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INTRODUCTION
The W-peptide (WKYMVM-NH2/WKYMVmNH2) is a hexapeptide
agonist of the formyl peptide receptor (FPR) family of G-protein coupled
receptors (GPCRs) that act as checkpoints in host defense and can thus be
exploited for anti-inflammatory drugs [1]. Discovered through a
hexapeptide screening, WKYMVM-NH2 was determined to be a
chemoattractant, acting to attract neutrophils to sites of inflammation and
infection [2]. Through later experimentation with D-amino acids showed
that a C-terminal D-Met (WKYMVm-NH2) caused a 120-fold increase in
activity as compared to WKYMVM-NH2, with the EC50 value decreasing
from 60nM to 0.5nM [3]. WKYMVm-NH2 was shown to activate the FPR
family in Class F of GPCRs, including FPR1 and FPR2 [4],[5]. Both the L
and D versions of the W-peptide have been shown to activate FPR2,
whereas the D version also stimulates FPR1 [6]. In vivo the D version has
produced anti-inflammatory effects that have proved therapeutic for
ailments in murine models [7], [8]. To increase the potency and therapeutic
possibility, the W-peptides were synthesized with lipid anchors, as a small
membrane-anchored ligand (SMAL), after use of Membrane Tethered
Ligand (MTL) Technology determined the N-terminal membrane
anchoring to be a viable strategy. Moreover, by increasing the potency of
the L version of the W-peptide, a more specific, targeted therapeutic could
be produced for FPR2, which has been indicated to have cardioprotective
and anti-sepsis effects [7], [9]. The addition of the membrane anchoring by
the lipid tail is hypothesized to increase signal transduction due to the
increased local concentration of the ligand, which is restricted to the two
dimensional surface of the membrane. The lipid tail itself will also allow
interactions with blood serum albumin that should increase the
bioavailability.

OBJECTIVES
v To create a superior anti-inflammatory therapeutic by utilizing lipidation
v To synthesize and purify lipidated W-peptides
v To compare the activity of the lipidated WKYMVM and WKYMVm
peptides
v To analyze interactions of lipidated W-peptides with serum albumin
v To verify membrane anchoring of lipidated W-peptides

CONCLUSION

MATERIALS AND METHODS
Collaborators at the Kopin Lab at Tufts Medical Center used Membrane Tether Ligand (MTL)
Technology to determine the viability of a membrane-anchored version of the W-peptide, as
MTLs activity determined through luciferase assays is often predicative of lipidated peptide
efficacy. MTLs were produced utilizing a cDNA construct that encoded the W-peptide, a
protein linker, and a transmembrane domain anchor. These studies indicated the importance of
the C-terminal amide and verified the N-terminus as the site of membrane anchoring.
Four versions of the W-peptide, with the base sequence of WKYMVM, were synthesized on a
0.1mmol scale with the C-terminal methionine as either L-Met or D-Met (Fig 1). Both soluble
and lipidated versions were created, with the soluble peptides to act as controls in assays. All
peptides synthesized had two Gly residues on the N-terminus as an extension to increase
flexibility upon lipidation. In the lipidated versions, a PEG8 linker was added using N-FmocPEG8-propionic acid and then a palmitic acid to serve as the lipid anchor. All W-peptide were
synthesized on a Rink Amide resin using Fluorenylmethyloxycarbonyl (Fmoc) chemistry by
Solid Phase Peptide Synthesis with C-terminus amidation. The coupling cocktail for each
amino acid residue was prepared with 4 equivalents of amino acid (0.2M in DMF), 3.6
equivalents of HBTU, and 6 equivalents of DIEA. Coupling was performed for 45 minutes
prior to a Kaiser test to verify complete coupling. N-terminal Fmoc deprotection was achieved
by 5 minutes, then 15 minutes of shaking in 20% piperidine/DMF solution. After synthesis,
acid-catalyzed cleavage of the peptide from the resin was performed for 2 hours with stirring
using a Trifluoroacetic acid (TFA) cocktail (4.75mL TFA, 0.125mL water, and 0.125mL
triisopropylsilane) for each 100mg of peptide resin. The work-up after cleavage was done by

Precipitating the peptide in cold diethyl ether. Semiprep Reverse Phase High Performance
Liquid Chromatography (RP-HPLC) was used for purification and Analytical RP-HPLC was
used to determine purity. Molar mass of each peptide was determined by MALDI-TOF MS.
Pure peptides were dissolved in DMSO and concentration was determined using tyrosine and
tryptophan absorbance (ε=6970 cm-1M-1 at 280nm) [10].
In collaboration with Dr. Alan Kopin and co-workers at Tufts Medical Center, we used the
luciferase assay to assess the activation of the different Formyl Peptide Receptors (FPRs) to
determine ligand potency. HEK293 cells were plated and grown for 1-2 days prior to
transfection with 3ng/µL FPR, 25ng/µL of the Sre-Luc-PEST luciferase reporter gene, 10ng/
µL β-galactosidase, and 5 ng/µL of (Gq5i 66v), a G-protein. After 24 hours, the transfected
cells were incubated with peptide for 6 hours. Some assays were performed with washes; after
15 minutes of incubation, cells were washed with 100µL medium three times, then allowed to
incubate in new medium for another 4 hours. Other assays included 45mg/mL bovine serum
albumin (BSA) that was added at the beginning and either allowed to remain for the entire
incubation or washed away after 15 minutes, before another 4 hours of incubation. After
incubation, cells were lysed and treated with SteadyLite, allowing the luciferase activity to be
quantified by spectroscopy. A β-galactosidase assay was performed using an incubation with
2-Nitrophenyl β-D-galactopyranoside at 37°C for 30–60 minutes, and measuring βgalactosidase cleavage through spectroscopy to determine the amount of β-galactosidase. This
data was used to normalize the luciferase data for transfection efficiency.

