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Abstract 

 In an effort to develop potent and selective agonists and antagonists for the human 

melanocortin-3 receptor, several new peptide design approaches were employed. This includes 

peptides featuring a chimeric fusion of the alpha-MSH and AgRP critical pharmacophores, as 

well as a variety of cyclic ligands which incorporated a variety of amino acid substitutions and 

dicarboxylic acid linkers for the construction of lactam bridges. Not only were potent and 

selective hMC3R superagonists obtained through this study (SRJ-(17-18)S), but several hMC1R 

(SRJ-(20-31)S) and hMC5R (SRJ-(02-03)L) selective peptides were also found. The active 

peptides identified in this study not only provide a basis for the rational design of melanocortin 

receptor ligands in the future, but show promise in therapeutic applications. 
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Abbreviations Used 

 ACTH, Adrenocorticotropic Hormone; AgRP, Agouti Related Protein; Alloc, 

allyloxycarbonyl; ASIP, Agouti Signaling Protein; DCM, dichloromethane; DIEA, N,N-

diisopropylethylamine; DMF, N,N-dimethylformamide; Fmoc, 9-fluorenylmethoxycarbonyl; 

GPCR, G-protein coupled receptor; HArg, homoarginine; HATU, 2-(1H-7-Azabenzotriazole-1-

yl)-1,1,3,3-tetramethyl uronium hexafluorophosphate methanaminium; HBTU, 2-(1H-

benzotriazole-1-yl)-1,1,3,3-tetramethyl uronium hexafluorophosphate; HOBt, N-

Hydroxybenzotriazole; MCR, melanocortin receptor; MeOH, methanol; MSH, melanocyte 

stimulating hormone; Nal(2’), naphthylalanine(2’); Nle, norleucine; Orn, ornithine; POMC, 

proopiomelanocortin; TFA, trifluoroacetic acid; TIS, Triisopropylsilane  
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Introduction 

The adrenocorticotropic hormone (ACTH) and the -, -, and - melanocyte 

stimulating hormones (MSH) are endogenous potent, but non-selective agonists for the 

melanocortin receptors, which are members of the G-protein coupled receptor superfamily. 

These peptides are derived from the POMC gene transcript
1
, and each of them contains the core 

tetrapeptide sequence His-Phe-Arg-Trp that has been identified as the critical pharmacophore for 

agonist biological activity at the melanocortin receptors
2,3

. Presently, five receptors have been 

discovered and successfully cloned
4
. The MC1R is found primarily in melanocytes and 

leukocytes, and has been implicated to play roles in pigmentation and inflammation
5,6

. The 

MC2R, expressed only in the adrenal cortex, mediates glucocorticogenesis
7
. The MC3R and 

MC4R can be found in the brain, and have been implicated to play complementary roles in 

feeding behavior and energy homeostasis
8
. Lastly, the MC5R is found in a variety of peripheral 

tissues, and is believed to play a role in exocrine gland function
9
. 

The human MC3R and MC4R are of particular interest as therapeutic targets. Agonists 

for the MC4R, in humans, have been observed to produce a feeling of satiety, while antagonists 

promote feeding
10-13

. The hMC3R, although less well understood, has been suggested to play a 

complementary role in feeding behavior and energy partitioning
13

. This leads to promising 

therapeutic approaches to the treatment of metabolic diseases, using MC3R and MC4R agonists 

and antagonists. Revealing and fully understanding the biological roles that the hMC3R is 

involved in is critical to the development of potential treatments, which has created the demand 

for potent and selective agonists and antagonists for this receptor. Three sets of peptide ligands 
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have been designed to address these demands, based on the endogenous agonists and antagonists 

for this receptor as well as previously implemented amino acid templates.  

