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[ Abstract |

length in the virus is 32 kb, which can be divided into four categories: a, B, 7y, and 8. Coronavirus particles contain four standard

Coronavirus (CoV ) is a positive-stranded RNA virus that can infect humans and animals. The maximum RNA genome

structural proteins: E (envelope protein) , M (membrane protein) , N (nucleocapsid protein) , and S (spike protein). The S protein
contains both a receptor-binding domain (RBD)and a fusion-related domain, making it a key protein in the process of CoV entry. This
article mainly describes the main structure and domains of the S protein, as well as the autohydrolytic cleavage and conformational
changes of the protein during the virus invading host cells. The relevant neutralizing antibodies of the protein and the current research
status of inactivated vaccines and subunit vaccine as well as RNA vaccines of CoV , especially SARS-CoV-2, are introduced.
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Figure 1 The coronavirus structure
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2012 4F ICTV HR4h e R B 1O K6 A ZH 45 Aapps H:
AR - o B VAR ) (transcription regulat-
ing sequences, TRS)$h CUAAAC, HA7 2/ I
A5 BJE A FETRS g CUAAAC, T HABHE & ACGAAC
FAELE#8 1 3 (non-structural protein 3,NSP3), IENS)
J& A LA E AR5 yJE TRS 2 CUUAACAA  #F
R/ NSP7; 8J e B iR/ NE R 2, LA U A
JREE. 21 THA0 LI, 3 B EAE Sk I 25 S AIE (se-
vere acute respiratory syndrome , SARS) f}) SARS-CoV .
H 2R 1 2% 45 4iF (middle east respiratory syndrome,
MERS) # MERS-CoV & SARS-CoV-2 %5 #: & T8
J& o WFIE AL, [R)JE T R 7 Y SARS-CoV-2 5
SARS-CoV HA AR (19 )3 51 [R5 (£979.59% )
SARS-CoV-2 [ 5 K 41 5 pplab (L ORF lab #£47
BIE) 4 NS5 (SVE M AITN) Fi 6 4l Bh 25
(3a.6.7a.7b.8 #110) , 15 SARS-CoV Fl MERS-CoV

], SARS-CoV-2 LA MLBEER Ml (HE) FEH

SEEARIE BE Y S 2 1 s BEL AL M A L AR
Xt o T B2 2% 10°, H 1 200~1 500 428 JE R 5%
M, TS ADFTEIRIG B S B 2R 7 5
AN AB LRSS b A HA —Se 3L [FRAE - B A
AR BREAN DX | 5 DRI P DXCZH I, T T 2R B il
HAM BHA 1 2 RER G E AR, SE LR
PRSI RSN I A4, B B
(Cryo-EM) X} SARS-CoV-2 ) S T (5% J5 K B, S TR
FIAAAE S AT ORGSR (B 2A) 7 SEEH
I S IRARGE Y ZEH IR E, BA 342 AR S G
(receptor-binding domain, RBD) , 5 “[a] ¥ 3 E -]
TETFTBCIRZS I, WACA 145w B 740 RBD,
FOETE S R = SRR HABRR 254 h -t RE WL SR 2]
KRR, HIFHOIRZS 2 SARS-CoV-2 5 15 4
JfL Rl & BT . SR ITELIRE 1432 S1.92
ANMEAE ST LS 5 22 RS, S2 W B2 i i i &
JEHE SHE P E e EAME E (8 2B) o BIiEIRE
B SH M S1 AR B 254 , 43 A 7E A~D 41
AN T B S A o, A A R B AT AR Y A2 AR
B BA B O S REFUREEE RAE R B IO
B 3B 5 S (6] AT 0 BT S, 8B A5 B IO S
A VA TEFER  IZFRE BRI 7w AN [R) R 2 1]
HR/NG M AFTEAR T[], TR I Ry e 28 X
(hypervariable region, HVR) TS ST C- R i 45 H)
I C D W W9 AR T 90 AR IR SE R A3 A8 A, O B
12 5 S2 WAL 22 O AHE I BT B 45 1, T A
ST 235 ¥y 358 D00 338 2 78 55 7 S2 3% I Y PR AR B E 1
ST HEAE TR I B A 7] g 8] 1) P 914 B 22 S AR K
TR R 7 S 8 45 AN ], S2 ML 1

A SHETRBD SR
2z s1
! s2
8¥
B—| NTD  H RBD F——— r | HRI HHR2[T™™M [ cT |
113 305319 541 788 806 912 9841163 1213 1237 1273
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Figure 2 Structural analysis of S protein of SARS-CoV-2
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JERRSE AR TS TR 5 18 F 4Rl & 1) &
B XA, ALFE Rl IR (fusion peptide, FP) 2 /~-E JikEE
2 X (HR1 FI HR2) LA 5 B4 A 3 o A Tl 7
RS F L HRI X R 4 2 FEME Jy S2 3 T 1) — 38
43 HR2 X TCS , FP Y U R E R | i /K 1 ke ik
HPRYEFP R, 2T HR1 F#EHIK N 75 Al o2
JEVE A S2 = SRAKA) —H I AE(T , HR1 57 A B S2
I R 44 B ) o IBUE , Bl KNI B 1A
e , HLAR ST BB K R 3 5 S2 3 JEHA R A HE HE AE
1A 2 X,

