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Nowadays, a severe acute respiratory syndrome and pneumo-
nia named COVID-19 has emerged as a serious pandemic
(Wu et al., 2020; Zhou et al., 2020) caused by a new corona-
virus named severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2; Wu et al., 2020; Zhou et al., 2020). Recently,
the Cryo-EM structure of three receptor-binding domains
(RBDs) of the SARS-CoV-2 spike (S) in receptor-accessible
conformation is obtained (Walls et al., 2020; Wrapp
et al., 2020). Accordingly, the docking of RBD S onto the
angiotensin-converting enzyme 2, known as ACE2, of host
cells allows facing the therapeutic treatment of SARS-CoV-2
infection (Lan et al., 2020; Yan et al., 2020). Indeed, the virus
anchors the host cells by the interaction of the S protein with
the human ACE?2 receptor, triggering the pre/postfusion con-
formational change responsible for the virus entry into the
host cell (Mercurio et al., 2021). Each protomer of S glyco-
protein is composed of S; and S, subunits. The S; subunit in-
cludes N-terminal domain and the RBD bearing the receptor
recognition/attachment site, and the S, subunit includes the
C-terminal domain of glycoprotein responsible for viral and
cellular membrane fusion. The S glycoprotein prefusion state
undergoes conformational changes after a cleavage event, led
by host proteases, occurring at the furin-binding region. The
furin cleavage site is located at the boundary between the S,
and S, subunits. After protease cut, the S, refolding induces S
postfusion conformation. In the prefusion conformation, the
three protomers of S undergo two different states with high
flexibility (Mercurio et al., 2021). Indeed, the RBDs of the
S| subunit can move from ‘RBD down’ to ‘RBD up’ confor-
mation. The former corresponds to the receptor-inaccessible
binding site, and the latter is the receptor-accessible binding
site. However, the predominant state of S glycoprotein in the
prefusion conformation has two protomers in ‘RBD down’

and one in ‘RBD up’ conformation (Pierri, 2020; Turoniova
et al., 2020; Figure la). Since at least one protomer of S ho-
motrimer is in receptor-accessible conformation, this may be
needed to gain entry into the host.

SARS-CoV-2 uses the cell entry receptor ACE2 as SARS-
CoV-1, responsible of SARS2003 (Lan et al., 2020; Zhou
etal., 2020). Therefore, S glycoproteins establish strong bind-
ing interactions with human ACE2 (Mercurio et al., 2021;
Turofiova et al., 2020) more efficiently than SARS-CoV-1,
thereby increasing the ability of SARS-CoV-2 to transmit
from person to person. ACE2 is an ACE homologue protease
expressed in the lungs, heart, kidneys, liver, small intestine
and testis. ACE2 has broad substrate specificity acting on
the metabolism of the various angiotensin peptides obtained
from the renin—angiotensin—aldosterone system. Therefore,
ACE2 is implicated in a variety of (un)known pathophysi-
ological processes (Hamming et al., 2007). The monomer of
homodimeric ACE2 is a type 1 transmembrane protein with a
single transmembrane a-helix in the C-terminal region simi-
lar to the collectrin domain. The N-terminal extracellular side
consists of the protease domain (PD) with two lobes close to
each other after substrate binding, though are in fully open
conformation without the substrate (Towler et al., 2004). The
syncytia formation between S glycoprotein and ACE2 does
not occlude the peptidase active site, suggesting that the ac-
tive site of PD does not interact with RBD of SARS-CoV-2
(Li et al., 2005). Interestingly, ACE2 is moonlighting protein
(a protein encoded by a single gene that can perform more
than one function) which is assembled with BYAT1, a mem-
ber of neutral amino acid transport family, and forms a dimer
of ACE2-B°AT1 heterodimers. In other words, two ACE2
proteins in the dimeric form are connected to two mono-
mers of B’AT1 (Camargo et al., 2009; Figure 1b). The ACE2
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FIGURE 1 ‘Corona’ of SARS-CoV-2 and ACE2 engagement. (a) The SARS-CoV-2 S glycoprotein. The homotrimeric S protein in the
prefusion conformation with one RBD up conformation (left structure) and an § trimer in a non-accessible conformation with three RBD down
(right structure). The side boxes show the subunits (S1 and S2) of an S protomer with RBD rotated up (left) and down (right). S glycoproteins

are drawn as ribbon representations obtained from modified PDB ID codes: 6VSB (left) and 6VXX (right). (b) Structure of the atomic model of
the ACE2-BAT1 complex linked to RBDs of SARS-CoV-2. The ribbon representation is obtained from modified PDB ID codes: 6M17. Insert:
interactions between SARS-CoV-2-RBD up conformation and PD of ACE2. Amino acid sequence of PD beta strands is highlighted in red [Colour
figure can be viewed at wileyonlinelibrary.com]
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1 MSSSSWLLLSLVAVTAAQSTIEEQAKTFLDKFNHEAEDLFYQSSLASWNYNTNITEENVQ 60

