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Abstract 

The recent surge in emerging viral infections warrants the need to design broad-spectrum 

antivirals. We aimed to develop a lead molecule that targets the membrane to block fusion, an 

obligate step of enveloped virus infection. The approach is based on the Coronin-1 protein of 

Mycobacterium, which presumably inhibits the phagosome-lysosome fusion, and a unique Trp-

Asp (WD) sequence is placed at the distorted β-meander motif. We have designed a WD-based 

branched lipopeptide that supports C=O‧‧‧‧‧HN hydrogen-bonding, the tryptophan-tryptophan 

π-π stacking, and the intermolecular H-bonding between –COO‾ and –CO2H groups. These 

cooperative interactions are expected to create a β-sheet-like supramolecular assembly at the 

membrane surface, which increases the interfacial order, and decreases the water penetration. 

Myr-D(WD)2 was shown to block artificial membrane fusion completely. We demonstrated 

that the Myr-D(WD)2 supramolecular organization can restrict the infection from H1N1, H9N2, 

murine coronavirus, and human coronavirus (HCoV-OC43). Together, the present study 

provided an evidence-based broad-spectrum antiviral potential of a designed small lipopeptide.  
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Main 

Emerging infectious diseases of viral origin pose a serious risk to public health and the global 

economy.1,2 The world has recently witnessed the devastating effects of a novel coronavirus 

(SARS-CoV-2) pandemic outbreak affecting ~ 600 million humans with ~ 6.5 million deaths 

to date.3 While global efforts to control SARS-CoV-2 infection are underway, only a few 

vaccines are available, with limited cross-protective ability.4–6 The emergence of newer 

variants of SARS-CoV-2 invariably questions their long-lasting effects. Apart from the 

coronavirus infection, in recent times, Monkeypox has spread to several countries resulting in 

more than 35000 cases worldwide.7 Seasonal influenza infection also remains a long-standing 

problem; frequent outbreaks of avian influenza and swine influenza virus have forced us to live 

under the unpredictable threat of pandemic outbreaks.8,9 Dengue, West Nile, HIV, Hepatitis 

virus are also imminent threats to human health; however, has lower transmissibility. 

Nevertheless, new viruses present in the reservoir (estimated as half a million) may exhibit 

even a greater threat to human health in the near future.10,11 Considering the impending risks 

associated with the emergence of viral infections, the development of effective broad-spectrum 

antiviral agents is the need of the hour.12 The broad-spectrum antivirals presumably act on 

multiple viruses by targeting common but essential features of their life cycle. Notably, a vast 

majority of the viral pathogens such as HIV, Influenza, smallpox, flaviviruses, coronaviruses, 

etc., are membrane-enveloped viruses.13 Host cell entry through ‘membrane fusion’ is the key 

early step for these viruses to replicate. During the membrane fusion, the viral lipid bilayer 

merges with the mammalian cell or subcellular membrane and the genetic material is released 

to the cytoplasm.14 To perform this, viruses utilize specific fusion proteins that catalyze 

membrane fusion. A growing number of studies showed that the membrane fusion inhibitors 

that target specific viral fusion proteins can effectively tackle virus infection.15–19 However, 

given the high rate of the mutability of the viruses, the effectiveness of such fusion inhibitors 

is limited and does not address the need for a broad-spectrum application. Therefore, instead 

of targeting the fusion protein, aiming at the intrinsic biophysical properties of viral or host cell 

membranes may be useful in tackling the infection caused by the enveloped viruses. To achieve 

this, RAFIs were developed, relying on their ability to promote positive curvature and thus, 

inhibit fusion and infection of several enveloped viruses.20,21 In previous work, we exploited 

the Mycobacterium’s ability to evade phagosome-lysosome fusion and showed its translational 

potential by designing a small lipo-dipeptide (Myr-WD) fusion inhibitor.22 Mycobacterium 

recruits Coronin-1, a member of WD40 domain protein, at the phagosomal membrane that 
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appears to play a crucial role in inhibiting the fusion of phagosome and lysosome.23 The 

structure of Coronin-1 is unique from other WD40 proteins and the tryptophan-aspartic acid 

