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HE K FA 2 (coronavirus) 2 4 JE E44RNA S 2, 7T VA5 R LIEALE R 8 ZF 69
Rid. § Wi Ae ¥ ARAYE R SRR, AR R & @ (spike protein, S& B)49S1IE A 49 N-5# £ Hy 3K
(N-terminal domain, NTD)#=C-3# £& # 3% (C-terminal domain, CTD)#F =] VAAE 4 2 4k 45 435 (receptor-
binding domain, RBD), B2 & & A\1216 £ i) k4B . —AiAA, EREANZITF P, SI-NTD
238 317 5| 5T 45 68 & Z ARk (attachment receptors) & 48 81 S1-CTD4F 112 5 & & S AR [ RAF
X J% 7 (mouse hepatitis virus, MHV)IR 1. A, & XT3 M6 TN R, ZILS1-NTDALT VA
PR B AR G AR, EAE AL 5 45 AR ETRAE . EXEE T EKRAEFSI-NTDE ZARi7 7]
ey ek, 45 T ARAESI-NTDoY it idA2, A A T RN DR R FANARE T 40 JHH] Fo
TR FPAEIEHUR], 5T A L T NTDH) 254 BIE 8 09 - R RAE A,

XiiE R IR E A, S1-NTD; & H B2 8 R 21k

The Mechanism of N-Terminal Domain of Coronavirus S Protein

in the Process of Virus Invasion

WANG Jiajun', GUAN Hongxin', OUYANG Songying'**

(‘College of Life Sciences, Fujian Normal University, Fuzhou 350117, China;
Biomedical Research Center of South China, Fujian Normal University, Fuzhou 350117, China)

Abstract Coronavirus is a single-stranded plus strand RNA virus, which can cause respiratory tract, gas-
trointestinal tract and central nervous system diseases in many animals, including humans. Both NTD (N-terminal
domain) and CTD (C-terminal domain) of the S1 subunit of viral S protein (spike protein) can act as RBD (recep-
tor-binding domain), which is the key factor of virus invasion into host cells. Previous studies generally believe
that SI-NTD mainly recognizes and binds carbohydrate receptors (also known as attachment receptors) to assist
S1-CTD in specific recognition of protein receptors (except mouse hepatitis virus) for virus invasion. With the in-
depth study of novel coronavirus, it is found that SI-NTD can also recognize a variety of protein receptors, and its
mechanism, characteristics and rules of action are gradually revealed. This article summarizes the structural basis of
coronavirus S1-NTD and receptor recognition, and systematically summarizes the evolution process of coronavirus

S1-NTD, which is conducive to comprehensive understanding of the mechanism of coronavirus invading host cells
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and cross-species transmission. At the same time, this paper will provide reference for the development of NTD-

based drugs and vaccines.
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EIE A1 204 B, 8 56 Ik 3 B (coronavirus,
CoV) AR I, Xk N AN At 5 P ) £ FREAL B 1
7 E . 2002—20034F ], ™ 5 SRR £ A E
TR B (severe acute respiratory syndrome coronavi-
rus, SARS-CoV)E4L T8 000 N\, JET-H N9.6%".
20124, H 2RI £ A0 e AR B (middle east respi-
ratory syndrome coronavirus, MERS-CoV)#fii2 7 {512
22901, FET- 3R mIE35.5% . 20134, AT HEIE TS
7 RIP B (porcine epidemic diarrhea virus, PEDV)J#
B3 EH P & AL 100% 158 T3 W, 20194, ™
SRR £85I 56 IR 5 2(severe acute respirato-
ry syndrome coronavirus 2, SARS-CoV-2)il\ik & %E 4=
BRI AR A ARSI S, BE20214F11 52
H, G IR 2 KR B EON 2,471, BASE T N B
N50075 . B FIHERS , SARS-CoV-2 4 1 #EAL
AFERRAR , I T TR bk, 5 TAZH
H4 e R I B AR SRR 0 N RIS - BAF ORTE I AR S bk
(variants of concern, VOC)#E % [ 45 Alpha(B.1.1.7)+
Beta(B.1.351). Gamma(P.1). Delta(B.1.617.2)#0
Omicron(B.1.1.529)# #k JF1 435 M 82 5 A8k (variant of
interest, VOI)Ei #4 [E2 4% Epsilon(B.1.42741B.1.429).
Lambda(C.37)F#kF1 Mu(B.1.621)7E#k %5 ], Hrh
LambdaZ¢ M1 Delta B ¥R fE B AR, FERFIE . AL 4%
77 VL B AHRAE T AR R B8 7 5 U7 TH R 35 3G 9%, Omi-
cron T MR A R AR e AT S e b IR AL o TR
BRI R ANt S AR I E R, 7
NER B2 M R s A s k. B, T
AR ) e R 906 B A% FR T 4 BRON M B A 48 B A e
AAHEER L.