1 MSSSSWLLLSLVAVTTAQSLTEENAKTFLNNFNQEAEDLSYQSSLASWNYNTNITEENAQ 60

1 MSSSCWLLLSLVAVATAQSLIEEKAESFLNKFNQEAEDLSYQSSLASWNYNTNITEENAQ 60
Kdhkkk Khkkkkhkkhk o ookkKx Fhokookkeohkokhhhk dhkkhkhkrkrhrhdhhr *

61 NMNNAGDKWSAFLKEQSTLAQMYPLQEIQNLTVKLQLQALQQNGSSVLSEDKSKRLNTIL 120

61 KMSEAAAKWSAFYEEQSKTAQSFSLOQEIQTPIIKRQLQALQQSGSSALSADKNKQLNTIL 120

61 KMNEAAAKWSAFYEEQSKIAQNFSLQEIQNATIKRQLKALQQSGSSALSPDKNKQLNTIL 120
sk ok kkkkk akkk | kk . kkokkok | sk Kk aokkkk kxk kk kk ok akkkkk

121  NTMSTIYSTGKVCNPDNPQECLLLEPGLNEIMANSLDYNERLWAWESWRSEVGKQLRPLY 180

121  NTMSTIYSTGKVCNPKNPQECLLLEPGLDEIMATSTDYNSRLWAWEGWRAEVGKQLRPLY 180

121  NTMSTIYSTGKVCNSMNPQECFLLEPGLDEIMATSTDYNRRLWAWEGWRAEVGKQLRPLY 180
kkhkkhkkkkhkkhkhkkkkhkhkk*k *****:******:****_* * k x ******_**:**********

181 EEYVVLKNEMARANHYEDYGDYWRGDYEVNGVDGYDYSRGQLIEDVEHTFEEIKPLYEHL 240

181 EEYVVLKNEMARANNYNDYGDYWRGDYEAEGADGYNYNRNQLIEDVERTFAEIKPLYEHL 240

181 EEYVVLKNEMARANNYEDYGDYWRGDYEAEGVEGYNYNRNQLIEDVENTFKEIKPLYEQL 240
Khkkhkhhkkhhhhkhhkhk ok ohhhrhhhhhhh ok hkkok * dkkkhhkhk Kk *kkkxkhk.*k

241  HAYVRAKLMNAYPSYISPIGCLPAHLLGDMWGRFWTNLYSLTVPFGQKPNIDVTDAMVDQ 300

241  HAYVRRKLMDTYPSYISPTGCLPAHLLGDMWGRFWTNLYPLTVPFAQKPNIDVTDAMMNQ 300

241  HAYVRTKLMEVYPSYISPTGCLPAHLLGDMWGRFWTNLYPLTTPFLQKPNIDVTDAMVNQ 300
Fhkhkk kkhkk o kkkkhkkk khkkrkkrkkrkkkhkkhkkrkrkkrkk kk ko kkxkkkkkkkk. ook

301 AWDAQRIFKEAEKFFVSVGLPNMTQGFWENSMLTDPGNVQKAVCHBAWDLGKGDERIIM 360

301  GWDAERIFQEAEKFFVSVGLPHMTQGFWANSMLTEPADGRKVVCHPTAWDLGHGDFRIKM 360

301  SWDAERIFKEAEKFFVSVGLPQMTPGFWTNSMLTEPGDDRKVVCHETAWDLGHGDFRIKM 360
KRk sokkk s kkkkkkkkokkokk s kk o kkk kkkkk .k . sk kkkkkkkkkk s kkkokk K