(WD) moiety is exposed at the edge of the distorted β-meander motif (Figure 1).22 To develop 

a better membrane fusion inhibitor, we have customized the design of Myr-WD. A spacer to 

support branching was introduced. Aspartic acid backbone was chosen and it was acylated with 

a long chain fatty acid at N-terminus for anchoring to the membrane. Two WD units were 

attached to the two -CO2H groups of the backbone aspartic acid (Myr-D(WD)2). The design is 

expected to have several advantages, such as 1) in a membrane surface, lipopeptides may come 

closer and the –C=O‧‧‧‧‧HN–  H-bonding between two molecules may be facilitated; 2) the 

tryptophan-tryptophan π-π stacking may be supported in the membrane interface; 3) the 

terminal –CO2H group of two molecules may support the intermolecular H-bonding 

interactions between –COO‾ and –CO2H group; 4) the branching will facilitate these 

interactions from both sides that may lead to supramolecular assembly/cluster formation at the 

membrane surface; 5) these cooperative interactions may lead to a β-sheet-like structure 

(Coronin-1 WD are placed at the β-sheet region, Figure 1) from a simple lipopeptide. 

Extensive biophysical studies were employed to investigate the structure, membrane fusion 

inhibition, and membrane interfacial organization of Myr-D(WD)2 and control peptides. We 

found that the dendrimer-type lipopeptide (Myr-D(WD)2) completely blocks artificial 

membrane fusion, whereas the control peptides were not that efficient. The membrane fusion 

inhibition potential was utilized to tackle the infection of two Type A influenza viruses (H1N1, 

H9N2), murine coronavirus (RSA69), and human coronavirus (HCoV-OC43). Our studies 

strongly advocate the broad-spectrum antiviral potential of Myr-D(WD)2.  
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Figure 1: Phagosomal (Mycobacterium tuberculosis-infected) coat protein Coronin-1 inhibits 

the fusion with the lysosome. Coronin-1 structure shows Trp-Asp sequence (WD) are exposed 

and reside at the edge of the distorted β-meander motif (red: Asp, blue: Trp). A lipidated 

branched WD-based peptide (Myr-D(WD)2) may self-assemble on the surface via π-π staking 

and COO‾ ‧‧‧‧‧HOOC hydrogen bonding interactions. The self-assembled network stabilizes 

the membrane interface and inhibits the fusion between the host membrane and the enveloped 

viruses. 

Results and discussion  

Myr-D(WD)2 was synthesized by standard solution phase protection-deprotection chemistry. 

We performed circular dichroism (CD) studies with the Myr-D(WD)2 and found that it does 

not exhibit any secondary structure (Figure 2A). Next, the peptide was incorporated into ~ 60 

nm vesicles (DOPC/DOPE/Chol; 55/25/20) at a 25: 1 lipid to peptide ratio, and the CD was 

recorded. We found a negative peak at ~ 216 nm and a positive peak at ~ 200 nm, suggesting 

that the peptide with no secondary structure in solution, may adopt a β-sheet structure24 in the 

presence of membrane (Figure 2A). However, since the signal intensity was low (it is a 

pentapeptide), CD studies may not confirm the presence of a perfect β-sheet and thus, we refer 

it as a β-sheet-like structure. FT-IR studies (see the sample preparation in supporting 

information) of the lyophilized peptide exhibit a peak at ~ 1630 cm-1,24,25 suggesting the 

possible presence of β-sheet-like structure (Figure 2B). The formation of β-sheet-like structure 
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of a simple lipopeptide (Myr-D(WD)2) in a membrane surface is remarkable. The control 

peptide (Myr-WD) with no branching (Figure 3A) does not adopt any secondary structure in 

the membrane as well as in the solution (Figure S12). It is possible that the β-sheet-like 

structure of Myr-D(WD)2 may be stabilized by the Trp-Trp π-π stacking in the membrane. 