TR R B T S B H (Nidovirales) e R 25
Bl (Coronaviridae) IE 5 IR 95 8 W EL (Orthocoronaviri-
nae), TR ERLTAMRIENERTE (B 1A), BRI 2H 2 Ll
IEBERNAL, 1EFTARNATFH, SR 2 AR 24
IR, HEERIZH K/ A26~32 KbE, R4S BRI 4R R
GuRE AT, AR EE ] 20 N AN @ - o T IR BE
BIE IR BE vJB IR B A S JB TR B o
ol BJE R TR IR G ILIY, vIE eI R S
25, SJE R B T AR IR I A& 2. R

coronavirus; spike protein; SI-NTD; protein receptor; sugar receptor

B T g s EPR RS HE. iE F
Z RGN MBI R . R R R DA U
B MR A - B8 M (spike protein, SEEH ).
[l 25 H (envelope protein, EZEH ). E A I (membrane
protein, M5 [ )% & 1 (nucleocapsid protein, N£K
FD(E1A). B 7x PR3 E & E a2z i, —L%
JEE PRI BE I 2 5 — P URE R IR 25 4 B 1, RO IRAH O
H) 1M1 % 2 5 B (hemagglutinin-esterase, HE)& H . iX
Lo ZE R B AR PR L AR et R e A B G E L
HIAE FH, Hodp SH i@ i HoN- 3 25 4 3N -terminal do-
main, NTD)A C-fy &5 #48 (C-terminal domain, CTD)
PN IS & e EAMER T Z RN SR EANR, ik
SE I B T 35 V0 LA B G AL UM B OB R 3R, 2
16 T A5 I N ) 32 B R

T H R, 0 B AW 4R e R A 2 dE i S1-
NTD( & 1BAIE] 1C)5 18 = 240 3% 11 00 S0 [ FE b i
FEWE (glycosaminoglycan, GAG)A &5 ME L 1)K 5 b
S5 ARRR It AH ELAE P AT PR 25 B 4R 2140 i
R, XA B9 & S1-NTD/CTD fmisis il 77 (F1KE
S A ZAREE S, (R RN TE 200 (] 1D).
H AT, ZSUR AT Y] 1 S1-CTDAER #: A 21t
FE P /R FALHI ), H G T ST-NTD A 7 52 A4 B 1
WD o RSO MGREARTE BE SHEE A S5 HFFIE . S1-
NTDZEFRE i S35 32 AR AR RIS 7 TH 6 S1-
NTDES B AR 1 32 40 ik 72 1 7 - HL AT &
GRIEDR , A SRS BN 2R it — PR IR FE
AR HEE 711027, BT MR IR
BRI AL, sl 2 S PR AL R LU AR K
AJ R AR BN & L BB I e v 2 1O,

1 BRRFEESEBHISEHEFIE

TR R ST AN 1 100~1 6004 IR bk L4
R, F A 21~35 NI AL AT, 2 R A R A
Mo PRI SER [ I 3N ER A 4R 1K Ah 4
Fagda s 1/ A ] 5 sl R 146 AR 40 P i 8 B X 12
1B). SEEEN R ERAGE D, T 2R,
RIEREE . DB R A S R IR & B ), 7R
T2 RS A TR KRR SEEA L=
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(A)

Spike protein

Membrane protein

Nucleocapsid protein

Envelope protein

B)

S1

Viral envelope-----{jf----- ™
RNA viral genome T IC
S1/s2 S2
S1 S2 ™| IC
©
S1-NTD SD1 FP HR-N HR-C
D)
Initial attachment
Receptor binding

Host cell

Glycosaminoglycans
and oligosaccharides

&

High-affinity receptor

A SRR GRS R B R R s C ORI AL D SRR R R AR A T LA . TM: 5 R 1C: P 45

A: a schematic diagram of the structure of the coronavirus; B: a schematic diagram of the structure of the spike protein; C: the composition of spike

protein; D: possible mechanisms of coronavirus infection of host cells.