361  CTKVTMDDFLTAHHEMGHIQYDMAYAAQPFLLRNGANEGFHEAVGEIMSLSAATPKHLKS 420

361  CTKVTMDNFLIAHHEMGHIQYDMAYARQPFLLRNGANEGFHEAVGEIMSLSAATPKHLKS 420

361  CTKVTMDNFLTAHHEMGHIQYDMAYAKQPFLLRNGANEGFHEAVGEIMSLSAATPKHLKS 420
*******:****************** khkhkkhkkhkhkhAkhkhkhkhkhkhkhArhkhkhkkhhkhrArhkhkhkhkhkrrhhk*k

421  IGLLSPDFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMVFKGEIPKDQWMKKWWEM 480

421  IGLLPSDFQEDSETEINFLLKQALTIVGTLPFTYMLEKWRWMVFRGEIPKEQWMKKIWWEM 480

421  IGLLPSNFQEDNETEINFLLKQALTIVGTLPFTYMLEKWRWMVFQDKIPREQWTKKWWEM 480

* Kk kK ckhkkhkkhk AhkkkhkhkhkAAhkhhh A A A hhkhh A A A hhkhhkhk A hAhkhk - skk e o hkk Khkkhkkk

481 KREIVGVVEPVPHDETYCDPASLFHVSNDYSFIRYYTRTLYQFQFQEALCQAAKHEGPLH 540
481 KREIVGVVEPLPHDETYCDPASLFHVSNDYSFIRYYTRTIYQFQFQEALCQAAKYNGSLH 540

481 KREIVGVVEPLPHDETYCDPASLFHVSNDYSFIRYYTRTIYQFQFQEALCQAAKHDGPLH 540

**********:****************************:**************: :* * Kk

541 KCDISNSTEAGQKLEFNMLRLGKSEPWTLALENVVGAKNMNVRPLLNYFEPLEFTWLKDQNK 600
541 KCDISNSTEAGQKLLKMLSLGNSEPWTKALENVVGARNMDVKPLLNYFQPLFDWLKEQNR 600
541 KCDISNSTEAGQKLLNMLSLGNSGPWTLALENVVGSRNMDVKPLLNYFQPLEVWLKEQNR 600

**************::** **:* * Kk Kk *******::**:*:******:*** ***:**:

601 NSFVGWSTDWSPYADQSIKVRISLKSALGDKAYEWNDNEMYLFRSSVAYAMRQYFLKVKN 660

601 NSFVGWNTEWSPYADQSIKVRISLKSALGANAYEWTNNEMFLFRSSVAYAMRKYFSIIKN 660

601 NSTVGWSTDWSPYADQSIKVRISLKSALGKNAYEWTDNEMYLFRSSVAYAMREYFSREKN 660
* * ***_*:******************** :****_:***:***********:** * *

661 OMILFGEEDVRVANLKPRISEFNFFVTAPKNVSDIIPRTEVEKAIRMSRSRINDAFRLNDN 720

661 QTVPFLEEDVRVSDLKPRVSEFYFEVTSPONVSDVIPRSEVEDAIRMSRGRINDVEGLNDN 720

661 QTVPFGEADVWVSDLKPRVSFNFFVTSPKNVSDIIPRSEVEEAIRMSRGRINDIFGLNDN 720

*x ok kK * **** * k **** * . **** *** * kK ****** kkhkkk Kk Kkkhkkk

721 SLEFLGIQPTLGPPNQPPVSIWLIVEGVVMGVIVVGIVILIFTGIRDRKKKNKARSGENP 780

721 SLEFLGIHPTLEPPYQPPVTIWLIIFGVVMALVVVGIIILIVTGIKGRKKKNETKREENP 780

721 SLEFLGIYPTLKPPYEPPVTIWLIIFGVVMGTVVVGIVILIVTGIKGRKKKNETKREENP 780
KAKK KKK hkk khk sk kkrkkkkskkhAk | ckkkkekkk Akk: hkkkkaoa:  Kkk

