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#r B AR B LR TN D HI F R A SR IR

K O FRA i ET@LE & 5"
(PEILR A Bl 2 B D REA 22 L0 %, P 710069)

WE AT AEHAC SRR TG (coronavirus disease 2019, COVID-19) HIMER N AFRARAT. FHAIFUAFI/N
Sy F IR RIS B 3697 COVID-19 R I EEAEH ., RAECIT RN T 2R AR LR, (E R R ™ 2
W ZE AR IR TE 2 (severe acute respiratory syndrome coronavirus 2, SARS-CoV-2) BIARNWIAS S, B AT MR v Tl
E Rk . /N30 ) = 258 2 T Y0 e 518 £ 0456 LR RE A B 0952 6 a8 B3 20 25 LA B il s 2 e rE A
I H XS SARS-CoV-2 7B bR HAT 1B MHIE R, J2 MRTRFSAIRGR . ITAEA [E N A1 2745 X SARS-CoV-2 /N3 T4l 37 i 17
KEWFIETAE, A SCHRAE BT BT B8 LS/ NG3-F- 30 i 790 84 FE AL 43 3106 F - 10iB) & 3R 97 COVID-19 (1 H
AP F N F IR 258, PR IR, IR RN f R R S, DU Ul i ik — 20 i o 4 it

%%O

KR HRGEPIR R, T ESVEIER R GLE A MO T2, KA, AT, /Nl

HES%ES Q5, Q7

HH ™ H 2 R 2R A IR AR B 2 (severe
acute respiratory syndrome coronavirus 2, SARS-
CoV-2) 513 i 37 2 Se IR 75 i 3 (COVID-19)
TERIRT N R RE, AR ™ E 2R AIE T
AR AEN T IR AR LT 2020 4F 3 H EH A
SARS-CoV-2 /&Y Kifif7T. SARS-CoV-2 & T B i
R TE, HEERIZH y IE4E RNA 2, 24930 000 4>
MR, B& 1240k 52 M€ (open-reading
frames, ORF), #ifth 4 Fhghty & A 22 PR 2544
1 (non-structural proteins, Nsps) *', HAj, %
A ORI AR 28 & COVID-19 B i iA T B
B2 BEE B SRR T B, PR % rh R 1 i
ERR PR . il RS R BT, 37 B 58 728 #k A
B.1.1.529 7% Fi R % 16 3% 18 4oF 922 v g i S0 SR e e 3
PR DRIPRE Sy, DTS iR AL R RE ) LA K
B e AR R AR B A R YL R RE . AR R IS R
B, NGRFA AR RE AT R T T BE BT SARS-CoV-2
ARSI FIERE . R, ASSCA/NG—T- 3l 70) i b2
VLK B g J7 e AT A A L IR 8 H7E BT SARS-
CoV-2 B T5 T I FEE I o
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1 SARS-CoV-289%4#4

SARS-CoV-2 j&:—Fa e 8, 27 4 Fh4hiy
HE, B E A (spike, S) . B H A
(membrane, M) . fUfEfE  (envelope, E) DA
A5 #E I (nucleocapsid, N) (& 1a) ¥/, SHEH
L= RIE A TR h 73R M. FRSE AW
TS 1 R AN 2RSS A1 ST 3 DL 7 57
T UM R 0 S2 A (B 1b) 7, STEAERY
N ¥4t f 3§ (N-terminal domain, NTD) 11355 5##
Kok b, ZAik4E A48 (receptor-binding domain,
RBD) Z 54%# 510 RANMZ AL G S2 WY
BlERK (fusion peptide, FP) 7E4F-51m 4t i
A EEEH, EIKEEIFH1 (heptapeptide
repeat sequence 1, HR1) FI-ELAKEEF412 (HR2)

* BT AE FE A &R (2021ZDLSFO1-04) FIREPE 4 H AR Rl 5
REBFZEHRI (20210M-319) ¥EEAIH .
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FHE AR PR BRRE 7S SR E SR, K 8 AT £ 40
SRS S, MUREEM A B A0 L, B R
1 (transmembrane domain, TM) -5 28 it ot 25 4 35§,
(cytoplasm domain, CP) —ifitfii S & H AL 1ETE
F 4 = MEE AT ERRR R TR
RSP B SR R — MK S R 1, & &

