown for peptide 17) of SHUS118.

[00241 FIG. Ba shows histograms showing the backbone dihedral angle distribution in
MED {with restraints} rajeciory of 15, The vertical red linaes in each graph indicate the
corresponding dibhedral angle values as measured from the input DG structure. FIG.
8b shows histograms showing the backbone dihedral angle distribution in fMD
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{without restraints} trajectory of 17. The vertical red lines in each graph indicate the

corresponding dihedral angle values as measured from the input DG structure.

[00251 FIG. 9a shows overlay of the dihedral angles measured for 15 from its DG
structure and the mean structure of the most dominant duster represented in
corresponding MD calculations. FIG. 9% shows overlay of the dihedral angles
measured for 17 from its DG structure and the mean structure of the most dominant

cluster represented in corrasponding MD calculations.

[6b26} FiG. 10a shows ¢1 dihedral angles distribution for side chains of peptide 15
as calculated from the corresponding MD trajectory. FIG. 10b shows y1 dihedral
angles distribution for side chains of peptide 17 as calculated from the corresponding
MD trajectory.

DESCRIPTION OF PREFERRED EMBODIMENTS

[6027} Referring now to FiGs. 1- 10, the present invention features a backbone N-
methylation approach on SHU8118, a non-selective cyclic peptide anfagonist at
hMC3R and bMC4R. Systematic N-methviated derivatives of SHUS11S, with all
posgible backbone MN-methylation combinations have been synthesized and
examined for thelr binding and functional activities towards melanocortin receplior
subtypes 1, 3, 4 and 5 (hMCRs). Each methylated form of the present invention
grants a different effect to certain melanaocortin receplors, either agonizing them or
antagonizing them. This would potentially reduce the amount and severity of side
effects that freatments involving the invention would incur.

{60281 As defined herein, the term "agonist” refers to compound that enhances a
response. The agonist binds o the same site as the endogenocus compound and
produces the same type of signal, usually of equal or greater magnitude than the

endogenous ageant.

{0029} As defined herein, the term “antagonist” refers to compound that diminishes a
response. The antagonist binds to the same site as the endogenous compound and

diminishes or blocks the signal generated by the endogenous agent.
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{6030} As defined herein, the term "N-methyiation” refers to g form of alkylation
wherein a methyl group, CH;, replaces the hydrogen atom of the NH maoiety in an
amina aeid,

{0031} As defined hersin, the terms “therapeutically effective amount” means the
amount of a compound that, when administered to a8 mammal for freating a
condition, is sufficient to effect such treatment for the condition. The “therapeutically
effective amount” will vary depending on the compound, the condition and its
severity and body faciors such as age, weight, etc., of the mammal (o be treated.

166321 As defined herain, the {terms "Treating” or “treatment” of a condition includes:
{1) preventing the condition, i.e., causing the dlinical symptoms of the condition not
fo develop in a mammal that may be exposed to or predisposed to the condition but
does not vet experience or display symptoms of the condition; {2) inhibiting the
condition, 1.e., arresting or reducing the development of the condition or its clinical
symptoms; or (3) relieving the condition, Le., causing regression of the condition or

its clinical symptoms.

{6033} Az used herein, the terms “those defined above” and “those defined hereiny”
when referring fo a varable incorporates by reference the broad definition of the
variable as well as any narrow and/or preferred, more preferred and most preferred

definifions, if any.

100341 As used hersin, the term “NMe” preceding any three-letler abbreviation for an
aming acid, Le. (NMellys or (NMe)Trp, denotes the N-methviated form of the amino
acid. As used herein, the term “Nie” refers fo a Norleucins.

{8035} Methods described herein may be equivalently represented in a Swiss-type
format. As a non-limiting example, “a method for treating a disease Y using
compound X7 may have a Swiss-type equivalent of “the use of compound X in curing

disease Y”. it is to be understood that other Swiss-type formats may be acceptable.

1603561 The specification{s) of U.5. Patent Application No. 14/300,881 filed on June
10, 2014 is/are incorporated herein in their enlirety by reference. For example,
paragraphs [C0100] fo [00186] in pages 25-48 of the specification are incorporated
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herein in their entirety by reference. Moreover, any of the peptide-igands from SEQ.
1D NO. 4, SEQ. ID NO. 5, SEQ. ID NO. 9, SEQ. 1D NO. 11, SEQ 1D NO. 18, and
SEQ. 1D NO. 18 of U.S. Patent Application No. 14/300,881 are incorporated herein
by reference. For exampie, SEQ. {D NO. 18, and SEQ. ID NO. 19 of U.S. Patent
Application No. 14/300,991 are incorporated herein by reference: H-Tyr-Val-Leu-Gly-
His-DPhe-Arg-DNal(2')-Asp-Arg-Phe-Gly-NH; (SEQ 1D NO:18) and H-Tyr-Val-lLe-
Gly-His-DPhe-Arg-DNal{2')-Asp-Arg-Phe-Gly-NH» (SEQ 1D NO:19).

6037} N-methylated derivatives of SHUS119: Peptide Sequence List

{8038} Peptide 1: Ac-Nie-clAsp-His-nal-Arg-Trp-Lys]-NH, (SEQ.NO. 1)
{0039] Peplide 2. Ac-Nie-o[Asp-His-nal-Arg-Trp-{NMideL ysi-NH, (SEGQ NG, 2)
0040} Peptide 3: Ac-Nie-clAsp-His-nal-Arg-{NAei Trp-Lys]-NM, (SEQ.NO. 3
{8041} Peptide 4; Ac-Nie-clAsp-His-nal-(NMe)Arg-Trp-Lys]-NH, (SEQ.NO. 4)
{00421 Peplide 5. Ao-Nie-ofAsp-(NMeiHis-(NMenal-Arg-Trp-Lys}-NH, (SEQL NO. 5}
{6043} Peptide 5 Ac-Nie-clAsp-{NMe)His-nab-Arg-Trp-Lys-NH; {SEQ. NO. 8)
{0044} Peptide 7. Ac-Nie-cfAsp-Hig-nal-Arg-{NMe) Trp-(NMeLys]-NH, (SEQ.NO. )
{00451 Peplide 8. Ao-Nie-cfAsp-His-nal-(Mide)Arg-Trp-(NMe L ys]-NH, (SEQL NO. 8}
{0046} Peptide 9 Ac-Nie-clAsp-His-{ANMenal-Arg-Trp-(NMejLys}-NH; {SEQ. NO. &)
{00471 Peplide 10! Ac-Nie-cfAsp-{NielHis-nal-Arg-Tro-{Mide L ys]-N (SEQ. ND. 10}
[0048] Peptide 11: Ac-Nie-cfAsp-His-nak-(NMe)Arg-(NMe)Trp-Lys]-NH; (SEQ. NO. 11)
{0049} Peptide 12 Ac-Nie-cfAsp-His-(NMenalArg-(Mde)Trp-Lysi-N {SEQ. NO. 13)
{0501 Peptide 13 Ac-Nie-cjAsp-{NMeHis-nal-Arg-(NMe)Trp-Lys]-N (SEQ NO. 13}
[0031] Peptide 14; Ac-Nie-clAsp-His-{NMehal-{NMe)Arg- Trp-Lys-NH, (SEQ. NO. 14)
{6052] Peplide 15; Ac-Nie-ciAsp-{Nie)His-nal{ NMe irg-Trp-Lys]-NH; (SEQ. NQ. 15)
{0831 Peplide 16 Ac-Nie-cjAsp-{NieHis-(MMenal-Arg-Trp-Lys-NH; (SEQL NGO, 18)

{0034] Peplide 17 Ag-Nia-cjAsp-His-nal-(NMe)Arg-(NMe) Trp-{(NMe Lys
{8055} Peptide 18. Ac-Nie-ciAsp-His< Nifenal-Arg-(MVe Trp-{tAieLys
{0861 Peptide 19 Ac-Nie-clAsp-{NMeiHis-nal-Arg-{Nfe) Trp-{NMell ys

{00587] Peplide 20 Ag-Nia-cjAsp-His-(NMenal{NMejArg- Trp-{(NMeLys (SEQ. NO. 20
{6058} Peplide 21 Ac-Nie-cfAsp-{Nideis-nald Me 1 Arg- Trp-{NMeys {(SEQ. NO. 21)

N (SEQ. NO. 17)
JANH,
s}-NH;
N
JNH,

{00891 Peplide 22: Ac-Nie-clAsp-{NMeiHis-(NMemal-Arg-Trp-(NMelLys]-NH,  {SEQL NO. 22)
N
FNH,
I-NH,
N

(SEQ. NO. 18)
{(SEQ. NO. 19)

{0064] Peptide 23 Ag-Nia-cjAsp-His-(NMenal{NMejArg-{NMeTm-Lys (SEQ. NO. 23)
{0061} Peplide 24; Ac-Nie-olAsp-{NMeHis-nal-(Mide)Arg-(NMe) Trp-Lys (SEQ. NO. 24)
{00621 Peplide 25 Ac-Nie-clAsp-{ NideHis-(NMeinal-Arg-{iN8e  Trp-Lys (SEQL NO. 25}
(0063} Peptide 26 Ac-Nig-ciAsp-(NMe)His-{NMeinal-(NMe)Arg-Trp-Lys (SEQ. NO_26)

10
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{8064} Peptide 27 Ac-Nig-clAsp-His-{NMeinal-{NMaArg- (N Trp-{NbeiLys-NMH,, (SEQ. NQ. 27)
{0065} Peptide 28: Ac-Nie-clAsp-{ NMeHis-nal{ NMe)Arg-{iNMe} Tro-( NMfellys]-NMH,; (SEGQ. NO. 28)
(0066} Peptide 29: Ac-Nie-ciAsp-(NMe)His-(NMenal-Arg-{NMe Trp-(NMe)Lys]-NH,, (SEQ. NO. 28)
{6067} Peptide 30: Ac-Nie-olAsp-{ NMeHis-(NMMenal-(NMeArg-Trp-ONMeiLys]-NM, (SEQ. NO. 30)
{00681 Peplide 31: Ac-Nie-clAsp-{ NieiHis-(NMenal-( NMe Arg-(NMe Trp-Lys]-NH,, {SEQL NO. 31)
[6069] Peptide 31 Ac-Nie-c{Asp-{NAMeHis-{NMenal-(NMeArg-(INMe Trp-{ Nide lLysi-NH,,  (SEQL
NO. 32

[#078] Embodiment 1 The present invention features a modified melanocoriin
receptor modulator, the modulator comprising Ac-Nie-¢{Asp-His-nal-Arg-Trp-Lys}-
NH, ("SHUS119"), wherein at least one amino acid within the c[Asp-His-nal-Arg-Trp-
Lys] portion of SHUZ119 s N-methylated.

(6071} Embodiment 2. The present invention features a method of modulating a
melanaccoriin receplor, said method comprising administering {o & mammal in nesd
thereof at least ong of the modified melanocortin receptor modulators according 1o
Embodiment 1 in a therapeutically effective amount sufficient for stimulating melanin
synihesis in said mammal  In some embodiments, administration of the modified
melanocortin receptor modulators is by oral, nasal, or topical means, or by injection
to the mammal. In some embodiments, the melanocortin receplor is an hMCH
receptor, an hMC3 receptor, an hMC4 receptor, an hMCS receptor, or a combination
thereof.

