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Abstract: Coronaviruses can infect mammals and birds, and their high genetic variability significantly affects their
host range and tissue tropism. Over the past two decades, three human epidemics caused by animal coronaviruses have
posed a severe threat to global public health. The viral spike protein (S) is crucial for mediating viral entry into host cells,
and its S1 subunit directly determines viral host adaptability and tissue tropism by recognizing and binding to cell surface re-

ceptors. In recent years, with the development of cryo-electron microscopy technology, the high-resolution three-dimensional

structures of spike proteins from various coronaviruses have
e B #3:2025-06-26 been resolved. Based on these high-resolution three-
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dimensional structures of coronavirus spike proteins deter-
mined by cryo-electron microscopy, this review systemati-

cally summarizes the structural characteristics of the S1

(KC22010)
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T A SR 6 B 2 EOR LT, ( E-mail ) yijiang620 @ well as the interaction mechanisms between the S1 subunit
126.com and various cellular receptors. It is expected to provide a
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species transmission, early warning of potential epidemic risks, and developing broad-spectrum antiviral drugs.
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Fig.1 Coronavirus spike (S) protein structure
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Table 1 Domain distribution of the S1 subunit among different coronaviruses
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PRCoV!? 4F5C
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HCoV-0C43!%!  KX344031.1  60HW 15~302 335~607
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Fig.2 Structure of the S1I-NTD among different coronaviruses
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Fig.3 Structure of the S1-CTD among different coronaviruses
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Table 2 Hosts and protein receptors of different coronaviruses

AR R Z Ak
fiE — B N
® A VA PBD ID ARG EHTAIE (aa)
a FCoV M fAPNI®I DC-SIGN#T HS!]
TGEV M pAPNDY 4F2M  524~536.570~574 6326341 Neu5Ac!*?
PEDV - S| HS'®! DC/L-SIGN!*Y
PRCoV %  pAPNI®! 4F5C  297~313,340~3611%
SADS-CoV i S| Sia 7! HS!]
HCoV-229E A hAPNI 6U7G  315~320,352~359 404 ~408'%*] DC/L-SIGN!®!
HCoV-NLG3 A hACE2'®! 7FC3  493~513 531~541 585~5901%! HS[?) DC/L-SIGN!®)
B BCoV 4 K 9-0-Ac-Sial !
MHV L mCEACAMIal®! 3R4D  15~29,86~89,160,172~1741%! 9-0-Ac-Sial %) HS ¢
PHEV ¥ pbhpp4l® 6QFY  433~585.% 9-0-Ac-Sial®!
HCoV-0C43 VN S 9-0-Ac-Sial®™ HS!¥!
HCoV-HKUI A hTMPRSS2(")  8VGT  488.505.507,512~515.517~518,520~522 9-0-Ac-Sial®)
527~530.532.,5441
SARS-CoV A hACE2™! 2AJF  424~4941%] HS[™7) DC/L-SIGN!767"]
SARS-CoV-2 A hACE2!™® 6M0J  438~506'" Sial®) HS[™ NRP-18%) DC/L-SIGN'®
MERS-CoV A hDPP4%] 4KRO  484~567"47) NeuSAc! %!
vy IBV X KA Neu5Ac!%! HSIF7®! DC/L-SIGN®!
8 PDCoV M pAPNI®! 7VRQ  317~322.357.389.391 394~401 403 Sial®*! HS!*

FCoV e RAE7F ; TGEV S 15 etk 1 W R A% 27 ; PEDV JE AT HEIE V5 9% 35 s PRCoOV . 34 P WL IE TR AR 35 5 SADS-CoV . J 2 Pk I8 V5 25 A A e IR
7 ; HCoV-229E . N eI BF 229K ; HCoV-NL63 : AFEERIG T NL63 ; BCoV : 4= MR B s MHV ;. BUFF AR5 55 s PHEV 5 I 588 1 i B4 4 93 2% ; HCoV -
0C43 . NIRRT 0C43 ; HCoV-HKU1 : ATEEARIETE HKU1 ; SARS-CoV ; T 2 PRI 25 & A AR T ; SARS-CoV-2 . M2 2 P P Il 5 A il T AR s
7 2 B, MERS-CoV : PRI ER- G AL TEARIATE ; IBV A& Y PE 3 RAF 05 ; PDCoV < J 8 Se MR 7 ; PDB 1D« 28 1 0 R5HE AR 75 447 5 TAPN . i 24 Ak
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Fig.5 The crystal structure formed by the binding of the spike protein S1 subunit receptor-binding domain ( S1-RBD) from different coro-

naviruses to aminopeptidase N ( APN)
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Fig.6 The crystal structure formed by the binding of the spike protein S1 subunit receptor-binding domain ( S1-RBD) of mouse hepatitis

virus (MHYV) to carcinoembryonic antigen-related cell adhesion molecule 1a ( CEACAM1a)
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Fig.7 The crystal structure formed by the binding of the spike protein S1 subunit receptor-binding domain ( S1-RBD) from different coro-

naviruses to human angiotensin-converting enzyme 2 (hACE2)
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Fig.8 The crystal structure formed by the binding of the spike protein S1 subunit receptor-binding domain ( S1-RBD) of Middle East re-
spiratory syndrome coronavirus ( MERS-CoV) to human dipeptidyl peptidase 4 ( hDPP4)
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Fig.9 The crystal structure formed by the binding of the spike protein S1 subunit receptor-binding domain ( S1-RBD) of human corona-
virus HKU1 (HCoV-HKU1) to transmembrane protease serine 2 ( TMPRSS2)
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