@

RN R IRAE I, eI V20 A A% 5 2 kT
iR B EEAEA ", EAIM & 3L R
g BE AT E AN, S AE 1 A0 B A 4
B0l NZE S5 EE RNA — B AT, HI)
AR R e RS A S50, (R dde . BRI S5
T AR AR

(®)
424 494510
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Fig. 1 Structural features of SARS—CoV-2'"!
El1 SARS-CoV-2£5HHHiE "’
(a) SARS-CoV-20%45H4: FHMIZRA A, WA, B Fe I A (450 8 T AR RNASEFR A1, (b) SARS-CoV-2 SE& [ AN |2

M, SP: {55k (signal peptide); NTD: Nif&itiik; RBM: 3Z{k

ZEGILF (receptor binding motif) ; RBD: ZRZE A, FP. BhAAK;

HR1: BKEEIFHI1; HR2: ERREEF12; TM: BEEGHIE; CP. 4SS5,

2 SARS-CoV25HBFZEESH N F
HLE

SARS-CoV-2 AR EAM A 20T 40 R 2
510 EAM R AZ ARG RSN S e 40
RGN EEEAN R PRI S R, X g
TR S 5 T R 2 W R AT S, =TT

V- S TRl a A N e 11K B DB 2 TG i e T
SARS-CoV-2 A B R X
2.1 SARS-CoV-25ZFKiR5)

I B K R % 403 2 (angiotensin-converting
enzyme 2, ACE2) j&—Fiy [ R4 Rakmy 1 84
EEeRECRE, h— DR BB RS
PR AL, L5 A 805 ML ' ACE2 21K
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P R A B E RGN A, R —K
PRI 2 1Y) SARS-CoV-2 ThfiEZ A . SE Y RBD
515 F AR 1 ACE2 SZ AR AR s 5 B G 1) 26
—, W) — . EXX i BT R/
SR L, R NV FhUR R I
OFAY
22 FEMNREBEITHEEMS

TS E I 5 UM ACE2 ZALE B )5, difflk
AT A 1255 i 22 2 PR 5 1 il 2 (transmembrane protease
serine 2, TMPRSS2) V)& S1/S2 #4:4b, FfiiG
S2 WAL, BEfS, W REE hEUKE AR, A
Z Ay FAMAE D U SE{) SARS-CoV-2 S 114
PG —FER R EE N ANAE, 38 (T R R 4 P 1 B
4 (& 2) ™, TMPRSS2 7 i F v % 4% o B4
A1, PR TMPRSS2 il 7 il /5 Sk — R fE B3R T
2y 151 AL, ST S2 I e AL A R RR AR S
AT H A S AHHE N ) SR AR BRI 8T 8T, X T
S B A A AN AR 2 G2 ), 7EB.1.1.T Al
B.1.617.2 578k, SRARER I BRI 67 o5 A 2E 5%
AR, AHIMRER AR S RN B, PR R
TEHERETT -

@ SARS-CoV-2MZ4fiR

@ SARS-CoV-2%}ACE2#IiRJ

23 HEEABRAERSER

W RNAEALIIR)S, HeARAES RN,
I B [ 5 RE PR 0 A 2 40 R mRINA 9 5 5% 1
BE, WA A RS, SEOCES TR
RS R G EG S E AT, il 14
JLE T4 22 55 . SARS-CoV-2 K41 32 40 K- i i fry
2116 DAY ) 235 P A2 O AU 2 M4 S A IR 254, 5
AT RE R B RNA & il F k245 T — e 23
B, W TR RGRRS T BE)E, R
IE4E RNA 50L& B 6 5 RNA R A AL
M B 5, IR P R LT R S e R A
P BRI IE &% RNA &l 554 55 K 1) B b
155 RNA Jf 5% 5% 4 Fl/)via] 5 RNA - (small guide
RNA, sgRNA), FELLUEE RNA A & il Hh S
AR FEIE N2 . 4 B sgRNA BRI 4 Fh 2t #4) 5
F1, 595 8 RNA ZH 3% BOHr i AR 2 kL
SRc 23 3 A 1R IR AT A AR B2 A 22 4 RS
Ao L, EXF IR TN A R 3 L i
Pl SARS-CoV-2 & il %% s Pir s B WS ) % 1 1
Yoo B Rk, R Ik 2 BH 1k 95 BE 3 58 S R T
H,