Next, the microenvironment of Trp was monitored by fluorescence spectroscopy. The 

fluorescence emission maxima of Myr-D(WD)2 was ~ 362 nm in buffer (pH 5.5) and was blue-

shifted to ~ 350 nm in the presence of DOPC/DOPE/Chol membrane (Figure S11). The ~ 12 

nm blue shift suggests that Trps of Myr-D(WD)2 are embedded in the membrane interface.26,27 

Quenching studies with acrylamide and iodide and the Stern-Volmer quenching constants 

suggest that acrylamide was a better quencher than iodide (Figure 2C). This supports that the 

Trp is embedded in the membrane interface. Next, fluorescence anisotropy of Trp was 

measured at different peptide concentrations to evaluate the possibility of Trp-Trp interaction 

in the membrane (Figure 2D). The fluorescence anisotropy decreased with increasing the 

peptide concentration in membranes and the change was much sharper in pH 5.5 buffer as 

compared to that in pH 8.0 buffer. The decrease in fluorescence anisotropy likely is due to 

Homo-FRET, where the transfer of energy from one dipole to another leads to the 

depolarization of the emitted light.28–30 The Homo-FRET between tryptophans suggests the 

possibility of π-π stacking between the Myr-D(WD)2 molecules to stabilize the secondary 

structure. Since the Homo-FRET efficiency decreases at pH 8.0, it is possible that protonation 

and deprotonation equilibrium may also play an important role in the supramolecular 

interaction. At pH 5.5 the terminal –CO2H of the aspartic acid will exist as protonated (–CO2H) 

and deprotonated (–COO‾) form. The membrane interface may further perturb the pKa,
31 and 

facilitate the localization of peptides to establish possible –COO‾‧‧‧‧‧HOOC– interactions. These 

interactions, which were proposed in prebiotic fatty acid vesicles,32,33 might stabilize the Trp-

Trp interactions in our system. We believe that these interactions (Trp-Trp, –COO‾‧‧‧‧‧HOOC–

, and –C=O‧‧‧‧‧HN– H-bonding) might localize the peptide in the membrane and the branched 

design may lead to a supramolecular cluster formation (Figure 1). Next, NMR studies were 

performed in DOPC/DHPC, and DOPC/Chaps bicelles.34 We compared the 1H-NMR spectra 

of the Myr-D(WD)2 peptide and Myr-WD (no branching, control peptide) in bicelles. The 

assignment of the hydrogens to the particular carbon (delta, epsilon, zeta, or eta) was confirmed 

by HSQC experiments in bicelles (Figure S9). The NMR peak corresponds to delta and epsilon 

hydrogen of tryptophan was broadened in Myr-D(WD)2 as compared to Myr-WD (Figure 2E 

and 2F). This suggests that the tryptophan environments in Myr-WD and Myr-D(WD)2 are 

different. A new peak at the upfield region (0.05 ppm shift) appeared for the delta hydrogen of 
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Myr-D(WD)2 in bicelles (Figure 2E). The new peak and the broadening were absent when 

Myr-D(WD)2 NMR was recorded in methanol. This suggests that the tryptophans of Myr-

D(WD)2 likely interact differently in bicelles. Next, we compared the NMR peaks of the delta, 

epsilon, eta, or zeta-1 hydrogens (ppm) position in bicelles and in methanol. We found that the 

epsilon, zeta-1, and eta proton shifted upfield in bicelles (Figure 2E). Since the protons of the 

tryptophan ring were shielded in bicelles, we suggest the possibility of Trp-Trp π-π stacking in 

a model membrane.35,36 The Trp-Trp stacking interaction, and the H-bonding interactions 

between –C=O‧‧‧‧‧HN–, and –COO‾….HOOC– may stabilize the intermolecular interactions 

between Myr-D(WD)2 in the membrane. The branch design with an Asp backbone will support 

these intermolecular interactions from both sides, which may lead to a supramolecular 

assembly/cluster formation in the membrane surface (Figure 1). The present model thus 

supports the CD data of Myr-D(WD)2 which infers the possibility of β-sheet-like structures 

from a simple lipopeptide.  