2 BRFEFSEANETRE

2.1 HhEs

X R EE S B 1A Z5 P oY 3R B, L N iy 25
Fa13a (N-terminal region, NTR ) S S1 /) C ¥ & #4738 ( C-
terminal region, CTR) 7] 515 £ 2 K455 , &K 4% RBD
FEHI™ . SARS-CoV-2ii i H: S1 3 %L CTR &5 #4381
RBD 5 %Il 75 3 40 il ACE2 Z 1K IF 5§ 2 454,
ACE2 ATZE AT O VB CSEALSFAH U B 2Rk, U
ELRRE SRR 1 R | s R A R 4
T B K PN B 200 B 3 55 3k, G AT 3 11 784 1 17 240
JH R AR AR T GLE L R T 45 A K Kupffer
2 L 96 U 448 i R A L P AN R GR ACE2, R
SARS-CoV-2 5 MERS-CoV RBD [al U8 1 25 F AR,
{H SARS-CoV-2 RBD 115 St ik 5 MERS-CoV 1%
ARG A 5 2RGS0 B MERS-
CoV J&if it RBD (CTR ) X s JH 51 32 4K A — Jok 3 ok iy
4(DPP4) I 5 Z 454, i SARS-CoV-2 M| &3 i S1
3 CTR Z5#58 RBD 5 ACE2 (32K 45 4. Frbd,
JUE SARS-CoV-2 Al MERS-CoV RBD Y [] i s 45 44
AHAL, fﬂ?ffjéﬁﬁﬂg§1$g§/ﬁ\%r?(receptor binding
motif, RBM) XIS AA] , s i g 1 B AT TS ] 52
R,
22 SEGQWERGKBE M F T

TR RE AR T RN A AT AR, 045 S R
552 R8s & R =K, e 2O m 7 - A a5
EHE BT S H A S1 WAAY NTR = CTR (2 H &)
5515 AR EAE 50 iU EE AR, 4 i 2
M E Ao/ NE E AR R R a2 RN R NER
A FEAHR, T AE P9 AT, S 8 11 DU A 1 AR
B KR . SEFKBIIHE SA 24, H—f T
S1 RS2 32 (8] (411 4 (ST / S2 Y EI ), H =)
BT — R A IR L (S2 VI EIf ) ™, R A
FRBSLBGUF L, H 2B E R, T SR 75 -

1 E AN M R ERAORE T S2' Bl S2' iy HE KA
FRSE N, Hazoad RSBl £ 2R T S 521K
LEE R R RAAE™ . TR RE S TRl S A 2 70 B
FW, ST Hi e (o7 (et 7 ) el AE S2 4, S2" D))
RL AT G S S5 F ) o-BRIE N , 7R LR 1
S2' VLA [ R ESHFEAL D T VIR SR 3R . 7 S2
A K UIEIEOS o , Bile K-S A4 S2 1 2
(] A B A AH LA T2 B4, XA 4> - 1R 5E A
HR XA 32 5 DS R 28 A 11— SR R MR
% = RAAIRREAR Sy v SRR 14 N S SaEAFH R 15 I
WA AN AF XA S ok, T S2 |
HE, 2 HR KSAHEAE T B 1A R i A7 e
R E B 7N IR E SR, A2 R FE R BB = 58

Eﬁ%{ZHO
3 FXSEBMIATIEE

3.1 #AR

PURA T 10 PR VR I X TP B B e & G
3o ?ﬁﬁi(neutralizing antibody, NAB) , SR URES]
X B R ORT Y 2 1 2 07 245 A BHL Lk 7 0 A T B
YA, BRI B AL Yo ™ . NAB @ T 34~ T8k
PR AR < 145G, NAB i i 50 75 B0k (4 25
AFHIE A & S 2 AR 25 G Ok il ad ik
A0 11 8 B FH 8RR S5 T S50 O T S A R
=, NAB I A X6 5 2 B G 2 IR S PR S Bl AR >
AT & T ZFiss NAB, Hoh i & Tl
PR, 40 B0 55 B B A4 4C2 . Mersmab1 , LCA60 %5 227
SRR EE S, U HUZE ST W RBD J2 1 & NAB %
SETE B A, NAB AT LU i 5 % 88 5 00 245 5 BEL W
RBD 515 41 ACE2 SZ AR AH AR, #F5%
7K, A& 8OR .CR3014 . CR3022 . M396 47 ] B 1K
S1 /Y RBD 5 ACE2454, H.80R F1 M396 X} el Ry 7
B HRORIASN, ELFE SR A AR EIESE (R 1), H
i, A8 M\ 59 151 COVID-19 Jé 53 1 58 25 1 3 vp 43
B I A COVAL-18, LA T 1 SARS-CoV-2 i
Y hACE2 /N AL J5 A B, COVA1-18 REfH AR Y
B 9 SARS-CoV -2 95 8 2k i il 3 /b, Hoak Fp
THUBCRAE 3 PR A G R AR LA B 0IE , $
COVAL-18 A ERUMIGIRIGY T L) SERT
B ARG B R SARS HU R 1 BF 58 W, 2 Fh
NAB MR A VAT L — R A PR R s i rh
FRCR | BIA B 7 470 1A 325 X +F SARS-CoV -2 & (H 15
SRR —FP ORGSO, B , PR IE T g A
P T AR TgG 1 20 A% A 39 2 5 NAB REGN-COV2
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AEA # ] SARS-CoV-2 S #1132 {& RBD , BH 1155 75
HEANARGIRE, T G R 45 2 7R , REGN-
COV2 gl E AL YT SARS-CoV-2 AT B, L H:
T PR B 32 IO 285 1 A e 3l (R It v e A4 B4 ) DA
T i B 2k 0PI R, HLS 2 A O i U R
s AR A RRAR, R I A A
O A, BN SARS-CoV-2 Y NAB I, &
FIA 2 NAB [ 2 76 R b AR 188 = X
BRI ARy T 2 A AR
32 RiERG