TM: transmembrane domain; IC: intracellular structure; SD1: subdomain 1;

SD2: subdomain 2; FP: fusion peptide; HR: heptad repeat; S1/S2: S1/S2 cleavage sites; S2°: S2’ cleavage sites.
Bl BRHEMRIRELHARUEBRBEENRE T EROTIE

Fig.1 Composition of coronavirus and spike protein and the process of coronavirus infection

BRI AT T EER, T BRI RS M R
FH 197 57 551 2 20 M 52 A5 4 (1 N3 S 10 B2 457 R B%
SR RL A I C-3it S23V BT A e REIRIBR TR E AR TS
Fip RS, R E R E A (furinff AN, 2
ZTR B A B AR eSS ) E S H A B ) LA
A7 8 [ S1/S28% S247 A (K 10) 1134724 1Y), LLIA
B 51 R A RLA 1) B 1, BRI

PRI ST E R SN, DAL A7) E (s 1a] A
JTRGEARIT . S1VHE 3= ZALHE 2N H B L5 MIINTD
HICTD, 1X 225K 3 ] AME ARBD R FE/E I, S1-
CTD = E A TR 8 A BTS2 AR (GR L), a0l Bk =%
.14 2(angiotensin-converting enzyme 2, ACE2)'". &
FHE A (amino peptidase N, APN) R 22 2 2 £ 11 i (di-
peptidyl peptidase 4, DPP4)''2% 2 i A 70 & FH, S1-
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*1 BRFESEQBICSMNZARMZHRESHEE

Table 1 Overview of currently known receptors for coronavirus S protein and their binding domains

& Pk S1-NTDIH)Z A S1-CTDH)Z Ak EEP
Genus Species Receptors of SI-NTD Receptors of SI-CTD References
0-CoV (a-coronavirus) HCoV-229E - APN [20]
HCoV-NL63 - ACE2 [21]
PEDV NeuSAc - [22]
PRCV - APN [23]
TGEV NeuSAc, Neu5Ge APN [24]
B-CoV (B-coronavirus) MHV CEACAMI1 - [17]
BCoV Neu5,9Ac, HLA-1* [25-26]
0C43 Neu5,9Ac; - [27]
HKU1 Neu5,9Ac, HLA-1* [25,28]
PHEV Neu5,9Ac, - [26]
SARS-CoV - ACE2 [29]
SARS-CoV-2 AXL, LDLRAD3, TMEM30A, ACE2 [14,18-19]
CLEC4M, sialic acid
MERS-CoV Sialic acid DPP4 [30-31]
v-CoV (y-coronavirus) IBV Neu5Ge - [27,32]
3-CoV (d-coronavirus) PDCV - APN [33]

*ARFIAE . — AR

*: need further examining. —: receptor is unknown.

NTD L5 SRR (R D), WIMERIR (sialic acid)5%,
/INER T 269955 (mouse hepatitis virus, MHV) LU
‘Bl S1-NTDR A & H A IR 5T AR S 20 g &6
B3 1(carcinoembryonic antigen-related cell adhesion
molecule 1, CEACAMD!", H#HiiF 5t £ B, SARS-
CoV-2fINTD A LA B 244 (3R 1), W32 (AT 2R
Bl AXL(tFR UFO). K% FE IR 82 F 32 iR 45 i R
I13(low-density lipoprotein receptor class A domain-con-
taining 3, LDLRAD3). P47 ATPf 1BV FTMEM30A
FCHLUEE R CLECAM, HHEE R AR, Bz,
TR RE Q2L T — BRI AR TR (1)
FEEIR P B AT DA A SER 1 1 1AM B2 AN ANR] R 25 44 380
B2 AA (2) TR — @ BRI 25 S e A AT LA AN [
AR, TANF & R 5 T U AR [F) 244 (3) Ttk
T S1-NTDEE AT PATR a9 57 S 4t ) AR B 52
NG

2 NTDZE#E

202 14 s BT PN BIF 9T I AN S K2 B B
N 5 BYE I oy 7 Bl ) AR SE G FE Y S1-NTD A
F BRI R BILE R 847 e b R RIS AE T - 24 S1-
NTDH SE A i FF L2 s, SI-NTD & E “#2
T FEAE N B 5 HAHE G RBD AT S (4 i il 2