 

Figure 2. (A) CD spectra of Myr-D(WD)2 in DOPC/DOPE/Chol (55/25/20) membranes at pH 

5.5. (B) IR spectrum of Myr-D(WD)2 exhibits a major peak at ~ 1630 cm-1. (C) Acrylamide 

quenches the membrane-bound Myr-D(WD)2 more than KI. (D) Homo-FRET of Myr-D(WD)2 

peptide at pH 5.5 (blue, ●), and pH 8.0 (red, ●) to measure Trp-Trp interaction. (E) 1H-NMR 

spectra of Myr-D(WD)2 in bicelle and MeOH. The NMR peak positions of the aromatic protons 
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were shifted. (F) Full-width half maxima of the delta hydrogen of Myr-D(WD)2 in MeOH and 

bicelles, Myr-WD in bicelle. 

 

To check how the new design affects membrane fusion, FRET-based membrane fusion assays 

were carried out. Approximately 60 nm vesicles composed of DOPC/DOPE/Chol (55/25/20) 

vesicles and fluorophore-labeled vesicles DOPC/DOPE/Chol/NBD-PE/Rh-PE 

(55/22/20/1.5/1.5) vesicles were incubated at pH 5.5 MES buffer. The fusion was triggered by 

6% (w/v) polyethylene glycol, and the kinetics was monitored by detecting the FRET dilution. 

The control vesicles exhibit ~ 25% fusion. We incorporated 2.0 µM Myr-D(WD)2 in the 

vesicles and found that it completely arrested the fusion (lipid to peptide ratio of 100: 1). 

(Figure 3A). It may be noted that our earlier design, Myr-WD at a similar lipid to peptide ratio 

inhibited the fusion but could not block the fusion (Figure 3A).22 Next, to test the role of 

tryptophan and aspartic acid, we synthesized a series of control peptides: Myr-D(D)2 (without 

tryptophan), Myr-D(W)2 (without Asp), Myr-D(WDMe)2 (terminal -CO2H protected with 

methyl ester), Myr-D(WG)2 (Asp replaced by Gly), Myr-WWD (no branching). Among them, 

Myr-D(D)2 with no Trp was found to slightly inhibit the fusion (from 25% to 23%), suggesting 

that tryptophan plays an important role to inhibit fusion. Next, we tested the efficacy of Myr-

D(W)2 with no terminal Asp at similar lipid to peptide ratio. Interestingly, the peptide inhibited 

the fusion but couldn’t block the fusion. This suggests that the terminal Asp might also play an 
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important role. Next, the peptide Myr-WWD with two tryptophans was synthesized to test the 

role of branching (aspartic acid spacer). We found that although the extent of inhibition is 

similar in Myr-WWD and Myr-D(W)2, the rate of fusion in Myr-WWD is higher than Myr-

D(W)2 (Figure S10). Therefore, despite having a terminal Asp, the Myr-WWD is less potent 

than Myr-D(W)2, suggesting the importance of branched design. The binding affinity of the 

peptides to the membrane was measured by monitoring the tryptophan fluorescence intensity 

at various membrane concentrations. The Kd of Myr-D(W)2, Myr-D(WD)2, and Myr-WD were 

34 ± 2 µM, 40 ± 4 µM, and 48 ± 3 µM22. WD peptide with no myristoyl chain neither binds 

the membrane nor inhibits the fusion. It suggests that the binding of the peptide (via lipid linker) 

to the membrane is essential to inhibit fusion. Finally, we compared the fusion inhibition ability 

of Myr-D(WD)2 with Myr-D(WG)2 and Myr-D(WDMe)2. We found that Myr-D(WD)2 with 

terminal Asp was a much superior inhibitor (Figure 3D). It may be recalled that the Coronin-

