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u COVID-19 caused by SARS-CoV-2 has been declared a 
pandemic in March 2020.

u This virus has been proven to be highly infectious and 
deadly in some cases, causing over 2.5 million deaths 
world-wide so far.

u The spike S protein of SARS-CoV-2 mediates the viral 
attachment and entry into the host cell by binding to 
its target receptor, the (ACE2).

(Letko et al., 2020; Walls et al., 2020; Wan et al., 2020; Zhou et al., 2020).

SARS-CoV-2 infection through ACE2
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Angiotensin-Converting Enzyme2 (ACE2)

ACE2 is a member of the renin angiotensin system (RAS)

u Plays a role in blood pressure, fluid, electrolyte homeostasis.

u Facilitator of amino acid transport.

u SARS-CoV and SARS-CoV-2 receptor.

(Chung et al., 2020; Samavati and Uhal, 2020).

u ACE2 gene is located on the X chromosome (Samavati and Uhal, 2020).
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u RNA-seq and microarray studies
showed that ACE2 is expressed in
different cell types including in the
lungs, cardiovascular system, gut,
kidneys, central nervous system,
and adipose tissue.

(Chung et al., 2020).

ACE2 tissue distribution
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ACE2 variants
u Allele frequency (AF) analysis of ACE2 coding variants between 

populations shows diversity of it’s expression patterns in the different 
ethnic groups in the Asian population which might explain the different 
systemic response of SARS-CoV-2 in different populations under similar 
conditions (Cao et al., 2020).

u Single nucleotide variation analysis of human ACE2 shows:
u Many variations that were mostly population-specific
u Majority of ACE2 variations were located in the protein coding regions 

u Some were distributed in the spike protein-ACE2 contact region.
(Fujikura and Uesaka, 2020).

6



Study hypothesis:
Reduced cell surface availability of ACE2 might affect the 

susceptibility and severity of SARS-CoV-2 infection.

Evaluate the effects of the reported ACE2 missense 
variants on its trafficking, structure and function.

Main Aim:
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Significance of the study
u Several studies have investigated how ACE2 genetic variants  affected the binding 

affinity to the spike protein but the effect of these variations on ACE2 cellular 
trafficking and localization is not tackled yet.

u It is predicted that reduced cell-surface availability of ACE2 might reduce the rate of 
SARS-CoV-2 infection à might explain some of the variability in the clinical severity of 
the disease observed among COVID-19 patients.

u Our finding might suggest that manipulating cell surface expression of this receptor 
could be a potent therapeutic target for COVID-19.
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Our objectives include:
u 1. Generate the known ACE2 gene-coding missense variants reported in 

humans.

u 2. Elucidate the effect of the generated SNP variants on the receptor’s 
expression, trafficking and subcellular localization

u 3. Perform functional analysis

u 4. Preform molecular dynamics (MD) simulation on the ACE2 receptor mutant 
forms that showed defective binding and retarded trafficking.
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Study design

Data mining of 
ACE2 variants  
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Objective  #1

u Generate the known ACE2 gene-coding missense variants reported in humans 
by site directed mutagenesis using expression vectors as templates.
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Literature search of ACE2 variants
u At least 30 variants of the missense type among humans.

u The variants were largely extracted from a previously published comparative genetic
analysis of the ACE2 receptor coding region in different populations (Cao et al., 2020).

u Guo and colleagues have shown that nine missense variants in ACE2 gene may cause
disruption in the structure of ACE2 and alter the interaction occurring with the RBD of
the S protein (Guo et al., 2020).

u The implications of those variations on the cellular trafficking and targeting of ACE2
to the cell surface are not well established which is a major aim of this research.
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Literature search of ACE2 variants
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A Review article by our lab published in 2021 â



Site-directed-mutagenesis (SDM)

u C-Tag: Myc-DDK

u E. coli Selection: Kanamycin

u Cell Selection: Neomycin

Mammalian Expression Vector
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Structure of ACE2
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The domain structure of ACE2 highlighting the locations of 
the residues that are reported to be variable in humans.

(Image generated by Dr M Ghattas)



Objective #2
u Elucidate the effect of the generated variants on the receptor’s expression, 

trafficking and subcellular localization.
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Immmuno Fluoresce (IF) 

ACE2 Wilde type localization: Plasma membrane

WT-ACE2 ER-Calnexin Merge

Representative images
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WT-ACE2 PM-HRas Merge



Immmuno Fluoresce (IF) 
ACE2 mutants localization: ER retained.

Mutant-ACE2 ER-Calnexin Merge

ACE2 mutants localization: Plasma membranal.
Mutant-ACE2 ER-Calnexin Merge

Representative images
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u Preform molecular dynamics (MD) simulation on the ACE2 receptor 
mutant forms that showed defective binding and retarded trafficking.

u To perform functional analysis on different mutated ACE2 receptors 
compared to WT-ACE2 including:

uACE2 activity

uBinding capacity to the COV2-spike protein

Plans for the near future
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