{00721 Embodiment 3. The present invention features a method of modulating a
melanocortin receptor for regulating a weight of a mammal, said method comprising
administering to the mammal in need thereof at least one of the modified
metanocortin receptor maodulators according to Embodiment 1 in a therapeutically
effective amount sufficient to bring about a determined satiation. In some
embodiments, administration of the modified melanocortin receptor modulators is by
oral, nasal, or {opical means, or by injection {0 the mammal. In some embodiments,
the melanocortin receptor is an hMC3 receptor, an hMC4 receptor, or a combination
thereof.

100731 Embodiment 4: The present invention features a method of modulating a
hMC4 receptor for stimulating sexual funclions of a mammal, said method
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comprising administering to the mammal in need thereof at least one of the modified
melanocordin recepior modulators according to Embodiment 1 in a therapeutically
effeclive amount sufficient (o bring abowt an enhanced and sustained sexual arousal.
in some embodiments, administration of the modified melanocortin receptor
modulators is by oral, nasal, or topical means, or by injection to the mammal.

[8074}] Embodiment 5. The present invention features a method of modulating a
madanocortin receplor for regulating pain sensed by a mammal, said method
comprising administering to the mammal in need thereof at least one of the modified
melanocordin receptor modulators according {0 Embodiment 1 in a therapeutically
effective amount sufficient 1o bring sbout sufficient pain relief. In some embodiments,
administration of the modified melanoccortin receptor modulators is by oral, nasal, or
fopical means, or by injeclion {o the mammal. In some embodiments, the
melanocortin receptor is an hMC1 receptor, an hMCS receptor, or a combination
thereof.

{8075} Embodiment 6. The present invenlion features a method of moduigting a
melanocotin receptor for regulating skin pigmentation of a mammal, said method
comprising administering to the mammal in need thereof at least one of the modified
melanocortin recepior modulators according to Embodiment 1 in a therapeutically
effective amount sufficient to bring about a desied skin coloration. In some
embodiments, administration of the modified melanccortin recepior modulators is by
oral, nasal, or topical means, or by injection to the mammal. In some embodiments,
the melanocortin receptor is an hMC1 receptor, an hMC5S receptor, or a combination
thereof.

{6076} Embodiment 7. The present invention featires 3 method of modulating the
hMC1 recepfor for conirolling the immune system of 3 mammal, said method
comprising administering {o the mammat in need thereof at least one of the modified
melanocortin receptor modudators according to Embodiment 1 in a therapeutically
effective amount sufficient fo bring about stimulation of an immune response. In
some embodiments, administration of the modified melanocortin receptor modulators

is by oral, nasal, or topical means, or by injection {o the mammal.
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{00771 Embodiment 8. The present invention features a method of modulating a
melanocordin receptor for treating atherosclerosis in a8 mammal, said method
comprising administering o the mammat in need thereof at least one of the modified
melanccortin receptor modidators according to Embodiment 1 in a thergpeutically
effective amount sufficient to reduce atherosclerotic plaque inflammation and fo
improve vascular endothslial function. In some embodiments, administration of the
modified melanocortin recepior modulators is by oral, nasal, or topical means, or by
infection to the mammal. In some embodiments, the melanocorin receptor is an
hMC1 receptor, an hMC3 receptor, or a combination thereof.

160781 Embodiment 8: The present invention features a method of modulating a
melanocortin receptor for treating skin cancer in 3 mammal, said method comprising
administering 1o the mammal in need thereo! at least one of the modified
melanocortin receptor modulators according to Embodiment 1 in a therapeutically
effective amount sufficient to prevent proliferation of cancer cells. i some
embodiments, administration of the modifiad melanocortin receptor modulators is by
oral, nasal, or topical means, or by injection to the mammal. In some embodiments,
the skin cancer is caused by over-exposure to ultraviolet radiation. In some
embodiments, the melanocortin receptor is an hMC1 receptor, an hMC5S receptor, or

a combination thereof.

{60791 Embodiment 10: The present invention features a method of modulating a
melanocortin receptor for treating a skin disease in a mammal, said method
comprising administering to the mammal in need thereof at least one of the modified
melanocortin receptor modulators according {o Embodiment 1 in a therapeutically
effective amount sufficient to bring about a prevention of symptoms or a cessation of
the skin disease. In some embpodiments, administration of the modified melanoccortin
receptor modulators is by oral, nasal, or topical means, or by injection o the
mammal. In some embodiments, the melanocortin receptor is an hMC1 receptor, an
hMCS receptor, or a combination thereof. In some embodiments, the skin disease is
a skin pigmentation disorder.

16088} Embodiment 11: The present invention features the use of the modified

melanocordin receptor modufator according to Embodiment 1 for modulating a
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melanocortin receptor for stimulating melanin synthesis. In some embodiments, the
melanccortin receptor is an hMC1 receptor, an hMC3 receptor, an hMC4 receplor,
an hMCS receptor, or a combination thereof.

[0081] Embodiment 12 The present invention features the use of the modified
melanccortin receptor modulator according to Embodiment 1 for modulating a
melanocortin receptor for regulating weight by bringing about a determined satiation.
in some embodiments, the melanocoriin receptor is an hMC3 receptor, an hMC4
receptor, or a combination thereof.

166821 Embodiment 13: The present invention features the use of the modified
melanocoriin receptor modulator according to Embodiment 1 for modulating an
hMC4 melanocortin receptor for stimulating sexual functions by bringing about an
enhanced and sustained sexual arousal.

[0883] Embodiment 14: The present invention features the use of the modified
melanocortin receptor modulator according to Embodiment 1 for modulating a
melanocortin receptor for reguiating pain by bringing about sufficient pain relief. In
some embodiments, the melanocortin receptor is an hMC1 receptor, an hMC5
receptor, or a combination thereof.

|6684] Embodiment 15 The present invention features the use of the modified
melanocortin receptor modulator according to Embodiment 1 for modulating a
melanocortin receptor for regulating skin pigmentation by bringing about a desired
skin coloration. In some embodiments, the melanoacordin receptor is an hMCH1
receptor, an hMCS receptor, or a combination thereof.

[0085} Embodiment 16: The present invention features the use of the modified
melanocortin receptor modulator according to Embodiment 1 for modulating an
hMC1 recepior for controlling an immune system by bringing about a stimulation of
an immune response.

{00861 Embodiment 17 The present invention features the use of the modified
melanocortin receptor modulator according to Embodiment 1 for moedulating a
melanocortin receptor for treating atherosclerosis by reducing atherosclerotic plague

14



WO 2015/191765 PCT/US2015/035180

inflammation and improving vascular endothelial function. in some embodiments, the
melanocordin receptor is an hMC1 receptor, an hMC3 receptor, or a combination
thereof.

[0087] Embodiment 18: The present invention features the use of the modified
melanccortin receptor modulator according to Embodiment 1 for modulating a
melanocortin receplor for freating skin cancer by preventing proliferation of cancer
cells. In some embodiments, the skin cancer is caused by over-exposure o
ultraviolet radiation. In some embodiments, the melanocortin receptor is an hMC1

receptor, an hMCS receptor, or a combination thereof.

160881 Embodiment 19 The present invention features the use of the meodified
melanocortin receptor modulator according to Embodiment 1 for modulating a
melanocortin receptor for freating a skin disease by bringing about a prevention of
symptoms or a cessation of the skin disease. In some embodiments, the
melanocortin receptor is an hMC1 receptor, an hMCS receptor, or a combination

theveof. In some ambodiments, the skin disease is a skin pigmeniation disorder.

{6089} in some embodiments, the modulator according to Embodiment 1 i8 a
member selected from a group consisting of the following N-meathyiated derivatives
of SHUS119:

{SEQ. No. 3)
Ac-Nie-cfAsp-His-nal-Arg-(NMe)Trp-Lys]-NHz;
{SEQ. No. 8)
Ac-Nle-cfAsp-His-nal-{NMe)Arg-Trp-{NMeLys]-NH;
{SEQ. No. 9)
Ac-Nie-¢glAsp-His-(NMeinal-Arg-Trp-{ Ndfe L ys]-NMz;
(SEQ. No. 10)
Ac-Nie~cfAsp-(NMeHis-nal-Arg-Trp-(NMeLys]-NH;;
(SEQL. No. 13)
Ac-Nie-clAsp-(Nife)His-nal-Arg-{Nie)Trp-Lys]-NH»;
(SEQ. No. 15)
Ac-Nie-clAsp-(NMeHis-nal-(NMe)Arg-Trp-Lys]-NH,;
(SEQ. No. 18)
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Ac-Nie-¢lAsp-{NMeHis-(Midenal-Arg-Trp-Lys]-NMa;

(SEQ. No. 17)
Ac-Nie-cfAsp-His-nal-{NMe)Arg-{NMe) Trp-(NMe)Lys}-NH,;

{SEQ. No. 19}
Ac-Nie-clAsp-{(NiMe)His-nal-Arg-{NMe)Trp-(NMe)Lyst-NHy;

{SEQ. No. 28)
Ac-Nie-clAsp-(KNMeHis-nal-(NMe JArg-(NMe Y Trp-(NMe)Lys]-NH,; or

(SEQL No. 32)

Ac-Nie-clAsp-(NMeHis-(NMenab{(NMe)Arg-(NMe  Trp-{NMe YL ys]-NH,.

160901 In some embodiments, a selective hMC1 receptor agonist is a member
selected from g group consisting of the following N-methylated derivatives of
SHUS118:

{SEQ. No. 8)
Ac-Nie-clAsp-His-nal<{ NMe)Arg-Trp-(NMe)Lys]-NH,;
(SEQ. No. 10)
Ac-Nie-clAsp-{(Nide)His-nal-Arg-Trp-{Nife L ys]-NH;
{SEQ. No. 15)
Ac-Nie-clAsp-INMeHis-nal-{NMelArg-Trp-Lys-NHy: or
(SEQ. No. 28}

Ac-Nle-ciAsp-(NMeiHis-nal-{(NMe Arg-(NMe)Trp-(NMeLys]-NH,.

6091} In some embodiments, the highly selective hMC1 receptor antagonist is:
(SEQL No. 32)
Ac-Nie-ciAsp-(NMeHis-(MAfe nal-{(NMe)Arg-(NMe Y Trp-{Nife L ys]-NHa.

16092 in some embodiments, the selective hMU3 receptor antagonist is a member
selected from a group consisting of the following N-methylated derivatives of
SHUS119:
{SEQ. No. 8}
Ac-Nie-clAsp-His-nal{NMe)Arg-Trp-{(NMe)Lysi-NH,;
(SEQ. No. 15)
Ac-Nie-c[Asp-(NMeHis-nal-(NMa)Arg-Trp-Lys]-NH,,  or
(SEQ. No. 17)
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Ac-Nie-clAsp-His-nal-(NiMe ) Arg-(NMe) T rp-(MNMe)l.ys]-NM-.

{60931 In some embodiments, a highly selective hMCS receplor agonist is:
{SEQ. No. 3)
Ac-Nie-cfAsp-His-nal-Arg-(NMe)Trp-Lys]-NH:.

8094} In some embodimenis, a highly selective hMCS receptor antagonist is a
member selected from a group consisting of the following N-methyiated derjvatives
of SHUS119:
{(SEQ. No. 9)
Ac-Nia-clAsp-His-(NMe Inal-Arg-Trp-{ NdMeLys]-NH:, or
(SEQ. No. 13)
Ac-Nie-clAsp-(NiMe)His-nal-Arg-{NAMe)Trp-Lys]-NHq.