1 protein has exposed Trp-Asp placed at the distorted β-meander motif.  We note that our 

present design, which contains Trp and Asp, adopts a β-sheet-like conformation in the 

membrane and is most effective in arresting fusion. Now the question rises, is there any 

correlation between the β-sheet-like structure and membrane fusion? Control peptides that 

could not completely block the fusion also do not adopt a β-sheet-like structure in the 

membrane, rather, a random structure was observed (Figure S12). We suggest that β-sheet-

like supramolecular association of the peptide might stabilize the membrane interface to arrest 

fusion. We conclude that the architectural orientation of the molecule and the myristoyl lipid 

linker, aspartate spacer (branch), tryptophan, and aspartic acid worked in tandem to exhibit the 

superior fusion inhibition ability of Myr-D(WD)2.  
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Figure 3. (A) Structures of the control lipidated peptides. (B) Comparison of earlier design 

(Myr-WD) and the new design (Myr-D(WD)2). (C) the role of aspartate backbone as a spacer 

and the role of tryptophan, and (D) the role of terminal aspartic acid of the lipo-peptide. The 

fusion kinetics were carried out in 20 mM MES, 50 mM NaCl, pH 5.5 at a total lipid 

concentration of 200 μM, and the peptide to lipid ratio were kept at 1: 100. 

To understand the fusion kinetics, concentration-dependent studies were performed. We found 

that the initial rate and extent of fusion decrease with the increase in peptide concentration 

(Figure 4A and S10B). Next, TMA-DPH anisotropy at the membrane interface was measured 

in the presence of peptides to understand how these peptides affect the membrane interfacial 

region. The TMA-DPH anisotropy increased linearly with the increase of Myr-D(WD)2 peptide 

concentration (Figure 4B). Our earlier peptide (Myr-WD) also increased the TMA-DPH 

anisotropy but in a hyperbolic fashion.22 These studies confirm that the membrane organization 

of Myr-D(WD)2 and Myr-WD is different. The control peptide where the terminal -CO2H 

groups were protected (Myr-D(WDMe)2) did not increase the anisotropy. The increase in 

TMA-DPH anisotropy suggests the ordering or stabilization of the interface by Myr-D(WD)2. 

This may retard the lipid protrusion, required for hemifusion intermediate formation.37,38  
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Figure 4. Mechanistic studies on the inhibition of fusion. (A) Myr-D(WD)2 inhibits the fusion 

of DOPC/DOPE/Chol (55/25/20)vesicles in a concentration-dependent manner, (B) change in 

the fluorescence anisotropy of TMA-DPH in DOPC/DOPE/Chol (55/25/20) membranes with 

increasing concentration of Myr-D(WD)2 (black, ●) and Myr-D(WDMe)2 (red, ●), (C) change 

in the zeta potential (mV) with increasing concentration of Myr-D(WD)2, Myr-D(D)2 (pink, ●) 

and Myr-D(WDMe)2 (red, ●). (D) change in the average fluorescence lifetime (ns) of TMA-

DPH in the presence of peptides. 

Next, we measured the zeta potential of the membrane at various peptide concentrations. We 

observed that Myr-D(WDMe)2 does not decrease the zeta potential, whereas the incorporation 

of Myr-D(WD)2 in the membrane linearly decreases the zeta potential (Figure 4C). Another 

control peptide with the terminal aspartic acids (Myr-D(D)2) was investigated to understand 

whether the WD sequence is special! We found that Myr-D(D)2 decreases the zeta potential, 

but the extent of the decrease in the zeta potential of Myr-D(WD)2 is more prominent (four 
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times more) than Myr-D(D)2. The negative zeta potential of Myr-D(WD)2 may induce charge-

charge repulsion to retard hemifusion intermediate formation.39 

Further, we investigated the TMA-DPH lifetime at various peptide to lipid ratios to understand 

the extent of water penetration in the interfacial region (Figure 4D). The average TMA-DPH 

lifetime increased linearly with Myr-D(WD)2 concentration in the membrane. Therefore, the 

fusion inhibitory peptide Myr-D(WD)2 might decrease the water penetration at the interface.40 