'
TMPRSS2% A
ACE2

Fig.2 The process of SARS—-CoV-2 binding and membrane fusion with host cells
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El2 SARS-CoV-25E ML S RIEMARNTRES
SARS-CoV-2 575 A4 4 R4 11 7 . DSARS-CoV-2iR HJACE2324k ; @TMPRSS2 VI EISH [ ; @UEIES24558; @TEALIS2TF

S ST AR AR

3 minfguiE

THBREIR NG, RN IR 22 A T
PepiiR, Hr AR pUARER AR, JFEHA

AMMIRTR AR, DRI SZ IR, KA
TR BRI FITAA . bR T A S Ao 928 1 e s
VR% R ey S SR NI DX 1 22 Ei s %2 YNNG Sh TR
L1 S AR PR 5 R A o e 4 LT AR I e .
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MPLR A BB SI6IF ACEIER, HAsR M
VEIRAS . (HE AR R AR K- 2 B 4 e ]
M FRE. R, B BA4, BAS R
Al Pk BAL LA = AR B AR, xR B A
T A 47 28 BH Wt SARS-CoV-2 1) 1% #% J2: JC 1k 52 9
[ 4 18, SARS-CoV-2 HRIHTAAR A AL il = 224
i AR S HAR PR R A G, dEmiBH Ik
RS ZIRNEE S, Kb AR SRR T
JRZES, BOIEAMA, 5 EOR TR R R o)
SARS-CoV-2 " A AR AR H R 51 A 470 B 2R 037 K3
ALK 5 S1EIE RBD IR AY Ak, 5 S1
EFHENTD U A AL, 1) N & 1A R A
PR DL B AR T 4 2 A2 A 2 L R R . D)
Ab, A EXT SRR R ABTAR, HE5 G0 ]
REV A ARSI, HORNHEGR A A R B
GG, TR AR AN TP TRARSE
3.1 {EATFSEBRBDHIHFHE

H i T & B4 X SARS-CoV-2 1) B a1k 2y
Y, FEESHEN, SEMMY T SARS-CoV-2
HEAAMIAEARL , YHTIRZY) 5 S B 1 IR A8 0 s
e e, RReBHWrRE EEE A KA RYEIE . %)
RBD i FILAO R AR A e % R R 2 |
XoF 9 2 BEL T 17 1 e e 1) — 2SR 2V I R
AT LL5 S % 1 AY RBD X 145 4, FHIEr RBD 5
ACE2 K454, TBHMTREEAR A AR L .
3.1.1 47D11FATERES A

oy 2% ) S R 2E A AT & 1) 47D 11 & 15 4
1B 1) SARS-CoV-2 HLFL SR . 47D11 RE#E5E X
o™ 2 M MR 25 S 1E R 7 (severe acute
respiratory syndrome coronavirus, SARS-CoV) #
SARS-CoV-2 S # 1 RBD FIL[EAGRSFIFS, iR
5 ACE245G3a4, Nmidlifilped g ' 47D11
() RIRCR R 52 RBM &8 52w, DR 22 LA
47D PR R0 A 2, XTHT#i 8 SARS-CoV-
27 Fifr 230
3.1.2 ARl RyYE e T bt

LAY 5 b ER B A Pt 5T B R I
() T 2H 4 IR B v B ORI T AR SR R R S R T
(Etesevimab) , il i #5551 45 & SARS-CoV-2 S &
FIRBD, A x(BHWE #5178 E 4R 521k ACE2
&G ALRA R M2 ¥Pr (Bamlanivimab)
RIS P S R R R AAR, YRRR R SR
ELJE T3 BB AR S 2597 s 2 AR TR YT
A E R R COVID-19 FE R R XU 9 12 % K

