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Abstract

 To investigate the molecular interactions of a ligand at the human melanocortin-4 

receptor (hMC4R), novel synthetic peptide analogues based on MTII and SHU9119 scaffolds 

have been designed and synthesized.  Melanocortin-4 receptor regulates diet  as well as tolerance 

towards neuropathic pain in response of opioids.  Development of MC4R selective ligands is a 

very important aspect of drug design for therapeutic purposes to distinguish from known MC1, 

MC3, and MC5 receptors.  Based on MTII and SHU9119 ligands, which are non-selective for 

the melanocortin receptor subtypes, novel ligands have been designed to improve selectivity.  

The CJS series of peptide analogues modeled SHU9119 and two linear MC4R selective 

analogues, JK1 and JK64.  The VVK series substituted the natural His of endogenous α-MSH 

for β-amino acids, inducing a β-turn.  The series of peptide analogues synthesized were 

developed using solid phase peptide synthesis using Nα-Fmoc chemistry and cyclization was 

performed using single mode microwave technology.  Use of microwaves for cyclization and 

purification proved difficult for the synthesis of the cyclic peptide series.  The structure-activity 

relationship  (SAR) data for the peptide, VVK100, showed selective binding (IC50 =14 nM) at the 

MC-3 receptor rather than at the MC-4 receptor.  Future SAR studies will be conducted for the 

VVK and CJS series of peptides to investigate melanocortin receptor specificity. 
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I. Introduction

The melanocyte-stimulating hormones: α-MSH, β-MSH, and γ-MSH, and 

andrenocorticotropic hormone (ACTH) are involved in the regulation of various physiological 

functions in the central nervous system and peripheral tissues.3,4  The melanocortin peptides are 

produced in the pituitary gland and peripheral sites, as a result of post-translational cleavage of 

the pro-hormone, pro-opiomelanocortin (POMC).3,4  For example, the tridecapetide αMSH (Ac-

Ser-Tr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2) plays a role in the modulation of 

feeding behavior, sexual function, skin pigmentation, pain perception, thermoregulation, and 

other processes.3,4  Particular focus in research has been the continued investigation of the 

functions of melanocortin peptides, which has led to the current and future research interest  of 

melanocortin receptors.  

Biological processes of the melanocortin peptides are mediated by the melanocortin 

receptors (MCRs).  Five known melanocortin receptor subtypes (hMC1R- hMC5R) were 

investigated and cloned.6,13  The melanocortin receptors belong to the G-protein coupled receptor 

(GPCR) family, which are characterized by  a seven transmembrane structure and production of 

intracellular cyclic adenosine monophosphate (cAMP) activity.4  Investigation of the 

melanocortin peptides shows the conservation of the core tetrapeptide sequence, His-Phe-Arg-

Trp.9  This sequence is crucial for melanocortin receptor binding and second messenger 

activation.3,4  Notable characteristics of this sequence are the bulky aromatic rings (His and Trp) 

and two basic hydrophilic amino acids (His and Arg).3,4  The residues, Trp and Phe, appear to be 

essential to molecular recognition and the His and Arg residues, are less essential to the stability 

of the peptide-receptor complex.3,4  This core sequence has been utilized for the design of α-
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MSH peptide analogues resulting in the development of potent and highly selective agonists and 

antagonists for each of the melanocortin receptor subtypes.

The melanocortin receptors have also been associated with various physiological 

functions.  The role of MC1R in pigmentation and the role of MC2R in adrenocrotical 

steroidogensis are well known.4  MC3R has been shown to aid in the regulation of feeding 

behavior and blood pressure.4  MC5R is associated with regulation of exocrine gland 

coordination. 4  Furthermore, the melanocortin receptors are observed to play role in adipocyte 

lipolysis, thermal control, sexual functions, and cognitive processes, among several other 

functions.4  Because of the vast array  of biological roles the melanocortin receptors mediate, 

interest in this research is vital and its clinical application is indisputable.

 The particular focus in this research project  is MC4R.  MC4R is widely expressed in the 

brain and spinal cord.  MC4R plays a role in regulation of feeding behavior, weight homeostasis, 

sexual function, and is also involved in the modulation of nociception.20  It is also involved in the 

reversal of tolerance in the treatment of opioids.  Due to the importance of these functions, 

peptides selective for MC4R are also of great importance, specifically the design of an MC4R 

selective antagonist for the treatment of neuropathic pain when coupled with an opioid agonist.