Design of Chimeric hMC3R Antagonists 

 Previous research has shown that the core tetrapeptide sequence His-Phe-Arg-Trp, a 

sequence derived from the endogenous melanocyte stimulating hormones, is crucial for binding 

and agonist activity at the 

human melanocortin 

receptors
2,3

. However, 

endogenous antagonists for 

the hMCRs also exist. The 

agouti signaling protein 

(ASIP) and agouti related 

protein (AgRP) are antagonists for the hMC1R and hMC3R/hMC4R respectively
14,15

, although 

recent reports have described these two endogenous peptides as inverse agonists
16,17

. Both of 

these peptides contain a critical pharmacophore Arg-Phe-Phe responsible for selective binding at 

each of these receptors
18

. A fusion of these critical pharmacophores has provided the basis for a 

series of six linear peptides, designed as antagonists for the hMC3R. These peptide sequences are 

shown in figure 2. These peptides incorporate an amidated C-terminal and acetylated N-terminal, 

both of which are features of the endogenous alpha melanocyte stimulating hormone, which are 

thought to be important in receptor binding of the ligand. These peptides also feature D-amino 

acid substitutions, which can result in improved binding at the melanocortin receptors, especially 

in the case of the D-tryptophan substitution
22

. Additionally, two of the peptides feature the bulky 
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naphthylalanine residue, which enhances the hydrophobicity of the peptide and increases its 

steric bulk. It has been consistently observed that when the phenylalanine in the tetrapeptide 

pharmacophore is substituted for a naphthylalanine residue, a dramatic decrease in binding at the 

hMC4R occurs with little to no change in binding at the hMC3R
19

. 

 

Design of Cyclic hMC3R Agonists 

It has been reported that the cyclic peptide c[Nle-Arg-D-Phe-Arg-Trp-Glu]-NH2 is a 

potent hMC3R agonist, selective over the hMC4R and exhibiting decent binding potency at the 

hMC5R
4
. Although this peptide has been shown to be a selective agonist for the hMC3R, it 

exhibits only modest binding potency (IC50 = 140 10 nM versus 1.3  0.2 nM for MTII). 

Three separate modifications have been considered in obtaining a peptide with increased binding 

potency at the hMC3R, and these modifications are summarized in figure 3.  
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While a hydrophobic residue at the position of the Nle residue is of structural importance, 

Mayorov et al. suggests that unfavorable interactions at this position may be the source of weak 

binding. Substitution of other bulky, hydrophobic amino acids may provide more favorable 

receptor-ligand interactions. Furthermore, enhancing the hydrophobic properties and steric bulk 

of peptides at the Arg
7
 position has been suggested as a future route for improving the binding 

and selectivity of peptides targeting the hMC3R. Lastly, the addition of charged amino acids to 

the C-terminal of the cyclic -MSH analogue may result in an increase in agonist activity and 

binding potency, as these residues mimic the structures of the - and - MSH C-terminals. 

Figure 4 lists the proposed amino acid sequences for the twelve peptides. Peptides SRJ-(07-11)S 

incorporate the c-terminal extensions, generally including basic or acidic residues which may 

potentially form electrostatic interactions in the binding pocket of the hMC3R. SRJ-11S includes 
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the first three C-terminal residues of alpha-MSH, for the purpose of determining the effects of 

these residues on the potency and selectivity of these peptides toward the hMC3R. Peptides SRJ-

(13-15)S feature substitutions for the Nle residue. These substitutions include both bulky 

aromatic residues (phenylalanine and tyrosine) as well as a slightly less bulky substitution 

(isoleucine). Peptides SRJ-(16-18)S incorporate substitutions at the Arg
7
 position for other basic 

residues, in an attempt to fine-tune the ligand-receptor electrostatic interactions.  

 

Design of Cyclic hMC3R Agonists and Antagonists 

Aside from the ligand used in the previous set of designs, several other peptides targeting 

the hMC3R have been shown to be promising templates for increased potency and selectivity 

toward the hMC3R. Kavarana et al. have shown that the cyclic peptide c[CO-(CH2)3-CO-His-

DPhe-Arg-Trp-Lys]-NH2
 
 is a selective agonist for the MC3R, with a 6-fold selectivity over the 

MC4R and a 30-fold selectivity over the MC5R
19

. Likewise, the cyclic peptide c[CO-o-C6H4-
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CO-His-DNal(2’)-Arg-Trp-Lys]-NH2 has been shown to be a potent and selective antagonist for 

the hMC3R, with 7-fold and 700-fold selectivity over the hMC4R and hMC5R respectively. 

Mayorov et al. have also shown that selective antagonists may be obtained using similar 

templates, replacing the His residue with a Nle residue.  