[ 75 X 3krb, AT BHAS RBD A R iz 3l , 4ERF
RBDH_EFPIRA, f#1ERBD 5 ACE245 & . 24 S1-
NTDH A2 BN, 1] EA R RBD# AL A A T
MG, STEASMNHEERE, "IRWEE e 1 SHE
H IR 7 I R BN H G R EAE . X — %
WESE T NTDAER R e 2 5 SEE G . K
ZHCEFHERHESEAME 1MNTD, (HE Ko
J& TR BE SR FEL 2 NTDAE 2 B30 37 A4 1(S1-
NTD1)AI W TI(S1-NTD2)( & 2)36-37), iX i f i
AL NTDAERHE I — i S i) o An B B B 2
5, B B A ITRNTD AR SE, MENTRNTDH
TGRS . HATA WA UL R AR IX 2 NNTDI A7
7E: (1) WALLSHIBA P@ i DALIHE & &K 3 HCo V-
NL63(human coronavirus NL63)[12~S1-NTD# Z
{E A1 RMSD(root-mean-square deviation){H 7%l 4
6.7813.8, K HE W HCoV-NL63 H11#) 24> NTD 42 3
P R BRI 25 3 (2) Hodth — 28 8)F 58 A\
MAA 93X 24 NTD & Hi s 2 2 PR 2H o 2N ST 11
QR IR 2 M SR B389 N2y B, X R Y
(1) SI-NTDHER AL & 1415 NP I st L R 45 i
BRI O SRR (B 2A)H, KR4 NTD 45 #4 L
XEo AT, i R B INTDs(IZUNTD AT AINTD)
A6 J& b IR B B I BRI AT &, FAZ O S5 R Tl
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5k

(A)

Galectin
human

(B) | ©

FIPV NTD1
o-coronavirus

HCoV-NL63 NTDI
o-coronavirus

FIPV NTD2
o-coronavirus

HCoV-NL63 NTD2
o-coronavirus

MHV NTD BCoV
fB-coronavirus B-coronavirus

1BV PdCoV
y-coronavirus

§-coronavirus

A: NFFLREEAE 45K & (PDB: 1A3K); B: off FIPV NTD145#) & (PDB: 6JX7); C: o/ HCoV-NL63 NTD1%5#) & (PDB: 5SZS); D: o/ FIPV
NTD245#J 1% (PDB: 6JX7); E: aJf HCoV-NL63 NTD245#) /& (PDB: 5SZS); F: BJ& MHV NTD%5# % (PDB: 3R4D); G: BJ& BCoV4;#4 X (PDB:
4H14); H: BJBIBV 45 #) K(PDB: 6CV0); I: 8JEPdCoV NTD%#4 € (PDB: 6BFU).

A structure diagram of human galactose agglutinin (PDB: 1A3K); B: structure diagram of FIPV NTD1 (a-CoV) (PDB: 6JX7); C: structure diagram of
HCoV-NL63 NTD2 (a-CoV) (PDB: 5SZS); D: structure diagram of FIPV NTD2 (a-CoV) (PDB: 6JX7); E: structure diagram of HCoV-NL63 NTD2
(0-CoV) (PDB: 5SZS); F: structure diagram of MHV NTD (B-CoV) (PDB: 3R4D); G: structure diagram of BCoV (B-CoV) (PDB: 4H14); H: structure
diagram of IBV (B-CoV) (PDB: 6CV0); I: structure diagram of PdCoV NTD (8-CoV) (PDB: 6BFU).

