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Table S1: List of peptides and their modifications. 
aPeptide sequences: Amino acid residues are represented in single letter code; Ac = Acetylated N-
terminus; GSGSG = linker containing five amino acids; D-FFG = D-amino acid has been used for the first 
phenyl alanine residue; Z-D-FFG = Z is carbobenzoxy attached to the N-terminus of the D-FFG sequence.  
bPeptide types: FIP = Fusion Inhibitory Peptide; HRC= measles HRC derived peptide sequence starting 
from residue 450 and ending at residue 485 in measles F protein;  
cPEG = polyethylene glycol; Chol = Cholesterol); d(Peptide = HRC/ FIP-HRC/ FIP)  

 Peptideb                                           Sequence of Peptidea 
 

Monomer 
HRC450-485 Ac-PPISLERLDVGTNLGNAIAKLEDAKELLESSDQILR-GSGSG-C 

FIP-HRC450-485 Z-D-FFG-GSGSG-PPISLERLDVGTNLGNAIAKLEDAKELLESSDQILR-GSGSG-C 

FIP Z-D-FFG-GSGSG-C 
 

 Lipid-Peptide 
Conjugate 

                        General Structure of Lipid-peptide Conjugated 

 
 
 

Monomer 
Chol 

HRC450-485-chol 

 

FIP-HRC450-485-chol 

FIP-chol 
 

 
 
 

cMonomer 
PEG Chol 

HRC450-485-PEG4-chol 

 

FIP-HRC450-485-PEG4-chol 

FIP-PEG4-chol 

 
 

Dimer PEG 
[HRC450-485]2-PEG11 

 

[FIP-HRC450-485]2-PEG11 

[FIP]2-PEG11 
 

 
 

Dimer 
PEG 
Chol 

[HRC450-485-PEG4]2-chol 

 

[FIP-HRC450-485-PEG4]2-
chol 

[FIP-PEG4]2-chol 
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Synthesis of peptide-cholesterol: 

General method to synthesize peptide-cholesterol conjugates (1): 

 

Scheme S1. Reaction scheme showing synthesis of peptide-cholesterol; *Peptide : C is cysteine in Peptide-
C; Amino acid residues are represented in single letter code; Ac = Acetylated N-terminus; GSGSG = linker 
containing five amino acids; D-FFG = D-amino acid was used for the first phenyl alanine residue; Z-D-
FFG = Z is a carbobenzoxy residue attached to the N-terminus of the D-FFG sequence. 

50 mg of peptide, dissolved in 500 µL of dimethylsulfoxide (DMSO), was added to bromoacetyl cholesterol 
(1.1 equivalent) dissolved in 500 µL of tetrahydrofuran (THF), followed by the addition of N,N-
diisopropylethylamine (DIPEA) (10 equivalent) to the solution. The solution was left stirring at room 
temperature for 3 hours, then purified by Phenomenex Jupiter C4 LC column 300Å (150 x 21.2 mm, 
particle size 5 μm) using as eluents: (A) 0.1% trifluoroacetic acid in water and (B) 0.1% trifluoroacetic acid 
in acetonitrile. The following linear gradient at a flow rate of 20mL/min was used: 50–70% (B) over 20 
min, followed by 70-100% (B) in 3 min, and then a wash step at 100% (B) for 3 min. The desired peak was 
collected and lyophilized to give the product as white powder which was confirmed by MALDI.  
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Synthesis of FIP-HRC450-485-chol: 

FIP-HRC450-485-chol was synthesized and purified following procedure (1). The HPLC trace of the reaction 
mixture (retention time of the product – 13.1 min) and MALDI data of the product are shown below. 

 

 

 

 

 

 

 

 

 

Fig. S1: HPLC and mass analysis of FIP-HRC450-485-chol (A) RP HPLC chromatogram of the reaction 
mixture; (B) MALDI mass spectrum of FIP-HRC450-485-chol [Calculated mass: 5,626.35; Observed mass: 
5,628.30] 
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Synthesis of HRC450-485-chol: 

HRC450-485-chol was synthesized and purified following procedure (1). The HPLC trace of the reaction 
mixture (retention time of the product – 11.5 min) and MALDI data of the product are shown below. 

 

 

 

 

 

 

 

 

 

 

 

Fig. S2: HPLC and mass analysis of HRC450-485-chol (A) RP HPLC chromatogram of the reaction mixture; 
(B) MALDI mass spectrum of HRC450-485-chol [Calculated mass: 4,837.45; Observed mass: 4,836.36] 
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Synthesis of FIP-chol: 

FIP-chol was synthesized and purified following procedure (1). The HPLC trace of the reaction mixture 
(retention time of the product – 24.2 min) and MALDI data of the product are shown below. 