RESULTS
Results from the luciferase assays with the lipidated and soluble Wpeptides show that there is wash resistance corresponding to the presence
of the lipid, which indicates that the lipidated W-peptides embedded into
the membrane as expected (Fig. 3B). In addition, bovine serum albumin
(BSA) was added to assays to verify activity of the lipidated peptides in its
presence (Fig. 3C). The continued activity with the addition BSA indicates
that the lipidated W-peptides will likely maintain activity in vivo. Increased
luciferase activity in the presence of BSA is due to the interactions of BSA
with the W-peptide; the BSA solvates the peptide into the medium from the
walls of the experimental wells, increasing the amount of peptide available
to stimulate the receptor (Fig. 3C). Though potency and efficiency of the
lipidated WKYMVM-NH2 in the wash conditions did not differ
significantly, this actually indicates that BSA removed more lipidated Wpeptide when washed, as there was increased concentrations from BSA
presence. The decreased activation due to the wash after BSA treatment
demonstrates likely binding of lipidated W-peptide to BSA.

As expected, the potency of the lipidated version of the WKYMVm-NH2
was significantly different than the potency of the corresponding version of
the WKYMVM-NH2 on FPR1 (Fig 4). It is almost 150 times more potent
on FPR1 (144.1nM vs 0.976nM). This indicates that the specificity of
WKYMVM-NH2 for the FPR2 receptor remains after lipidation.

Peptide

Potency
(EC50)

Efficiency
(Emax)

Soluble GGWKYMVM-NH2

776.6nM

64.212

Lipidated GGWKYMVM-NH2

144.1nM

78.961

Soluble
WKYMVM-NH2

784.5nM

79.302

Soluble GGWKYMVm-NH2

6.531nM

86.697

Lipidated GGWKYMVm-NH2

0.976nM

82.636

Soluble
WKYMVm-NH2

16.73nM

100

Figure 4. W-peptide Activation of FPR1 in transiently transfected HEK293 cells. Luciferase
Activity and Emax normalized to maximum activity of soluble WKYMVm-NH2 on FPR1. Peptides
with the WKYMVm-NH2 sequence show significantly better potency and increased efficiency as
compared to those with only L- amino acids as expected from the literature [6].
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Figure 1. The synthesized lipidated L version of the W-peptide. The arrow indicates the location of the
difference between the L and D versions; the stereochemistry of the C-terminal methionine. The A two
glycine extension is present on the N-terminus. The PEG8 linker is shown in blue. The lipid, palmitic acid,
is shown in red.
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The use of membrane-tethered ligand technology to predict increases in
potency upon synthesis as soluble membrane anchored ligands proved
successful. The wash resistance indicates that the improved receptor
activation is due to increased local concentration of the ligand through the
embedment of the lipid tail into the cellular membrane. Moreover, the
lipidated GG-WKYMVM-NH2 was shown to have lower potency at the
FPR1 as compared to the WKYMVm-NH2 peptides, verifying the
specificity for FRP2 of the L version of the W-peptide, even with
lipidation. The continued activation of FPR2 with the presence of BSA
indicates that the lipidated, glycine extended (L) W-peptide will likely be
active in vivo. As such, we hope to pursue testing on animal models of
inflammation and wound healing to determine the therapeutic potential in
humans. Ultimately, we hope that the synthesized version of the (L) Wpeptide will act as a potent, specific agonist for the FPR2 and have the
bioavailability and efficacy necessary to make it a successful therapeutic.
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Figure 2. A depiction of a small membrane anchored ligand (SMAL) embedded in the membrane through
the palmitic acid shown in red. The PEG8 linker, shown in blue, provides the flexibility that allows the
ligand to interact with the GPCR and stimulate intracellular signaling. The SMAL synthesized had the Wpeptide as the ligand.
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Figure 3. Luciferase Activity in HEK293 cells transiently transfected with FPR2. Normalized to maximum activity of soluble WKYMVm-NH2 on FPR2 without BSA or wash. A. W-peptide Activation of FPR2. B. Wpeptide Activation of FPR2 after Wash. C. W-peptide with BSA Activation of FPR2. D. W-peptide with BSA Activation of FPR2 after wash.