E2 ABFIEREZRMTERERHBHISI-NTDHESEHREE

Fig.2 Structure diagrams of human galectin and S1-NTD of different genera of coronavirus

LT EH Ao (B 2D B 2EFIE 21), iy )@ e
AR B S1-NTDAZ /L 5 14 388 T01358 I e /1> 2 1% loop
SR (B 2B, I 2CHIE 2H) . BJ& &k i
S1-NTDa e 1 A H 50 520 2% B T 50 &6 ) DA S R
HIBESAE (2 Thie (K 2FFIE 2G). R XX
¥ M NTDEZ: A A R 5244 (1) £ B2 53 B EL R NTD ) &5
PR 5o

3 FEIRFEESI-NTDIRF A REEEH
ZARBIHLE

FEIRIG S 1-NTD-5 15 3 41 2 1 46 11 22 4 11
GEOTEAR KRR b T 1 A0 1 5 Rt L 7

Flara DL R B2 s ) Rl AE R BE 7T, A2 B
SRR TR S D IR, H AT, MHVZ SR
—NFIFISI-NTDR E A 324 e R 2

BJE LRI FE MHV ) S1-NTD 5 3214 CEACA-
Mlal) & EWas e IR 1 7R 3 S1-NTD 5
A ZARA EAE 405 . MHV S1-NTDH 1/M%
O 25 ) 3 0 L T 308 5 g LA JEG 308 4/ TR o o 2 i 14
(BEI3A), 1ZA% 0 85 W3l AL 75 24 I )~ AT 1Y B-sheet
=, Horp—A>B-sheet/ =2 65 Pk, 75—~ B-sheet/=
H 7% PhE. MHV SI-NTDK 045 k)48 5 N\ 23 b
SOBERCEABS S RER A MRS M
Z, [HMHV S1-NTDTEAZ O 45 F4 T AL 5 Ao ) 45
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(A)

Bottom structure

®)

A: MHV NTD B A 45#(PDB: 3R4D); &M GLAETARETH . A2 LA ER A 14, NTDAZ G HIPIR B 73 B R (U RIVELL £, NTD R H A &5
5 N 4, RBMAZL 4 B: MHV NTD/mCEACAM lafE 45 /44175 . RBMJZ L), VBMIZ ¥ taff) .

A: overall structure of MHV NTD (PDB: 3R4D). The structure includes top structure, core structure and bottom structure. Two B-sheets of NTD core
are colored green and hotpink, respectively. Other parts of NTD are colored cyan, and RBM is red; B: structural details of MHV NTD/mCEACAM la

interface. RBM is red, and VBM is blue.

[El3 MHV NTDHIR AL LR S CEACAMI1af, i E & W10 & K451
Fig.3 The crystal structures of MHV NTD and its complex with CEACAM1a

¥y, 558 B-sheet = -5 Fi il 34 loop 45 44 75 NA gy
B, TR S50, IR 4S5 R To M A AR N 32 A
4h 4 BT (receptor binding motif, RBM), & 7] LA 5
CEACAMIaft) D145 438 - 195 B3 45 & 36 /7 (virus-
binding motif, VBM)AH B iR 39145 & (KI13B). 7R
AN CEACAM L a%y F1E JLAN SR8 1) VBMEE,
B EWAFTRR, X W REMHVASGEE Y RL R
B R,

BT MHVEI SI-NTDR] LLR B & (A 52k 2 A1,
20214F , WEIZ: II3EF CRRISPR 4= (K 4 i e R &
PUEE  LDLRAD3. TMEM30A. CLEC4GAIAXL
A LB 53 A IR 55 SI-NTDRE R LS A, IR
Wi T ACE21) 77 X, A R i B AR 15 E 40l
ACE21E /5 SARS-Co V-2 N\ 151 3= 4H i () w8 532 Al
F15% AR EEE I R S1-CTD R FEAE T, FE4E B A
W R G Rk, AR N AR A U R A
T8 DL 22 Fh G e 4 it vh ) RIS AR A RIL . B
R, LDLRAD3{EMHZ: JoH & fE % 1A , CLECAGTE
JHERE . R EL G A AR At P v FE Rk, AXLAE LTl
BB E 2R, Feal AR S =8 B
UM, AXLIR B @R T ACE2RIA . i
—AIESL T SARS-CoV-2 SHE (A1 CTDAI NTDZE: #435
A SHLR R AR S, TS ESARS-CoV-2
(1) 22 258 B WG 1 JF 02 iy HAEAN [F) 388 B R IR LAk,
BIE R R AR PR AL iR . X B H SR

PEFSZ2 44 Y R AR SARS-Co V-2 2% B il [ 4t 1 5
ZERER , AT 2 AR R TN RIS AR TR
BEEr i A 519, H AT = SARS-CoV-2 SI-NTD
HHEA R ZARE SRS, KTk b
NTD5 & i SZ AR 10 FAE FLE] . (R DA S E
HIEINTD S HERZ R E SR, 1518 TNTD
I S AR AR B B SRS AR T

