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Are we ready for the 
next virus pandemic?
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New Antiviral Strategies Are Urgently Needed
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Replication inhibitor Entry inhibitor

Cho et al., Nat. Mater. (2020).
Dolgin et al., Nature (2021).

• Replication inhibitors cannot prevent infection and drug resistance often easily 
emerges.

• Most entry inhibitors such as antibodies only work against one virus and can also have 
challenges with resistance development.



Global Threat: Membrane-Enveloped Viruses

Ready for the Unknown

Cho et al., Nat. Mater. (2020).
Park and Cho et al., Acc. Chem. Res. (2021). 4

• Over 85% of recent viral epidemics and pandemics were caused by 
membrane-enveloped viruses.

• Need to develop a broad-spectrum antiviral strategy that works 
against enveloped viruses.



Viral Membrane Disruption Strategies
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Mechanisms of Membrane Targeting & Disruption

• Viral membrane is a conserved, host cell-derived structural target of enveloped viruses.

• Challenging to disrupt viral membrane in a potent and selective manner that works in vivo.

Molecular Examples



6

Fusion Inhibitors: COVID-19 Pandemic Envelope Disruptors: Zika Epidemic

Antiviral Peptides: Next-Generation Technology

BBA-Biomembranes 17, no. 11 (2022): 971-977.
Science 371, no. 6536 (2021): 1379-1382.

Nature Materials 17, no. 11 (2018): 971-977.



Envelope-Disruptors to Stop Future Pandemics

Next-Generation 
Antiviral Strategy

Nature 592, no. 7854 (2021): 340-343. 7



Our LEAD Approach
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Lipid 
Envelope 
Antiviral 
Disruption 

Cho et al., Nat. Mater. (2020).

Next-generation antiviral peptides

Biophysical + Computational 
+ Virological Approaches

Investigate the design & function 
of membrane-active peptides



Antiviral Peptide Engineering Strategy
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Cho et al., Nat. Mater. (2020).

Integrated Experimental and Theoretical Approaches

• Sequence optimization
• Secondary structure prediction    
• Interfacial hydrophobicity 

• Peptide concentration
• Solution conditions
• Membrane 
composition/curvature

• Real-time interaction tracking
• Model & authentic virus 
particles
• Virus conformational effects

Virus-mimicking liposomes Enveloped virus particles

Peptide Design Biophysical Evaluation Virus Particle Tracking



AH Peptide: First LEAD Candidate
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Cho et al. JACS 2007; Cho et al. 
Analytical Chemistry 2007; Cho et al., 
ACS Chemical Biology (2009).

• AH peptide is derived from the N-terminus of HCV NS5A protein and involved in viral 
membrane association.

• Serendipitously discovered that AH peptide can rupture small liposomes and 
enveloped viruses (<160 nm diameter).

Hepatitis C Virus (HCV) Polyprotein AH Peptide

46 Å

SGSWLRDVWDWICTVLTDFKTWLQSKL



AH vs NH Peptides
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AH Peptide  

SGSWLRDVWDWICTVLTDFKTWLQSKL

Theoretical Mass (M+H+): 3282.3

NH Peptide 

SGSWLRDDWDWECTVLTDDKTWLQSKL

Theoretical Mass (M+H+): 3282.5
46 Å

AH peptide preserves α-helical character, and NH peptide does not.

AH Peptide  NH Peptide  



Discovery of a Vesicle-Rupturing Peptide
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Cho et al. JACS 2007; Cho et al. Analytical Chemistry 2007; 
Cho et al. Nature Protocols 2010; Jackman et al. J Phys
Chem B 2013

Bare 
Substrate

Adsorbed 
Vesicle

Planar 
Bilayer

- AH peptide promotes vesicle rupture.

• Structural Transformation

- Values correspond to a planar bilayer.

• Bilayer Formation

- Gold, TiO2, Al2O3.