781 YASIDISKGENNPGFQONTDDVQTSF ACE2 HUMAN 805

781 YDSMDIGKGESNAGFQNSDDAQTSFE ACE2 MOUSE 805

781 YDSMDIGKGESNAGFQNSDDAQTSF ACE2:RAT 805

* *:*‘k.*** * ****-**.****

- Signal peptide Beta strand Transmembrane _

FIGURE 2 Multiple sequence alignment for ACE2. Entry names of protein sequences: ACE2_HUMAN (Homo sapiens accession no.
QI9BYF1); ACE2_MOUSE (Mus musculus accession no. Q8R0I0); ACE2_RAT (Rattus norvegicus accession no. QSEGZ1). Active site, signal
peptide, beta strand, transmembrane and binding site amino acids are highlighted by the colours shown in the respective boxes. The beta strand
sequences in the black rectangles located at the level of the RBD-S/PD-ACE?2 interaction region [Colour figure can be viewed at wileyonlinelibrary.
com]
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homodimer is structurally possible without BATI, but the
architecture of the complex is not stabilized. However, the
BYAT1 role is unknown for SARS-CoV-2 infection. ‘RBD
up’ conformation of SARS-CoV-2 directly binds to the PD
of the ACE2 monomer, and two trimeric S glycoproteins can
simultaneously bind to the full-length human ACE2-B’AT1
complex (Yan et al., 2020). Because ACE2 is a dimer and S
is a trimer, it might be even speculated that a complete fusion
mechanism might involve three ACE2 dimers and two spike
trimers, simultaneously (Mercurio et al., 2021).

SARS-CoV-2 is unable to use ACE2 proteins from mice as
a cellular entry receptor because they are refractory to virus
(Zhou et al., 2020). Conversely, overexpression of human
ACE2 enhanced disease severity in the mouse model of
SARS-CoV-2 infection. Thus, the viral entry into target host
cells is a critical step. However, the injury was reported to
be attenuated by blocking the renin—angiotensin pathway and
ACE2 expression (Imai et al., 2005). ACE2 is the molecular
key of SARS-CoV-2 to facilitate the infection of cells (Yan
et al., 2020). Therefore, PD-ACE2 ‘receptor’ is a potential and
scientifically validated therapeutic target to fight the current
COVID-19 pandemic (Zhang et al., 2020). The development
of an RBD-based vaccine is related to the biological interac-
tion between PD-ACE2 and RBD-S (Lanetal., 2020; Mercurio
et al., 2021; Walls et al., 2020; Yan et al., 2020). S glycopro-
tein of SARS-CoV-1 and SARS-CoV-2 has a high degree of
structural homology but different cross-reactivity of the RBD-
directed monoclonal antibodies (Ahmed et al., 2020). The
epitopes of antibodies represent a relatively small percentage
of the surface area of interaction into SARS-CoV-2 RBD.
Therefore, mAB cross-reactivity could be directed to target a
specific RBD region (Lan et al., 2020) or, by considering the
two RBD states of S in the prefusion conformation, might tar-
get a site of an RBD that protrudes toward the central cavity of
the S protein trimer (Mercurio et al., 2021). Sequence align-
ments of human and mouse ACE2 have a high level of sim-
ilarity. Nevertheless, the beta strands, which are highlighted
with multiple sequence alignment on human ACE2, are not
found in the mouse and rat (Figure 2). In particular, the amino
acid sequence T*7ASWHOp30p351G32 ang 35 pISORI7PS
8359 , which form an antiparallel § sheet, is localized on the
binding interface between PD-ACE2 and RBD-S§ (Figure 1b).
Accordingly, the species specificity of SARS-CoV-2 mainly
relies on the S-receptor interaction with specific structural
conformation and/or differences of PD-ACE2. In particular,
the molecular mechanism of host receptor adaptation could
be exploited in the development of therapeutic targets (Lu
et al., 2020).

The global pandemic situation is a state of emergency
due to the presence of the new SARS-CoV-2. Therefore,
apart from the development of effective vaccines, which
represent an alternative approach to fight this pandemic, the
design of drugs to counteract all the emerging COVID-19

virus variants represents a great challenge for the research
community.

ACKNOWLEDGEMENT

Open Access Funding provided by Universita degli Studi di
Bologna within the CRUI-CARE Agreement. [Correction
added on 19 May 2022, after first online publication: CRUI
funding statement has been added.]

CONFLICT OF INTEREST
The author declares no conflict of interest.

DATA AVAILABILITY STATEMENT
Data sharing not applicable to this article as no datasets were
generated or analysed during the current study.