R R T I & Z R g XF SARS - CoV Al
MERS-CoV My 17 , BAUA D EULRTE I R 153

DR (FR2.3) 0, Hip g JCHEHE R T A28 SARS
MERS#E 5 * , Sinovac 23 7 T & H 1 SARS-CoV-
2 KIGPE T CoronaVac (Aif & A PiCoVace) , #5955 H
P EERR N TR T, O LA BBV A m) g ik, 11 911 IR
5 (NCT04383574) A4 600 1] 18~59 2 1) B
FEA 0 AERR 0,14 KEES 0,28 K422 T 21K 3 pg.
6 pg CoronaVac ToRE s L RIFIES . 550,14 K4
FALE, 56 28 K "R G i , a5 B NAB iR B3 fin o
B ELTH EE BEAR R B T R SR B AR N
T A R 2 B e R b 22 U S A BE A 2 BE 4 1Y
PRAROR o e A SR 3 L) AR
FF, B M2 B Z BN R F R RN

%1 HSARS-CoV HFIHLIE
Table 1 Neutralizing antibody of anti-SARS-CoV

LEFSIETIREN CELaRES A0 ) [X 4k YR B%
8OR Wi A S s SLIEK R 426~492 /M (28]
CR3014 AL INEZN S1 KX 15 318~510 1Rl [29]
CR3022 LI NN SIEEX IR 318~510  RIEK [30]
M396 Wi AR S s g N [31]
Bl LN SO EEIX I, 1023~1189 A4 Iz [32]
Group I (8132.5228.11) EBJRTEAEILA BN NumsZ AL 55 ESI [33]
Group I (S111.7.,5224.17) EBJRHHALAIBATN  SI WX 318~510  K4EK [33]
GroupIll (83.1.5127.6.8217.4,8222.1.,8237.1) EBJREHELEBAINT ST WX 318~510 /MR [33]
GrouplV (S110.4,5218.9,8223.4 ,8225.12,.8226.10,  EBJE&EHALMBAN  S1 WX 318~510 KK [33]
$231.19.,8232.17.8234.6)
Group V (S124.5.5219.2) EBJWREFALIBANNGE  MAHIE ESid [33]

A 2 RS M Ju A
il A5 BT 55 b ] [ 2 4 AT o] %) PR B TR
K% 17 BBIBP-CorV (ChiCTR2000034780) 41, LA W]
AE AT, T ~ 15 (ChiCTR2000032459) )
e T TG 3R BBIBP-CorV 1) ABE T, SARS-CoV-2
FRIBTIARTT B v T 2RI AL, o DL et I o S
TSR (16% BT HFP ) , 2B A R R N
SRS )& R (2% M RE V2R ) (A8 R 4 ™
FOANR S, AR C A G R S By
Br BT N BUE | B AL S e T R LA A
15 000 £ fidt FfE 7 JE A% 0 b, sl AE P il i i
G T A 24 B 5 T 2 19 75 — SARS-Co V-2 K
REWT, H T L I R 35 (ChiCTR2000031809) 45
SRR WK S5 2 YR 12 b 2 1] (8] B e ] 45 4
B BB S S PR K IR TS E AN
KR ARGE ™ %8 B A TG R B AR
TR BT LR A BUE | 22 et 351 B B ML X R (Chic-

TR2000034780) , FEAS I AF R F 15 000 44 18 27 LA
YRR

K1 FIBLEE 196 9 T 1Y 42 B 2 T R e e B 558
AT | T8 Ik R v RS 5 e AR A SO IR
RO, (EATE A7 AE 9 B AN 56 4 KA BCRE WK A2 1 ]
RE , PRIHCPE B A 77 Al 7E M2 A R AR A T R | 171
AR E KRBT 5 MR E T 2, X P
GERE T ] AE 2318 SARS JB Y — L5 BT A A 1 1
5# (antibody-dependent enhancement, ADE) &b , Hf}
e AR U SR RS B S DU Fe Be 53R
Ik Fe SZ AR 20 ML 25 G DA 17 9 B E A X 261
T, LR
33 TfEsE