Treatment of neuropathic pain is a multi-billion dollar market every  year.19 It has been 

found that opioids can relieve neuropathic pain, but in the disease state, opioid tolerance can 

result in an increase of pain.  In addition, during the disease state, MC4R in the spinal cord 

produces an increase response to pain stimuli.20 Development of an antagonist selective for 

MC4R and an opioid agonist, might enhance opioid efficacy and as a result, alleviate neuropathic 

pain.
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 In addition to neuropathic pain, MC4R has been shown to regulate feeding behavior.  

Obesity, defined as having a body mass index (BMI) of over 30, affects approximately  127 

million adults, including 9 million classified as extremely obese with a BMI of over 40.14  It is 

the second leading cause of preventable death in the U.S. with approximately 400,000 deaths per 

year related to poor diet and inactivity.14  Obesity is associated with cardiovascular disease, 

diabetes, hypertension, high cholesterol, stroke, etc.  Selective MC4R antagonists have shown an 

increase in food intake and conversely, MC4R agonists have shown the opposite effect.4  As a 

result of its clinical implications and biological role, development of ligands with increased 

selectivity for MC4R is of great importance.

 

Design of Ligands

Modeling the core sequence of α-MSH non-specific peptide analogues have been 

designed.  NDP-α-MSH or Melanotan-I (MTI), Ac-Ser-Tyr-Ser-Nle-Glu-His6-DPhe7-Arg8-Trp8-

Gly-Lys-Pro-Val-NH2 was an analogue designed substituting Phe7 with DPhe and Met with Nle.

15  NDP-α-MSH is a non-specific, super potent agonist in comparison to endogenous α-MSH.  

Future α-MSH analogues exhibit a cyclic scaffold, which constrains peptide conformation and 

increases peptide stability.  Cyclic analogue, Melanotan-II (MTII, Ac-Nle-c[Asp-His-D-Phe-Arg-

Trp-Lys]-NH2), is another non-specific superpotent agonist of the melanocortin receptors.1 The 

biological activity for α-MSH, MTI, and MTII is represented in Table 1.  MTI and MTII have 

inhibition concentrations much lower than α-MSH.  Both MTI and MTII have binding affinities 

lower than 2.0 nM.  The cyclic design of MTII constrains the conformation of the flexible linear 

peptide backbone and thus results in an improvement in receptor binding and thus induces the 
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desired “bioactive” conformation. Since its discovery  by Hruby, et. al., the MTII scaffold has 

been modeled extensively for various analogue design.1

Table 1. Bioactivity data for α-MSH, MTI, and MTII.1

Peptide Structure MC3R MC4R MC5R

IC50 (nM) IC50 (nM) IC50 (nM)

α-MSH Ac-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2 50.04 38.70 557

MTI Ac-Ser-Tyr-Ser-Nle-Glu-His-D-Phe-Arg-Trp-Gly-Lys-Pro-Val- NH2 1.17 1.16 0.86

MTII Ac-Nle–c[Asp-His–D-Phe-Arg-Trp–Gly-Lys]-NH2 1.52 2.38 6.27

IC50: Inhibition concentration at 50% maximal stimulation

Another cyclic α-MSH analogue is SHU9119 (Ac-Nle–c[Asp-His–DNal(2′)-Arg-Trp–

Gly-Lys]-NH2).4  SHU9119 is a highly potent, non-selective antagonist of the MC3R and MC4R 

and weak agonist of MC1R and MC5R.4  The preferred 23-membered ring structure increases 

ligand potency.4  Further research has proposed that an insertion of a residue between the Trp  and 

Lys of SHU9119 increases the lactam bridge to a more “flexible 26-membered ring system.”4  

This modification was found to be important for accessing a biologically active peptide 

conformation.8  Research from Wels, Jruijtzer, et. al. about the linear sequence shows the 

development of selective MC4R agonists, JK1 and JK64.21  The sequence of JK1 introduces a 

substitution of positions 5 and 6 with Gly and Lys residues, respectively.  The sequence of JK64 

substitutes Lys for Arg at residue 6.21  In search of a selective MC4R antagonist, SHU9119 will 

be used as a model template combining the features of SHU9119 and the linear analogues of JK1 

and JK64 in a cyclic form. Alanine insertion between the Lys and Trp of SHU9119, which 

improves the biological activity towards MC4R, and further substitution of the His residue at the 
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sixth position will be evaluated for improved MC4R selectivity  and potency. These substitutions 

will introduce varying charged residues and neutral side chains (Table 2). 