The average lifetime did not increase with the Myr-D(WDMe)2 peptide supports the above 

argument. During hemifusion (a necessary step for fusion), the lipid and water may mix to 

support protrusion.37,38 Therefore, reduction of water penetration in the membrane by Myr-

D(WD)2 is another key feature of fusion inhibition. We conclude that the branched design 

(Myr-D(WD)2) is a unique lipopeptide that effectively inhibits the fusion via the modulation 

of several physicochemical properties: binding to the membrane, Trp-Trp interaction, adopting 

a β-sheet-like structure, the increase in the interfacial order, and the decrease in the zeta 

potential and the water penetration.  

Since the Myr-D(WD)2 peptide was an excellent membrane fusion inhibitor, we anticipated 

that it could tackle viral infection by inhibiting the viral membrane fusion. The antiviral activity 

of the lipopeptide was tested in MDCK  cells against two Type A influenza viruses, A/PR/8/34 

(H1N1) and A/turkey/Wisconsin/1/1966 (H9N2). The cell survivability experiments suggest 

that Myr-D(WD)2 offer ~ 60% protection at ~3.0 µM concentration. We note that Myr-D(WD)2 

is ~ twice more effective than Myr-WD at 3 µM concentration, which is consistent with the 

better fusion inhibitory effect of the molecule (Figure 3B). At a low concentration of ~190 

nM, the peptide offers nearly 40% protection (Figure 5A). Similarly, in the case of H9N2 virus 

infection, the protective efficacy was ~ 60-50% when the Myr-D(WD)2 was used at ~3.0 µM 

to 90 nM concentration (Figure S15). Further, a significant reduction in viral plaque formation 

for both subtypes of the influenza viruses was also observed with the treatment of  ~ 3.0 µM 

and 1.5 µM of Myr-D(WD)2. This observation was further substantiated by the difference in 

cell cytopathic effects (CPEs) (Figure 5C, S15). Next, we performed indirect 

immunofluorescence assay41 using FITC labeled anti-NP antibody. The results show a 

significantly low background with minor antibody immunoreactivity against the viral NP 

protein in the infected cells treated with 3.0 µM Myr-D(WD)2. This suggests an effective 

reduction in the accumulation of viral NP (Figure 5D, S15). All these experiments support the 

antiviral activity of Myr-D(WD)2 against H1N1 and H9N2 infections.  
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Figure 5. Determination of the antiviral activity of Myr-D(WD)2 on influenza A/PR/8/1934 

(H1N1) virus infection in MDCK cells. (A) Viability of MDCK cells in a dose-dependent 

manner was assessed using a standard  MTT-based assay after H1N1 virus infection and drug 

treatment for ~ 30-36 h. (B) Inhibitory effect of the compound on plaque formation after 48 h 

indicates the reduced H1N1 plaque formation. Myr-D(WD)2 protects more as compared to 

Myr-WD. (C) Images of the CPEs were captured by an inverted light microscope (Nikon, 

Japan) at 20X magnification. (D) Myr-D(WD)2 reduces viral NP protein accumulation in the 

cytoplasm of viral-infected cells as measured by the indirect immunofluorescence assay.  

The antiviral effect of Myr-D(WD)2 was further explored in the L2 cells using RSA59, an 

isogenic recombinant strain of mouse hepatitis virus, belonging to the β-coronavirus group 

(murine coronavirus).42 Plaque assay in L2 cells cotreated with virus and inhibitor peptide (50 

µM) suggests the potent antiviral effect of Myr-D(WD)2 (Figure 6A). The antiviral effect of 

peptides on the fusogenicity of RSA59 (expresses enhanced green fluorescent protein) was 

assessed by analyzing the syncytial formation on cotreatment with the virus (at 0.5 MOI) and 

the lipopeptide inhibitor. Myr-D(WD)2 significantly reduced the syncytia formation (Figure 

6B). We further tested the efficacy of the Myr-D(WD)2 against human coronavirus infection 

(HCoV-OC43). The designed compound shows ~ 100% protection at 25.0 µM concentration 

and ~ 40% protection at the nanomolar concentration (780 nM). These data were further 
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validated by a significant reduction in cell cytopathic effects (CPEs) of Vero cells infected with 

HCoV-OC43 (Figure 6C and D). 