7B Y e R T A IR EL 2 AR B T R
PEHT , 55 I B0 I 0 2 A 15 4R BN [
P Y T A R E R REP LR B, (B
A AL SRR T I LAY, T R 1 AN 58 42 % B
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Table 2 S protein-based vaccines against MERS-CoV
P A g TR U PRIRIER SCHR
ETHMRZ R SHA /MR WL, 257 1x10° PFU 27, [RIRG 3 8 AN E [40]
ST (MVA) #2 &
S TEE
SEH Ad5-hCD26 (4 s A [T 4T 1x10° PFU 27K, [B]B& 3 )5 100% 1547 (n=5) [41]
CD26 3 K Y 7 9% 75
ik 5) 553/
STEH Ad5-hCD26-55 S/ LA L2455 T 1x10° PFU 27K, [aIB& 3 )5 100% 1547 (n=5) [41]
SHEH ALY BN T 2x10° PRU, ARG E SR HEH i 7 w3 [42]
WL TS 1x10%, 2 7%, W] b 4 4] /D (n=4)
DNA #E£ 1 SDNAFISIER /M WLPY , 38 5 B 2 LA A 20 g S DNA - 1 AHiE [43]
20, B 3, 6 JE G HEST 10 g S1
A
SDNA ST i JILIN L85 L ZEALIE ST 1 mg SDNA 2 100% {4477 (n=6) [43]
U, TR 4 8, 8 JRUS 1S 100 mg S1
E H+AIPO4
S DNA N JILPY 38 5 Fi 2 LT 55 25 wg S DNA - WA [44]
3, Tk 2 JA
S DNA [EAEE JILPA 3 3ok L 2 AL 05T 0.5 mg S 100% 13 1 (43 3 [44]
DNA,2 mg S DNA FI2 mg Z54R3 K, 4, R4 N, %55
[ 3 TP ERD
AT RBD-Fe Ad5-hCD26 56 G/l 2 R, 4 H/NEUTE ST 10 pg RBD-Fe  100% {447 (n=4)  [45]
b MFS9(A591)3 ¥k, ) 3 J#
B AR R R R e, BRI, B ST A TrH R 2RI R XCE B REALAIESE , LAPEAR
RMHET 2K SEAMWALEHTER AR HAE 18~84 % AR R A th iy & AA JUE, &

SN 55 ORAF 350N ) [ B, A S ) — S TR A E A4 A1
5 T EE B R B 5, B IR A ADE B4
I, A2 T SARS-CoV HI MERS-CoV 2K S
F 4 STV B 8 1 ) 28 A P ) U /R AR . il 3
T SEHFIRBD B A EE R AL T 2R A,
REVS T A S0 R BT AR, X 7 B L . B i
FIPRIP RN (F22.3) o DRIL, 5k 2 4 e R 5k i
T, RBD 5 S 5 A 11 S1/S2 3V JE ] LAE Ry T & &1 %
SARS-CoV .MERS-CoV .SARSr-CoV Fl1 MERSr-CoV
) ST BALAS7 28 T 1) L ASUAE AR . Novavax A B IEFEFF
K —Ff SARS-CoV -2 21 K 1 . #4331 NVX -
CoV2373, 1% 1 22 HEF SARS-CoV-1,MERS-
CoV M2t HEZH Flfh & A2 e 1Y SHEER 11, flf LA o
L JREARGYORTRL, A OGZEER M) T TR
A EL R AR B IRIEFN S, NAB A% B /) 20
FE T AN, MT2F 2 YRRl S A4 NAB ii%
JE H B JOAR 7 Y NVX-CoV2373 5 HH 100 451
A7 ez g% i 0 I RIS (NCT04583995) 1E 7E i

FEATE N 15 000 4 Zik .
3.4 RNA JEG R HAIE G

FLF RNA B I ARM B . HErREA
W5 RNA % 1 : mRNA (mRNA) Fil [ 89" 1 RNA
(saRNA) . mRNA % i (9 38 5 240 i P97 4= mRNA
B SR E RR AR, X T SR ) DA LA A 3
S4BT T B . SR E R T A mRNA 28005 T
e alifl AE, Lh3G RS P ARSI
PEE R O . R AR T A
AR, — BB 1 B ek A ARG, B A
53364 T JG FE 40 K BURE (LNP) , IR &A1 5 T4
77, 0 mRNA SRAEGAP, IF P B mRNA 1£32 2 241 A
Hatess - Moderna 23 H 5 36 FAL HURAE Y g5 ifF
FFTAHE, HT SARS-CoV-2 Tl SFa S =Bk
ZERTF T mRNA-1273, 33X & —Fh 4 5 40 K kL
B ATEME mRNAZEW . BT/ EURI R
WA TROBFST s, 76 mRNA-1273 IR U
e G T A AR BT R AR T S B A
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Table 3 Subunit vaccines against SARS-CoV
eI BRI T Bl Ui R ) SCHik
SR APEAINX SHE L SARS-CoV S1 W T R 75 5 SARS-CoV S & M4 Pk (1gG, [46]
S| e N U AR A2 AR >1:2x10°) , H R [ SARS-CoV (B 7 A
g4 Ek 82 T L S 1) (Tor2 .GDO3 I SZ3 k)
PESS & I SR T DL
SHSHrEEH i AR BT B /N5 S SARS-CoV S 7R 14 Sk [47]
LA (IgG, > 1:1x10*), HFIE B SARS-CoV (Ur-
bani FEHE)
“RikSHEA ¥ A MR B R E/ANRAE B iIE S SARS-CoV STRHAFES (48, 49]
B PEBE AN HUA (IgA R 1gG) , FHIT S-ACE2
Z Kk 25 4 IF v FE (1) SARS - CoV (HKU -
39849 BT ; 15 FHUAAMRA M iR E
RBD-Fc # [ i A AR Kot Bt 7E/NERURIB A S SARS-CoV ST H/Z AL, [50, 51
WL AR SRR (IgG) , TR AR Y (fo:=1:
7.3%10") FHAT (B> 1:4%10% Fae> 10 1.5x
10") SARS-CoV (BJO1 T##k)
RBD193 ( % 5 193 5 SARS-CoV 32 {k%% F Fad 155 SARS-CoV Z K255 R St b ddk, b [52, 53]