Table 2. Common melanocortin ligands and proposed cyclic analogues.

Peptide Sequence
 α- MSH Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-NH2

SHU9119 Ac-Nle–c[Asp-His–DNal(2′)-Phe- Arg-Trp–Gly-Lys]-NH2

JK1 Ac-Nle-Gly-Lys-DPhe-Arg-Trp-Gly- NH2

JK64 Ac-Nle-Gly-Arg-DPhe-Arg-Trp-Gly- NH2

CJS097 Ac-Nle-c[Asp-Lys-DNal(2′)-Arg-Trp-Ala-Lys]-NH2

CJS098 Ac-Nle-c[Asp-Arg-DNal(2′)-Arg-Trp-Ala-Lys]-NH2

CJS099 Ac-Nle-c[Asp-Gln-DNal(2′)-Arg-Trp-Ala-Lys]-NH2

CJS100 Ac-Nle-c[Asp-Asn-DNal(2′)-Arg-Trp-Ala-Lys]-NH2

 

The SHU9119 analogue, PG901 (Ac-Nle-c[Asp-Pro-DNal(2´)-Arg-Trp-Lys]-NH2), is 

active as a full agonist for MC5R and an antagonist  for MC3R and MC4R.7  PG901 substitutes 

Pro for His in comparison to SHU9119.  Structural analysis of MTII and SHU9119 has shown 

that there is a natural occurring β-turn between His/Pro - Phe/DNal(2′) which induces receptor-

binding.  In PG901, the presence of the proline residue may create a rigid peptide conformation, 

thus effecting the naturally occurring β-turn.

β-amino acids are well known to induce β-turns. Peptide analogues will be modeled on 

basis of PG901 with the substitution of β-amino acids: βHoLys, βAla, βHoPro, βHoArg for Pro.   

Their presence in the melanocortin peptide analogues is a novel design.  Both agonist (Table 3) 

and antagonist (Table 4) ligands will be investigated by  substituting β-amino acids for His from 

MTII and SHU9119, respectively.  The motivation being that the rigidity  caused by the β-turn in 

PG901 may be the reason for non-selectivity between MC3R and MC4R.  The design involves 
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β-amino acids of positively charged residues (βHoLys, βHoArg, βHoPro) and a neutral beta 

amino acid (βAla).

 Table 3. Agonist cyclic MC4R selective analogues.

Peptide Sequence
VVK101 Ac-Nle-c[Asp-βHoLys –D-Phe-Arg-Trp-Lys]-NH2

VVK201 Ac-Nle-c[Asp-βAla-D-Phe-Arg-Trp-Lys]-NH2

VVK301 Ac-Nle-c[Asp-βHoArg-D-Phe-Arg-Trp-Lys]-NH2

VVK401 Ac-Nle-c[Asp-βHoPro-D-Phe-Arg-Trp-Lys]-NH2

Table 4. Antagonist cyclic MC4R selective analogues.

Peptide Sequence
VVK100 Ac-Nle-c[Asp-βHoLys-DNal(2′)-Arg-Trp-Lys]-NH2

VVK200 Ac-Nle-c[Asp-βAla -DNal(2′)-Arg-Trp-Lys]-NH2

VVK300 Ac-Nle-c[Asp-βHoArg -DNal(2′)-Arg-Trp-Lys]-NH2

VVK400 Ac-Nle-c[Asp-βHoPro -DNal(2′)-Arg-Trp-Lys]-NH2

Solid Phase Peptide Synthesis, Cyclization, and Structure-Activity Analysis

 In 1963, Bruce Merrifield first introduced solid phase peptide synthesis (SPPS).16,18  The 

principle of SPPS involves attaching the C-terminal residue of the peptide to an insoluble 

polymer and elongating the peptide chain toward the amino end of the peptide.  Using the 

polymer supported chain eliminates the purification at intermediate steps and can be substituted 

with simple washings and filtrations of the resin in a suitable reaction vessel.16,18   

 The scheme of solid phase peptide synthesis (Figure 1) involves an insoluble polymer, 

which has a reactive group or the “linker” connecting the resin to the C-terminal residue of the 

growing peptide chain.  The amino acid for the C-terminal residue of the peptide will have a 
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protecting group on the amino group.  The first amino acid is then added to the reactive polymer.  