{80951 In some embodiments, a selective universal antagonist for an hMC1 receptor,
an hMC3 receptor, an hMC4 recepior, or an hMCS receplor is a member selected
from a group consisting of the following N-methylated denvatives of SHUS119:

(SEQ. No. 18)
Ac-Nie-ciAsp-(NMe)His-(MAMenal-Arg-Trp-Lys]-NHz, or

(SEQ. No. 19)
Ac-Nie-¢lAsp-(NMeHis-nal-Arg-(NMe)Trp-(NMe)Lys}-NH,.

{6096} SAR studies of NMe-SHU2119 analogues

[6097] Effects of N-methylation on SHUB119 were evaluated on stably cloned
hMCRs (hMC1IR, hMC3R, hMC4R, and hMCSR) cell lines (HEK 293 celis) via
competition binding assays and functional aclivity assays {CAMP assay). Competitive
binding assays with ["**[{Nle* . D-Phe’}-a-MSH (NDP-a-MSH) on whole cells, and
[SH}—aﬁenyiate cyclase on PKA were tesied along with the application of standard
MT-Hl molecules {Ac-Nie-clAsp®, D-Phe’, Lys®l-a-MSH(4-10)NH. and SHUS119. The
results are shown in Figure 2 {aiso refer to Tables 4 and 5). The pharmacclogical
characterization for the binding sfficiencies greater than 70% are defined as
competitive binding, binding efficiency less than 70% are non-competitive binding.
The pharmacological characterization for the potency of ligand used MTH as a
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standard full agonist s Act% equal to 100%. Ligands induced functional activity
{CAMP level} compared to MTH generated cAMP are defined as Actd. Act% less
thart 30% are defined as No Aclivity, Act% between 30-50% is Partial Antagonist;
Act% between 50-80% is Parligl Agonist; and Act% greater than 80% is Agonist.

{80981 The first group of peplides are mona-N-methylated derivatives of SHUS118
(peplides 2-8) Figure 1 and 2a. In some embodiments, the competitive binding
as5ays show that the whole profile of the mono-N-methylation at each position of the
pharmacophore does not have a remarkable influence on the binding affinity towards
hMCRs except for the hMC4R for N-methylation at the position 7 (MMe-nal’, peptide
5) implying that MVie-nal’ causes a drastical loss of binding affinity at the hMC4R. In
some embodiments, cAMP assays show that peptide 3 with a3 n*\ii\»?e‘—Trpg lead to &
greater loss of functional activity (CAMP activity) at the hMC1R compared {o the
NMe-nal’ analogue 5, except at the hMCBR. Therefore, the single N-methylated
derivatives of SHUS119 at the Trp® position {Peptide 3) leads to a selective agonist

for the hMUC5R.

{6099} The second group of peplides are di-N-methylated derivatives in the core
sequence of SHUS119 {peptides 7-16) Figure 1 and 2a. In some embodiments, the
first subgroup is NMe-Lys'®+ANMieXaa (Peptides 7-10, Xaa implies the rest of the
amino acids in the cyclic structure of SHUS119 considered for N-methyiation, Figure
1, Figure 2a). In some embodiments, the resulls show that any site of N-methylation
combined with MMe-Lys™ (Peptides 7-10, Figure 2) retains the same binding
behavior as the first group for the hMC1R, hMC3R, hMCSR and loses the binding
affinities 1-2 order of magnitude at the hMC4R; Peptide 9 loss the binding affinities
towards all subtypes of melanocortin receptors due to the AMe-nal’. it is interesting
to note that when both the positively charged amino acids (Arg® and Lys'®) are N-
methvlated at the peptide bond (peptide 8), the binding affinity for the hMC4R
decreases by 3 orders of magnitude but increases at the hMC3R. Therefore, in some
embodiments, peplide 8 becomes a potent antagonist of the hMC3R and a potent
agonist for hMC1R. In some embodiments, this observation agrees with the previous
studies using chimeric human melanocortin 4 receptor and fruncation studies

demonstrating that Arg® is critical for the binding towards the hMC4R.%™* in some

18



WO 2015/191765 PCT/US2015/035180

embodiments, the N-methylation of Arg® changed the ©, ¥ space and reduced the
flexibility of the charged side chain group, which in turn reduced the binding affinity
towards the receptor. in some embodiments, when AMe-nal’ is included {(Peptide §),
binding affinity is drastically lost at the h(MC1R, hMC3R, and hMC4R. Hence, in
some embodiments, Peptide 8, 8 very selective antagonist for the hMC5R is

discovered.

|00100] The second subgroup of di-A-methylated SHUS1T1S analogues is NMe-
Trp*+NMeXaa (peptides 7, 11-13). In some embodiments, peptide 7 retains the
same binding affiniies and functional activities as the mono-N-methylated
derivatives of SHUD9119. In some embodiments, peptide 11-13 all show antagonist
activity based on the ECsp and Act%. In some embodiments, in the third subgroup
consisting of NMe-Arg®+AMeXaa {peptides 8, 11, 14-15), the combination with AMe-
Arg® shows no significant changses in the binding behavior compared to the mono-N-
methylated compounds, except for the hMC4AR, as mentioned above. cAMP agonist
activity at hMCSR is lost when # is combined with NMe-His. Interestingly, when NMe-
Arg® is combined with NMe-nal’, the hMC1IR, hMC3R, hMC4R all show partial
agonistic activities {peptide 14).

{60161} Among the fourth subgroup of NMe-nal’+NieXaa peptides {peptides &, 12,
14 and 16), the combination with NMe-nal’ showed a significant loss of the binding at
all receptor subtypes. in some embodiments, the fifth and last of the di-N-methylated
SHU9119 compounds is NMe-His®+NMeXaa (peptides 10, 13, 15 and 16). In some
embodiments, when NMe-His® is involved in di-N-methylated analogues, the agonist
activity at the hMC5SR is diminished compared 1o the first subgroup. In some
embodiments, when the di-N-methylated combination of NMe-His® and MMe-Trp® is
used, the binding affinity is often reduced by one order of magnitude and the
functional cAMP activities are lost at the hMC1R as was observed with the mono-N-
methylated compounds (Peplides 7, 12 and 13}, In some embodiments, when two N-
methylated aromatic residues (NMe-His® and MMe-nal’, Peptide 16) are used as a
combination, all of the agonist activities are fost and most of the binding affinities and
cAMP actliviies are greatly diminished. However, in some embodiments, the

combination of NMe-His® with the positive charged residues NMe-Lys' and ANMe-
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,ﬂ\rgﬁ increased selective agonist activities at the hMC1R (Peptides 10 and 15). In
some embodiments, peptide 15 has a 6 fold seleclive potent antagonist activity at
the hMC3R compared 1o that at hMC4R. In some embodiments, peptide 16 with alt
full binding efficiency towards ali hMCRs is & universal antagonist for all subtype of
melanocortin receplors. In some embodiments, the fifth subgroup has also presented
a moderate selective antagonist for the hMCSR (Peptide 13). Generally, in some
embodiments, when the aromatic amino acids are involved in dimethylation (Peptide
18), most of the binding affiniies and cAMP activilies are greatly diminished. In some
embodiments, peplide 16 is a universal antagonist for the hMCRs.

1601621 The third group of peplides are the fi-N-methyiated derivatives in the core
sequence of SHUS11S (peplides 17-26) Figure 1 and Za. in some embodiments,
except for a few cases of dramatically incregsed selectivity, this group of peptides in
general have shown significantly reduced binding affinities, which might be due fo
the hindrance caused by the multiple N-methylations that are involved; but in a few
cases, there was dramatic increase in seleclivity. In some embaodiments, peptide 17
with the N-methylations at the positions of Arg®Trp%Lys' lead to selective partial
agonistic activity at the hMC4R and selective antagonist activities af the hMC3R (20
fimes more potent compare to the hMC4R). In some embodiments, the combination
of MMe-nal’, NMe-Trp® and NMe-Lys'® (Peptide 18) show full agonist activity at the
hMC1R and partial agonist at the hMC4R. In some embodiments, the combination of
NMe-His®, NMe-Trp® and NMe-Lys™ (Peptide 19) show the good binding to all
hMCRs but no activities to all hMCRs. Hence, in some embodiments, Peplide 19 is
another potent universal antagonist. In some embodiments, the Peplide 20 also
shows almost a universal antagonist activity as well {with very weak activity at the
RMC3R).

{80103} In some embodiments, the combination of AMe-nal’ with positive charged
residue NMe-His®, MMe-Lys'® (Peptide 22); NMe-nal’, NMe-Arg®, AMe-Trp® (Peptide
23), showed all functional activities are abolished, and the combination of NMe-His®,
NMe—Trps’ and NMe—Argg {(Peplide 24} showed selective partial agonist activity at the
hMC1R and hMCSR. In some embodiments, this is an observation in consistence
with earlier MT-i N-methylation studies.®™ In some embodiments, in this group,
peptides 18-20 are antagonists or partial antagonist towards all hMCRs with reduced
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binding affinities compared to mono-N-methylaled group of peplides {Peptide 2-8). In
some embodiments, peptide 21 retains agonist activity at the hMC5R. §t is noticed
that, when NMe-nal’ is involved, nearly all of the binding affinities are lowered
{Peptides 20, 22, 23, 25, 28}

[00104] The 4th group of peplides has five different tetra-N-methylated SHUS118
derivatives (peptides 27-31) Figure 1 and 2a. In some embodiments, the studies
show that the sites of N-methylation, when combined with NMe-nal’, reduce the
binding affinity at all hMCRs. In some embodiments, only peptlide 28 retains
nanomolar binding at all hMCRs while cAMP activity show agonist activities at the
hMC1R and hMCSR and antagonist activities at hMC3R and hMC4R, much like
SHUS118. In some embodiments, peplide 28 exhibited a 0.5 nM binding to hMC4R,
which is at least 16 folds stronger than is binding {0 other recepiors and aiso the
strongest binding exhibited by any other peptide in this library {0 any of the four
discussed recepiors.

[60105] In some embodiments, the final penta-N-methylalted compound 32 shows
gaod binding at the hMC1R with an 1Cs of 68 nM and poor efficacy at the hMCSR
{37%}); and micromolar binding at the hMC3R and hMC4R. In some embodiments, in
the cAMP assay, the analogue was inactive at all hMCRs. Thus, in some
embaodiments, a highly selective hMC1R antagonist is discovered.

{86106} Comparison of N-methyiation on M1 and SHU911S

[00107] Earlier N-methylation studies on MT-ll demonsirated that Nemethylation of
cyclized melanotropins increased the selectivities for hMCRs. For example, AN-
methylation of MT-ll lead o the most selective agonist of hMC1R, which is aiso a
speacific biomarker for melanoma cells.® iIn some embodiments, the present results
showed that MN-methylation of SHU9118 derivatives also leads to selective agonists
and antagonists towards various hMCRs, but with a much broader spectrum of
selectivity compared to N-methylated MT-HL In some embodiments, the present
invention features selective hMC1R agonists (peptide 8, 10, 15), and a most
selective highly potent hMC1R agonist (peptide 32); selective antagonists for the
hMC3R (peptide 8, 15, 17), and highly selective hMC5R agonisis {pepiide 3} and
antagonists {peptide 9 and 13). Finally, in some embodiments, the present invention

21



WO 2015/191765 PCT/US2015/035180

features two unique universal antagonists (peptide 16 and 19} of all four hMCRs
which is an important advancement for examining the biological roles of the

endogenous agonist MSH system.

|00108] Direct comparison of binding and achivity values, respectively, for the same
methylation patiems shows that N-methylation influences structural changes of MT-
and SHUY112 in different ways. Influencing both compounds in a paraliel manner
leading to similar changes i binding and activily properties for each methyiation
paitern is probably not to be expected because the direct difference betweesn MT -l
and SHUS1 19 involves substitution of o-Phe’ by a bulky nal’. Since the bulky amino
acid D-Nal{2'} is presented in SHUS118 but not in MT-l, any N-methyiation on these
aromatic amino acids and combination with other N-methylated amine acids might
have induced different conformational changes, which can dramatically change
binding and functional selectivity properties. Introducing N-methylation on amide
NHs of aromatic amino acids can be expecied {0 re-orient the backbone
conformation and side chain stacking (aromatic groups), all of which are important
factors for recepior subtypes selectivity in the melanocortin receplors.