DL E# i COVID-19 J & o %97 ¥ W & BRI
COVID-19 HRAEBEFIFET R, HXf— RINAKA
AERFEH] 2
3.1.3 B A BB/ N bt

S 70 A i < R S R i 2 i I S NS TR
(Evusheld) #0445 41 (Tixagevimab) FIPH
Jn=H¥PT (Cilgavimab) PHFP A STEPUIRLH R, AT
FE NS A7 5 e ifs SARS-CoV-2 ST 1, 2 H AT
A FRME— 7] LU T COVID-19 % 5 /i Wi 1 v At
A BV BB/ i ST BAL2.12.1, BA4
I BA.S AF SR A FE %, (X BA.4.6,
BA.4.7. BA.5.9, XBB, XBB.1.5, BQ.1 filBQ.1.1
S0 7 AR AR S R I R T SRR A
314 CZEF RS OKE BT

g Al 2h | VE SR AGITE —= A R E Rk
B Wi ) B T/ oK E) TS PR BT AT AR 2
W B R I AR, F TR R BRI SE A H
AR ER (RFREREEAET.) RS R Y
COVID-19 {4 . 235 hy/P oK EH A
U5 R EHURE T8 F RAr T 259 1gG 1 7Y
PuikZidy, MnZ54 S 5 RBD ANFEGA . W
R LESS & SARS-CoV-2 ) RBD 4y | HLAT H 4h
P, PR & 57 E T 4 M R R R SARS-Co V-2 1Y fig
Ji, A BT Bk R HEA NS, H X
B.1.617.2. AY.4.2 ) B.1.1.529 75 f BA.1, BA.2.
BA.4. BA.SEILHAMGIRCER 2,
3.1.5 XG005-CYLK

5 HRFRMIE N 53 T A AU AR BRI R A2 35 1M
HP B8 T — R B S0 ISR I XG005
AR, HAES SARS-CoV-2 S 1 Y RBD 4%
G, dEmBE Lk RS N R A M Y ACE2 27 A 2
A2, EEMIE, XG005 X SARS-CoV-2 Ji I #%
PEAIB.1.1.7, B.1.351, P.1. B.1.617.2, B.1.1.529.
BA.1. BA.2, BA.3. BA.4/5. BA.52. BE74%%
AR SRR S T AE N, IR TR
i 44 XG005-CYLK 4 2331 HEi#FsE A
O HJF & b o5 B BT K 25 9 ADV2301
(XGOOSM) , IEZE M FLHE I PRI B o
3.1.6 SAS55

BE2%rf 2 55 5 S50 25 ) el P R
A2 13 000 FhHTIARPE Rkt O BE Rk 4 & 2 R AR
[ e R B2 1 )3 ML IA SASS, JLRg bl
f14%5 XBB. XBB.1. XBB.1.5 7E P 1) £ Fh B35 v 5k
ARSERR 4 20234E4 H 21 H, ERZWREM
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e BT SASS 5t 25 71 FH T Hiil i SARS-CoV-2
TR I R IR R -
3.1.7 HEEBUA

BT R 2= 5% AT AR SR A P B AR, N
Pl 92 1 J5 & AR U % v oK BE PR 28 Rk 4 Y R
BHEKRNEES T —H#XTBE7, BQ.1.1, BA.1,
BA.2.12.1, BA.4/5 fil XBB %575 S bR AR 35 R 26 A )
v 250 RS M RS BT AR (THO03. THO027.
TH236, TH257, TH272. TH281) 9, #f55 A 5t
I AR BT R R R T 6 RSP AR i
H FIHIL ] R P RPN [R] 25 A2, 43531 %8 ] RBD
MR A RBM 01, HA RAFI R T o
3.2 {EATSEBNTDH R

HEEFRIBR S S B A NTD KIRE5 4, [
W4A8%E, HeA X FI SARS-CoV-2 7 —JHAfF5Y
WoR, ARG Y % 22 R 2R 1 IO 32 /K UFO
(AXL) 5NTD XIFEsMas G, T ae S Ae s
BRGNP B 3Z R, BETIURIF 5 24538 T DA 43 Mgt et
NTD H 1 ¥t 1A 68 % A % b 1 SARS-CoV-2 [
JRE s
33 1ERTFNEGRFRE