 The potency and selectivity of peptides based toward the hMC3R can be fine-tuned by 

modifying several key features of the templates described above, and the schematic for the 

proposed designs are indicated in figure 5. 

 

 Increased potency and selectivity at the hMC3R can be accomplished by careful control 

of the size of the cyclic ring, the identity of the dicarboxylic acid linker and, most importantly, 

the sequence of amino acids. It has been shown that a His  Nle substitution in the MK-7 and 

MK-8 templates is useful in converting hMC3/4R agonists into antagonists, as well as decreasing 

the affinity for the hMC4R. It is suggested that the increase in steric bulk associated with this 

substitution is well-tolerated by the hMC3R but not by the hMC4R, which may prove to be a 

valuable tool in the design of melanocortin-3 receptor selective peptides. Kavarana et al. have 

previously explored the effect of ring size on the selectivity of peptides for the melanocortin 
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receptors and have found that 24-membered cyclic peptides often show enhanced selectivity for 

the melanocortin-3 receptor, especially when these rings are highly constrained and contain 

bulky and non-polar amino acids
19

.   

 On the basis of these observations, a series of twelve peptides have been proposed as 

agonists and antagonists targeting the hMC3R. These are designed to be selective and potent 

agonists and antagonists for this receptor by 1) enhancing the hydrophobic nature of the peptide, 

2) cyclization using bulky and constrained aromatic dicarboxylic linkers, and 3) careful control 

of the size of the peptide macrocycle. Figure 6 lists the amino acid sequences of the twelve 

peptides targeting the hMC3R. All twelve peptides feature 24- or 25-membered rings, for careful 

control of the ring size. Furthermore, bulky aromatic dicarboxylic linkers were chosen not only 

to enhance the hydrophobicity of the cyclic peptide, but to create a highly constrained cyclic 

molecule. The individual amino acid sequences are also varied in each peptide, toggling between 

L- and D- stereochemistries for the tryptophan residues, and varying between templates to 

provide peptides with both agonist and antagonist properties.   
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Materials and Methods  

General Peptide Synthesis 

 A general scheme for peptide synthesis may be seen in figure 10. A sufficient amount of 

Rink Amide MBHA LL Resin was first swelled in DMF for 1-2 hr. in a fritted polypropylene 

syringe. After swelling, the Fmoc protecting group on the resin handle was removed. This was 

accomplished by treatment of the resin with 20% piperidine in DMF (1 x 5 min., 1 x 10 min.) 

followed by DMF (3 x 2 min.) and DCM (3 x 2 min.) washes to ensure removal of the piperidine 

from the vessel. The mechanism of Fmoc removal from the resin is shown in figure 8.  
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Coupling of the first Fmoc-protected amino acid residue was accomplished by a reaction 

with the Fmoc protected amino acid (5 mol. equiv.), HOBt (5 mol. equiv.), HBTU(5 mol. 

equiv.), and diisopropylethylamine (6 mol. equiv.) in DMF. The reaction was monitored using a 

Kaiser test, and upon completion of the reaction, the amino acid solution was drained and the 

resin was washed with DMF (3 x 2 min.) and DCM (3 x 2 min.). This process was repeated for 

each amino acid until the linear peptide was completely assembled.  

Figure 9. Mechanism for amino acid coupling reaction using HBTU, HOBt, and DIEA23. 
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N-Terminal Acetylation of SRJ-(01-06)L 

 After removal of the Fmoc protecting group on the final amino acid, the resins were 

washed with DMF (3 x 2 min.) and DCM (3 x 2 min.). The N-terminus of each peptide was 

“capped” by a reaction between the resin-bound peptide and acetic anhydride (5 mol. equiv.) and 

diisopropylethyl amine (4 mol. equiv.) in DCM for 30 minutes. A Kaiser test was used to 

confirm complete N-terminal acetylation, after which the resins were washed with DMF (3 x 2 

min.), DCM (3 x 2 min.), and MeOH (3 x 2 min.)  