160109} The following discussion is presented for purposes of illustration and
description and is not intended {o limit the invention to the form or forms disclosed
herain. Although the description of the invention has included description of one or
more embodiments and certain variations and modifications, other variations and
modifications are within the scope of the invention, €.g., as may be within the skill
and knowledge of those in the art, after undersianding the present discloswre. it is
infended to obiain rights which include altermative embodiments o the extent
permitted, including alternate,

{60119] Binding Assays of Selective hMC1R Ligands at Human Melanoma Cells
[80111] The above discussed SAR studies revealed that peptides 15 and peplide 28
are quite good selective agonisis of the hMC1R. The present invention further
investigates their binding and cAMP activities in human melanoma cells (A375). As
shown in Table 1, these two peptides have also shown nanomolar binding affinities

for the A375 melanoma cell.
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Table 1. Binding and cAMP activities of selectad peptides at human melanoma calls (A375).

) , Binding , . Act
Peptide Seguence {Cs Efficiency ECs; o
e T — e VU B
Peplide 15 | (WMe)Arg-Trp-Lys}-NH; 14 842 100 22+ 25 NA
Peptide 25 | £oNle-clasp-(NMejHis-nal- 8 741 100 2062 | NA

- (NMe)Arg-(NMe) Trp-(NMe)Lys]-NH,

. Ac-Nie-cfAsp-His-D-Phe-Arg-Trp-Lys)

AT N 67+28 100%10 11008 . 100
SHUGT19 ﬁ:N fe-clAsp-His-nabk-Arg-Trp-Lys)- 100 2 66 50+ 34 4ne08 A

160112] NMR Conformational Studies

{60113] To understand the conformational changes brought in by the Abmethylation
of SHUS119 and for a better interpretation of the different SAR {siructure-activity
relationship) between BMC3R and hMC4R, two represeniative peptides, 15 and 17
which both are antagonists at the hMC3R, selective agonist of hMC1R for peptide
15; selective partial agonist of hMC4R for peptide 17, are selected for structural
characterization by NMR and MD. Thus obtained structural information has been
further used for docking studies with hMC3R homology model.

{60114] NMR studies for the two peptides have been carried out in DMSO-dy solvent.
The corresponding NMR spectroscopic structures in solution have been calculated
by using distance geometry (DG program with NOE derived distances and SJu-
coupling constant supported dihedral angles as structural restraints. In addition, the
obtained structures are further analyzed by free or restrained {using the sbove
derived NMR restraints) simulated annealing molecular dynamics {(MD) calculations
on GROMACS program’™' by using the DG derived NMR structure as the starting
conformation. The analysis resulted in a preferred backbone conformation (Figure 3)
for each of the peptides exempting the side chain cyclized region consisting of the
Lys'%-Asp? residues.

[80115] A single set of 'H chemical shiff resonances {in DMSO-ds at S00K) with
explicit *Jy multiplicities and a good digpersion of backbone NH and Ha chemical
shifts observed for these two peptides in the respective NMR specira are indicative
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of & single predominant conformation and absence of slowly exchanging
conformations on the time scales of NMR.™ The final structures for both the peptides
presented a frans configuration for all the peptide bonds {(Figure 3). Temperalure
coefficients (AS/AT), caloulated for the backbone NHs over a temperature range of
295 Ko 315 K, Tabile 8) which are in the order < -3.00 ppb/K for ali the NHs in both
the peptides suggests their solvent accessibility and non-involvement in strong
hydrogen bonding.

Table 2. The (&¥) dihedral angles at each of he sonstifuent aming acids as measured from the NMR
structures of the following peplides.

Hig® p-Phe’fna

i?

Compound

Paptide 15
Peptide 17

SHUG1S

MTH(NMe)  -101.0]

Table 2. continued

Faptide 15

Peptide 17

MTH(NMe)

{80116} For a comparative analysis of the conformations of 15, 17 and MT-ll and
SHUSB119 related to o-MSH, the (@, ¥) dihedral space of all the peptides are
represented as Ramachandran ;::Iots?g {Figure 4). Exempting the &-Nle®, ¥-Nie*, and
®-Asp® which are external to the cyclic core of the peptides, the (©,%) dihedral
space for the cyclic region have mostly occupied the (-+ quadrant) of the

Ramachandran plot corresponding to the B-shest population. The (@, ¥} angles for
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naf’ residues fall in {(+~ guadrant} diagonally opposite {o the {~+ guadrant} which is
meaningful considering #s opposite stereo configuration. Although the {®¥)
distribution for basic M1 and SHUS119 peplides is more ¢entered in the B-sheet
region, a downward shift of the overall distribution towards the overlapping pB-sheet
and a-helical regions is observed for 15 and 17. None of the sequential (@, %) pattern
matched perfectly with any of the standard B-tumn iy‘pes‘%ﬁ“ However, the dihedral
angles (&) = (-78.7, 51.9) for His® in peptide 17 are characteristic of an inverted y-
tum centered around it which facilitates for nal’-NH-Asp™CO hydrogen bonding. In
support of this, a temperature coefficient of -3.00 ppbiK for nal’-NH signifies a lower
solvent accessibility and participation in a moderate hydrogen bonding. In contrary,
the specific turmn structure is disrupted in 15 as evident from the (¢ ,'¥F) = {-118.5,
36.4) about His®. This might be due to the N-methylation of the His®™-NH which brings
in steric restriction factors and prevents an orientation of Asp -His® peptide bond that
is appropriate for nal-NH-Asp®-CO hydrogen bonding. In agreement is the
temperature coefficient (-4.20 ppb/K) for nal’-NH in 15 proving its higher solvent

accessibility in comparison o the corresponding nal’-NH in 17.

{60117 It can be stated that the amino acid stretch His%-nal’-Arg®-Trp® is forming a B-
turn Bke structure {rather than a loop which is offen constituted by more aminoe acids)
in both the peptides with a turnabout at nal’-Arg®. The turn residues are flanked by
His® and Trp9 aming acids on either side of the turn and are facing opposite to each
other. The nucleation of turn around nal’-Arg® can be explained by the
conformational preference in general of consecutively located p-configured naf’ and
N-methylated Arg® amino acids. Corresponding dihedral space for the turn region in
boih the peptides can be noted from the Table 2 which are close o type I B tum
observed for D-Pro-L-Pro standard [(Mu, ¥, Giz, Piez) = (80, -120°, -80°, 0)1.5% A
separation of Ca atoms of His® and Trp&E by 6.12 A and 7.17 A, respectively in 15 and
17 18 in agreemeni with general definition of fums and supports the current

structure 208

{60118] In both peptides, the backbone region opposite to the nal’-Arg® is comprised
of the side chains of Asp>-Lys'™, which are linked via side chain cyclization.
However, the distance between Cu atoms of Asp® and Lys' is measured to be 6.14
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A and 7.58 A in 15 and 17, which is similar to the distance between Ca atoms of His®
and Trp® in respective peptides. This suggests the propagation of nal’-Arg® into an
anti-paraliel B-shest structure along the His® to Asp® and Trp® to Lys™ on either side.
However, a shonter distance of ~ § A between the Ca atoms of oppositely located
amino acids in 15 compared to ~7 A in 17 implies the constrained nature of the
former structure. Apart from this, an increase in Ca separation from His® and Trpg o
Asp® and Lys™ in 17 implies the broadening of the structure along the length. This
increase in girth may be is a consequence of the steric restrictions imposed by the
three consecutive N-methy! groups in sequential amino acids namely Arg®, Trp® and
Lys'™® of 17. The orientation of NMe in Arg® is fixed by the conformational
preorganization of tum forming rzaIY«Arg8 moiety whereas the arrangement of AMe of
Trp® into the cydlic core is necessitated both by the turn and the steric requirements
from the NMe of Lys'®. The absence of NMe on Trp® for 15, therefore resulted in a

narrower structurs.,

{80119} It is interesting o note the interplay of aromafic and Van der Wasls
interactions in the nal’-Arg®-Trp® segment of 17. A long range -1 face to face
aromatic interaction between the naphthyl group of nal” and the indolyl group of Trp®
is directly avidenced by the strikingly very low chemical shift {1.988 ppmy), for the N-
Me on Arge, which is directly sandwiched between the mentioned two aromatic
groups. The observed chemical shift is so distinct that it is at least 0.7 ppm upfield of
the chemical shift for any other NMe in both peptides. In contrast, a normal chemical
shift value of 2.868 ppm for NMe of Arg® in 15 implies the absence of such aromatic
inferactions and also different orientations for the corresponding side chains. The
overall twist in the backbone conformation of the two peplides leading {0 a
completely different arrangement of functional side chains c¢an be noted from the
secondary structure representation in Figure 3c.

[00128] The structures are further validated by MD studies. Though the MD
calculations without any restraints have been sufiicient to further validate the DG
structure for 17, peptide 15 required usage of distance restraints within the cydlic
region, which is speculated to be necessilated by the more consirained bent
structure obtained for 15 by DG. Analysis of the MD trajeciories for inter-proton
distances {in A, Tables 10 and 11} have shown that all the measured distances are
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in agreement with those calculated based on the NOE data, except for a very few
distances connecting the protons in the N-methyl groups, the indole NH of Trpg or
the Nie*-NH. For all the complying cases, the mean value for each inter-proton
distance has been measured 10 be within the & 10% boundaries of the corresponding
distance calculated from NMR and used in DG. The observed violations in the
specific cases are attributed to the presence of Nie*-NH in a conformationally flexible
region and the exchanging nature of the indole NH of Trp®. The stability of the
backbone conformations for both peptides is further #lustrated by the conserved
dihedral angle distribution in the respective MD studies (Figures 8a to 9b), which are
centered in the vicinity {maximum £30°) of dihedral angles as measured from the
corresponding DG structures. However, as expected, a flexibility in the distribution is

obhserved for the side chain cyclized region.

