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Coronavirus Disease 2019 

COVID-19
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3.179.927
Global Deaths
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3.179.927
Global Deaths
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Causative agent of COVID-19 

SARS-CoV-2
Severe Acute Respiratory Syndrome Coronavirus 2 

200 nm
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PBDID 6VXX
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On the surface… 

Spike protein homotrimer
Allow penetration and subsequent entry
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PBDID 6VXX

PBDID 6M0J
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In the S1 (Spike) protein…

Receptor Binding Domain (RBD)
Residue number (resn) 319-541
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S1 Subunit Receptor
Binding Domain (RBD)

Human Angiotensin
Converting Enzyme 2 (hACE2)
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In the S1 (Spike) protein…

Substrate bound X-ray structure
PDBID 6M0J
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FlICk peptide
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In the S1 (Spike) protein…

Substrate bound X-ray structure
PDBID 6M0J

S1 Subunit Receptor
Binding Domain (RBD)

Human Angiotensin
Converting Enzyme 2 (hACE2)
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Virus structure
Vaccine and 

antiviral 

targets

 Production and distribution of vaccines

 Variable vaccine acceptance

 Imperfect vaccine efficacy

 Development of vaccination-resistant strains
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(Peptide Introduction): Challenges associated with mass vaccination

10



 Better at targeting protein-protein interactions

 Effective for extracellular targets

 Less prone to resistance

 Stapling increases protease resistance
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(Peptide Introduction): Peptides as drugs
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SARS-CoV-1 

inhibitory peptide
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(Peptide Introduction): Peptide Stapling
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- Isoindole Formation is a classic analytical reaction

- Condensation of ortho-phthalaldehyde with an amine and a thiol results 

in a fluorescent heterocycle

- Used to quantify amino acids and peptides and as an active site titrant
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(FlICk): Isoindole Formation
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(FlICk): Monocycles and Bicycles
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(FlICk): Proof of Concept Peptides
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(FlICk): ACE2 Mimicking Peptide Literature Precedence
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- Direct cut-outs of N-

terminal fragment of 

hACE2 were made by 

Pentelute1 and Altseens2

- Binding to Spike protein 

tested by Biolayer 

Interferometry (BLI) or 

Atomic Force 

Microscopy

- Little binding in the high 

micromolar range was 

reported and no 

inhibition of the ACE2-

Spike protein interaction 

was observed in our 

hands

- Doubled stapled (olefin 

metathesis) versions of 

ACE2 helix made by 

Debnath3

- Although binding 

measured by BLI, activity 

in in-vitro antiviral show

1) Zhang, G.; Pomplun, S.; Loftis, A. R.; Loas, A.; Pentelute, B. L. bioRxiv 2020, 2020.03.19.999318. 

https://doi.org/10.1101/2020.03.19.999318.

2) Yang, J.; Petitjean, S. J. L.; Koehler, M.; Zhang, Q.; Dumitru, A. C.; Chen, W.; Derclaye, S.; Vincent, S. P.; 

Soumillion, P.; Alsteens, D. Nat. Commun. 2020, 11https://doi.org/10.1038/s41467-020-18319-6.

3) Curreli, F.; Victor, S. M. B.; Ahmed, S.; Drelich, A.; Tong, X.; Tseng, C.-T. K.; Hillyer, C. D.; Debnath, A. K. MBio

2020, 11 (6), e02451-20.

https://doi.org/10.1101/2020.03.19.999318


X=K or C

Peptide Sequence

1 CKCK

2 CKKC

3 KCCK

4 KCKC
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(FlICk): Double FlICked ACE2 Peptides
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(FlICk): Peptide 3 Double Flicking
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(FlICk): Peptide 3 Double Flicking
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(FlICk): Peptide 3 Double Flicking
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(FlICk): Peptide 3 Double Flicking
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(FlICk): Peptide 3 Double Flicking

1

2

3 4

1

2

3 4
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1-3,2-4
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1                      2                                                               3                    4

1-3, 2-4
1-2, 3-4 24

(FlICk): Double Flicked Peptide Fluorescence 
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FlICk peptide

S1 Subunit Receptor
Binding Domain (RBD)

Human Angiotensin
Converting Enzyme 2 (hACE2)
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Enzyme ImmunoSorbent Assay

ELISA
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SARS-CoV-2

Spike RBD

Positive results/ good binder

ELISA Plate

Negative results/ poor binder

SARS-CoV-2

Spike RBD

ELISA: Enzyme ImmunoSorbent Assay
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ELISA: Enzyme ImmunoSorbent Assay
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Spike RBD

Positive results/ good binder

ELISA Plate
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hACE
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ELISA: Enzyme ImmunoSorbent Assay
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Positive results/ good binder

ELISA Plate
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ELISA: Enzyme ImmunoSorbent Assay

SARS-CoV-2

Spike RBD

Positive results/ good binder

hACE2

ELISA Plate

Negative results/ poor binder

SARS-CoV-2

Spike RBD

FlICk Peptide

(Good)
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ELISA: Enzyme ImmunoSorbent Assay

SARS-CoV-2

Spike RBD

Positive results/ good binder

hACE2

ELISA Plate

Negative results/ poor binder

SARS-CoV-2

Spike RBD

FlICk Peptide

(Good)

(Poor)

His6
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ELISA: Enzyme ImmunoSorbent Assay