Peptide Cyclization 

 After removal of the Fmoc protecting group on the final amino acid, the resins were 

washed with DMF (3 x 2 min.) and DCM (3 x 2 min.). If the peptide was to be cyclized using a 

dicarboxylic acid linker, the linker was coupled to the N-terminus of the peptide using normal 

coupling protocols. After coupling, the resins were washed with DMF (3 x 2 min.) and DCM (3 

x 2 min.). The vessel was purged with argon for several minutes prior to the addition of a 

solution of tetrakis(triphenylphosphine) palladium(0) (0.1 mol. equiv.) and phenylsilane (20 mol. 

equiv.) in DCM for the catalytic removal of alloc/allyl side chain protecting groups. This 

reaction was performed in the absence of light for 30 minutes, after which the solution was 

drained and new reagents were added for an additional 30 minute reaction. The resins were 

washed with DMF (3 x 2 min.) and DCM (3 x 2 min.) to remove the remaining allyl alcohol, 

phenylsilane, and Pd(PPh3)4  from the resins and, in the case of the peptides where the protected 

amino acid was a lysine residue, a Kaiser test was used to confirm complete removal of the side 

chain protecting group. The resins were then washed with a solution of 1:10 DIEA:DCM for ten 

minutes, followed by the on resin cyclization reaction using HATU (5 mol. equiv.), HOBt (5 
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mol. equiv.), and DIEA (6 mol. equiv.). Cyclization times varied extensively depending on the 

nature of the cyclization (tail-to-side chain or linker-to-side chain) as well as the strain imposed 

on the cyclic peptide. These times were typically ~3 hours, and in some extreme cases, up to 72 

hours, as determined by a Kaiser test. After cyclization, the resins were reacted with a solution of 

5% w/w sodiumdiethyldithio carbamate in DMF for 30 minutes for the chelation of any 

remaining palladium catalyst. Subsequently, the resins were washed with DMF (3 x 2 min.), 

DCM (3 x 2 min.), and MeOH (3 x 2 min.)  
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Cleavage 

 After methanol washes, the resins were dried under vacuum for several hours in order to 

completely remove any remaining solvent. Cleavage of the peptides from the resin was 

accomplished using Reagent B (88% TFA, 5% H2O, 5% Phenol, 2% TIS, 10 mL/gram of resin) 

to prevent oxidation of the tryptophan residues. Peptides were typically cleaved from the resin 

using 10-20 mL per gram of resin of this cocktail for ~3 hours with occasional swirling, after 

which the resin was filtered off and the filtrate concentrated by agitation with argon gas. The 

peptide was then precipitated by the addition of ten volumes of cold diethyl ether, centrifuged 

(4000 rpm, 10 minutes), and the liquid decanted. This procedure was repeated three or more 

times to ensure removal of the cleavage reagents. The peptide pellet was then dissolved in a 

small amount of 0.1 M acetic acid, frozen, and lyophilized overnight to yield the crude peptide. 

Typical crude yields were 50-60%.  

Purification 

 The purity of each peptide was first checked using analytical reversed-phase high-

performance liquid chromatography. Solutions of the crude peptides were prepared by 

dissolution of 1 mg of the peptide in 1 mL 1:4 acetonitrile:0.1% aqueous trifluoroacetic acid, 

followed by filtration through a 0.5 m filter. This solution (~50 L) was injected for 

separation on a reversed-phase C18-bonded analytical column using a gradient elution at a flow 

rate of 1 mL/min. The gradient used for analysis was a linear gradient of 10-90% acetonitrile in 

0.1 % aqueous TFA over 40 min. Fractions of the desired compound were collected after elution 

from the column and analyzed by electrospray ionization mass spectrometry. After verifying the 

identity of the peptide, the compounds were purified on a C18-bonded semi-preparative column 
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and a gradient elution specific to each compound. These gradients were optimized to provide the 

most efficient separation for each compound. Pure yields were typically 20-25%.   

Table 1 – Analytical Data for Novel Melanocortin Ligands 

Compound m/z calc. m/z obs.
a.
 HPLC Retention Time 

(min.)
b. 