[60121] The ¥, rotamer populations for the side chain conformations of all the amino
acids are analyzed from the MD {rgjectories. They are also experimentally deduced
based on the “Juuwp, heteronuclear couplings and NOE data of the stereospecifically
assigned B-protons, wherever possible (see Supporting Information).* The absence
of low Jugug cOupling constants and their sum > 13 Hz in each of the amino acids
suggests a compilete predominance of ¥=+60" conformation for L-aming acids and
¥1=-80° conformation for D-aming acids. The discrete 3JHGaH@ values (but not with
extreme difference of 9 Hz) observed for each residue therefore i8 g result of
population mix mostly of ¥=-80" (x;=+60° for p-aminoc acids} and x+=180° with a
relative degree of preference within, which is represented also in the MD data. For

5

Asp®, fhe NMR data imply x=180° and x=-60° as the most predominant
corformations in 15 (Juenipor™4.8 HZ, Jnchipes=10.2 Hz) and 17 {Juorgonr=9.1
HZ, Juenppros=5.1 Hz), respectively, which is also reproduced in the MD data. As
Asp® side chain is cyclized with Lys' side chain, and forms an integral part of the
cyclic core, this distinctness for Asp® ¥+ conformations in 15 and 17 may have been
enforced on it by the conformational requirements of the cyclical core. NMR data for
nal’ (with larger Juemppes=9.0 Hz and 8.7 Hz coupling constants in 15 and 17,
respectively) predicts x=60° as the major conformation in both the peplides.
Although the MD shows a similar population distribution in 15, a higher popuiation of
¥1=180° is shown for 17. Lysm in 15 has exhibied 3 dynamical nature with almost
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equally populated ¥4 rotamers in contrast to that in 17 with a strong preference for
X1=-60°.

160122} These varying peptide conformations for peptlides 15 and 17, as derived from
NMR stand as a proof for the conformational modulation in SHUZ118 backbone that
is generated by the MN-methyl groups and are the key 10 the differential interaction
with melanocortin receptor sublypes and corresponding activity responses. The
implications of these structural dissimilarities thal are responsible for distinet
activities at receplors are further accounted by the docking studies.

166123} The following is a non-limiting example of the present invention, and is
presented for purposes of #lustration and description, and is not intended to limit the
invention to the form or forms disclosed herein. Although the description of the
invention has included descrption of cne or more embodiments and certain
variations and modifications, other variations and modifications are within the scope
of the invention, e.g.. 85 may be within the skill and knowledge of those in the art,
after understanding the present disclosure. i is intended to obtain rights which

include afternative embodimenis 1o the exient permilted, including sltermnate,

|60124] Docking Studies of Peptide 15 and Peptide 17

{60125] To further understand the difference of ligand-receptor interactions between
the hMC3R and the hMC4R, docking simulations of MT-H, SHU9119, and peptides
15 and 17 were performed into the homology modst of the hiME3R. Docking shows
good overall agreement with mutation studies. A previous study from Chen et al. had
identified several residues in MC3R that directly affect agonist/antagonist binding
and recaptor activityas {Figure 5, 6). Of these residues ideniified, all but two (D121
and D332) were proximal {o the hMC3R binding pocket in the homology model. All
clusters (total 18) for each ligand were analyzed to detect contacts within 4.0 A of the
mutated aminc acids (Figure ©). kach hgand interacts with D154 and D158,
consistent with the study by Chen et al., which showed that the mutation of D154 or
D158 leads to dramatically decreased binding affinity and receptor signaling.® The
docking results also show that D154/D158 have the highest contact within four
peptides (MT-ll, SHUS119, Peptide 15, Peptide 17) and indicate that D154/D158 are
critically important for the ligand binding to the hMC3R. In the majority of cases,
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H298 was not in close contact with ligands, which is in contrary to the results by
Chen et al. However, slight differences have also been seen between binding of MT-
fl and the SHUS119 N-methylated compounds: F295 was in contact with MT-H in
over 80% of the clusters, whereas less than 80% of SHUS119 and peptide 17
clusters, and about 20% of peptide 15 clusters are in close proximity to £295, which
indicates that F295 is important for agonist activity. These resulis agree with binding
affinities of MT-Hl, SHUS119, peptide 17 and peplide 15 with 2nM, 3.7nM, 9.7n0M and
15nM, respectively, at the hMC3R. The gradual decrease in contact rates with F295
at the hMC3R agrees with chimeric receptor studies from Yang's lab® as well and
imply that F295 is critical for the agonist activity at the hMC3R. In addition, E131 did
not play a significant role in MY -l binding {gbout 35% contact rate) but is observed to
be in contact with more than half the clusters of the SHU ligands indicating that E131

is imporiant for the antagonist activities of the SHUS118, peptides 15 and 17.

60126} Another important aspect from the Chen et al. study is the identification of
amino acid residues in the cyclic peplide figands that were most responsible for
binding and activity, showing that the -0-Phe’-Arg™-Trp®- tripeptide was the smallest
fragment that could still bind and activate the MC3R.® Each of the current ligands
confirm this resulf. pD-Phe’ {or nal in the case of the SHU ligand), Arga, and Trpg’ are
the residues with the highest average number of contacts {fotal number of contacts
between ligand residue and any atom in MC3R, averaged over eighteen clusters}
{Figure 5b). Slight differences exist among the ligands, as Args has the most ligand-
receptor contacis for MT-il, peplide 17, and peplide 15, whereas nal’ has the highest
number of contacts for SHUS118.

1601271 Polar and aromatic interactions play imporiant roles in ligand binding.
inspection of individual ligand-receptor complexes reveals sublle differences for MT-
i, SHU9118, peptides 15 and 17. The best docked complex for the agonist MT-li
(nM binding affinity (K3}, forms polar contacts with D154 and D158 through the side
chains of Arg® {Figure BA). In addition, polar contacts are formed between Q151 and
Ar98 and between D158 and the backbone of D-Phe’. 1i-1t stacking, which stabilizes
interactions between aromatic amino acid side chains® are also present in the MT-ii-
MC3R complex. n-Phe’ inserts itself most deeply info the MC3R binding pocket,
forming @ T-shaped stacking with the aromatic side chains of F295, F296, and F318
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ot TM6 and TM7. In contrast, the antagonist, SHUS118 (nM K|} is rotated within the
MC3R binding pocket. Polar interactions with D154 and D158 are siill present, but
are with Asp5 and At‘g‘“’= respectively (Figure 68). An additional polar contact exists
between the carbony! group of the 1217 backbone and the terminal amino group of
SHU9119. No penetration into the deepest part of the binding pocket is present with
SHU9119, but & T-shaped stacking interaction is formed between nal’-F318-Trp®.
Another possible T-shaped interaction could be formed between nal’ and either
Y310 or Y314, which are located in the extracellular loop 3 {(EL3), but its verificalion
has been limited by the AutoDock Vina models which require a rigid protein
backbone for the MC3R.

[80128] The methylated analogues of SHUS118, peptide 17 and 15, share some of
the characteristic non-bonded interactions present for both MT-lIt and SHUS119 at
the hMC3R. Peplide 17 (nM K} forms an extensive network of polar contacts with
(151, D154, and D158 through its Arg® side chain (Figure 6C). Additionally, there
are also polar contacts existing on that side of the MC3R binding pocket between the
backbone of Asp” and the side chains of D154 and D158 as well as between the N-
terminal carbonyl and the side chain of E131. Similar {fo MT-ll, peptide 17 also
wedges the nal’ residue into the deepest part of the binding pocket, forming a T-
shaped stacking interactions with F205 and F296; however, Trp® has stacking
interactions with F318, similar to SHUB118. Again, Y310 and Y314 could potentially
form stacking interactions with Tr‘p‘i but they lie just outside the 5 A range typical of
-1 stacking.

[60129] The poorest binder of the above four is peplide 15, most lkely due to its
orientation inside the binding pocket, different from that of MTll, SHUS118, and
peptide 17. Polar contacts were again formed with Arga, but between the carbonyl
backbone and side chains of Q151 and D154 (Figure 86D). Side chain polar contacts
were only formed between A_rg8 and D158, 5220 also forms a polar contact with the
acetyl group of the N-terminus. F318 is close enough 1o create stacking interactions,
but is not orthogonat or paraliel {o nal’, a prerequisite for -1 stacking. Finally, Y218
could potentially form siacking interactions with Trpg, but is rotated away from the
binding pocket.
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{00130] Lacking selechivity and potency in agonistic or antagonistic properties of
ligands for the melanocortin receptor subtypes is still the most difficuit hurdie for
application of these compounds in medicine. Mono- and muitiple backbone N-
methylations of SHUS8119 peptides were investigated {o achieve selective agonists
and antagonists for melanocortin receplors via the conformational modulation in
peptide backbone that is imparted by N-methyl steric constraints. This also is known
to improve the pharmacokinetic profite of peptides in order 1o be used as drug leads.
i tumed out that the activity and selectivity profile induced by M-methylation is very
different for the SHUS118 compared to a similar approach in MT-11. This is striking as
both stem peptides differ only in the exchange of one amino acid {D-Nal’ instead of
p-Phe’ in MT-iL.

[80131] The systematic A-methylation of SHUS119 lead o the most ssleclive
antagonist of hMC1R {Peptide 32). which can be used as a powerful inhibifor for the
treatment of melanoma. This strategy still retains several hMC1R agonists {peptide
8, 10 and 15) as previously described.®™ in the present invention, selective agonists
for hMCBR {peptide 3} and also peplides 9 and 13 showed the most selective
antagonistic activity found so far. The most selsctive antagonist for the hMC3R
{paplide 17) known so far can polentially be used o treat obesity and diabetes. Apart
from this, peptides 18, 19 are universal antagonist of the hMCR system, which is
important to modulate the endogenous agonist MSH system. Molecular docking
studies of MT-ll, SHUS119, peplide 15 and peptide 17 reveal that Args is critical for
the binding towards D154, D158 at the hMC3R. The docking studies further suppot
that the more the contact of Trp® is towards the F295 at the hMCA3R, the higher is the
agonist activity that can be expected. These results strengthen the earlier discovered
p-Trp®-yv-MSH as a selective agonist of hMC3R. Furthermore, E131 is seen fo be
impaortant for the antagonist activities of the SHUS118 as well as of peptides 15 and
17. A complete structral characterization of all the important peptides discussed
here for a more detalled correlation of melanocortin ligand conformation to the
ohserved receptor discrimination is in progress, which information shall be crucial in
structure based ligand designing for hMCRs.

100132 Manifold of results obtained from mulliply N-methylated SHU2119 peptide
along with that from multiply N-methylated MT-ll studies helped in understanding the
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finer details of the functional properties of melanocortin recepiors and the bioactive
conformational preferences of the ligands required by them. The studies further
highlight the synthetic simplicity and impact of N-methylation strategy in fine tuning
the conformational preferences of the ligands o achieve the desired bidlogical
effects. The studies, in general, anticipate a bright fulure for peptide chemistry
toward the development as peptide therapeutic agents.

[60133] Experimental Section

[60134] The following s a non-limiting example of the present invention, and is
presented for purposes of flustration and description, and is not intended to imit the
invention to the form or forms disclosed herein. Although the description of the
invention has included description of one or more embodiments and certain
vartations and modifications, other variations and modifications are within the scope
of the inveniion, e.g., 8s may be within the skill and knowledge of those in the art,
after understanding the present disclosure. i is intended to obtain rights which
include alternative embodiments o the extent permitted, including alternate,

{60135] Materials

160136] N°-Fmoc-amino acids, peptide coupling reagents, Rink amide MBHA resin
and solvents were reagent grade and used without further purification unless
otherwise specified. These chemicals were obtained from Aldrich, Novabicchem, iris
Biotech GmbH, Merck, NeoMPS, ORPEGEN Pharma and GLS. The following aminoc
acids were used: Fmoc-Lys{Allocy~OH, Fmoc-Trp(Boc)-OH, Fmoc-Arg(Pbf)-OH,
Fmoc-nal-OH, Fmoc-His(Trt)-OH, Fmoc-Asp{OAllyl~-OH and Fmoc-Nle~OH. The
polypropylene reaction vessels {syringes with frils} were purchased from B. Braun
Melsungen AG. The purity of the peptides was checked by analytical reverse-phase
HPLC using an Amersham Pharmacia Biotech Akta Basic 10F with @ ODS-A C18
{120 A, 5 pm, 250 mm x4.6 mm) column (Omnicrom YMC Europe GmbH) monitored
at 220 and 254 nm and by high resolution mass spectral analysis.