A reagent is then added to the protected aminoacyl polymer to remove the protecting group.  The 

reagent used does not harm the C-terminal residue and a stable-blocking group  must also be used 

to protect the amino acid side-chain functional groups.  The removal of the amino-protecting 

group allows the addition of the next amino acid to the peptide chain via a coupling reaction.  

Again, the α-amino group must be protected with a protecting group.  The procedure of 

deprotection and coupling occurs until the peptide chain is synthesized. The last step involves 

deprotection of the final N-terminal protecting group.  The peptide and its orthogonal protecting 

groups are cleaved from the resin by an appropriate cleavage solution.  The entire process is 

monitored using the Kaiser reaction to ensure efficient deprotection and coupling through the 

detection of free amines.16,18

Figure 1. Scheme of solid phase peptide synthesis.2 
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The ligands were synthesized using Nα-Fmoc (9-fluorenylmethoxy carbonyl) chemistry 

with an appropriate orthogonal protection strategy.  The use of the Fmoc protecting group  has 

been used to afford milder conditions for protection and deprotection steps.  Fmoc is cleaved by 

the use of a base, usually 20% piperidine in DMF (Figure 2).  

Figure 2. Deprotection of Fmoc protecting group with 20% piperidine.3

Cyclization of the peptides was conducted after removing the Allyl and Alloc protecting 

groups under neutral conditions with catalytic amounts of Pd(PPh3)4 in the presence of PhSiH3 

and argon, assuring an orthogonal deprotection of the side chain protecting groups used during 

the synthesis.  Preliminary competitive bioassays will be conducted in order to evaluate MC4R 

binding affinity to human embryonic kidney (HEK) cells expressing human MCR.  Secondary 

messenger, cAMP, assays will be performed to test antagonist or agonist peptide activity.  

Microwave Chemistry

 Microwave radiation is a form of energy  with a frequency of 300 to 300,000 megaHertz

(MHz).10  This frequency range causes molecules to rotate without bond cleavage, which 
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increases the rotational kinetic energy  and leads to an increase in the thermal energy of the 

system (Figure 3).  When utilized in organic chemistry, the result can be profound, reducing the 

time required to complete reactions normally occurring over several hours to several minutes.  In 

the 1990s, an interest for the exploration of microwave technology in a smaller scale was 

developed.5,10,12  Multiple mode microwave energy systems, such as seen in the conventional 

microwave ovens, produce heat that would allow for too many modifications on such a small 

scale.  Therefore, the development of a single mode of energy  during the irradiation cycle was 

pursued. 10,12

Figure 3. Electromagnetic spectrum.4 

 Microwaves exhibit properties of a wave.  They periodically cycle between high and low 

amplitudes and between the maximum and minimum is a point where the amplitude is equal to 

zero, called the node.  Commercial microwaves use multiple modes of microwave energy, 

resulting in regions of high and low field amplitudes within the cavity  being heated.  In a single 

mode cavity the energy goes into only one wave versus multiple waves.  In doing so, this creates 

a region of high electromagnetic field energy and a homogenous distribution of energy in the 
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area where the synthesis occurs.  A single mode cavity also gives the advantage of increasing the 

energy density within a given amount of space, although it has a maximum power output of only 

300 Watts.10,12

 The heat transfer from a microwave differs from a conventional heating apparatus, i.e. a 

hot plate.  Microwave energy increases the kinetic energy of the sample directly leading to an 

increase in the temperature, in contrast to the sequential heating of the vessel and subsequent 

heating of the sample.  Microwave energy increases the temperature of the solution within the 

reaction vessel allowing for more efficient energy transfer to the reaction mixture. The 

homogeneous energy distribution produced by the microwave ensures that an equal amount of 

heat is distributed throughout the entire volume of the reaction mixture.  As a result, the reactants 

at the center of the reaction receive the same amount of energy as the reactants in the outer areas 

of the vessel. Various solvents and reagents will absorb microwave energy differently.10,12  

 Currently, the use of microwave energy for cyclization in peptide synthesis is being 

explored.5  The effectiveness of microwave technology for peptide synthesis is dependent on the 

peptide sequence.  In some peptide sequences, expected decreases in reaction time during chain 

assembly  were observed, while in other sequences synthesized, no improvements were observed.  