AR R AR AR G
RBD)-CHO (P [E £ BRI

o) H A

RBD219-CHO % [

A i (RBD193-CHO: <1: 1x10*; RBD219-
CHO:1:5.8x10") #i&E Y (RBD193-CHO: <1:
1x10°; RBD219-CHO: 1: 1x10°) SARS-CoV
(GZ50 k)

UK T L Th 208 4 8 B G375 0, T 3 PR
X 56 (NCT04283461) {271 , 100 g mRNA-1273 b
250 pg B4 AR, HAR SR ™ EA R E ™,
H A , BioNTech 5 1 fi F11 52 & i 24 B & JF & LNP
BNT162b1 F1 BNT162b2 £ 1 , H: ' BNT162b1 4 i
SARS - CoV - 2T4 £F 4 & 11 — % 1K 1k 19 RBD,
BNT162b2 g4 SARS-CoV-2 S 25 [ H Tl il & 44
%o HT IR RS (NCT04368728 ) 45 S i /K,
AR PO I B 2 ) AR RGO, HL G I R X
SARS-CoV-2 SEFIAE S ik Al HA 1 25 1) rh AL
HARW A R BeAh, B 8 AR 1 0
OKPE T K eV S A T FF A A 5T o, At 2%
TR 2E 2P I A T — M EE X SARS-CoV-2 I
BB RN R8T, A S/ RO AR R R (H
YA A TR

4 INESREZ

TR TE S B R ARSI E Iz —,
TRIIRER SR Z AL A, SR [ S5
AL (B K B R IR 2 O Rl S
IRTEFE AL . BT EE T S 3 F#AREAT I
SFRYTIREDX, 73 LT S1 R S2 S5 Fy ek, P e 2 1

SRS AR EZAE R . IF5E SER A
5oiae, LHESZENHEERCR A B TIT
RAIPURERIG TR 25 v PR RE T S, TR
FIEYTAH I

H i, %F T SARS-CoV-2 Byl RIG YT , T Z 241
il B B RA AT 2 T 43 | A 1 R LR (AN TR 3%
WER R ) ™. 55X EIRYT RIS AR L, NAB W48
X R B LR SR T T X SARS-CoV-2 1Y
TRIT I NABTE AR S —ANIHIPE R #Os TR A T
fift NAB (IVEFI BT TC8E 2 %F SARS-CoV -2 BUiATF A&
AR M ARG R

% T H Fif SARS-CoV-2 2Bk KA1 By, IF
RADRARPE A FEJERE . — PP LAY SARS-
CoV-2 % 1 v HL 4% - WERE S T bk T 2 b e 2, 1 Ak
20 i B T AN B A2 T A, S RE AT X SARS-
CoV-2 AR AT AR, BN R RO /D 3 TE )
PRFFE X SARS-CoV -2 HA 5y #E ) P 5 i kG 1 1
ATHAAE , it 2 BRBL 2R H LR 55 ), Xk
) SARS-CoV-2 M —E 2 HHBHL.
Edd

[1] ZHOU G,ZHAO Q. Perspectives on therapeutic neutraliz-



AL EHTH
202147 H

XK, EIER. ARG TS Spike 8 1 R AT XA PSR E LT ).
P R RE A (B 2RBRE M) , 2021 ,41(07) : 1095-1103

+1101-

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

ing antibodies against the novel coronavirus SARS-CoV-2
[J]. Int J Biol Sci,2020,16(10):1718-1723

JIANG S B,DU L Y, SHI Z L. An emerging coronavirus
causing pneumonia outbreak in Wuhan, China: calling for
developing therapeutic and prophylactic strategies [J].
Emerg Microbes Infect,2020, 9(1):275-277

LAN J,GE J W, YU J, et al. Structure of the SARS-CoV-2
spike receptor-binding domain bound to the ACE2 recep-
tor[ J ]. Nature,2020,581(787):215-220

HOFFMANN M, KLEINE-WEBER H, SCHROEDER S,
et al. SARS-CoV-2 cell entry depends on ACE2 and TM-
PRSS2 and is blocked by a clinically proven protease in-
hibitor[J ]. Cell,2020,181(2):271-280

HUANG Y, YANG C,XU X F, et al. Structural and func-
tional properties of SARS-CoV -2 spike protein: potential
antivirus drug development for COVID-19[J]. Acta Phar-
macolSin,2020,41(9) : 11411149

WALLS A C,PARK Y J, TORTORICI M A, et al. Struc-
ture, function, and antigenicity of the SARS-CoV-2 spike
glycoprotein[ﬂ. Cell,2020,181(2):281-292