ORCID

Salvatore Nesci = https://orcid.org/0000-0001-8569-7158

REFERENCES

Ahmed, S. F., Quadeer, A. A., & McKay, M. R. (2020). Preliminary
identification of potential vaccine targets for the COVID-19 corona-
virus (SARS-CoV-2) based on SARS-CoV immunological studies.
Viruses, 12(3), 254. https://doi.org/10.3390/v12030254

Camargo, S. M. R, Singer, D., Makrides, V., Huggel, K., Pos, K. M.,
Wagner, C. A., Kuba, K., Danilczyk, U., Skovby, F., Kleta, R.,
Penninger, J. M., & Verrey, F. (2009). Tissue-specific amino acid
transporter partners ACE2 and collectrin differentially interact with
hartnup mutations. Gastroenterology, 136(3), 872-882. https://doi.
org/10.1053/j.gastro.2008.10.055

Hamming, 1., Cooper, M. E., Haagmans, B. L., Hooper, N. M.,
Korstanje, R., Osterhaus, A., Timens, W., Turner, A. J., Navis, G.,
& van Goor, H. (2007). The emerging role of ACE2 in physiology
and disease. The Journal of Pathology, 212(1), 1-11. https://doi.
org/10.1002/path.2162

Imai, Y., Kuba, K., Rao, S., Huan, Y. L., Guo, F., Guan, B., Yang, P.,
Sarao, R., Wada, T., Leong-Poi, H., Crackower, M. A., Fukamizu,
A., Hui, C.-C., Hein, L., Uhlig, S., Slutsky, A. S., Jiang, C., &
Penninger, J. M. (2005). Angiotensin-converting enzyme 2 protects
from severe acute lung failure. Nature, 436(7047), 112—116. https://
doi.org/10.1038/nature03712

Lan, J., Ge,J., Yu,J.,, Shan, S., Zhou, H., Fan, S., Zhang, Q. I, Shi, X.,
Wang, Q., Zhang, L., & Wang, X. (2020). Structure of the SARS-
CoV-2 spike receptor-binding domain bound to the ACE2 recep-
tor. Nature, 581(7807), 215-220. https://doi.org/10.1038/s4158
6-020-2180-5

Li, F., Li, W., Farzan, M., & Harrison, S. C. (2005). Structure of SARS
coronavirus spike receptor-binding domain complexed with recep-
tor. Science, 309(5742), 1864—1868. https://doi.org/10.1126/scien
ce.1116480

Lu, R., Zhao, X., Li, J., Niu, P., Yang, B. O., Wu, H., Wang, W., Song,
H., Huang, B., Zhu, N. A,, Bi, Y., Ma, X., Zhan, F., Wang, L., Hu,
T., Zhou, H., Hu, Z., Zhou, W., Zhao, L. 1., ... Tan, W. (2020).
Genomic characterisation and epidemiology of 2019 novel coro-
navirus: Implications for virus origins and receptor binding. The
Lancet, 395(10224), 565-574. https://doi.org/10.1016/S0140
-6736(20)30251-8


https://orcid.org/0000-0001-8569-7158
https://orcid.org/0000-0001-8569-7158
https://doi.org/10.3390/v12030254
https://doi.org/10.1053/j.gastro.2008.10.055
https://doi.org/10.1053/j.gastro.2008.10.055
https://doi.org/10.1002/path.2162
https://doi.org/10.1002/path.2162
https://doi.org/10.1038/nature03712
https://doi.org/10.1038/nature03712
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.1038/s41586-020-2180-5
https://doi.org/10.1126/science.1116480
https://doi.org/10.1126/science.1116480
https://doi.org/10.1016/S0140-6736(20)30251-8
https://doi.org/10.1016/S0140-6736(20)30251-8

COMMENTARY

Mercurio, 1., Tragni, V., Busto, F., De Grassi, A., & Pierri, C. L. (2021).
Protein structure analysis of the interactions between SARS-CoV-2
spike protein and the human ACE2 receptor: From conformational
changes to novel neutralizing antibodies. Cellular and Molecular
Life Sciences, 78(4), 1501-1522. https://doi.org/10.1007/s00018-
020-03580-1

Pierri, C. L. (2020). SARS-CoV-2 spike protein: Flexibility as a new
target for fighting infection. Signal Transduction and Targeted
Therapy, 5(1), 254. https://doi.org/10.1038/541392-020-00369-3

Towler, P., Staker, B., Prasad, S. G., Menon, S., Tang, J., Parsons, T.,
Ryan, D., Fisher, M., Williams, D., Dales, N. A., Patane, M. A.,
& Pantoliano, M. W. (2004). ACE2 X-ray structures reveal a large
hinge-bending motion important for inhibitor binding and catalysis.
Journal of Biological Chemistry, 279(17), 17996-18007. https://
doi.org/10.1074/jbc.M311191200