 

 

 

 

 

 

 

 

 

 

 

Fig. S3: HPLC and mass analysis of FIP-chol (A) RP HPLC chromatogram of the reaction mixture; (B) 
MALDI mass spectrum of FIP-chol [Calculated mass: 1,378.05; Observed mass: 1,380.5] 
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Synthesis of peptide-PEG4-cholesterol: 

General method to synthesize peptide-PEG4-cholesterol conjugates (2): 

 

Scheme S2. Reaction scheme showing synthesis of peptide-PEG4-cholesterol; *Peptide : C is cysteine in 
Peptide-C; Amino acid residues are represented in single letter code; Ac = Acetylated N-terminus; GSGSG 
= linker containing five amino acids; D-FFG = D-amino acid was used for the first phenyl alanine residue; 
Z-D-FFG = Z is a carbobenzoxy residue attached to the N-terminus of the D-FFG sequence; PEG = 
polyethylene glycol. 

50 mg of peptide, dissolved in 500 µL of dimethylsulfoxide (DMSO), was added to bromoacetyl cholesterol 
(1.1 equivalent) dissolved in 500 µL of tetrahydrofuran (THF), followed by the addition of N,N-
diisopropylethylamine (DIPEA) (10 equivalent) to the solution. The solution was left stirring at room 
temperature for 3 hours, then purified by Phenomenex Jupiter C4 LC column 300Å (150 x 21.2 mm, 
particle size 5 μm) using as eluents: (A) 0.1% trifluoroacetic acid in water and (B) 0.1% trifluoroacetic acid 
in acetonitrile. The following linear gradient at a flow rate of 20mL/min was used: 50–70% (B) over 20 
min, followed by 70-100% (B) in 3 min, and then a wash step at 100% (B) for 3 min. The desired peak was 
collected and lyophilized to give the product as white powder which was confirmed by MALDI.  
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Synthesis of FIP-HRC450-485-PEG4-chol: 

FIP-HRC450-485-PEG4-chol was synthesized and purified following procedure (2). The HPLC trace of the 
reaction mixture (retention time of the product – 13.0 min) and MALDI data of the product are shown 
below. 

 

 

 

 

 

 

 

 

 

 

 

Fig. S4: HPLC and mass analysis of FIP-HRC450-485-PEG4-chol (A) RP HPLC chromatogram of the reaction 
mixture; (B) MALDI mass spectrum of FIP-HRC450-485-PEG4-chol [Calculated mass: 5,872.75; Observed 
mass: 5,873.93] 
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Synthesis of HRC450-485-PEG4-chol: 

HRC450-485-PEG4-chol was synthesized and purified following procedure (2). The HPLC trace of the 
reaction mixture (retention time of the product – 15.9 min) and MALDI data of the product are shown 
below. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. S5: HPLC and mass analysis of HRC450-485-PEG4-chol (A) RP HPLC chromatogram of the reaction 
mixture; (B) MALDI mass spectrum of HRC450-485-PEG4-chol [Calculated mass: 5,083.85; Observed mass: 
5,083.63] 
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Synthesis of FIP-PEG4-chol: 

FIP-PEG4-chol was synthesized and purified following procedure (2). The HPLC trace of the reaction 
mixture (retention time of the product – 23.6 min) and MALDI data of the product are shown below. 

 

 

 

 

 

 

 

 

 

 

 

Fig. S6: HPLC and mass analysis of FIP-PEG4-chol (A) RP HPLC chromatogram of the reaction mixture; 
(B) MALDI mass spectrum of FIP- PEG4-chol [Calculated mass: 1,378.05; Observed mass: 1,380.5] 
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Synthesis of [peptide-PEG4]2-cholesterol: 

General method to synthesize [peptide-PEG4]2-cholesterol conjugates (3): 

 

Scheme S3. Reaction scheme showing synthesis of [peptide-PEG4]2-cholesterol; *Peptide : C is cysteine in 
Peptide-C; Amino acid residues are represented in single letter code; Ac = Acetylated N-terminus; GSGSG 
= linker containing five amino acids; D-FFG = D-amino acid was used for the first phenyl alanine residue; 
Z-D-FFG = Z is a carbobenzoxy residue attached to the N-terminus of the D-FFG sequence; PEG = 
polyethylene glycol. 