CAI Y,ZHANG J,XIAO T, et al. Distinct conformational
states of SARS-CoV -2 spike protein [J]. Science, 2020,
369(6511):1586-1592

LU M, UCHIL P D,LI W, et al. Real-Time conformational
dynamics of SARS-CoV -2 spikes on virus particles [J].
Cell Host Microbe,2020,28(6) :880-891

SONG W, GUI M, WANG X Q, et al. Cryo-EM structure
of the SARS coronavirus spike glycoprotein in complex
with its host cell receptor ACE2 [J]. PLoS Pathog, 2018,
14(8):e1007236

WANG Q,ZHANG Y, WU L, et al. Structural and func-
tional basis of SARS-CoV-2 entry by using human ACE2
[J]. Cell,2020,181(4):894-904

YAN R,ZHANG Y, LI Y, et al. Structural basis for the
recognition of SARS-CoV-2 by full-length human ACE2
[J]. Science,2020,367(6485) : 14441448

CHI X, YAN R,ZHANG J, et al. A neutralizing human an-
tibody binds to the N-terminal domain of the Spike pro-
tein of SARS-CoV-2[J]. Science, 2020, 369(654) : 650—
655

HUSSAIN M, JABEEN N, RAZA F,et al. Structural varia-
tions in human ACE2 may influence its binding with
SARS-CoV -2 spike protein [J]. J Med Virol, 2020, 92
(9):1580-1586

LUAN J,LU Y, JIN X, et al. Spike protein recognition of
mammalian ACE2 predicts the host range and an opti-
mized ACE2 for SARS-CoV-2 infection[]J ]. BiochemBio-
phys Res Commun,2020,526(1):165-169

LUAN J,JIN X, LU Y, et al. SARS-CoV -2 spike protein

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

favors ACE2 from bovidae and cricetidae [J]. ] Med Vi-
rol,2020,92(9) : 1649-1656

ALSAADI E J,NEUMAN B W,JONES I M. A fusion pep-
tide in the spike protein of MERS coronavirus [J]. Virus-
es,2019,11(9):825

SHANG J, WAN Y, LUO C, et al. Cell entry mechanisms
of SARS-CoV-2[J]. Proc Natl Acad Sci USA, 2020, 117
(21):11727-11734

STERNBERG A, NAUJOKAT C. Structural features of
coronavirus SARS-CoV-2 spike protein: targets for vacci-
nation[ J . Life Sci, 2020,257:118056

BANGARU S, OZOROWSKI G, TURNER H L, et al.
Structural analysis of full-length SARS-CoV-2 spike pro-
tein from an advanced vaccine candidate [J]. Science,
2020,370(6520) : 1089-1094

MERCURIO I, TRAGNI V,BUSTO F,et al. Protein struc-
ture analysis of the interactions between SARS-CoV -2
spike protein and the human ACE2 receptor: from confor-
mational changes to novel neutralizing antibodies [J].
Cell Mol Life Sci,2021,78(4) : 15011522

PILLAY T S. Gene of the month: the 2019-nCoV/SARS-
CoV-2 novel coronavirus spike protein[] 1. J Clin Pathol,
2020,73(7) :366-369

BARNES C O, JETTE C A, ABERNATHY M E, et al.
SARS-CoV-2 neutralizing antibody structures inform ther-
apeutic strategies[]]. Nature,2020,588(7839) : 682—687
KLEINE - WEBER H, ELZAYAT M T, WANG L, et al.
Mutations in the spike protein of Middle East respiratory
syndrome coronavirus transmitted in Korea increase resis-
tance to antibody - mediated neutralization [J]. J Virol,
2019,93(2):e01318-e01381

LI'Y,WAN Y, LIU P, et al. A humanized neutralizing an-
tibody against MERS-CoV targeting the receptor-binding
domain of the spike protein [J]. Cell Res,2015,25(11):
1237-1249

HAN H J,LIU J W, YU H, et al. Neutralizing monoclonal
antibodies as promising therapeutics against Middle East
respiratory syndrome coronavirus infection [J]. Viruses,
2018,10(12) :680

WAN Y, SHANG J, SUN S, et al. Molecular mechanism
for antibody-dependent enhancement of coronavirus entry
[J]. ] Virol,2020,94(5) : €02015-¢02019

XU J, JIA W, WANG P, et al. Antibodies and vaccines
against Middle East respiratory syndrome coronavirus[J].
Emerg Microbes Infect,2019, 8(1):841-856

SUI J, LI W, MURAKAMI A, et al. Potent neutralization
of severe acute respiratory syndrome (SARS) coronavirus
by a human mAb to S1 protein that blocks receptor associ-

ation[ J]. Proc Natl Acad Sci USA,2004, 101(8) :2536—



541 T

+1102- Mo E R R R 202147 H
2541 11950-11954
[29] VAN DEN BRINK E N, TER MEULEN J, COX F, et al. [41] VOLZ A,KUPKE A,SONG F,et al. Protective efficacy of

[30]

[31]

[32]

[33]

[34]

[35]

[36]

137]

[38]

[39]

[40]

Molecular and biological characterization of human mono-
clonal antibodies binding to the spike and nucleocapsid
proteins of severe acute respiratory syndrome coronavirus
(3.7 Virol,2005,79(3) : 1635-1644

