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We need to confront 
the “unknown unknowns”



Preventing Coronavirus Transmission

• An N95 respirator is a respiratory protective device designed to 

achieve a very close facial fit and very efficient filtration of airborne 

particles.

• The 'N95' designation means that when subjected to careful testing, 

the respirator blocks at least 95 percent of very small (0.3 micron) test 

particles.
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Current Coronavirus vs. Other Viruses
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https://www.nytimes.com/interactive/2020/world/asia/china-coronavirus-contain.html

https://www.nytimes.com/interactive/2020/world/asia/china-coronavirus-contain.html


Age-Dependent Coronavirus Mortality Rates

5



Frozen Economy

6



Types of Coronavirus Vaccines in Development
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AN ARRAY OF VACCINES
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What could go wrong?

Antibody Dependent Enhancement (ADE)

Vaccines help body produce antibodies to 
stop viruses and prevent cell infection

Sometimes… antibody binding to virus 
particles enhances cell infection



Failure of a Dengue Vaccine
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COVID-19 Vaccine: Potential ADE Risk (I)
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https://www.nature.com/articles/s41577-020-0321-6



Many Challenges to Make Coronavirus Vaccine
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https://www.biocentury.com/article/304521/how-covid-19-

response-is-stimulating-global-scientific-collaboration



COVID-19 Vaccine: Potential ADE Risk (II)
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Discovery of Antiviral Drug Platform

2004.03

First experimental 

demonstration of 

AH peptide-

induced artificial 

virion lysis.

2007.01

AH peptide-

induced artificial 

virion lysis is 

reported.
- Cho et al. JACS,

2007, 129(33),      

10050-10051.

Potential of antiviral 

peptides targeting 

viral lipid envelop is 

confirmed.
- Cheng et al. PNAS,

2008, 105(8),      

3088-3093.

- Bobardt et al. PNAS,

2008, 105(14),      

5525-5530.

2008.02

Small molecules 

targeting viral lipid 

envelopes are 

reported to have in 
vitro antiviral 

activity.
- Wolf et al. PNAS,

2010, 107(7),      

3157-3162.

- Vincent et al. PNAS,

2010, 107(40),      

17339-17344.

2010

2005.03

Unique biophysical 

mechanism of AH 

peptide is disclosed.
- WO2006110350 A3

- PCT/US2006/012085

2007.07

Antiviral activity of AH 

peptide is disclosed.
- WO2009014615 A3

- PCT/US2008/005627

2009.11

AH peptide curvature-

sensing mechanism is 

identifies.
- Cho et al. ACS Chemical 

Biology, 2009, 4(12),      

1061-1067.

2014.09

Broad-spectrum 

antiviral activity of 

AH peptide is 

identified.

2015.07

AH peptide therapy 

works against 

Dengue virus 

infection in a 

humanized mouse 

model.
- Jackman et al. Small,

2015, 11(20),      

2372-2379.

AH-peptide 

shows nanomolar

in vitro activity 

against filoviruses 

(Ebola & 

Marburg).

2015.02

AH-peptide works 

against circulating 

Zika virus strains.
- Jackman et al. 

JACS,

2016, 138(4),      

1406-1413.

2016.08

2017.03

AH peptide 

therapy works 

against Zika virus 

infection in lethal 

mouse model. 

Successfully 

Screen Third 

Generation 

antiviral drug.

2019.09
Dengue Animal 

Model Study 

Completion.

2020.04

2020.03

Dog Toxicity 

Complete.
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Lipid Enveloped Antiviral Disruption “LEAD” Concept
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 Publications

 Medias

- Jackman et al. Nature Materials 2018; 17, 971–977.
- Jackman et al. Nature Materials 2018; 17, 950–957.
- Camargos VN et al. EBioMedicine 2019; 44, 516-529.
- Jackman et al. Advanced Therapeutics 2018; 1(5), 

1800045.
- Nam Joon Cho et al. Nature Materials 2020; 

https://doi.org/10.1038/s41563-020-0698-4



Next –Generation Antiviral Technology
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• Enveloped viruses are membrane-enclosed objects that infect cells.