Further research shows that optimal conditions for efficient reagent penetration are dependent on 

complete solvation of the peptide-polymer matrix.  During the growth of the peptide chain 

(6-12th residue), the reagents become partially  inaccessible.  It is assumed that this is due to the 

creation of aggregates with the resin beads and neighboring chains via unwanted inter or 

intramolecular hydrogen bonding of the peptide backbone.10,12    
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Further advantages using microwave heating techniques for peptide synthesis is currently 

under research.  It  is considered that the polar N-terminus amine group and peptide backbone 

will align with the electric field of the microwave.  This unique property of the peptide chain can 

help  to unravel chain aggregates, therefore making the growing end of the chain accessible to 

reagents and microwave energy.5  During peptide synthesis, the SPPS solvents, N,N-

dimethylformamide (DMF) and dichloromethane (DCM), are both low absorbers of microwave 

energy.10,12  Due to their low absorption, this allows for efficient use of the microwave energy to 

heat the reactants, resulting in a decreased reaction time. 5,10,12 
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II. Experimental 

General Procedures

Nα-Fmoc-Lys(Alloc)-OH, Nα–Fmoc-Ala-OH, Nα–Fmoc-Trp(Boc)-OH, Nα–Fmoc-Arg(Pbf)-OH, 

Nα–Fmoc-Phe-OH, Nα–Fmoc-D-Ala(2-naphthyl)-OH, Nα–Fmoc-Lys(Boc)-OH , Nα–Fmoc-Gln-

OH, Nα–Fmoc-Asn(Trt)-OH, Nα–Fmoc-Asp(Oallyl)-OH, Nα-Fmoc-βAla-OH, Nα-Fmoc-DPhe-

OH, and Ac-Nle-OH were purchased from Chem-Impex (Wood Dale, IL). Nα-Fmoc-βHoLys

(Boc)-OH was purchased from Novabiochem (EMD Biosciences, San Diego, CA).  Rink Amide 

AM  resin (0.68 mmol/g) was purchased from Novabiochem (EMD Biosciences, San Diego, CA).  

HBTU and HOBt were purchased from Synpep (Synpep Corporation, Dublin, CA).  Reagents 

used for SPPS were purchased from the following:  Trifluoroacetic acid (EMD, San Diego, CA); 

piperidine, tetrakis(triphenylphosphine) palladium(0), phenylsilane, diisopropylethylamine 

(Aldrich, St. Louis, MO).

 For peptide purification and analysis, the Hewlett-Packard 1100 series Liquid 

Chromatograph with a C18 semi-preparative column was used.  The separations were monitored 

with a Hewlett-Packard 1100 series multiple variable wavelength UV detector at 230 and 280 

nm.  Mass spectrometry was performed by the University  of Arizona’s Mass Spectrometry  and 

Protein Sequencing Facility.

Solid-Phase Peptide Synthesis

Solid-phase synthesis of lactam-bridged peptides was conducted using Rink Amide AM  Resin 

with Nα-Fmoc protection (Figure 4).  Reactive side-chain groups were protected as follows: Asp
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(Oallyl), Lys(Alloc), Lys(Boc), Arg(Pbf), Asn(Trt), β-Homolys(Boc), and Trp(Boc) (Figure 5).  

Rink amide AM was weighed out on an analytical balance.  The resin was swelled by treatment 

with dichloromethane (DCM) and then treated with a 1:1 solution of dichloromethane and N,N–

dimethylformamide (DMF).  The resin was then deprotected cleaving the Nα-Fmoc resulting in a 

free amine terminal.  A 20% piperdine solution in DMF was used for deprotection of the Nα-

Fmoc protecting group (1 x 5 minutes, 1 X 20 minutes).  The resin was then washed with DMF 

(3 x 2 minutes each) and DCM (3 x 2 minutes each). A Kaiser test was performed to test  the 

presence or absence of a primary  amine.  The test involves carefully transferring a minute 

amount of resin to a capillary  tube and adding reagents A, B, and C (Reagent A: ninhydrin(0.5 g) 

in EtOH (10 mL); Reagent  B: phenol (80 g) in EtOH (100 mL); Reagent C: KCN (0.5 mL, 1 

mmol/L in H2O), pyridine (22.5 mL)).  The capillary tube is then placed inside a heating block 

set at 100 degrees Celsius for 3 minutes.  The beads were dark shade to blue-purple indicating a 

positive Kaiser test for a free amine terminal.  Coupling of amino acids to the resin was 

performed by  adding 3 molar equivalents of amino acid in DMF with 3 molar equivalents of 