R LR 2B 2 T R e A B R A A VE AT BAF]
JH T 1k PR B 52 3 I RE A 1 4 IR AR 7 126
2, MIARATHIBE A COVID-19 1% 58 11 8 3 i 4
B 5 N B A B4 A S5 i TR B
nCoV396 ', FFE A G H F X G4 fii 38 i3 7
T nCoV396 #| i H % 8 H 4 P & X 1
(complementary determining region 1, CDRI) .
CDR3 Ml # 5% CDR1. CDR2. CDR3, it zE KA
B KA BAEHPUIN 2 FINTD, S N & 1155
(R RMAE BE VS, SE AT ] COVID-19 F8E 114 fili
fifn e NEP SRR SRR HAER
JEARSF IR 1, X AR/ nCoV396 il Lhgh A H:
M B R SRR N R, HAA R TSN
JHHETSE .
34 ERATHMEREZEEANBME

b R B A5 TR ) ACE2 1Y) 3 5L o
GEDUIAR 3ES, JT LV VR LB A SR AR S N T
ACE2 I GIn24 J2- 5 3E8 H 4% CDR3 HH B /E Y
K MR BRI, 3E8 AT LA Al
SARS-CoV-2 K SARS-CoV-2 % 7% {K D614G.
B.1.1.7. B.1.351. B.1.617.1 fIP.1, A< B ER
M) ACE2 f A B M, AR 2%t ACE2 “BA” /)
S ™ B #EE, H 3E8 ZEARSMFI COVID-19 i B

P /N BB Al fig BH BT SARS-CoV-2 1Y 1 A
JRRL

PEAFIE40AE , CD147 J& A\ A it 35 1 17 5 i
ZAR, R SARS-CoV-2 J HAR bk (1) 357 U 2 44
I 2 40 PR 7 XU B R A ) S AR
T A B O A BRI T I P S8 v A 2l
HIRAFIBRAW & T —F CD147 PRI HUIAR-13 5
HZEFAERHPT (Meplazumab), B 52 A% TG AR IL
5, IFRARIE RN FHHEAE . 5 AR 2B bt LA
B SHR UM SRR, LRI LR
FEIH B O VR RS, PR AT LHEST SARS-
CoV-278{K, f0B.1.1.7, B.1.351, P.1, B.1.617.2,
B.1.1.529 4% “o'0 IbAh, SEFABREATIA EAT i 4
it R DR L B 3 s o ) 6 A i T A A0 A A R T %
fift FH SARS-CoV-2 5 [ Ml £F AL iR ST 7R, B
AL E IR SRR, BAPURHE> . BT
FRAAG . AT, S H R AR A 4 1 Y
RITE)

4 NG

AN RIFAAR SR AR 5 =T K8y R il
WS T EANMLS A L 0 B T S 20 e
G TR EEE N AN P ek L 0 s B A
FAL A B 4 Ko Ny T 0 2 A TR T AR
I TR ety hgior R AR, 1
COVID-19 By ifs h & FEA T LB/, 2 4 A1
I,

41 MFFESEBEAMLES

W75 1E E LS A J& SARS-CoV-2 J& e A {4
M5 —2, BT S 1 532 K25 G 02 /N3l
() BB R T 02—

4.1.1 DIACE2 R 1 FHHE 5

ACE2 J£: SARS-CoV-2 &Y i Y T REMEZ A4
PUIE 24 ) ol T S M R S s W AR I PR B 2490
AR s T LA ] ACE2 B AR iR Ak, F2 G n]
DL e BRI e A A e AR P P T A P A T
B PRI pHAEL, DT ) ZH 228 Ui L 1 3 1
i SARS-CoV-2 Joi B YL 4 ity ', Pk, S fn
B fE BT SARS-CoV-2 S YL ek 254, H
HIIEALE FE PR COVID-19 £ 35 Ayl AR5 i 78 27
R, ACE2 Z RIS v] LAse G PE 45 G0 75 S
B, ERRE S LS A . Han % 5 PRAR
U8 F ACE2 4k UK I BT SARS-CoV-2 [HAE T,
WiE T i H &R % R A ACE2 J7 1] 22~44 Fil
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351~357 [ P6 KA 3 I BTR B 1E 1 s J4h,
—Fp AR A P T Z T ] S B (A R
fill& A6 hACE2 W3Rk, T Hue 2 A R I 1Y
ZABEL, BAT) IS RO RS AT R A I R
A& . ACE2/E N —Fh 2 i, Hafm
2, TECOVID-19 Fiia 2z 8 ek ek, Wik, D
ACE2 AAE S A& /Ny Al 2 T 1z 1
PRIV T -