 

Figure 6. Myr-D(WD)2 protects from the murine coronavirus (RSA59) and human coronavirus 

(HCoV-OC43) infection. (A) Myr-D(WD)2 reduced viral plaque formation in L2 cells. (B) 

Myr-D(WD)2 significantly reduced syncytia formation. Left panel: Fluorescence images of 

syncytia formation. (C) Images of the cell cytopathic effects (HCoV-OC43 infection) were 

captured by an inverted light microscope at 20X magnification. (D) The viability of Vero cells 

was assessed using a range of concentrations and performing a standard MTT assay. The drug 

treatment was given after 6 days post-infection with HCoV-OC43.  

Membrane-enveloped viruses have caused several episodes of endemics and pandemics in 

modern times.43 Therefore, the development of broad-spectrum antivirals that target a wide 

range of enveloped viruses is essential for controlling the present or any future pandemics. The 

broad-spectrum antivirals might inhibit the enveloped virus membrane fusion to exhibit 

efficacy. Most reports to design a fusion inhibitor44 are based on targeting the receptor binding 

domain or fusion domain with the peptides,15,18,45–50 small molecules,51,52 lectins,53–55 

antibodies,56 etc. However, the scope for targeting the fusion machinery of a specific virus is 

limited to that particular infection and hence can not be used against multiple viruses. 

Therefore, membrane-active therapeutics that passively interfere with membrane fusion21,22 or 

membranolytic compounds that attack the viral envelope15,43 can act as broad-spectrum 

antivirals. Coronin-1, a Mycobacterium protein apparently inhibits phagosome-lysosome 

fusion has a unique feature where the Trp-Asp sequence resides at the distorted β-meander 

motif.22 Inspired by Coronin-1, WD-based peptides with the β-sheet structure were designed 

and synthesized. We found that a branched design (Myr-D(WD)2) may facilitate H-bonding 
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interactions, the Trp-Trp π-π stacking interactions from both sides that eventually lead to a 

supramolecular assembly in the membrane (Figure 1). The Myr-WD (no branch) and control 

peptides, which could not completely block the membrane fusion, do not adopt a β-sheet 

structure and do not linearly modulate the interfacial physical properties.22 We have shown that 

the effective fusion inhibitor (Myr-D(WD)2) is also more potent in tackling infections from 

four different viruses at micromolar to nanomolar concentrations.  

Conclusions 

We have exploited the survival strategy of the Mycobacterium by Coronin-1 coat protein to 

design a WD-based branched lipopeptide (Myr-D(WD)2) that assembles in the membrane and 

adopts a β-sheet-like structure. While the control peptides could not arrest the fusion, the 

branched design completely inhibits membrane fusion. The spectacular membrane fusion 

inhibitory effect of the lipopeptide was utilized to protect the cells from four different viruses: 

Type A influenza virus H1N1, H9N2, murine coronavirus (RSA59), and human coronavirus 

(HCoV-OC43). Our simple lipopeptide could be a potential broad-spectrum antiviral 

compound to tackle a variety of deadly viruses. Finally, the concept of membrane-assisted 

supramolecular assembly and β-sheet-like organization of a membrane-active small molecule 

and its passive role in fusion inhibition by ordering the membrane interface is novel. A similar 

concept may be applied to alter the membrane interfacial property to induce allostery in 

membrane proteins of pharmaceutical interest. 

Online Methods  

Materials and methods, Supplementary text, Figs. S1–16, copies of NMR spectra, and 

references are compiled in the supplementary file. 
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