50 mg of peptide, dissolved in 500 µL of dimethylsulfoxide (DMSO), was added to bromoacetyl cholesterol 
(0.5 equivalent) dissolved in 500 µL of tetrahydrofuran (THF), followed by the addition of N,N-
diisopropylethylamine (DIPEA) (10 equivalent) to the solution. The solution was left stirring at room 
temperature for 3 hours, then purified by Phenomenex Jupiter C4 LC column 300Å (150 x 21.2 mm, 
particle size 5 μm) using as eluents: (A) 0.1% trifluoroacetic acid in water and (B) 0.1% trifluoroacetic acid 
in acetonitrile. The following linear gradient at a flow rate of 20mL/min was used: 30–80% (B) over 20 
min, followed by 80-100% (B) in 3 min, and then a wash step at 100% (B) for 3 min. The desired peak was 
collected and lyophilized to give the product as white powder which was confirmed by MALDI.  
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Synthesis of [FIP-HRC450-485-PEG4]2-chol: 

[FIP-HRC450-485-PEG4]2-chol was synthesized and purified following procedure (3). The HPLC trace of the 
reaction mixture (retention time of the product – 12.6 min) and MALDI data of the product are shown 
below. 

 

 

 

 

 

 

 

 

 

 

Fig. S7: HPLC and mass analysis of [FIP-HRC450-485-PEG4]2-chol (A) RP HPLC chromatogram of the 
reaction mixture; (B) MALDI mass spectrum of [FIP-HRC450-485-PEG4]2-chol [Calculated mass: 11,740.20; 
Observed mass: 11,738.96] 
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Synthesis of [HRC450-485-PEG4]2-chol: 

[HRC450-485-PEG4]2-chol was synthesized and purified following procedure (3). The HPLC trace of the 
reaction mixture (retention time of the product – 11.0 min) and MALDI data of the product are shown 
below. 

 

 

 

 

 

 

 

 

 

 

 

Fig. S8: HPLC and mass analysis of [HRC450-485-PEG4]2-chol (A) RP HPLC chromatogram of the reaction 
mixture; (B) MALDI mass spectrum of [HRC450-485-PEG4]2-chol [Calculated mass: 10,162.40; Observed 
mass: 10,163.88] 
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Synthesis of [FIP-PEG4]2-chol: 

[FIP-PEG4]2-chol was synthesized and purified following procedure (3). The HPLC trace of the reaction 
mixture (retention time of the product – 23.5 min) and MALDI data of the product are shown below. 

 

 

 

 

 

 

 

 

 

 

Fig. S9: HPLC and mass analysis of [FIP-PEG4]2-chol (A) RP HPLC chromatogram of the reaction 
mixture; (B) MALDI mass spectrum of [FIP-PEG4]2-chol [Calculated mass: 3,243.6; Observed mass: 
3,247.50] 
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Synthesis of [peptide]2-PEG11: 

General method to synthesize [peptide]2-PEG11 conjugates (4): 

 

Scheme S4. Reaction scheme showing synthesis of [peptide]2-PEG11; *Peptide : C is cysteine in Peptide-
C; Amino acid residues are represented in single letter code; Ac = Acetylated N-terminus; GSGSG = linker 
containing five amino acids; D-FFG = D-amino acid was used for the first phenyl alanine residue; Z-D-
FFG = Z is a carbobenzoxy residue attached to the N-terminus of the D-FFG sequence; PEG = polyethylene 
glycol. 

50 mg of peptide, dissolved in 500 µL of dimethylsulfoxide (DMSO), was added to bromoacetyl cholesterol 
(0.5 equivalent) dissolved in 500 µL of tetrahydrofuran (THF), followed by the addition of N,N-
diisopropylethylamine (DIPEA) (10 equivalent) to the solution. The solution was left stirring at room 
temperature for 3 hours, then purified by Phenomenex Jupiter C4 LC column 300Å (150 x 21.2 mm, 
particle size 5 μm) using as eluents: (A) 0.1% trifluoroacetic acid in water and (B) 0.1% trifluoroacetic acid 
in acetonitrile. The following linear gradient at a flow rate of 20mL/min was used: 15-45% (B) over 20 
min, followed by 45-100% (B) in 3 min, and then a wash step at 100% (B) for 3 min. The desired peak was 
collected and lyophilized to give the product as white powder which was confirmed by MALDI.  

  



S16 
 

Synthesis of [FIP-HRC450-485]2-PEG11: 

[FIP-HRC450-485]2-PEG11 was synthesized and purified following procedure (4). The HPLC trace of the 
reaction mixture (retention time of the product – 22.6 min) and MALDI data of the product are shown 
below. 