4 FARFRESI-NTDIRHIHEZ R AL H]
V2R 5 SEEH SI-NTDRR T 5 &\ A%
REEEHh, ILRe G RERZIAG S . BT, C&Em
WS SZ R 32 02 Ml TR B MR Y o MRS TR A FH P
LRATRITAE R BA 9B SR B, T8 DL a-BE
BRI AERERINEE O RENR A SERE B AR P, P
W B Z R 6, PR EE R HN-4
P o 2 TR R V- R Ao 28 2 TR A M DL e TR
FGENEBE 2 (A AS [F) B W B e e T O ) o MR TR
20 Wl A o R B B (A e bR B A R I B T )
ARG LIS B (ln e PRoms 25 A0 i 2 56 ) T B & AN
MNZTE M. PEdRIE , G = Fhnl 78 4R 852
AR B S AR S il B DR R MR TR (1 4), BN N- i
2% 1% (N-acetylneuraminic acid, Neu5SAc)?, N-#2
LA AR (N-glycolylneuraminic acid, Neu5Gc)?®
FIN- 5 -9-0- LA 2 Z IR (9-O-acetyl-N-acetyl-
neuraminic acid, Neu5,9Ac,)?". Hff 77 3 0B ME 7R IR 7
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T HAdRE 731 B R TT R PUE R B e
) T LR, i an NS EIRGE AR L A
o-2,6- T AU ME R R , T 65 ST AL 40 b ) 5=
BEOMGA 0-2,3-IE L AR R, TR, hidF -2,6-
R TV M VR TR (1) N 2 R R VA I B T U e 3K
T A B -2, 3 -3 45 712 QM Y R 1Y PP 28 8 L o 2 L)
BRI NEES. &R EH, BCoV(bovine coro-
navirus). HCoV-OC43(human coronavirus OC43).
PHEV(porcine hemagglutinating encephalomyelitis
virus)s HCoV-HKU1(human coronavirus HKU1) Al
HCoV-HKU23(human coronavirus HKU23)%§#f 1] DA
i S1-NTD 5 1 E AR 1 NeuS,9Ac, 44 &, BEIM
GBI S1-CTD S & FH 324K (5 227 . S1-NTDJ
A 1A H RO B R R T 35 ) 0 R T i) 2 s, 1225
L T I REIE S & AR T 45 G2k . Bl
W27 s 308 5 ARAE AL T 46 T8 AN R e R B O 52
1, I UEE 7T 2 B Neu5,9Ac, /& BCoV NTDIH) # % 4
JEE%[M]O

JE NTDEA GRS BN FUHE 45 & B 5 R
i, HRA S LR — 45 H ARk 2
K, A LERE T DLES S ESE 2 AR T PLES S R E %2
K. Bl BCoV ¥ NTD 5 MHV ¥ NTD 45 ) 5 &

(A)

81, FLRMSD1H 490.585, Hil# 4 & Neu5,9Ac,, 1M/5
HNEEAMCEACAMI . S5 AW e RAZ LG 3%
], BCoV NTDJY162. E182. WI184F1H185(H
5A) A2 BT HE S5 A I OCHE DY Bk 2L 2L T (tetra-residue
motif, TRM)*!. TRM 73 A fEST-NTDI 24 b &5 &
¥ _E: Tyr16247F loopl1-12(&E# p11. B12) L, 1
Glul82. Trpl84F1 His1857F loop12-13(FEF£B12.
B13) . BCoVAI MHV NTD 45 #) bt ¢ v] DL g
FEPI A AT AT ORI [F R R 524k . H %,
MHV NTD# RBM4(loop12-13){F s MCEACAM1
(o8t 45 A 47 05 (W 5B), 5 BCoV NTDAIHL B
W M R %= R, IS #4556 CEACAM 1 alf
BEJIARTH (K 5C); H Ik, MHV SI-NTDH loop10-
118 245 %5 , i BCoV NTD loop10-115 H:Ath loop
FERZOEERIX BT IZ 4 fl, BCoV NTDI# it
X 28 loop ] I AH B.A/E FH ) K e Bl 45 & H AR 1) 7% 1A
SER T T R MR L 45 A . B 5, MHV NTD
[ 18247 &R FE 2 2 H & R (Gly182), #HELF BCoV
NTDH) 18207 I AR, H = BRI A MEE, M2
FHMHV NTDAURE L 2 18] A8 B AE R ks . BRI,
45 6 A (1 P G o507 R S B T B 45 R TR 1 o
BN FENTDIRTG B R WELE G hRe T, 20194

