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Outline

Wan et al. (2020) used predictive framework to develop a model for
2019-nCoV.

Wan et al. (2020) found five important amino acid residues in ACE2.
Can 2019-nCoV bind to certain species ACE2 receptor?

Species that have ACE2 receptor were obtained from Uniprot.
Phylogenetic tree was made to determine relatedness between species.
iCn3D viewer was used to find ACE2 binding sequence.

Related species were compared to ACE2 ¢ helix of human and mouse.
Different residues were analyzed for structure-function relationships.
We predict that bat, orangutan, and horse should all be able to bind to
2019-nCoV due to residue analysis.

Future research is needed to determine sequence-structure-function
relationship of ACE2 orthologs to 2019-nCoV.
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Wan et al. (2020) used predictive framework to
develop a model for 2019-nCoV

e SARS-CoV and 2019-nCoV share
77% sequence similarities, which
suggests they may bind to the
same receptor, ACE2.

Human SARS-CoV-optimized RBD
D Human ACE2

e SARS-CoV and 2019-nCoV are
similar in structure and binding.

Human 2018-nCoV RBD (model)



Wan et al. (2020) found five important amino acid
residues in ACE2 receptor orthologs

Changes in these residues can
either enhance or inhibit
2019-nCoV binding to ACE2.

Mouse and Rat are the two
predicted species that 2019-nCoV
could not bind to.
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The Main Question

Can 2019-nCoV bind to certain species
ACE2 receptor?
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Species with ACE2 receptor were discovered
using Uniprot
e ACE2 was entered into Uniprot to find orthologs in different

animal species.

e 19 species were obtained to compare conservation of ACE2
o Includes mammals, reptiles, birds, fish, etc.

. Angiotensin- ACE2, Homo sapiens (Human) 805
S converting UNQ868/PR0O1885
enzyme 2
>~ Angiotensin- Ace2 Mus musculus (Mouse) 805
- converting
enzyme 2
Angiotensin- Ace2 Rattus norvegicus (Rat) 805
converting
enzyme 2
A Angiotensin- ACE2 Paguma larvata (Masked palm civet) 805
~ converting
enzyme 2



No pattern was observed in phylogeny using the
entire sequence of ACE2 receptor
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iCn3D was used to find the sequence of the
ACE2 g helix that 2019-nCoV binds to

e Wan et al. (2020) PDB ID was
inputted into iCn3D viewer to
determine where 2019-nCoV
binds to ACE2.

e ¢ helix sequence:

o STIEEQAKTFLDKFNHEAEDLF

YQSSLASWNYN

Pink: ACE2
Tan: 2019-nCov



Residue differences in Mouse ACE2 a helix could
account for differences in binding

e Binding helices of human
and mouse species were
compared for similarity.

e 6 residues were found
that could cause
differences in binding.

Human
STIEEQAKTFLDKFNHEAEDLEYQSSLASWNYN

Mouse
SLTEENAKTFLNNFNQEAEDLSYQSSLASWNYN
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Five animals were chosen to compare ACE2 ¢

helix sequence to human

e Animals with close relation to
Wan et al. (2020) species were
chosen from phylogenetic tree.

e Focused on 6 residues which
differed between mouse and

human.
o Positions 2, 3,12, 13, 16, and 22

Animal

Horse

Platypus

Civet

Bat

Orangutan

Sequence

STTEDLAKTFLEKFNSE
AEELSHQSSLASWSYN

K- PEEEARQFLTQFNKQ
AEDLSYQSSLASWEYN

STTEELAKTFLETFNYE
AQELSYQSSVASWNYN

STTEDEAKMFLDKFNTK
AEDLSHQSSLASWDYN

STIEEQAKTFLDKFNHE
AEDLFYQSSLASWNYN



Some residues are conserved in Horse

I— T= nonpolar to polar
D— E= both - charged
H— S= + charged to polar

F— S= nonpolar to polar

Human
STIEEQAKTFLDKFNHEAEDLEYQSSLASWNYN

Horse

STTEDLAKTFLEKFNSEAEELSHQSSLASWSYN




Platypus showed differences in every residue

T— -=loss of polar A.A.

| - P = both hydrophobic, change
of shape

D—T = - charged to uncharged
K— Q = + charged to uncharged

H— K = both + charged, change of
shape

F— S = hydrophobic to polar

Human
STIEEQAKTFLDKFNHEAEDLEYQSSLASWNYN
Platypus

K- PEEEARQFLTQFNKQAEDLSYQSSLASWEYN




Only one residue was preserved in Civet

I— T = nonpolar to polar
D— E = both - charged

K— T =+ charge to polar
H— Y = + charge to polar

F— S = nonpolar to polar

Human
STIEEQAKTFLDKFNHEAEDLEYQSSLASWNYN
Civet

STTEELAKTFLETFNYEAQELSYQSSVASWNYN




Half of the residues are conserved in Bat

Human

- T= nonp0|ar to polar STIEEQAKTFLDKFNHEAEDLEFYQOSSLASWNYN

H— T =+ charged to polar |***

STTEDEAKMFLDKFNTKAEDLSHQSSLASWDYN

F— S = nonpolar to polar




Entire g helix is conserved in Orangutan

Human

STIEEQAKTFLDKFNHEAEDLEYQSSLASWNYN

Orangutan
STIEEQAKTFLDKFNHEAEDLEYQSSLASWNYN




ACE2 orthologs are both conserved and varied

ACE2 2 3 12 13 16 22
Human T I D K H F
Horse T T E K S S
Platypus P T Q K S
Civet T T E T Y S
Bat T T D K T S
Orangutan T I D K H F
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Can 2019-nCoV bind to these species?

e Our established criteria assumed that 3 or more conserved residues
most likely allows 2019-nCoV to bind to the ACE2 receptor.

Species
Horse
Platypus
Civet
Bat

Orangutan

Conserved Residues
3

None

All

Able to bind to receptor
Yes
No
No
Yes

Yes



Position 13 is important for binding of SARS-CoV

e Wan et al. (2020) found that position 13 is a ACE2 13

hotspot for binding interactions
o Lys forms a salt bridge with a neighboring Glu =
leads to favorable interactions

Human

Horse

e Residue differences in position 13 agree with Civet

K

K

Platypus Q
-

our predictions Bat K
K

Orangutan



Discussion

e Horses can be infected with Equine Coronavirus which also support our
predictions.

e SARS-CoV-1 was able to bind to civets’ ACE2 receptor.

o However, Wan et al. predicted that civet receptor does not have favorable interactions
with 2019-nCoV.
o Cases of other cat species infected with the novel virus are known.

e Orangutans and Humans share 97% of DNA with humans.

e Predictions could change due to adaptations of the virus to bind
to host.



Future Research

e Study how certain species can block SARS-CoV-2 using their ACE2

receptor.
o Could be useful in developing a mechanism to treat species that can be infected.

e Analyze why SARS-CoV-1 was able to mutate and bind to the ACE2
receptor in civets, but not SARS-CoV-2.

e Analyze whether residues in g helix are important hotspots for
2019-nCoV binding.
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