 

 

 

 

 

 

 

 

 

Fig. S10: HPLC and mass analysis of [FIP-HRC450-485]2-PEG11 (A) RP HPLC chromatogram of the reaction 
mixture; (B) MALDI mass spectrum of [FIP-HRC450-485]2-PEG11 [Calculated mass: 12,246.42; Observed 
mass: 12,244.50] 
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Synthesis of [HRC450-485]2-PEG11: 

[HRC450-485]2-PEG11 was synthesized and purified following procedure (4). The HPLC trace of the reaction 
mixture (retention time of the product – 19.8 min) and MALDI data of the product are shown below. 

 

 

 

 

 

 

 

 

 

 

 

Fig. S11: HPLC and mass analysis of [HRC450-485]2-PEG11 (A) RP HPLC chromatogram of the reaction 
mixture; (B) MALDI mass spectrum of [HRC450-485]2-PEG11 [Calculated mass: 9,668.62; Observed mass: 
9,666.59] 
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Synthesis of [FIP]2-PEG11: 

[FIP]2-PEG11 was synthesized and purified following procedure (4). The HPLC trace of the reaction mixture 
(retention time of the product – 22.4 min) and MALDI data of the product are shown below. 

 

 

 

 

 

 

 

 

 

 

Fig. S12: HPLC and mass analysis of [FIP]2-PEG11 (A) RP HPLC chromatogram of the reaction mixture; 
(B) MALDI mass spectrum of [FIP]2-PEG11 [Calculated mass: 2,749.82; Observed mass: 2,751.50] 
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SFig 13. MeV peptides toxicity. MTT assay was used to determine the toxicity of the indicated peptides 
in HEK 293T cell cultures. The peptide was added to the media at several concentration up to 5µM. Cell 
viability was determined after 24h. The peptides were not toxic at the concentrations tested (no peptide 
reached 50% toxicity, panel A). Based on the IC50 we calculated the minimal therapeutic index for each 
peptide (Panel B). 
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Dynamic light scattering (DLS): 

Lipid-peptide conjugates were dissolved in 100% DMSO to prepare 1mM stock solution. For dynamic light 
scattering (DLS), conjugate solutions with 5 µM concentration were prepared from stock solution using 
water. All the samples were filtered through 0.2 micron filter paper to eliminate presence of any large 
particle. Measurements were performed in a Malvern Zetasizer Nano and consisted of 3 individual runs, 
each corresponding to an averaged autocorrelation curve obtained from 15 repeated sample scans. 

 

 

 

 

 

 

 

 

 

 

 