• Multiple Substrates



Effects of AH Peptide on Virus Infectivity

13

Hepatitis C virus (HCV)
small (50 nm in size), 
enveloped, single strand RNA virus

Vaccinia virus (VACV or VV) 
large, complex, enveloped virus 
~ 360 × 270 × 250 nm

Virus size

0 nm

300 nm

200 nm

100 nm

50 nm

150 nm

250 nm

350 nm

AH peptide prevented infection in HCV while neither AH/NH 
peptide prevented vaccinia infection.



Membrane-Curvature-Dependent Antiviral Activity
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Cho et al., Nat. Mater. (2020).

AH peptide forms pores in curved lipid membranes 
and triggers membrane lysis.



Tethered Lipid Vesicle: Model Viral Particle
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AH peptide has distinct selectivity principles compared to structural analogues.

Langmuir 35, no. 30 (2019): 9934-9943.
Langmuir (2021) 37 (45), 13390-13398

AH Peptide C5A Peptide

De Novo Folding Simulation
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Therapeutic Treatment of Zika Virus Infection 
Using a Brain-Penetrating Antiviral Peptide



Zika Virus Epidemic: Neurodegenerative Disease

18
New England Journal of Medicine 374, no. 16 
(2016): 1552-1563.



LEAD Concept

19
Jackman et al., Nat. Mater. (2018).



Stereochemical Engineering of AH-D Peptide

20Jackman et al., Nat. Mater. (2018).

Highly Parallel Imaging of Peptide-Induced Liposome Disruption

Tethered Vesicle Platform
AH-D Peptide Has Refined Membrane-Curvature Selectivity

AH-L → AH-D

Peptide Engineering
Achiral lipid membrane targeting



In Vitro Antiviral Characterization of AH-D Peptide

21Jackman et al., Nat. Mater. (2018).

Nanomolar antiviral activity and >300-fold selectivity index



Therapeutic Testing in Lethal Mouse Model
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Jackman et al., Nat. Mater. (2018).

AH-D peptide therapy shows excellent clinical benefits.

>80% mortality 
reduction

Decreased 
weight loss

Reduced eye 
pressure increase

Reduced white 
blood cell increase



Antiviral and Anti-Inflammatory Treatment Effects
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Jackman et al., Nat. Mater. (2018).

Decreased cytokine and chemokine levels in the brain

Brain

Decreased viral loads in serum, spleen, brain, & optical nerve



AH-D Peptide Inhibits Zika Virus in the Brain

24
Jackman et al., Nat. Mater. (2018).

AH-D peptide cross blood-brain barrier and is active in brain.



AH-D Peptide Protects Blood-Brain Barrier

25
Jackman et al., Nat. Mater. (2018).

AH-D peptide can cross intact BBB and maintain BBB integrity.



PK/PD Evaluation
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• 25 mg/kg i.v. bolus administration → sampling over 24 hrs

• High peptide concentrations in blood and relevant tissues.

• Brain concentration is around 400-600 nM.

Jackman et al., Nat. Mater. (2018).



Antiviral In Vivo Tests for Zika & Dengue 
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Antiviral in vivo testing of AH peptide to 
inhibit dengue virus infection in mice 

Antiviral in vivo testing of AH peptide to 
inhibit Zika virus infection in marmoset



Broad-Spectrum Activity of AH Peptide
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Virus EC50 (μM)

SARS-CoV-2 virus
Zika (FSS13025)

0.030
0.960

Zika (PRVABC-59) 1.240

Zika (MR766) 1.040

Dengue-1 (PRS41393) 1.040

Dengue-2 (New Guinea C) 1.150

Dengue-3 (H87) 1.200

Dengue-4 (H241) 1.140
Yellow Fever (17D) 0.098

Japanese Encephalitis (SA 14-14-2) 0.150
Powassan Virus (BL) 5.170
Chikungunya (181/25) 2.520
Ebola (Zaire) 0.930
Marburg (Angola) 0.640
Rift Valley Fever Virus (MP12) 0.260
Human cytomegalovirus (AD169) <4
Vaccinia Virus (NYCBH) >12
Polio Virus (Malhoney) >30

Works against a wide range of viruses 
that are of importance to clinical 
medicine and biodefense.