SRJ-01L 947.44 947.4 14.548 

SRJ-02L 908.43 908.4 14.174 

SRJ-03L 907.45 907.4 14.607 

SRJ-04L 946.46 946.3 15.159 

SRJ-05L 957.46 957.3 16.319 

SRJ-06L 957.46 957.5 16.761 

SRJ-07S 1042.59 1042.6 12.048 

SRJ-08S 1014.59 1014.5 11.839 

SRJ-09S 1001.52 1001.5 11.763 

SRJ-10S 1014.55 1014.5 12.267 

SRJ-11S 1210.71 1210.6 12.758 

SRJ-12S 886.49 886.6 13.677 

SRJ-13S 886.49 886.6 13.122 

SRJ-14S 920.48 920.5 14.104 

SRJ-15S 936.47 936.5 13.004 

SRJ-16S 900.51 900.6 14.174 

SRJ-17S 858.49 858.5 13.564 

SRJ-18S 844.47 844.5 13.455 

SRJ-20S 901.06 901.5 12.650 

SRJ-21S 901.06 901.4 12.877 

SRJ-22S 927.09 927.4 22.190 

SRJ-23S 927.09 952.5 (+ Na
+
) 24.752 

SRJ-24S 926.48 926.5 16.563 

SRJ-25S 926.48 926.4 20.362 

SRJ-26S 900.43 900.5 10.766 

SRJ-27S 900.43 900.4 11.392 

SRJ-28S 884.46 906.5 (+ Na
+
) 26.098 

SRJ-29S 884.46 Not available  

SRJ-30S 858.42 858.3 16.442 

SRJ-31S 858.42 880.5 (+ Na
+
) 15.578 

 

 

a. m/z values were obtained using low resolution electrospray ionization (ESI) mass spectrometry 

b. Peptides were eluted from the column using a 10-90% acetonitrile:0.1% aq. TFA over 40 minutes.
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Receptor Binding Assay (Performed by M. Wang and M. Cai)  

 Transfected HEK293 cell lines with the human melanocortin receptors were used in the 

competitive binding assay
20,21

. Cells were seeded in 96-well plates 48 hr. before the assay 

(50,000 cells/well). For the assay, the medium in which the cells were seeded was removed and 

the cells were washed twice with a binding buffer containing 100% minimum essential medium 

with Earle’s Salt, 25 mM HEPES (pH 7.4) 0.2% bovine serum albumin, 1 mM 1,10-

phenanthrolone, 0.5 mg/L leupeptin, and 200 mg/L bacitracin. Afterwards, cells were incubated 

in varying concentrations of unlabeled peptide and labeled 
125

I-[Tyr2]-[Nle,4D-Phe7]R-MSH 

(PerkinElmer Life Science, 100 000cpm/ well, 0.1386 nM) for 40 min at 37 °C. After, the 

medium was removed and each well was washed twice with assay buffer. The cells were then 

lysed using 500 uL of 0.1 M NaOH and 500 uL of 1 % Triton X-100. The lysed cells were 

transferred to 12 mm x 75 mm glass tubes and counted by a Wallac 1470 WIZARD Gamma 

Counter. Data was analyzed using Graphpad Prism 3.1.  

Adenylate Cyclase Assay (Performed by M. Wang and M. Cai)  

 HEK293 cells transfected with the human melanocortin receptors were grown in MEM 

medium (GIBCO) containing 10% fetal bovine serum, 100 units/mL penicillin and streptomycin, 

and 1 mM sodium pyruvate. The cells were seeded on 24 well plates 48 h before assay (50 000 

cells/well). For the assay, the medium was removed and cells were rinsed with 1 mL of MEM 

buffer (GIBCO) or with Earle’s balanced salt solution (EBSS, GIBCO). An aliquot (0.4 mL) of 

the Earle’s balanced salt solution was placed in each well along with isobutylmethylxanthine 

(IBMX; 5 uL; 0.5 mM) for 10 min at 37 °C. Varying concentrations of melanotropins (0.1 mL) 

were added, and the cells were incubated for 20 min at 37 °C. The reaction was stopped by 
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aspirating the buffer and adding ice cold Tris/EDTA buffer to each well (0.15 mL). The 24 well 

plates were covered and placed on ice. After aspirating the buffer, fresh buffer was added. The 

plates were sealed in parafilm and placed in boiling water for 10 min. The cell lysate was then 

centrifuged for 2 min (6500 rpm), and 50 uL of the supernatant was aliquoted into a clean 

Eppendorf tube. The cAMP content was measured by competitive binding assay according to the 

assay kit instructions (TRK 432, Amersham Corp.).  