[80137] Synthesis
[60138] The SHUS119 analogues were synthesized manually by the Fmoc-SPPS
and characterized using methods described in Doadens et al.®
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160139] NMR Conformational Studies

1601461 For NMR spectroscopic studies, approximately 1.5 o 2 mg of the compound
was dissolved in 125 pl of DMSO-d6. The required NMR spectra were recorded at
300K on Bruker 500 MHz spectrometer equipped with TXI cryoprobe. 1H-1D,
TOCSY, ROESY, HSQC, and HMBC NMR experimenis have been acquired for
each sampie. 1H-selective homonuciear decoupling experiments were carried out {o
measure 3JH couplings. Furthermore, o estimate the solvent shielding or hydrogen
bonding strengths of NH protons, the temperature dependency of NH chemical shifts
was studied by acquiring 1H-1D spectra between 285 K and 318 Kin steps of 5 K
increments. Mixing times of 80 ms and 100 ms were used for TOCSY and ROESY
experiments, respectively. HSQUC spectra were recorded with a direct proton carbon
coupling constant of 140 Hz, and HMBC spectra with a long-range 1H-13C coupling
constant of 7 Hz. For HSQC spectra, a 13C composite pulse decoupling was utilized.
8k {except HBQC: 1k} data points were recorded in the direct dimension, 384 and
512 (heteronuclear spectra) in the indirect dimension. For all spectra a 15 s
refaxation delay was used after every fransient. Exponential / square sine window
functions were used for spectra apodization.

[00141] Proton-proton internuclear distances for structure calculation: ROE
cross peaks in corresponding ROESY spectra recorded in various solvents were
integrated by using box method in SPARKY software. These integrated volumes of
ROE cross peaks were converted to proton-proton infemuclear distances by linsar
approximation method. Thus calculated distances were then relaxed by 10 fo
generate upper and lower distance bounds to account for expenmental and

simulation unceriainties.

[80142] Distance Geometry (DG) Calculations

{88143} Metric matrix DG calculations were carried out with a home-written distance
geometry program utilizing random metrication. The above calculated experimental
distance restraints which are more restrictive than the geometric distance bounds
{holonomic resiraints) were used to creale the final distance mattix. 50 structures
weare calculated for each system. The structures were then verified and checked for
violations if any with respect to the given experimental distance restraint inputs. The
structures that best satisfied the distance inpuls were then i{aken forward for MD
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sirmulations.

{60144] Biological Activity Assays

|00145] Receptor Binding Assay. Compstition binding experiments were carried out
using both of cloned cell line and melanoma cells (A375, ATCC). The whole HEK283
cells siably expressing human MC1, MGC3, MC4, and MOC5 receptors as described
before. HEK203 cells transfected with hMCRs were seeded on 86-.well plates 48
hours before assay (50,000 cells/well). For the assay, the cell cullure medium was
aspirated and the cells were washed once with a freshly prepared MEM buffer
containing 100% minimum essential medium with Earle's salt (MEM, GIBCO), and
25 mM sodium bicarbonate. Next, the cells were incubated for 40 min at 37°C with
different concentrations of unlabeled peplide and iabeled ["25!]—{Nle“ﬂphe?}—ﬂ—MSH
{(Perkin-Elmer Life Science, 20,000 cpmiwell, 33.06 pM) diluted in a 125 pl. of freshly
prepared binding buffer containing 100% MEM, 25 mM HEPES {pH 7.4), 0.2%
bavine serum albumin, 1 mM 1,10-phenanthrolone, 0.5 mg/l leupeptin, 200 mg/L
bacitracin. The assay medium was subsequently removed, the celis were washed
once with basic medium, and then lysed by the addition of 100 ul of 0.1M NaOH and
100 pL of 1% Trton X-100. The lysed cells were transferred to 12x75 mm
borosilicate glass tubes, and the radioactivity was measwred by a Wallac 1470

WIZARD Gamma Counter. The resulis are shown in Table 2.

{60146} Adenylate Cyclase Assay. HEK283 cells transfected with human
melanocortin receptors were grown to confluence in MEM medium {(GIBCO)
contgining 10% fetal bovine serum, 100 units/mb penicillin and streptomycin, and 1
mM sodium pyruvate. The cells were seeded on S8-well plates 48 hours before
assay (50,000 celisiwell). For the assay, the cell culture medium was removed and
the cells were rinsed with 100 pb of MEM buffer (GIBCO). An aliquot (100 pl) of the
Earle’s balanced salt solution with 5 nM isobutyimethylxanthine (IBMX) was placed
in each well for 1 min at 37°C. Nexi, aliquots (25 pb) of melanotropin peptides of
varying conceniration were added, and the cells were incubated for 3 min at 37°C.
The reaction was stopped by aspirating the assay buffer and adding 60 uyl ice-cold
Tris/BEDTA buffer fo each well, then placing the plates in a boiling water bath for 7
min. The cell lysates were then centrifuged for 10 min at 2,300 x g. A 50 yl. aliquot of
the supermnatant was transferred to another 86-well piate and placed with 50 pl. M}
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cAMP and 100 pl protein kinase A (PKA) buffer in an ice bath for 2.3 hours. The
PKA buffer consisted of Tris/EDTA buffer with 60 ug/mbL PKA and 0.1% bovine
serum albumin by weight, The incubation mixture was glitered through 1.0 gm glass
fiber filters in MultiScreen "-FB 96-well plates (Millipore, Billerica, MA). The total [°H]
CAMP was measured by a Wallac Micro B- TriLux 1450 LSC and Luminescence
Counter {(PerkinElmer Life Science, Boston, MA). The cAMP accumulation data for
each peplide analogue was determined with the help of a cAMP standard curve
generated by the same method as described above. 1Cq and EGsp values represent
the mean of two experiments performed in triplicate. {Csp and ECs; estimates and
their associated standard errors were determined by fitting the data using a nonlinear
least squares analysis, with the help of GraphPad Prism 4 {GraphPad Software, San
Diego, CA). The maximal cAMP produced at 10 pM concentration of each ligand was
compared to the amount of CAMP produced at 10 yM concentration of the standard
agonist MT-lL, and is expressed given as percentage{as % max effect) in the Table
3. The antagonist properties of the lead compounds were evaluated by their ability to
competitively displace the MT-ll agonist in a dose-dependent manner, at up to 10
uM,

00147} Data Analysis. ICs and ECsp values represent the mean of two expenments
performed in triplicate. 1Cs and ECy estimates and their associated standard errors
were determined by fitling the data using a nonlinear least squares analysis, with the
help of GraphPad Prism 5 (GraphPad Soffware, San Diego, CA).

60148} Homeology model Chain R of the crystal structure of the activated B»-
adrenergic receptor (PDB 1D 38N8) was used as the template for secondary
structural alignment in constructing the multiple seguence alignment (MSA). Seven
other GPCR crystal structure sequences were included in the MSA (Bs-adrenergic
receptors 2VT4 and 2Y00, AA receptors 2YDV, 3EML, and 3PWH, and .-
adrenergic receptors 3KJ6 and 3P0G). In addition to the sequence from Homo
sapiens {RefSeq 1D NP_D83941), MC3R sequences (AFHL58736, AAIB2747,
AFHS58735, NP _032587, ACKS8821, AFH58734, NP_001020441, AASE6720,
AFK25142, ACK98822) from ten cther organisms were used. ClustaiX® was used fo

generate the initial MSA, and manual alignment to the most highly conserved residue
in each transmembrane helix (1.50; AsnS3; 2.50: Asp121; 3.50: Arg178; 4.50;
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Trp206; 5.50: Met238; 6.50: Pro294; 7.50; Pro333, MC3R numbering) was carried
out in SeaView.® 3SNB was also chosen as the template structure for homology
model construction. MODELLER® was used to generate a set of ten MCG3R models.
The model that retained alpha-helical structure for all fransmembrane helices, as
well as the characteristic outward helical tit and rotation in TMS5 and TM6 of
activated GPCRs, was selected for further loop refinement. All extraceliular loops
were simultansously optimized using MODELLER, and the model chosen for
docking studies had all extracellular loops pulled away from the active site. This was
chosen because previous studies had shown that extracellular loops had no effect
on ligand binding to the MC3R.¥ Cytoplasmic loops were not optimized due to the
fact that they are distal from the binding pocket.

80149 Ligand construction. The 2-D MT-II structure was oblained in .sdf format
from PubChem® and converted to three-dimensions and minimized in Avogadro.®
SHUS119, peptide 15, and peptide 17 structures were obfained based on NMR data
from the Hruby and Kessler fabs.

{601350] Docking protocol, Recepiors and ligands were prepared for docking runs
using the AutoDockToolsd {ADT} graphical user interface.® ADT was used to add
hydrogen atoms, assign partial charges and atom types, and merge non-polar
hydrogen atoms into their respective heavy-atom bonded partners for the MC3R
homology model. Default setings were used {o define rolatable bonds in each of the
ligands to afiow flexibility. The AutoDockiVina plug-in for PyMOL™ was used to set
parameters for the docking search space, which was a cube 3375 A in each
direction, centered on the MC3R binding pocket.

{60151 AutoDock Vina® was used to perform molecular docking of ligands into the
MC3R binding pocket. Default settings were used, unless otherwise specified. Each
Ving run produced ning clusters, and each ligand was run twice, for a fotal of
eighteen clusters per ligand. Results were visualized in PyMOL using the
AutoDockVina plug-in and analyzed for protein-ligand contacts with python scripts.
AutoDock4®™ was used to calculate the binding energy and inhibition constants of
each cluster from Vina.
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[00152] EMBODIMENTS

1601531 The following are non-imiting embodiments of the present invention, and is
presented for purposes of flustration and description, and is not infended o limit the
invention to the form or forms disclosed herein.

[#6154] Embodiment 1. A modified melanocortin receptor modulator, the modulator
comprising Ac-Nle-cfAsp-His-nal-Arg-Trp-Lys}-NH;, wherein at least one amino acid

within the c[Asp-His-nal-Arg-Trp-Lys] sequence is N-methyiated.