TER MEULEN J, VAN DEN BRINK E N, POON L L, et
al. Human monoclonal antibody combination against
SARS coronavirus: synergy and coverage of escape mu-
tants[ J]. PLoS Med, 2006,3(7) :e237

ZHU Z,CHAKRABORTI S, HE Y, et al. Potent cross-re-
active neutralization of SARS coronavirus isolates by hu-
man monoclonal antibodies[J]. Proc Natl Acad Sci USA,
2007,104(29):12123-12128

DUAN J,YAN X,GUO X, et al. A human SARS-CoV neu-
tralizing antibody against epitope on S2 protein [J]. Bio-
chem Biophys Res Commun 2005, 333( 1):186-193
TRAGGIATI E, BECKER S,SUBBARAO K, et al. An effi-
cient method to make human monoclonal antibodies from
memory B cells: potent neutralization of SARS coronavirus
[J]. Nat Med,2004,10(8) :871-875

BROUWER P M, CANIELS T G, STRATEN K D, et al.
Potent neutralizing antibodies from COVID - 19 patients
define multiple targets of vulnerability[ ] ]. Science, 2020,
369(6504) : 643-650

GRAND R L, MAISONNASSE P, ALDON Y, et al. CO-
VA1-18 neutralizing antibody protects against SARS-CoV
-2 in three preclinical models [Jl. ResSq, 2021.doi:
10.21203/rs.3.1s-235272/v1

BAUM A,FULTON B O, WLOGA E, et al. Antibody cock-
tail to SARS-CoV-2 spike protein prevents rapid mutation-
al escape seen with individual antibodies [J]. Science,
2020,369(656) :1014-1018

HANSEN J,BAUM A,PASCAL K E, et al. Studies in hu-
manized mice and convalescent humans yield a SARS -
CoV -2 antibody cocktail [J]. Science, 2020, 369 (656 ) :
1010-1014

WEINREICH D M, STVAPALASINGAM S, NORTON T,
et al. REGN-COV2, a neutralizing antibody cocktail, in
outpatients with covid-19 [J].N Engl J Med, 2021, 384
(3):238-251

SAHIN U, MUIK A, DERHOVANESSIAN E, et al. COV-
ID-19 vaccine BNT162b1 elicits human antibody and T
(H)1 T cell responses [J]. Nature, 2020, 586 (7830) :
594-599

SONG F,FUX R,PROVACIA L B, et al. Middle East re-
spiratory syndrome coronavirus spike protein delivered by
modified vaccinia virus Ankara efficiently induces virus-

neutralizing antibodies [J]. J Virol, 2013, 87 (21) :

[42]

[43]

(44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

recombinant modified vaccinia virus Ankara delivering
Middle East respiratory syndrome coronavirus spike glyco-
protein[ J ]. J Virol ,2015,89(16) : 8651-8656
HAAGMANS B L, VAN DEN BRAND J M,RAJ V S, et
al. An orthopoxvirus - based vaccine reduces virus excre-
tion after MERS-CoV infection in dromedary camels [J].
Science,2016,351(6268) :77-81

WANG L,SHI W,JOYCE M G, et al. Evaluation of candi-
date vaccine approaches for MERS - CoV [J]. Nat Com-
mun,2015,6:7712

MUTHUMANI K, FALZARANO D, REUSCHEL E L, et
al. A synthetic consensus anti-spike protein DNA vaccine
induces protective immunity against Middle East respira-
tory syndrome coronavirus in nonhuman primates [J]. Sci
Transl Med,2015,7(301) :301ral32

ZHANG N, JIANG S, DU L. Current advancements and
potential strategies in the development of MERS-CoV vac-
cines[J . Expert Rev Vaccines, 2014, 13(6):761-774
HE Y, LI J, HECK S, et al. Antigenic and immunogenic
characterization of recombinant baculovirus-expressed se-
vere acute respiratory syndrome coronavirus spike pro-
tein: implication for vaccine design[J]. J Virol, 2006, 80
(12):5757-5767

LI J, ULITZKY L,SILBERSTEIN E, et al. Imnmunogenici-
ty and protection efficacy of monomeric and trimeric re-
combinant SARS coronavirus spike protein subunit vac-
cine candidates [J]. Viral Immunol, 2013, 26(2) : 126—
132

JAUME M, YIP M S,KAM Y W, et al. SARS CoV subunit
vaccine: antibody - mediatedneutralisation and enhance-
ment[ ] ]. Hong Kong Med J,2012, 18(Suppl 2):31-36
KAM Y W, KIEN F, ROBERTS A, et al. Antibodies
against trimeric S glycoprotein protect hamsters against
SARS-CoV challenge despite their capacity to mediate Fe-
gammaRII-dependent entry into B cells in vitro[J]. Vac-
cine,2007,25(4) :729-740

HE Y,ZHOU Y, LIU S, et al. Receptor-binding domain of
SARS-CoV spike protein induces highly potent neutraliz-
ing antibodies : implication for developing subunit vaccine
[J]. BiochemBiophys Res Commun, 2004, 324 (2) : 773-
781