HBTU and HOBt and 6 equivalents of N,N-diisopropylethylamine (DIPEA).  The amino acid 

coupling was subjected for one hour and 30 minutes.  A Kaiser test was then performed to ensure 

that the coupling was completed.  A negative test was represented by yellow or colorless beads of 

the resin.  The remaining amino acids were coupled sequentially.  Deprotection was not 

performed on the aspartic acid residue. Further orthogonal deprotection on aspartic acid and 

lysine was performed followed by cyclization resulting in a lactam bridge. Upon completion of 

the peptides, cleavage of the peptide from the resin was performed using a cleavage solution of 

95% TFA, 2% TIS, 2% water, and 1% EDT. Cleavage was performed for 2 hours on a shaker at 
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800 RPM.  Components added to the TFA were used to remove the side-chain protecting groups 

in solution upon cleavage.  The resin was then filtered using a syringe and washed with 

additional TFA.  The TFA-peptide solution was then separated equally  and transferred to 15 mL 

polypropylene centrifuge tubes.  The peptide was then precipitated with 15 mL of diethyl ether.  

The tubes were spun in a centrifuge three times for 10 minutes each.  The diethyl ether layer was 

discarded.   The pellet was then air dried.  The crude peptide was then dissolved in methanol in 

preparation for purification by column chromatography using a C18 column.

 

Cleavage solution 

Figure 4. Basic scheme of Nα-Fmoc solid phase peptide synthesis, including deprotection and coupling.

Cyclization of Lactam-Bridge

Peptides CJS and VVK series were synthesized using the SPPS method described.  Nα-

Fmoc-Asp(allyl)-OH and Nα-Fmoc-Lys(alloc)-OH were used for sidechain-to-sidechain 

cylization of the peptides.  The overall scheme of cyclization is depicted in Figure 6.  The 

orthogonal deprotection was conducted in an inert atmosphere under argon. The dried resin was 

swollen in dry DCM followed by the addition of 0.25 eq. tetrakis(triphenylphosphine) palladium
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(0 dissolved in dry DCM and then 24 eq. of phenylsilane for 30 minutes.  The resin was then 

washed with DCM, and further with 12 eq. of DIPEA in DCM as a base wash, followed by 6 eq. 

HOBt in DCM. Then, washings with 5% Na-diethyldithiocarbamate trihydrate in DMF, ensured 

the removal of palladium catalyst.  The resin is further washed 3 times each with DMF and 

DCM.  Deprotection is confirmed with a positive Kaiser test.  The cyclization reaction was 

performed to couple the Asp and Lys sidechains.  Microwave conditions are applied for the 

cyclization of the peptide, with 50W of energy at 100°C for 10 seconds, 5 to 8 times, and then 

200W of energy for 8 seconds, 2 to 4 times. The lactam cyclization is conducted in DMF, with 3 

eq. of HBTU, 3 eq. HOBt, and 6 eq. DIPEA. During each cycle the test  tube containing resin & 

coupling reagents were subjected to cooling in an acetone-dry ice bath, thus reducing the 

temperature generated by microwave energy.  Optimal conditions are still extensively  in 

progress.  Deprotection of the terminal Fmoc was performed followed by coupling of Ac-Nle-

OH.  After coupling, the resin was vacuum dried.  Cleavage was performed as described.

Peptide Purification and Analysis 

Peptide purification was carried out using preparative Reverse Phase-HPLC using Vydac  

C18 bonded silica column. The peptides were injected onto the column at a concentration of 2 

mg/mL in 20% aqueous acetonitrile and were eluted by a gradient of acetonitrile (10 to 90%) in 

40 minutes at a flow rate of at a flow rate of 3 mL/min, with a constant 0.1% TFA concentration.   

The separations were monitored at  230 and 280 nm.  Fractions, corresponding to the major peak, 

were collected.  Peptides were further characterized by analytical HPLC and mass spectrometry.