[601558] Embodiment 2 The modified melanocortin  receptor modutator  of
Embodiment 1, wherein the moduldaior is selected from a series of N-methyiated
derivatives of a SHUB118 amino acid chain, said series comprising:

(SEQ. No. 3}
Ac-Nle-ciAsp-His-nal-Arg-(NMe) Trp-Lys}-NH.;
{SEQ. No. 8)
Ac-Nle-cfAsp-His-nal-{NMe)Arg-Trp-{NMeLys-NH;
{SEQ. No. 9)
Ac-Nie-cfAsp-His-(NMeinal-Arg-Trp-{(NMe L ys]-NH.;
(SEQ. No. 10)
Ac-Nie-cfAsp-(NMejHis-nal-Arg-Trp-(NMe Lys]-NHg;
{SEQ. No. 13}
Ac-Nie-cfAsp-(NifeHis-nal-Arg-{ NMe) Trp-Lys]-NH;;
(SEQ. No. 15)
Ac-Nie-clAsp-(NMe)His-nal-(NMe)Arg-Trp-Lys]-NH;;
(SEQ. No. 18)
Ac-Nie~cfAsp-(NMeYHis-(NMenab-Arg-Trp-Lys]-NHg;
(SEQ. No. 17}
Ac-Nie-clAsp-His-nal-{ NMe Arg-{NMe ) Trp-(NMe Lys]-NH;
(SEQ. No. 19)
Ac-Nie-cfAsp-(NMeHis-nal-Arg-{NMe) Trp-(NMe)Lys]-NH.;
(SEQ. No. 28)
Ac-Nie-glAsp-{NMeHis-nal-{ NMsJArg-{iNMeYTrp-{NMieLys}-NH 4, or
(SEQ. No. 32)

Ac-Nie-clAsp-(NMeHis-(NMenal-(NMe)YArg-(NMe Trp-(Nie)Lys]-NH,.
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{00156] Embodiment 3 The modified melanocortin receptor modulator  of

Embodiment 1, wherein a selective hMC1 receptor agonist is selected from:

{SEQ. No. 8}
Ac-Nie-clAsp-His-nal-{NMe)Arg-Trp-{NMeLys]-NH;;
(SEQ. No. 10}
Ac-Nie-clAsp-(NMejHis-nal-Arg-Trp-(NMe)Lys]-NHy;
(SEQ. No. 158)
Ac-Nie-ciAsp-(NMe)His-nal-(NMe)Arg-Trp-Lys]-NHz, or
{SEQ. No. 28)

Ac-Nie~-clAsp-(NMeHis-nal-(NMe)Arg-{(NMe) Trp-(NMe)Lys}-NH,.

[B0187] Embodiment 4. The modified melanocortin receptor modulator  of
Embodiment 1, wherein a highly selective hMC1 receplor anfagonist is:
(SEQ. No. 32)
Ac-Nie-clAsp-(NMeHis-(NMenal-(NMeArg-(NMe ) Trp-{(NMe)Lys]-NH..

[60158] Embodiment 51 The modified melanocortin receptor modulator  of

Embodiment 1, wherein a selective hMC3 receptor antagonist is selected from:

{SEQ. No. 8)
Ac-Nie-cfAsp-His-nal-{NMe)Arg-Trp-(NMe )Lys]-NHg;
{SEQ. No. 15}
Ac-Nie-clAsp-(NifeHis-nal-(NMeArg-Trp-Lys]-NH,,  or
{SEQ. No. 17)

Ac-Nie-clAsp-His-nal{{ NMe )Arg-(NMe)YTrp-(NMe)Lys}-NH..

{80159 Embodiment 8 The modified melanocortin receptor modulator  of
Embodiment 1, wherein a highly selective hMCS receptor agonist is:
{SEQ. No. 3)
Ac-Nie~cfAsp-His-nal-Arg-(NMe)Trp-Lys]-NH;.

jod160] Embodiment 7. The modified melanocortin receptor modulator  of
Embodiment 1, wherein g highly selective hMCS receplor antagonist is selected
fromy:

{SEQ. No. 9)
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Ac-Nle-c[Asp-His-(NMenal-Arg-Trp-INMe)Lys]-NHa; or
{SEQ. No. 13}
Ac-Nle-clAsp-(NMe)His-nal-Arg-(NMe ) Trp-Lys]-NH,.
{30011 Embaodiment 8: The modified melanocortin receptor modulator of Embodiment
1, wherein a selective universal antagonist for an hMC1 receptor, an hMC3 receplor,
an hMC4 receptor, or an hMCS receplor is selected front

(SEQ. No. 16}
Ac-Nle-c[Asp-{NMe)His-{(NMenal-Arg-Tro-Lys|-NHy; or

(SEQ. No. 19}
Ac-Nie-clAsp-(NMe)His-nal-Arg-(NMe ) Trp-(NMe)Lys]-NH,.

[0002] Table 3. HPLC and Mass data for the N-methylated SHUS119 peplides.
Amine acids with N-methyl groups are highlighied in grey.

ESAS  meie mRLC
QEHY H-160%  I-S% mass

# Seguence izl {min] {mind jmg}
9 Ml I DR 51
2 Me 0 51
5 Wi T S
5 Ne D 52
Wik I o
& Ne D 53
& K D 53
& K D 58
iy K D 51
11 e D 58
14 Me D 2
£rd Ne D 11187 a8
18 Ke D 11187
i3 Ke D 11187 52
2% b O 11167 $3
22 Mk O 117 33
23 M 0 LN 53
28 We O i 54
22 We D 33
0 MK O 37
3 We U 53
vl Ne 58
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[6007] Table 8. Temperature coeflicient data of 1§ and 17 in DMSO-d6. 1H-1D
spectra were recorded for both the compounds at variable temperatures ranging
from 285 K to 315 K in 5 Kinlervais and the temperalure coeflicients were calculated
according to (A8"1C00YVAT where in Ad and AT are changes in chemical shift of the

corresponding NH and the change in sample temperature, respectively.

Name of the Compound

Temperature Temperature
Kame of the NH Coetfiicient Nanwe of the NH ‘Lmirm}em
p} b R ' 5

X ATT
Nig'-MH

Sap -WH

- N N g

Pws -ME -3 00 - .

- Y . -

vy -Hz -5 .44 -3.00

{3008] Table 9 Backbone dihedral angles ({in the cyclic core) measured from DG

structures of 15 and 17.

Rackbone Dihedral Angles i the voder 15717

- o
Dihedral o T 2 Tip'y
o Me-His Hi® Nal’ Mde-&rg” e
Angie - MNade-Tap
& -39 84787 AN -112.85-167 4 -9 351440
= INAIRLG S AUES S ARY 2EARRY §.5:517

Tithedeal A HU portion

SHU2/ SHUY SHUT SHUS | SHULY
Mpie A Mide- Nbie- | NMe-
SHUZ SHU4 SHLT? SHUD | SHITG
-5¢.3¢ 1486 1736/ S4%7 | -125.2
638 | -99.4 31.5 1245 | -88.7
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[300%] Table 10 List of distance restraints that were used o derive the DG structure

of 15 and the corresponding violations in rMD trajectory.

Loy distwmer | Violstios

Asp Bax A Hir | By

Asp Ha Lys Hz 408 333 325

Asp Hipeo-R | Aup xR 2,75 325 245

IR . & 3
Asp Hipee-& | na

S TR TH T wee - R § R N5
Asp Hipeo-B | Ly He PES R | L2 G%

&sp Hipred | Aup XNE 28

Asp

Agp

CHE e | EX sead T T N S &
Nle-He | He KRS NH ;3.}\* l-‘i‘_ E-w’ﬁ

Nde-He | NMe Asp NR

Ade-Hiy | Me Asp Hs 313

MMeHiv | MMde sl NH 136 153 358

Made-His | Aide

4 s ; {47 0
RN Ha Hax £33 L3
T, by A LY

Al Hu sk ¥R 355 283

le-Arg [ AMe aald KR 50 X&5 % Q4
Ahde-Arp | MNnle EN Hx 333 24 288
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[3010] Table 11: List of distance restraints that were used to derive the DG structure

of 17 and the corresponding violations in fMD trajectory.

. Fesidue PN 'Ug:g:«e& Lﬂm&* distrace ‘h&l&&fﬁ&
e o Bowad Bouamd (! '

B
%
%

Nie KB Nle Haz ER 1 133 RSN

Nle WR Asp Ha IR R

Asxp MR Kie Ha i 1.7 258 +i i

Axp MR Asp Ha RSN S 258

Asxp fiiad Hig Ha 4,88 e ERE Rt

A Hg Mde-Trp | M 342 351 372

Hs KR Hhig Ha 2R Y ZBR

His N el NH 388 2 84 386 1

Hie KR Aide-Trp | A0e

1l KR Aade-day | Ha 3§88 474

S5 KB KMade-Aep | M0 8§37 471 a17
g : s :

$EH Hax Ade-dap | A0 A1 188 273

nal Bha Mde-deg | M0 §.18 3R X473

aal M Nde -Trp

nal He fde Trp | X KR 343 35

Fde-Asp | BHa Adde-duy | A0 323 335

Fhde-Arp | Bn XdeTrp | 306 E,

sy
B e

;
Mfe-Arz | Ho Mdedys | NMe ERY 235 138 1y

Mde-Trp | B Nde-Arg | He MRS
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Table 11 confinued

Aife-Trp | Ba Nide-Arg | Mide 5,52 3% 543
Nvle-Trp | Nide Kide-Rp | Nhde 3,78 168 83
Mde-Trp | Ba Mide-Trp | M 3 225 373 +HE3
le-Trp | Ha Khde-Lys | Ha 473 348 438
Mde-Trp [ Ra Nde-Lys [ MAde 3,18 R JE
Adelww | B2 Asp HimeR | 372 15 146
el K Kife-Asg | Ha 4 5% XN RIS
el | Ha Kde-Top | MM 48 3 1,85 pait
Mdely | Be MifeLwy | 222 433 38 332

10011 As used herein, the lerm “gbout” refers {o plus or minus 10% of the referenced

number.

[6012] The disclosures of the following U.S. Falenis are incorporated in their entirety
by reference herein: U.S. Pat. No. 14/117,948 and U.S. Pal. No. §,674,83%9

16013] Various modifications of the invention, in addition 1o those described hersin,
will be apparent o those skilled in the art from the foregoing description. Such
modifications are also intended o fall within the scope of the appended claims. Each
refergnce cited in the present application is incorporated herein by reference in its

entirely.

{0014] Although there has been shown and described the preferred embodiment of
the present invention, it will be readily apparent fo those skilled in the art that
modifications may be made therelo which do not exceed the scope of the appended
claims. Therefore, the scope of the invention is only to be limited by the following
claims. Reference numbers recited in the claims are exemplary and for ease of
review by the palent office only, and are not limiling in any way. In some
embodiments, the figures presented in this patent application are drawn o scals,
including the angles, ratios of dimensions, efc. In some embodiments, the figures
are represenialive only and the claims are not limiled by the dimensions of the
figures. In some embodiments, descriptions of the inventions described herein using

the phrase “comprising” includes embodiments that could be described as
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‘consisting of, and as such the writlen description requirement for claiming one or

more embodiments of the present invention using the phrase “consisting of” is met.
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WHAT IS CLAIMED:

1. A modified melanocortin receptor modulator, the modulator comprising Ac-

Nie-c[Asp-His-nal-Arg-Trp-Lys]-NH: ("SHUS118"), wherein at least one amino

acid within the clAsp-His-nal-Arg-Trp-Lys] portion of SHUS118 is A-methylated.