SFig. 14: Volume distribution data of [HRC450-485-PEG4]2-chol and [FIP-HRC450-485-PEG4]2-chol in 
DLS; Attenuator (gain) (Count Rate) for [FIP-HRC450-485-PEG4]2-chol: 9, (159.6); Attenuator (gain) (Count 
Rate) for [HRC450-485-PEG4]2-chol: 8, (284.4) 
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STable 2. Inhibitory activity of FIP, HRC, and FIP-HRC peptides in fusion assays (extended version).  
The beta-galactosidase complementation-based fusion assay was performed as described previously. 
Briefly, HEK 293T cells transiently transfected with either nectin-4 or CD150 and the omega reporter 
subunit (“target cells”) were incubated for the indicated period with cells co-expressing viral glycoproteins 
(H and F) and the alpha reporter subunit (“effector cells”), in the presence or absence of fusion inhibitor 
peptides. In the absence of peptides the fusion between the target and effector cells permits reconstitution 
of the beta-galactosidase activity, which is quantified using the luminescence based kit Galacto-Star™ β-
Galactosidase Reporter Gene (ThermoFisher, US). In the presence of peptides fusion is reduced, with 
resultant reduction in beta-gal activity. Data are means (± SE)  from at least three experiments.  
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STable 3. Stabilization properties of FIP, HRC, and FIP-HRC peptides (extended version).  The 
thermostability assay was performed as described previously. Briefly, HEK 293T cells were transfected 
with viral glycoprotein constructs and left overnight at 37°C. After a brief incubation on ice, the cells were 
treated with several concentrations of the peptides (1, 10, 100 and 1000 nM) and then subjected to 
incubation at 55°C for 10’. The cells were then incubated with mouse monoclonal antibodies that recognize 
the prefusion conformation of MeV F (1:1000) for 1h on ice. Cells were washed with PBS and then 
incubated for 1h on ice with anti-mouse secondary antibody (1:500, Alexa Fluor 488 goat). Percentages of 
prefusion signal were determined using Cell Profile software.  Data (unless for °=5 replicates and §=6 
replicates) are from three independent experiments. 
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SFig. 15. The FIP-HRC peptide targets MeV F expressing cells. Localization of [FIP-HRC-PEG4]2-chol 
peptide in HEK 293T cells. HEK 293T cells expressing MV F were incubated with peptide (1000nM) for 
60 min at 37 °C. F protein and HRC-FIP peptide were stained with Alexa Fluor 488 (green, x-axis) and 
Alexa Fluor 594 (red, y-axis), respectively. Representative of three separate experiments. For the FIP-HRC 
with cholesterol, the HRC signal is directly proportional to the F signal suggesting that the FIP-HRC is 
targeted to the F-expressing cells.   FIP alone (without cholesterol) localizes the HRC to F expressing cells 
but with lower HRC signal. When lipid is present but FIP is missing the HRC is not as specifically localized 
to the F-expressing cells. Data from three separate experiments. 
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SFig.16 Specificity of MeV lipopeptides. (A) HEK 293T cells expressing viral glycoprotein (RSV F) and 
the alpha reporter subunit of beta-gal (“effector” cells) were incubated for 1 h at 37°C with [FIP-HRC- 
PEG4]2-chol, [HRC-PEG4]2-chol, [FIP-HRC]2-PEG11,[HRC]2-PEG11 and RSV inhibitor at the indicated 
concentrations (x-axis). After 1h the cells were washed with DPBS to remove unbound peptide and the 
cells were incubated with cells expressing the omega reporter subunit of beta-gal. (B) The same process 
was repeated with 293T cells expressing the omega reporter subunit of beta-gal (“target” cells) and after 1h 
the cells were washed with DPBS and incubated with the “effector” cells. A quantitative cell-cell fusion 
assay based on β-galactosidase (β-gal) complementation was performed to measure fusion after 6h. 
Incubation of [FIP-HRC- PEG4]2-chol (blue line) with effector or target cells reduced fusion, although it 
was removed prior to the assay. MeV lipopeptides did not block RSV fusion, while the RSV-specific 
compound inhibited RSV fusion after pre-incubation with effector cells, as expected. 
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SFig17. The localization of [FIP-HRC]2-PEG11 peptide in HEK 293T cells. HEK 293T cell cultures 
expressing MeV F were incubated with the peptide (1000 nM) at 37 °C for 60 min. F protein and HRC-FIP 
peptide were stained with Alexa Fluor 488 (green) and Alexa Fluor 594 (red), respectively. Yellow staining 
(merge image) indicates F protein and FIP-HRC peptide colocalization. Co-incubation in the presence of 
100µM of 3g prevented F specific localization.   
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SFig. 18. [FIP-HRC-PEG4]2-chol prevents F activation by interaction with HRC domain (A) [FIP-
HRC-PEG4]2-chol peptide prevents F activation.   HEK 293T cells co-expressing H-HN T193A (a 
chimeric binding protein containing the MeV stalk and the HPIV3 head that binds sialic acid receptors and 
triggers MeV F) and MeV F (S262R, an easily activated F) were allowed to bind to sialic acid receptor-
bearing red blood cells (RBCs) at 4°C. Upon transfer to 37°C, media containing the indicated compound 
or peptide (x-axis) were added for 60’, and then 10mM zanamivir was added to release the RBCs that were 
reversibly bound (i.e., bound only by H-HN and not by F insertion). RBCs that are reversibly bound by 
HN-receptor interaction (red), irreversibly bound by F insertion (blue), or fused (black) were quantified. 
The ordinate values are means (± SE) of results from triplicate experiments. [HRC-PEG4]2-chol blocks 
fusion after F insertion into the target cell (irreversibly bound, blue). [FIP-HRC-PEG4]2-chol blocks at the 
pre-fusion state (reversibly bound, orange). Zanamivir released all the RBC when added at the beginning 
of the 37°C incubation. (B) [FIP-HRC-PEG4]2-chol peptide interacts with HRC domain. HEK 293T 
cells transiently transfected with nectin-4 and the omega reporter subunit of beta-gal (“target cells”) were 
incubated with cells co-expressing viral glycoproteins H and F wild type or MeV F bearing L454W 
mutation and the alpha reporter subunit of beta-gal (“effector cells”) in the presence or in absence of the 
indicated peptides. In the absence of peptides, fusion between the target and effector cells permits 
reconstitution of beta-galactosidase activity, quantified using the luminescence-based kit, Galacto-Star™ 
β-Galactosidase Reporter Gene (ThermoFisher, US). The [FIP-HRC-PEG4]2-chol peptide exhibits the most 
potent inhibitory activity against membrane fusion mediated by MeV F_wild type. The [HRC-PEG4]2-chol 
peptide has successfully inhibited similar MeV variants (F_L454W). The data presented is the mean of 
three independent experiments (± SE).  

 
 
 
 
 
 