Salibay  16   



Competitive Binding Assay

Competition binding assays were performed on whole cells expressing all hMC1, hMC3, hMC4, 

and hMC5 receptors.  The human melanocortin receptors were transfected into human embryonic 

kidney  (HEK) cells.  The HEK293 cell line with hMCRs were seeded onto 96-well plates 

approximately 48 hours before the assay, 50,000 cells/well. During the experiment, the medium 

was removed and the cells were washed twice with essential medium and Earle’s salt (MEM; 

GIBCO, Carlsbad, CA), 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.  The cells were then incubated 

with different concentrations of unlabeled peptide and labeled with [125I]-[Nle4,D-Phe7]-α-MSH 

(Perkin-Elmer Life Sciences, Freemont, CA)  for 35 minutes at 37ºC.  The assay  medium was 

then removed and the cells were washed with MEM  and lysed with 100 µL of 0.1 NaOH and 100 

µL of 1% Triton X-100.  The lysed cells were transferred to 12 x 75 mm glass tubes and   the 

radioactivity  was measured using the Wallac 1470 WIZARD Gamma Counter (Wallac, Jefferson, 

NY).  Data was analyzed using Graphpad Prism 4.0 (Graphpad Software, San Diego, 

CA). 
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II. Results and Discussion

All the peptides were synthesized by  standard solid phase synthesis using Nα-Fmoc 

chemistry and were purified by preparative RP-HPLC to afford greater than 98% purity, with 

yields above 20 %.  Refer to Appendix A for a summary of the analytical data of the peptide 

analogues. The presence of the synthesized peptides were confirmed by Mass Spectrometry 

analysis.  For the mass spectra, see Appendix B.  Deprotection and coupling was monitored by 

performing a Kaiser test.   Each coupling and deprotection concluded in negative and positive 

Kaiser test results, respectively.  The lactam cyclization was monitored with a negative Kaiser 

test.

 Cleavage of the crude peptides form the resin was accomplished by  using the cleavage 

cocktail solution.  The scavenger, water, TIS, and EDT, were needed in solution to avoid the side 

reaction creating a t-butylated peptide.  Cleavage was performed for two hours at room 

temperature under argon to give the crude peptide as a white solid.  Peptide analogues were 

purified using Reverse Phase-HPLC.  For the HPLC graphs, see Appendix C. All the peptide 

analogues had a less than 30% yield.

 The difficulty in purification of the peptide is likely due to the higher temperature 

generated from the microwave energy. Also, the solvent, DMF, used in the cyclizing conditions is 

found to be unsuitable producing more side reactions and thus impurities.  Optimal conditions 

for use of the microwave energy  are extensively in progress.  Appropriate changes to the number 

of cycles, length of reaction time, and power is dependent on the peptide sequence.
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The CJS series were exposed to 200 Watts for a total of 10 seconds over 4 cycles using 

DMF with 5% DCM solution.  VVK100 was exposed to 50 Watts for a total of 10 seconds over 8 

cycles.  VVK101 was exposed to 50 Watts for a total of 10 seconds over 5 cycles and 200 Watts 

for 8 seconds over 6 cycles. VVK200 was exposed to 50 Watts for 10 seconds over 8 cycles and 

exposed to 200 Watts in for 8 seconds over 4 cycles.  A second addition of coupling reagents 

HBTU, HOBt, and DIPEA was added to the cyclization of VVK200 after the 8 cycles of 50 

Watts because cyclization was not  completed.  VVK201 was exposed to 50 Watts for 10 seconds 

over 6 cycles and 200 Watts for 8 seconds over 8 cycles.  Three additions of coupling reagents 

were added to the cyclization of VVK201 after every other cycle of 200 Watts because 

cyclization was not completed.  A 1:1 ratio of DMF: DCM solvent was utilized in the cyclization 

of all the VVK peptides.

Furthermore, specific problems in peptide synthesis may be due to the peptide sequence 

or the resin. The styrene-based resin may  pose problems in mechanical stability  and flexibility  of 

the crosslinks formed.11  Crosslinking can result in rigidity of the resin structure.

Synthesis of CJS097, CJS098, and CJS099 was repeated for a total of three runs using the 

microwave but were discarded due to difficulties with the cyclization step.  Synthesis was 

performed again for the CJS series, including CJS100, and a different procedure to deprotect the 

allyl and alloc in preparation for cyclization was utilized using a 1:2:1 ratio of the palladium in 

chloroform, acetic acid, and N-methylmorpholine, instead of phenysilane.  However, 

deprotection was not achieved with this mixture.  Synthesis of CJS097, 98, 99, and 100 has been 

repeated and are awating deprotection.  
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The bioassay analysis for the peptide analogue VVK100 with the βHoLys substitution for 

His was conducted (Table 4).  Data analysis was performed using GraphPad Prism 4.0.  The 

bioactivity data for VVK100 indicates selective binding affinity  for MC3R in the nanomolar 

range.  The IC50 value of VVK100 is 14 nM, which represents a 120-fold selectivity for this 

receptor relative to MC4R.  It  also shows a 30-fold increase in selectivity relative to MC1R and a 

2-fold increase in selectivity relative to MC5R.  This finding indicates the design of β-amino 

acids may increase specificity for melanocortin receptor binding.  The biological analysis of 

these two series of peptides will yield valuable information about the nature of ligand-receptor 

interaction, thus resulting in the synthesis of melanocortin receptor specific drugs. 