SARS-CoV-2

Spike RBD

Positive results/ good binder

hACE2
His6

His6

HRP

ELISA Plate

Negative results/ poor binder

SARS-CoV-2

Spike RBD

FlICk Peptide

(Good)

His6

His6

HRP
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ELISA: Enzyme ImmunoSorbent Assay

SARS-CoV-2

Spike RBD

Positive results/ good binder

hACE2
His6

His6
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ELISA Plate

Negative results/ poor binder

SARS-CoV-2

Spike RBD

FlICk Peptide

(Good)
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ELISA: Enzyme ImmunoSorbent Assay

SARS-CoV-2

Spike RBD

Positive results/ good binder

hACE2
His6

His6

HRP
TMB (red)

ELISA Plate

Negative results/ poor binder

TMB (red)

SARS-CoV-2

Spike RBD

FlICk Peptide

(Good)
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ELISA: Enzyme ImmunoSorbent Assay

SARS-CoV-2

Spike RBD

Positive results/ good binder

hACE2
His6

His6

HRP
TMB (red)

TMB (ox)

High OD450

ELISA Plate

Negative results/ poor binder

TMB (red)

TMB (ox)

Low OD450

SARS-CoV-2

Spike RBD

FlICk Peptide

(Good)

34



35

(FlICk): Double Flicked Peptide IC50s

Entry 1234 Topology R.T.

(min)

IC50(μM)

1 CKCK 1-4,2-3 4.71 Not active 

(>900)

2 CKCK 1-2,3-4 5.21 Not active 

(>900)

3 CKKC 1-3,2-4 3.57 77

4 CKKC 1-2,3-4 5.22 260

5 KCCK 1-3,2-4 3.75 Not active 

(>500)

6 KCCK 1-2,3-4 5.39 Not active 

(>900)

7 KCKC 1-4,2-3 5.00 Not active 

(>900)

8 KCKC 1-2,3-4 5.36 620
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(FlICk): Double Flicked Peptide IC50s

Entry XXXX

1234

Topology R.T.

(min)

IC50(μM)

1 CKCK 1-4,2-3 4.71 Not active (>900)

2 CKCK 1-2,3-4 5.21 Not active (>900)

3 CKKC 1-3,2-4 3.57 77

4 CKKC 1-2,3-4 5.22 260

5 KCCK 1-3,2-4 3.75 Not active (>500)

6 KCCK 1-2,3-4 5.39 Not active (>900)

7 KCKC 1-4,2-3 5.00 Not active (>900)

8 KCKC 1-2,3-4 5.36 620
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(FlICk): Alpha Conotoxin Topology

Photograph: Jeff Rotman/Alamy

Alpha-Conotoxin

1    2                3                            4

1                     2                                                              3                      4
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(FlICk): Alpha Conotoxin Topology
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Armishaw, C.; Jensen, A. A.; Balle, T.; Clark, R. J.; Harpsøe, K.; Skonberg, C.; Liljefors, T.; Strømgaard, K. J. Biol. Chem. 2009, 284 (14), 9498–9512. 
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Chaotrope/salt (concentration) 1-2,3-4 : 1-3,2-4 ratio HPLC chromatogram

none 2.5

Guanidinium chloride (2% w/w) 2.5

Urea (2% w/w) 2.4

Polysorbate 20 (2% w/w) 3.2

Polysorbate 80 (2% w/w) 2.7

Triton X-100 (2% w/w) 3.5

Mr. Clean® dish detergent (2% 

w/w)
2.9

Magnesium chloride (450 mM) 2.3
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(FlICk): Effect of chaotropes and salts on Peptide 3 crosslinking selectivity

42



Solvent Temperature (oC) 1-2,3-4 : 1-3,2-4 ratio HPLC chromatogram

Sodium borate buffer, pH 

9
4 1.90

Sodium borate buffer, pH 

9
20 2.52

Sodium borate buffer, pH 

9
37 2.34

Sodium borate buffer, pH 

9/EtOH (1:1)
-20 7.78

Sodium borate buffer, pH 

9/EtOH (1:1)
20 7.46
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(FlICk): Effect of temperature and solvent on Peptide 3 crosslinking selectivity
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Peptide Solvent 1-2,3-4 : 1-3,2-4 ratio HPLC chromatogram

3 Sodium borate buffer, pH 9 2.52

3
Sodium borate buffer, pH 9/EtOH 

(1:1)
7.46

4 Sodium borate buffer, pH 9 2.26

4 Sodium borate buffer, pH 9/DMF (1:1) 3.95

4 Sodium borate buffer, pH 9/DMA (1:1) 3.39

4
Sodium borate buffer, pH 9/MeCN 

(1:1)
2.46

4 Sodium borate buffer, pH 9/THF (1:1) 6.98
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(FlICk): Effect of solvent on Peptide 3 crosslinking selectivity

44



45

Future direction
Psuedovirus Neutralization Assay (PNA)

LentivirusCoronavirus
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LentivirusCoronavirus
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Future direction
Psuedovirus Neutralization Assay (PNA)
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48-60 h

Infection
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Future direction
Psuedovirus Neutralization Assay (PNA)
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Future direction
Psuedovirus Neutralization Assay (PNA)

Infection

48-60 h

Infection

48-60 h
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Pseudovirus Neutralization Assay
Biological validation

Lentivirus

+ ACE2+ cells

+ inhibitor

+ ACE2+ cells ❌

✔️Infection

Infection
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