2. The modified melanocortin receptor modulator of Claim 1, wherein

the

modulator is a member selected from a group consisting of the following A-

methylated derivatives of SHUS119:

{SEQ. No. 3)
Ac-Nie-clAsp-His-nal-Arg-(NAe) Trp-Lys}-NM2;
{SEQ. No. 8)
Ac-Nie-clAsp-His-nal-(NMe)Arg-Trp-{NMeLys]-NH;;
{SEQ. No. 8)
Ac-Nie-clAsp-His-(NMemal-Arg-Trp-(NMe)Lys]-NH,;
(SEQL. No. 10)
Ac-Nie-cfAsp-(ANMeHis-nal-Arg-Trp-(Nie L ys]-NHa,;
(SEQ. No. 13)
Ac-Nie-clAsp-(NMeHis-nal-Arg-{NMe) Trp-Lys]-NH;;
{SEQ. No. 15)
Ac-Nie-clAsp-(NMe MHis-nal-(NAMeYArg-Trp-Lys]-NHy;
(SEQ. No. 16)
Ac-Nie-clAsp-(NMejHis-(NMe)nal-Arg-Trp-Lys]-NH.;
(SEQL No. 17)
Ac-Nie-clAsp-His-nal-{NMe)YArg-(NMe Trp-(NMe)Lysi-NH:
(SEQ. No. 19)
Ac-Nie-cfAsp-(NMeHis-nal-Arg-{NMe)Trp-(NMe)Lys}-NH;;
(SEQ. No. 28}
Ac-Nie-clAsp-(NMejHis-nal-(NMe)Arg-(NMe ) Trp-(NAMejLys}-NH,; or
(SEQL No. 32)
Ac-Nie-clAsp-(NMeHis-(NMenal-(NMe)Arg-(NMe Y Trp-{ Nife L ys]-NHa.
3. The modified melanocortin receptor modulator of Claim 1, wherein a

selective hMC1 receptor agonist is a member selected from a group consisting of

the following N-methylated derivatives of SHU9119:
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(SEQ. No. 8)

Ac-Nie-clAsp-His-nal-{ NMe)Arg-Trp-{(Nie)Lys]-NHg,

{SEQ. No. 10}
Ac-Nie-c{Asp-(NMeHis-nal-Arg-Trp-(NMe)lys]-NH;;

(SEQ. No. 15)
Ac-Nie-clAsp-(NMeHis-nal-(NMe)Arg-Trp-Lys]-NH,; or

(SEQ. No. 28)
Ac-Nie-clAsp-{NMe)His-nal-(NMe)Arg-(NMeYTrp-{Ne)Lys]-NH,.

4, The modified melanocortin receptor modulator of Claim 1, wherein a highly
selective hMC1 receptor antagonist is:
{SEQ. No. 32)
Ac-Nie-clAsp-INMeiHis-(NMe nal-{NMe YArg-(AMe)Trp-(Nide )Lys]-NH..

5. The modified melanccortin receptor modulator of Claim 1, wherein a
selective hMC3 receptor antagonist is a member selected from a group
consisting of the following N-methylated derivatives of SHUS9119;

{SEQ. No. 8§)
Ac-Nle~-cfAsp-His-nal-{ NMe)Arg-Trp-(NMellys]-NH;;
(SEQ. No. 15)
Ac-Nie-clAsp-(NMeHis-nal-(NMe)Arg-Trp-Lys]-NH.;, or
(SEQ. No. 17}
Ac-Nie-clAsp-His-nal{{ NMe)Arg-(NMe)YTrp-(NMe)Lys}-NH..
8. The modified melanocortin receptor modudator of Claim 1, wherein a highly
selective hMU5S receptor agonist is:
{SEQ. No. 3)
Ac-Nie-clAsp-His-nal-Arg-{(NMe)Trp-Lys}-NH;.
7. The modified melanocortin receptor modulator of Claim 1, wherein a highly

selective hMC5 receptor antagonist s a member selected from a group
consisting of the following N-methyiated derivatives of SHUS118:

{SEQ. No. 9)
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Ac-Nie-ciAsp-His-(NMenal-Arg-Trp-{NdfeLys]-NHz, or
(SEQ. No. 13)
Ac-Nie-cfAsp-(NMeHis-nal-Arg-{(NMe)Trp-Lys]-NH.

8. The modified melanocortin receptor modulator of Claim 1, wherein a
selective universal antagonist for an hMC1 receptor, an hMGC3 receptor, an hMC4
receptor, or an hMCS receptor is a member selected from a group consisting of
the following N-methylated derivatives of SHU2118;

(SEQ. No. 18)
Ac-Nie-clAsp-{NMeHis-(NMenal-Arg-Trp-Lys]-NHo, or
(SEQ. No. 19)
Ac-Nie-ciAsp-(NieHis-nal-Arg-{(NMe)Trp-(NMeilys]-NH;.
9. A method of modulating a2 melanocortin receptor, said method comprising

administering o a mammal in need thereof al least one of the modified
melanocortin receptor modulators according fo Claim 1 in a therapeutically

effective amount sufficient for stimulating melanin synthesis in said mammatl .

140, The method of Claim 8, wherein the melanocordin recepfor is an hMC1
receptor, an hMC3 receptor, an hMUC4 receplor, an hMCS receptor, or a
combination thereof.

11. A method of modulating a melanocortin recepior for regulating a weight of a
mammal, said method comprising administering {o the mammal in need thereof
at least one of the modified melanocortin receptor modulators according to Claim
1 in a therapeutically effective amount sufficient to bring about a determined
satiation.

12. The method of Claim 11, wherein the melanocortin receptor is an hMC3
recepicr, an hMC4 receptor, or & combination therect.

13. A method of modulating a hMC4 receptor for stimulating sexual functions of
a mammal, said method comprising administering 1o the mammal in need thereof
at least one of the modified melanocortin receptor modulators according to Claim
1 in a therapeutically effective amount sufficient to bring about an enhanced and
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sustained sexual arousal.

14. A method of modulating a melanocortin receptor for regulating pain sensed
by a mammal, said method comprising administering to the mammal in need
thereof at least one of the medified melanocortin receptor modulators according
to Claim 1 in g therapeutically effective amount sufficient to bring about sufficient
pain relief.

15. The method of Claim 14, wherein the melanocortin receptor is an hMC1
receptor, an hMCS receptor, or a combination thereof,

186. A meihod of modulating a8 melanocortin receptor for regulating skin
pigmentation of 2 mammal, said method comprising atdministering to the mammal
in need thereof at least one of the modified melanocortin recepior modulators
according fo Claim 1 in a therapeutically effective amount sufficient to bring about

a desired skin coloration.

17. The method of Claim 16, wherein the melanocortin receptor 5 an hMCA
receptor, an hMCS receptor, or a combination thereof.

18. A method of modulating an hMC1 receptor for conirolling an immune system
of a mammal, said method comprising administering to the mammal in need
thereof at least one of the modified melanocortin receptor modulators according
to Claim 1 in a therapeutically effective amount sufficient to bring about
stimulation of an immune response .

19. A method of modulating a melanocortin receptor for treating atherosclerosis
in a mammal, said method comprising administering 1o the mammal in need
thereof at least one of the modified melanocortin receptor modulators according
to Claim 1 in a therapeutically effective amount sufficient to reduce
atherascleratic plague inflammation and {0 improve vascular endothelial function.

28, The method of Claim 19, wherein the melanocoriin receptor is an hMC1
receptar, an hMC3 receptor, or a combination thereof.

21. A method of modulating a melanocoriin receptor for treating skin cancer in a
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mammal, said method comprising administering to the mammal in need thereof
at least one of the modified melanocortin receptor modulators according to Claim
1 i a therapeutically effective amount sufficient to prevent proliferation of cancer

cells |

22. The method of CGlaim 21, whereiny the skin cancer is caused by over
exposure to ultraviolet radiation.

23. The method of Claim 21, wherein the melanocortin receptor is an hMC1
receptor, an hMCS receptor, or a combination thereof.

24. A mathod of modulating a melanccaortin receptor for treating 2 skin disease
in a mammal, said method comprising administering o the mammal in need
thereof at least one of the modified melanocortin receptor modulators according
fo Claim 1 in a therapeutically effective amount sufficient to bring about a
prevention of symptoms of a gessalion of the skin disease.

25. The method of Claim 24, wherein the melanocortin receptor s an hMCAH

receptor, an hMCS receptor, or a combination thereof.

26. The method of Claim 24, wherein the skin disease is a skin pigmeniation
disorder.

27. The method according to Claim @, 11, 13, 14, 16, 18, 18, 21, or 24, wherein
administration is by oral, nasal, or topical means, or by injection to the mammal.

28. The use of the modified melanocortin receptor modulator according to claim
1 for modulating a melanocortin receptor for stimulating melanin synthesis,
wherein the melanocortin receptor is an hMC1 receptor, an hMC3 receptor, an
hMC4 receptor, an hMCS receptor, or a combination thereof.

29. The use of the modified melanoccortin receptor modulator accarding o claim
1 for modutating a8 melanocortin receptor for regulating weight by bringing about a
determined satiation, wherein the melanocortin receptor is an hMC3 receptor, an
hMC4 receptor, or a combination thereof.
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30. The use of the modified melanocortin receptor modulator according o claim
1 for modulating an hMC4 melanocortin receptor for stimulating sexual functions
by bringing about an enhanced and sustained sexual arousal,

31. The use of the modified melanocortin receptor modulator according to claim
1 for modulating a melanocortin receptor for reguiating pain by bringing about
sufficient pain relief, wherein the melanocortin receptor is an hMC1 receptor, an

hMCS receptor, or a combination thereof.

32. The use of the modified melanocoriin receptor modulator according (o claim
1 for modulating a melanccortin receptor for regulating skin pigmentation by
bringing about a desired skin coloration, wherein the melanocortin receptor is an
hMC1 receptor, an hMCS5 receptor, or a combination thereof.

33. The use of the modified melanoconin receptor modulator according to claim
1 for modulating an hMC1 recepior for controlling an immune system by bringing
about a stimulation of an immune response.

34. The use of the modified melanocortin receptor modulator according to claim
1 for modulating a melanocortin recepior for treating atherosclerosis by reducing
atherosclerctic plaque inflammation and improving vascular endothelial function,
wherein the melanocortin receptor is an hMC1 receptor, an hMC3 receptor, or a
combination thereof.

35. The use of the modified melanocordin receptor modulator according to claim
1 for modulating a melanocortin receptor for reating skin cancer by preventing
proliferation of cancer cells, wherein the skin cancer is caused by over-exposure
to ultraviolet radiation, wherein the melanocortin receptor is an hMC1 receptor,

an hMC5 receplor, or a combination thereof.

38. The use of the modified melanocortin receptor modulator according to claim
1 for modulating a melanocortin receptor for freating a skin disease by bringing about
a prevention of sympioms or a cessation of the skin disease, wherein the
melanocortin receptor is an hMC1 receptor, an hMG5 receptor, or a combination
thereof, wherein the skin disease s a skin pigmentation disorder.
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B: SHUS119 hest dock

A: MT-ll best dock

Notes: DISA/D5E pravide polar contracts. with- side
chaing of Arg®, Lys™: 2) 0151 also stabilized Arg® 3)
(3158 also stablizes backbone of D-Phe”; 47 D:Phe” has
T-shaped 7= staking with 203,

C: Peptide 15 best dock

Notes: 1) D154/D158 provide polar contact with side
chains of Arg® 2 Tle 217 backbone carbonyl graup
stabilizes terminal WH2 group, 3) Possible T-shaped
stack between DNal(2') and Y310/Y314; 4) Possible T-
shaped stack with Phe318 and DNal{2"}" andior Trp’.

D: Peptide 17 best dock

Notes: 1) Q151 and D154 polar contact with _A-;rgs; 2
TY158 polar contacts with side chain of Arg®; 3) 8220
polar contact with N-terminal carbonyl group; 4) Y219
in EL loop rotated away from Trp”: 5) F318 T-shaped
stacking with DNal {27)"

Notes: 1) Args' side chain polar contact with D151,
3154, and DI158; 2) Polar contact between N-terminal
carbonyl group-and E131; 3} Y310/Y314 potential =-x
stacking with Trp’ but rotated away, 4) F31 T-shaped
stacking with Trp”; F295/296 both T-shaped stacking
with DNal(2)".
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