Table 4. In vitro binding activities at human melanocortin receptors.

ID hMCR1

IC50

(nM)

hMCR3

IC50

(nM)

hMCR4

IC50

(nM)

hMCR5

IC50

(nM)
VVK100 400 14 1654 36

IC50: Inhibition concentration at 50% maximal stimulation

III. Conclusions and Future Work

In this research, the CJS and VVK series of peptides were synthesized. Synthesis of 

CJS097, CJS098, and CJS099 was conducted using microwave techniques during cyclization 

and there was much difficulty in purification and cyclization.  The VVK series of peptides 

resulted in low yields and also posed problems in purification and cyclization.  Optimal 

conditions for cyclization using the microwave will continue to be investigated by  varying 

reaction time, power used, solvent ration (DMF: DCM), and number of cycles.  From this work, 

it is clear that microwave conditions are highly dependent on the peptide sequence.  Biological 
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activity data reveals that the incorporation of the β-amino acid, βHoLys, increases selectivity  for 

MC3R relative to the other melanocortin receptors.  Bioassays for the β-amino acid series of 

peptides will be performed in future analyses.  This initial bioactivity  data shows evidence that 

the analogue sequence may facilitate modeling and discovery  of ligands with increased 

selectivity between MC4R and MC3R.  

Future work will include re-synthesis of peptides and synthesis of VVK300, 301, 400, 

and 401 exploring further structure-activity studies with respect to ligand specificity and potency 

toward MC4R.  Ligands synthesized will be purified to exceed 98% purity.  Binding assays will 

be conducted using transfected mammalian cell lines with melanocortin receptors (hMC1-hMC5) 

to test the ligands’ antagonist activity.  Second messenger assays will be conducted to test for 

cAMP activity.  With the designed and synthesized ligand, the most potent and selective 

sequences will be chosen from the SAR studies. The peptide sequences may then be coupled to 

an opioid pharmacophore, as a bifunctional peptide.  Discovery of an MC4R selective peptide 

will be modeled for future ligands in treating neuropathic pain and feeding behavior. 
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Figure 5. Side-chain protected amino acids.

    Fmoc-Asp(OAllyl)-OH                   Fmoc-Asn(Trt)-OH

   Fmoc-Lys(Alloc)-OH                                     Fmoc-Lys(Boc)-OH

   Fmoc-Arg(Pbf)-OH                                   Fmoc-Trp(Boc)-OH

  Fmoc-Asn(Trt)-OH               Fmoc-β-Homolys(Boc)-OH
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Figure 6. Cyclization scheme of lactam-bridged peptides.

 

Cleavage from Resin 

Pd(PPh3)4/PhSi3/DCM 

HBTU/HOBt/DIPEA/DMF/DCM 

Ac-Nle/HBTU/HOBt/DIPEA/DMF/DCM 

Asp(Allyl)-Lys(Boc)-DNal(2′)-Arg(Pbf)-Trp(Boc)-Ala-Lys(Alloc)-NH2— 
 

COOH NH2 

Asp-Lys(Boc)-DNal(2′)-Arg(Pbf)-Trp(Boc)-Ala-Lys-NH2— 
 

Asp-Lys(Boc)-DNal(2′)-Arg(Pbf)-Trp(Boc)-Ala-Lys-NH2— 
 

Ac-Nle-Asp-Lys(Boc)-DNal(2′)-Arg(Pbf)-Trp(Boc)-Ala-Lys-NH2— 
 

Ac-Nle-Asp-Lys-DNal(2′)-Arg-Trp-Ala-Lys-NH2 
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APPENDICES

Appendix A…………...………………………………...Analytical Data for CJS and VVK Series 

Appendix B………………………………………….…..Mass Spectrum for CJS and VVK Series 

Appendix C……………………………………………………......HPLC for CJS and VVK Series
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