Results and Discussion 

 While many of the peptides synthesized were able to be isolated in good yield, the cyclic 

peptides SRJ-21S, SRJ-23S, and SRJ-29S could not be purified in amounts great enough for 

biological evaluation. This can be attributed to the highly strained nature of the peptide, which in 

all cases featured the terephthalic acid linker. In combination with the bulky amino acids present 

in the peptide sequence, these peptides proved difficult to cyclize, and is supported by the 

extremely long cyclization times that were observed for these peptides when compared to other 

cyclic peptides in the series, which typically took only three hours to cyclize.  

 While the biological efficacy of these peptides at the melanocortin receptors is still being 

evaluated, some very promising results are available at this time. Stable results from the 

adenylate cyclase assays for some of the SRJ compounds are presented below in table 2.  
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Table 2 – Biological Activities of SRJ Series Peptides at the Melanocortin Receptors 

Compound hMC1R 

EC50 (nM)   % max. act. 

hMC3R 

EC50 (nM)   % max. act. 

hMC4R 

EC50 (nM) % max. act. 

hMC5R 

EC50 (nM) % max. act. 

SRJ-01L 124 >100 - 32 9 120 - 33 

SRJ-02L 21 >100 1595 25 680 99 0.07 36 

SRJ-03L - >100 2.011 14 7142 81 0.6 23 

SRJ-04L 0.06 >100 12 95 - 56 - 42 

SRJ-05L 1 >100 5.7 90 - 95 0.3 66 

SRJ-06L - >100 31 >100 - 116 0.3 64 

SRJ-07S - >100 2.9 >100 0.32 167 - 58 

SRJ-08S - >100 2.0 >100 93 132 348 60 

SRJ-09S 1304 >100 1.6 >100 0.45 122 - 50 

SRJ-10S 161 >100 2.3 >100 - 91 58 52 
SRJ-11S 561 >100 5.5 >100 2.7 77 - 28 

SRJ-12S - >100 1 >100 3 61 2.4 35 

SRJ-13S - >100 4 >100 3 129 45 35 

SRJ-14S 0.3 >100 8 >100 261 85 2.4 42 

SRJ-15S - >100 4 >100 169 94 - 37 

SRJ-16S 196 >100 2.3 >100 142 86 - 39 

SRJ-17S - >100 36 >100 398 62 - 37 

SRJ-18S - >100 121 >100 6.6 38 0.18 28 

SRJ-20S 1.1 >100 662 >100 39 71 - 60 

SRJ-22S 23 >100 1.7 50 6.6 66 237 64 

SRJ-24S 1.5 >100 1407 51 1.15 33 - 63 
SRJ-25S 0.2 >100 - 95 3 120 5 55 

SRJ-26S - - - - - - - - 

SRJ-27S - >100 13 99 18 111 - 40 

SRJ-28S 0.3 >100 2.96 62 20 66 - 56 

SRJ-30S 0.25 >100 45040 64 740 78 - 48 

SRJ-31S 0.37 >100 2053 59 0.2 67 7.3 39 

MT-II 1 100 2 100 3 100 10 100 

 

 

A. Linear Chimeric Peptides SRJ-(01-06)L 

The chimeric fusion of the endogenous agonist and antagonist critical pharmacophores 

was met with some success, with compounds SRJ-02L and SRJ-03L being especially 

potent ligands. While the EC50 values for analogue SRJ-01L have not been determined at 

the hMC3R or hMC5R, this compound has been identified as a potent superagonist at the 

hMC4R, with a % maximum activation exceeding that of the non-selective MT-II 

control. The compound SRJ-02L, while designed as an antagonist for the hMC3R, was 

observed to be a highly potent antagonist toward the hMC5R, with high selectivity over 

the hMC3R and hMC4R and modest selectivity over the hMC1R. Similarly, SRJ-03L 
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shows high potency as an antagonist at the hMC5R, although it is also a potent antagonist 

for the hMC3R. The efficacy of the SRJ-02L and SRJ-03L peptides indicates the 

importance of the phenylalanine residue in this template for antagonist properties at the 

melanocortin-5 receptor. The analogue SRJ-04L shows high potency as an hMC1R 

agonist, but was also identified as an agonist at the hMC3R with no conclusive data at the 

hMC4R or hMC5R. The compounds SRJ-05L and SRJ-06L showed similar tendencies, 

behaving as agonists at the hMC3R and partial agonists at the hMC5R. In this case, it 

would seem that the stereochemistry of the napthylalanine residue in this template has no 

considerable effect on the selectivity or potency of the compound toward the 

melanocortin receptors.  