DU L,ZHAO G,HE Y, et al. Receptor-binding domain of
SARS-CoV spike protein induces long-term protective im-
munity in an animal model [J]. Vaccine, 2007,25(15) :
2832-2838

DU L,ZHAO G, LI L, et al. Antigenicity and immunoge-
nicity of SARS-CoV S protein receptor - binding domain



EA1EN T
202147 H

XK, EIER. ARG TS Spike 8 1 R AT XA PSR E LT ).
P R RE A (B 2RBRE M) , 2021 ,41(07) : 1095-1103

<1103

(53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

stably expressed in CHO cells [J]. BiochemBiophys Res
Commun, 2009, 384(4) : 486-490

DU L,ZHAO G,CHAN C C,et al. A 219-mer CHO-ex-
pressing receptor-binding domain of SARS-CoV 8 protein
induces potent immune responses and protective immunity
[J]. Viral Immunol,2010,23(2):211-219

WANG Q, WONG G, LU G, et al. MERS-CoV spike pro-
tein: Targets for vaccines and therapeutics [J]. Antiviral
Res,2016,133:165-177

GAO Q,BAO L,MAO H,et al. Development of an inacti-
vated vaccine candidate for SARS-CoV-2[]]. Science,
2020,369(6499) : 77-81

ZHANG Y,ZENG G, PAN H, et al. Immunogenicity and
safety of a SARS-CoV -2 inactivated vaccine in healthy
adults aged 18-59 years : report of the randomized , double-
blind, andplacebo-controlled phase 2 clinical trial[ J/OL].
medRxiv,doi: 10.1101/2020.07.30.20161216

WANG H,ZHANG Y, HUANG B, et al. Development of
an inactivated vaccine candidate, BBIBP-CorV, with po-
tent protection against SARS-CoV-2 [J]. Cell, 2020, 182
(3):713-721.¢9

XIA S,ZHANG Y, WANG Y, et al. Safety and immunoge-
nicity of an inactivated SARS-CoV -2 vaccine, BBIBP -
CorV: a randomised, double - blind, placebo - controlled ,
phase 1/2 trial[ J ]. Lancet Infect Dis,2021,21(1):39-51
XIA S,DUAN K,ZHANG Y, et al. Effect of an inactivat-
ed vaccine against SARS-CoV-2 on safety and immunoge-
nicity outcomes: interim analysis of 2 randomized clinical
trials[J]. JAMA,2020,324(10) :951-960

WANG F, KREAM R M, STEFANO G B. An evidence
based perspective on mRNA-SARS-CoV-2 vaccine devel-
opment[ﬂ. Med Sci Monit,2020,26:e924700
HODGSON S H, MANSATTA K, MALLETT G, et al.
What defines an efficacious COVID-19 vaccine? A review
of the challenges assessing the clinical efficacy of vac-
cines against SARS-CoV-2[J]. Lancet Infect Dis, 2021,
21(2):e26-€35

HE Y, JIANG S. Vaccine design for severe acute respira-

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

tory syndrome coronavirus [J]. Viral Immunol, 2005, 18
(2):327-332

KIM M H,KIM H J,CHANG J. Superior immune respons-
es induced by intranasal immunization with recombinant
adenovirus - based vaccine expressing full - length Spike
protein of Middle East respiratory syndrome coronavirus
[J]. PLoS One,2019,14(7) : 0220196
BHATTACHARYA M, SHARMA A R, PATRA P, et
al. Development of epitope-based peptide vaccine against
novel coronavirus 2019 (SARS-COV-2) : immunoinformat-
ics approach[]}. J Med Virol,2020,92(6) :618-631
TIAN J H, PATEL N, HAUPT R, et al. SARS-CoV -2
spike glycoprotein vaccine candidate NVX-CoV2373 im-
munogenicity in baboons and protection in mice [J]. Nat
Commun,2021,12(1):372

KEECH C, ALBERT G,CHO 1, et al. Phase 1-2 trial of a
SARS-CoV-2 recombinant spike protein nanoparticle vac-
cine[J]. N Engl J] Med,2020,383(24) :2320-2332
PARDI N,HOGAN M J,PORTER F W, et al. mRNA vac-
cines-a new era in vaccinology [J]. Nat Rev drug discov,
2018,17(4):261-279

ZENG C,ZHANG C, WALKER P G, et al. Formulation
and delivery technologies for mRNA vaccines [J]. Curr
top Microbiol Immunol, 2020, doi: 10.1007/82_2020_217
CORBETT K S,EDWARDS D K,LEIST S R, et al. SARS-
CoV-2 mRNA vaccine design enabled by prototype patho-
gen preparedness[.]]. Nature,2020,586(7830):567-571
JACKSON L. A, ANDERSON E J,ROUPHAEL N G, et al.
An mRNA vaccine against SARS-CoV-2 - preliminary re-
port[J]. N Engl ] Med,2020,383(20) : 1920-1931

KIM E,ERDOS G,HUANG S, et al. Microneedle array de-
livered recombinant coronavirus vaccines : immunogenici-
ty and rapid translational development [J]. EBioMedi-
cine,2020,55:102743

JEIRRIL, SR B, 55 7%, A B BRI 1 2 P TR
SrEWTTE IR ] Bt R Rl (A AR
2020,40(3):315-321

[WimBHI] 2020-10-23