(B)

Ol
T

/K 6H
(6]

Neu5,9Ac,
A: NeuSAcHI 4T 45#4); B: NeuSGeHI4» F45H4; C: NeuS,9Ac, 143 F 4544

A: the molecular structure of Neu5Ac; B; the molecular structure of Neu5Gc; C: the molecular structure of Neu5,9Ac,.
El4 4HBESNRE 71 M = FhERER A0 95 F 4549

Fig.4 The molecular structures of three sialic acids present on the extracellular surface
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JEE 1 & I SARS-CoV-2[1] SI-NTD E 77 45 & 2K %%
RN RS2 AR IR BE 1. 20204F FANTINIS: Bk
L SARS-CoV-2 SI-NTD R LA 55 45 M i R ) 2
WHPRLE G, 20214 WEIZE "SR L T SARS-CoV-2
SI-NTD#J & A i %21k : LDLRAD3. TMEM30A.
CLEC4GHIAXL.

PEARIE | #4 W R B (BCoV. PHEV. OC43
FTHKU23%6 ) NTDA 24 LS B A 2454 05 2 14 R
7. 20124 PENGH WURIL T — M4 & 148
(4% A, pocket A), AT NTDITHE 45 ) FAZ 0 45
Py 18], bR R BCoVRELZE & 148, 20194F
VEESLER% 7] H ¥ ¥ ML B8 1 R AE NTDT0 8 & 3
T ARESE A 1048 (1048 B, pocket B). HULSWIT

(A) (B)

©

SR SR 148 B H 24N 5 MR BRAH ELAE FH (R 7K 11 48
(pocket 1, P1; pocket2, P2)4H . LLOC43 Af(EI5D),
P14 H L85 L86AI WOOskIEAL %, P2 048 L8O
WOOR FOSHEFELH 5 29, P1AN P2 148 H WOOS| ]
HEOYIR , FE TR RSSO AL 2438 [loop 1 (N27-
D28-K29-D30-T31-G32)]#1 [loop2(L80-K81-G82-S83-
V84-L85-L86) |4 k. W FLFR , AR —A4EH )
FRIERASHR LM NTD 5 HEZ AR LS 420, 5 A048
FHEL, BIDAS B EAARRR A K, 1B 1482 75 ] LB m bl
GEE AR VL RN IR R RIS Rt 7L

SR, BESE 4 4% AR BZE MERS-CoV. IBV.
PEDVHI TGEV 4 i AR5 25 1) S1-NTD 25 4 38, Hh AR A
TRer, XSS SR A AR R S1-NTDZE A4 35k

F95

A: BCoV S 45 A hk 3, 7R EE AR L N AT IR(PDB: 4H14); B: BCoVAll MHV NTDE In45 #1&1%; BCoV NTDA#iC ik i, MHV NTDA#iC
Julr i . MHV NTDH [JRBM 1 FIRBMAFRIE AT (. WA Hi Sk K2 AINTD H 2 AR 45 S IR AR I 55 C: BCoV NTDIIH#SE A 145 A(pocket A);

D: OC43 NTDIFE4E & F148B(pocket B), fL45P 1 fIP2(PDB: 6NZK).

A: the key sugar binding residue of BCoV. The residue is yellow rod (PDB: 4H14); B: image of the superimposed structures of BCoV and MHV NTDs.
BCoV NTD is colored blue, and MHV NTD is colored pink. RBM1 and RBM4 are marked in red in MHV NTD. Bidirectional arrows indicate different
conformations of the receptor-binding loops in the two NTDs; C: the sugar-binding pocket A of BCoV NTD; D: the sugar-binding pocket B of OC43

NTD includes P1 and P2 (PDB: 6NZK).