B. Cyclic hMC3R Agonist Peptides SRJ-(07-18)S 

Peptides SRJ-(07-11)S, which all featured C-terminal extensions of a potent hMC3R 

agonist, were observed to be agonists at both the hMC3R and the hMC4R, with no real 

selectivity for one receptor over the other. As these designs mimic the structure of the 

endogenous non-selective agonist alpha-MSH, the C-terminal extensions were observed 

to result in an increase in potency at the hMC3R, but a predictable decrease in the 

selectivity of the template variants over the hMC4R. SRJ-13S, which featured a 

substitution at the position of the norleucine residue with isoleucine, resulted in a lack of 

specificity for any receptor, with different activities. The peptides which featured bulkier 

residues (SRJ-14S and SRJ-15S), however, resulted in high specificity for the hMC3R 

over the hMC4R, although these peptides were still observed to be potent antagonists at 

the hMC5R. This indicates that substitutions at this position will not be useful in 

distinguishing between the hMC3R and hMC5R, although this position can be used to 
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fine-tune selectivity against the hMC4R. Compounds SRJ-16S and SRJ-17S, which 

featured HArg and Lys substitutions at the arginine position, were observed to be potent 

superagonists for the hMC3R with high selectivity against the hMC4R. This indicates 

that slightly larger basic residues at this position are able to retain important interactions 

with the melanocortin-3 receptor, while these residues may not accommodate the 

melanocortin-4 receptor. The final peptide in the series, SRJ-18S, was found to be 

relatively non-selective when compared to the previous two analogues.  

C. Cyclic hMC3R Agonist/Antagonist Peptides SRJ-(20-31)S 

In general, this set of peptides targeting the hMC3R proved to be quite unsuccessful, 

exhibiting potent superagonist activity at the hMC1R in almost all cases. In many cases, 

the ligands were not potent at the hMC3R, hMC4R, or hMC5R. The templates, which 

have prior been shown to be potent and selective agonists and antagonists for the 

hMC3R, have indicated that the use of such strained aromatic linkers generally eliminates 

any potency at these receptors. However, this indicates the possibilities for the design of 

hMC1R selective superagonists, and many of the peptides in this series have been 

observed to behave as such. 

 

Conclusions 

 In an effort to develop potent and selective hMC3R agonists and antagonists, three series 

of peptides were developed and their biological activities were (and still are) being evaluated. It 

was found that the chimeric fusion of the endogenous agonist and antagonist critical 

pharmacophores was generally very successful, not in producing hM3R selective peptides, but 

highly potent and selective antagonists for the hMC5R. Development of hMC3R selective 
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agonists was accomplished in the second set of peptides, yielding SRJ-16S and SRJ-17S, which 

have been observed to be highly potent hMC3R superagonists with high selectivity over the 

hMC4R. The third set of peptides, which were designed as a mix of hMC3R agonists and 

antagonists, uniformly displayed impotency at the hMC3R, hMC4R, and hMC5R. However, 

these ligands were generally observed to be potent superagonists at the hMC1R with high 

selectivity over the other melanocortin receptors.  

This study reveals some key insights into the nature of the melanocortin receptors as 

well, indicating that substitutions at the Arg
7
 position with larger basic amino acids generally 

improved the selectivity of the peptides for the hMC3R over the other melanocortins, with little 

to no loss in agonist activity at the hMC3R. It has also been demonstrated that the use of highly 

constrained phthalic acid linkers results in unfavorable ligand-receptor interactions at the 

hMC3R, hMC4R, and hMC5R, but results in high potency at the hMC1R.  Finally, the chimeric 

fusion of the endogenous agonist and antagonist pharmacophores did not result in hMC3R 

selective antagonists as predicted, but may be a useful template for the design of hMC5R 

selective antagonists. These strategies provide a basis for the future design of human 

melanocortin receptor selective designs, and may find use in further elucidating the function of 

several of the melanocortin receptors.  
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