Turonova, B., Sikora, M., Schiirmann, C., Hagen, W. J. H., Welsch, S.,
Blanc, F. E. C., von Biilow, S., Gecht, M., Bagola, K., Horner, C., van
Zandbergen, G., Landry, J., de Azevedo, N. T. D., Mosalaganti, S.,
Schwarz, A., Covino, R., Miihlebach, M. D., Hummer, G., Krijnse
Locker, J., & Beck, M. (2020). In situ structural analysis of SARS-
CoV-2 spike reveals flexibility mediated by three hinges. Science,
370(6513), 203-208. https://doi.org/10.1126/science.abd5223

Walls, A. C., Park, Y.-J., Tortorici, M. A., Wall, A., McGuire, A. T.,
& Veesler, D. (2020). Structure, function, and antigenicity of the
SARS-CoV-2 spike glycoprotein. Cell, 181, 281-292.e6. https://doi.
org/10.1016/j.cell.2020.02.058

Wrapp, D., Wang, N., Corbett, K. S., Goldsmith, J. A., Hsieh, C.-L.,
Abiona, O., Graham, B. S., & McLellan, J. S. (2020). Cryo-EM
structure of the 2019-nCoV spike in the prefusion conformation.
Science, 367(6483), 1260-1263. https://doi.org/10.1126/scien
ce.abb2507

Wu, Y., Ho, W., Huang, Y., Jin, D.-Y,, Li, S., Liu, S.-L., Liu, X.,
Qiu, J., Sang, Y., Wang, Q., Yuen, K.-Y., & Zheng, Z.-M. (2020).
SARS-CoV-2 is an appropriate name for the new coronavirus.
The Lancet, 395(10228), 949-950. https://doi.org/10.1016/S0140
-6736(20)30557-2

Yan, R., Zhang, Y., Li, Y., Xia, L., Guo, Y., & Zhou, Q. (2020). Structural
basis for the recognition of SARS-CoV-2 by full-length human
ACE2. Science, 367(6485), 1444-1448. https://doi.org/10.1126/
science.abb2762

Zhang, H., Penninger, J. M., Li, Y., Zhong, N., & Slutsky, A. S. (2020).
Angiotensin-converting enzyme 2 (ACE2) as a SARS-CoV-2 re-
ceptor: Molecular mechanisms and potential therapeutic target.
Intensive Care Medicine, 46(4), 586-590. https://doi.org/10.1007/
s00134-020-05985-9

Zhou, P., Yang, X.-L., Wang, X.-G., Hu, B., Zhang, L., Zhang, W., Si,
H.-R., Zhu, Y., Li, B., Huang, C.-L., Chen, H.-D., Chen, J., Luo,
Y., Guo, H., Jiang, R.-D., Liu, M.-Q., Chen, Y., Shen, X.-R., Wang,
X. L., ... Shi, Z.-L. (2020). A pneumonia outbreak associated with
a new coronavirus of probable bat origin. Nature, 579(7798), 270-
273. https://doi.org/10.1038/s41586-020-2012-7

How to cite this article: Nesci S. SARS-CoV-2 first
contact: Spike-ACE2 interactions in COVID-19.
Chem Biol Drug Des. 2021;98:207-211. https://doi.
org/10.1111/cbdd.13898



https://doi.org/10.1007/s00018-020-03580-1
https://doi.org/10.1007/s00018-020-03580-1
https://doi.org/10.1038/s41392-020-00369-3
https://doi.org/10.1074/jbc.M311191200
https://doi.org/10.1074/jbc.M311191200
https://doi.org/10.1126/science.abd5223
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.1016/j.cell.2020.02.058
https://doi.org/10.1126/science.abb2507
https://doi.org/10.1126/science.abb2507
https://doi.org/10.1016/S0140-6736(20)30557-2
https://doi.org/10.1016/S0140-6736(20)30557-2
https://doi.org/10.1126/science.abb2762
https://doi.org/10.1126/science.abb2762
https://doi.org/10.1007/s00134-020-05985-9
https://doi.org/10.1007/s00134-020-05985-9
https://doi.org/10.1038/s41586-020-2012-7
https://doi.org/10.1111/cbdd.13898
https://doi.org/10.1111/cbdd.13898

	SARS-­CoV-­2 first contact: Spike–­ACE2 interactions in COVID-­19
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	REFERENCES