[E5 BCoV. MHVFIOC43H)ZE1E
Fig.5 The structure diagrams of BCoV, MHV and OC43
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S RI454 P, LAIMERS-CoV A, 50C43 S1-
NTDF 48 AZE#AH L , MERS-CoV S1-NTDE %45
T B WA 557 1) Y-E-W-HIE T | TG R e
1, WA LRSS A 148, TR 3 W 4 A e
J1(E6A. El6CHIE 6D). VEESLER [ZIBA*I7E20194F
6 7 BT A BT T 0C43 S1-NTDX Neu5,9Ac,
PR EER, RIS 12 AAATR AR R AR 2] T
MERS-CoV S1-NTDZ3 %l 5 NeuSAcHI NeuSGe I H &
MIEERI P, B ZE R HE S, MERS-CoV S1-NTDiR
SEA NeuSAcl U 50C43 SI-NTD_E 454 Neu5,9Ac¢;
I (T AEB)ANA], IR 745 A NeuS AcH [ BT 74 i,
HF39. F101. TI31F11132 4 M5 s SRk I 4 A o
gt K, PLa-2,3-75 0% I MER R (NeuSAc)
EE P 0-2,6- 77 T HZ I HE VR R (NeuSGe) H A I 211 5
WEAE A DS A LS, 5-N-F2 2B FEBHAS T NeuSGe
s & 048 4E . BmTEARE E MR LKIF
— 15 EAN[F 2 220 A P R R S U AN B
R, DR e bR 25 06F 1 32 A2 U 2 A5 ke v

(A)

" PotketA

\\’

A

PESZ LA Rk SR T

BERIRAZ SN . R EASGA LRSS
FARUESEZ P22 ofg 6l IR 78 TGEV. PEDVAHI yJE 76k
RIHEE IBV I SI-NTD W AE R 244, BT H A
TGEV. PEDVAHIIBV#[ &AW E-EW45H, Ktk
A DU 22 7 41 Bk B2 NTDSE #g Eb w234 1 7 2
DN TEEIR 25 A 75 -5 M VR R 45 5 LA S 5 M VTR ) 2
A, 1, SARS-CoV-2 NTDELTAREE T BCoVAIF At B
TR BE S B NTD IV 2 A% O G5 RIFAE, FRAT T4
HAT LGS SRS . 50T, GIBSONZE: HOIJE 25 I v
FR AT AE P K BURL R 7 3K B, SARS-CoV-21) 3l
REAT LS o-N-OBEM SRR L & X TRk
REERUL, &5 A MERIR MR 712 RS R 4w
ANAT/D ). PDCoViIli it 5 3k & (I EBE S 7 45 &
2 BRI TR, 3R 7IE bR A0, AT S 3)
YL, TGEVIRRE Rl SHERIRES A , RINHE I
JaTE SR, 5 H I R % VIR PRCoV H T4l St
N 3 ) 2 R AAAE R B AR, NTDIJGIASS & METR IR,

®)

A: OC43 SI-NTDHIMERS-CoV S1-NTD#E 454 El; OC43 SI-NTD#% iy [ €4, MERS-CoV S1-NTD#R 12 A1 3 t4(PDB: 6Q04); B: A 2514

LI £ 57 11005 25/ %, C. D: OC43 SI-NTDIIBEZE & 11

A 5MERS-CoV SI-NTDAI XS NAL B &5 LL4 E; Ev F: OC43 S1-

NTDHEZ & [148B45 1 5MERS-CoV SI-NTDH B#ZE & LAS LA, 6 (AR BT A Neu5,9Ac,, SR EAREE JyNeuSAc, 3 (AR Y bR id 2

A: alignment of OC43 and MERS-CoV S1-NTDs. OC43 S1-NTD is colored write, MERS S1-NTD is colored orange (PDB: 6Q04); B: the structure
image of figure A after 110° clockwise rotation around the central axis; C,D: structural comparison of OC43 S1-NTD sugar-binding pocket A with its
corresponding position in MERS S1-NTD; E,F: comparison of structure between OC43 S1-NTD sugar binding pocket B and MERS S1-NTD sugar
binding pocket. Blue stick model is Neu5,9Ac,, green stick model is Neu5Ac, and the residue is yellow rod.
El6 OC43FIMERS-CoVHIZEH[E]
Fig.6 The structure diagrams of OC43 and MERS-CoV



FREH S AR S ER AIN-Im S5 M AE 8 B AR IR A A F HLR

883

FEPRCoVAEIE BRI, 1AL PR E - &2 il
MR B2, METRIRAE 19 e R R E 7 15 SR
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