• Antiviral peptide for Lipid Envelope Antiviral Disruption (LEAD)



LEAD Concept: Mosquito-Borne Viruses
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LEAD Concept
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• Lipid Envelope Antiviral Disruption = “LEAD”

• Selected amphipathic, α-helical (AH-D) peptide as LEAD candidate. 

• Evidence of some peptides crossing blood-brain barrier.



Target Achilles’ Heel of Antiviral Agents
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LJ001

LJ001

dUY11

AH Peptide

Arbidol

C5A Peptide

Virus Envelope

Cho et al. (2009). ACS Chemical Biology, 

4(12), 1061-1067.
Cheng et al. (2008). PNAS, 105(8), 

3088-3093.

Vincent et al. (2010). PNAS, 107(40), 

17339-17344.

Villalaín et al. (2010). J Phys Chem
B, 114(25), 8544-8554.

Wolf et al. (2010). PNAS, 

107(7), 3157-3162.



19

Therapeutic Treatment of Zika Virus 

Infection Using a Brain-Penetrating

Antiviral AH-D Model Peptide
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Engineering Short Amphipathic 

Peptides with Antiviral Properties

Antiviral Peptide Series 



Experimental Strategy
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Biophysical 

Design

Characterize selective disruption of curved membranes and 

predict range of effective peptide concentrations.

Antiviral 

Strategy 

Measure inhibitory concentrations against ZIKV and other 

mosquito-borne viruses.

Therapeutic 

Evaluation 

Determine if peptide’s activity can improve outcomes in 

mouse model with high viral burden in brain.

In Vivo Brain 

Activity 

Investigate brain penetration of peptide and protective effects 

against ZIKV-induced BBB injury.



In Vitro Antiviral Activity

22

 Potent membrane-disruptive activity in nanomolar range

 Selective activity against curved membranes (= virus particles)



In Vitro Antiviral Activity
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 Protects against ZIKV-induced death in primary neuronal cultures

 Inhibitory against Zika, Dengue, Chikungunya, Japanese Encephalitis, 

Yellow Fever (Selectivity Index: 337 to 5422)



In Vivo Therapeutic Efficacy
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 Type I interferon receptor-deficient mice were i.v. inoculated with 4 x 103 

PFU of Brazilian ZIKV strain (HS-2015-Ba-01 isolate).

 Therapy started on day 3 post-infection (i.p. administration) and 18 out of 

22 mice survived.

 Protected against weight loss, eye pressure change, and leukocytosis. 



Our Strategy Works Against Many Viruses
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Virus EC50 (μM)

Zika (FSS13025) 0.960

Zika (PRVABC-59) 1.240

Zika (MR766) 1.040

Dengue-1 (PRS41393) 2.040

Dengue-2 (New Guinea C) 1.950

Dengue-3 (H87) 1.900

Dengue-4 (H241) 1.640

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.



Concluding Remarks
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• “LEAD” 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.



Collaborator Acknowledgement

27

Academic Collaboration

Profs. Jeffrey S. Glenn and Curtis W. Frank, Stanford 

University 

Profs. Ram Sasisekharan and Jianzhu Chen, 

Massachusetts Institute of Technology 

Profs. Dr. Mauro Teixeira and Vivian Vasconcelos

Costa, Federal University of Minas Gerais

Profs. Brian Gowen and Donald Smee, Utah State 

University

Prof. Brent Korba, Georgetown University

Profs. Mark Denison and Jim Campbell, Vanderbilt 

University

Prof. Thiravat Hemachudha, Chulalongkorn

University/WHO 

Prof. Bart De Spiegeleer, Ghent University

Prof. Johan Neyts, Catholic University of Leuven

Drs. Hannes Martin Hentze and Vijay Saradhi, A*Star



28

Thank You