Tested in collaboration 
with 



Nonclinical Program to Initiate IND
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Blue Letter: Conservative mutation

Red Letter: Non-conservative mutation

Note: All sequences start with amino group (N-terminus) and end with carboxyl group (C-terminus). In case of C-terminal 

amidation,  isoelectric point (pI) is ~2.4 higher than carboxylation. 

Conserved residues:
Acidic Basic

Hydrophobic Thiol

Amino Acid Sequence pI pH 7
NH2 5                                   10                                   15                                   20  25     COOH

TMIG1 S G S W L R D I W D W I C E V L S D F K T W L K A K L 6.3 -0.1

1b (AH) S G S W L R D V W D W I C T V L T D F K T W L Q S K L 6.1 -0.1

TMIG2 S G S W L R D V W D W V C T I L T D F K N W L T S K L 6.1 -0.1

TMIG3 S G S W L R D I W E W V C S I L T D F K N W L S A K L 6.2 -0.1

TMIG4 S D D W L R I I W D W V C S V V S D F K A W L S A K I 4.2 -1.1

TMIG5 S G D W L R I I W D W V C S V V S D F K T W L S A K I 6.1 -0.1

TMIG6 S D D W L R T I W D W V C S V L A D F K A W L S A K I 4.2 -1.1

TMIG7 G D D W L H D I W D W V C I V L S D F K T W L S A K I 3.9 -3.0

TMIG8 D G N W L Y D I W N W V C T V L A D F K L W L G A K I 4.0 -1.1

TMIG9 A E S W L W E V W D W V L H V L S D F K T C L K A K F 5.3 -1.0

TMIG10 G S T W L R D I W D W V C T V L S D F R V W L K S K L 8.8 0.9

Deep Learning from Nature: AH Peptide Engineering

Confidential
2021-172-02-PCT 



Single Tethered Vesicle Platform
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Synthetic lipid envelope particles (controllable size)
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AH-D Functional Terminals: Single Vesicles
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Screening Data: Engineered Peptides
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Antiviral testing of engineered peptides to inhibit SARS-CoV-2 virus

New potent viral inhibitors in the low nanomolar range (~30 nM).

A



Economic & Societal Impact
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Disease X



Concluding Remarks
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• Peptide therapy inhibits ZIKV infection in mice through a 
combination of systemic control and inhibitory activity in 
organs, including the brain.

• Might also address other ZIKV-related medical 
complications such as viral persistence in tissues, 
maternal-fetal and sexual transmission, and eye infections.

• Motivates new antiviral strategies for treating mosquito-
borne virus infections and possibly other classes of 
neurodegenerative diseases with possible viral etiologies.
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AViDD U19

• Center title: Development of outpatient antiviral cocktails against SARS-CoV-2 and other potential 
pandemic RNA viruses (RFA-AI-21-050)

• Project title: Targeting viral envelopes with antiviral peptides and peptoids and degraders, and surface 
proteins with small molecules

- Award period: 05/01/2022 – 04/30/2027 (5 years)
- Amount: 1,547,000 USD (overhead 8%)

• Project title: Oral small molecule inhibitors of NSP4-mediated membrane-associated RNA replication of 
SARS-CoV-2 and other RNA viruses

- Award period: 05/01/2022 – 04/30/2027 (5 years)
- Amount: 1,032,000 USD (overhead 8%)

NIAID 2022 DMID Omnibus Broad Agency Announcement (BAA)

• Project title: Advancing an oral NSP4 inhibitor DAA to the clinic for outpatient SARS-CoV-2 infections
- Award period: 11/01/2022 – 10/31/2027 (5 years)
- Amount: 1,346,875 USD (overhead 8%)

37

https://nam11.safelinks.protection.outlook.com/?url=http%3A%2F%2Fgrants.nih.gov%2Fgrants%2Fguide%2Frfa-files%2FRFA-AI-21-050.html&data=04%7C01%7Cblake.cowing%40emory.edu%7C71d7da6f2c994826243608d97e232b7f%7Ce004fb9cb0a4424fbcd0322606d5df38%7C0%7C0%7C637679511893326841%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=qWZJVGBKam4PXlUHNuoovOQtoALCpLnrat1ToG75%2B%2Bo%3D&reserved=0
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