4.1.2 DISI-NTDH1EFIHE &

SARS-CoV-2 1) S1 W31 5T 8 5 52 R 4l L 1Y
e o S1WEIET] HE— 28 73 R AN AN [R] () S5 4 35
NTD H1 C ¥ 25 # 3§  (C-terminal domain, CTD) .
CTD 11 3¢ 515 R4 A4S &, 1 NTD 7 57 45
AR PEEE 2 Tl I E LB R,
NTD 55 40 i 35 18 8 WL AY GMI # & TR IE 7 T4 5
FUAHE AR B, XK, SARS-CoV-2 WUt &
. B CTD 25 ACE2 23R 5], NTD X {5
21 i 2 T R AR 22T T AR 4 A LU E i B B I S
AT L, NTDTE SARS-CoV-2 515 F45 &1t #irh
BAEZER, Bk, /N it s
B, R IUMEGEEE R 3 (galectin-3, Gal-3)
T . MR ER IS B A P A (1 4

1 i 1 XU 2 5 1R 2019 TR0 50506 S &
BT E B EN 55 Gal-3J&—FPsh ¥t &,
BABRKMWERIEMN, BIFEIFAHNEK-6
(interleukin-6, IL-6) F1M % IRFE K F o (tumor
necrosis factor alpha, TNF-a) 7=z, TEZUMR+
MRS LB B2, Gal-3 i 7058 1 P AR A
N IL-6 1 TNF-o 1Y 7K1, 00 i) 248 A PR XU 1) 7
A BRARERESE TS XS * . 55— J7 M, SARS-
CoV-2 S1FHE NTD HA —45 Gal-3 £544 F1 /757
T BE AL 4% (pocket) FESEFYEL MY, P,
Gal-3 101l 571 38 5 5 4 M 4 i) NTD 5 GMI #1242
TR G, AR EMME . BT, R
i 38 & 2 1) Gal-3 ) i R A1 45 . GB1107 & |
TD139 ' DR (WFKGR-MD-02) " %, H
H TD139 iy & PRI 32 1 R 4F, B 58 TIRIT
5 R R 2T 4L 0 T3/ B3R5 ). Gal-3 315
FLAT 0] 240 6 PR 1 XU A B LS NTD A 9 75 B
HWWEAEN, & MR A MRt
‘Z’Zj% [57, 63]O

BT RTESE &I, NTD thfE 76 v E (1 Vi ik 1R
BEALS, BURFIE A RN, AT LA MR R fh Y
PEEE . WEIIK DA B S 25 e YA PR L W 22 5 W 1+

NTD 5 15 =5 4l il 6 1 0ol Y0 A Af 6 A9 45 5, BELAS
SARS-CoV-2 [ BB ¢ S IBFIE I & IE— 2
58 T F FH SARS-CoV-2 S 25 [ NTD v 5 41 il 74
JE 1) FE B

APRERF A BARA 2387 T SARS-CoV-2 [ S1
M7 EEFI ACE2 fRE AL, B0 LB AL i 25 7E S1
AT ACE2 H ¥y 5 = S v, Jf H SARS-CoV-2
ARA AR R STV 34 %5F 2 LS B85 B R
WSS A RE . AR N A A s ) — 25
B e FURE L A0 A& i 0 B AR ) R 3 0 i SARS-
CoV-2 S1WH:5 ACE2 (44, FHBHIKF SARS-CoV-2
e S AT AN 7 X IUAIFSY R 15 Bl SARS-
CoV-2 YAt —FPyEAE B B H 259
4.1.3 U EHER SSEASS G EEIEALE £
il

“WE-FR A M E AR AE SARS-CoV-2 Jik G i
PP RHEETAEM . PR EB, PUNSE H S
N-ZRE L B N-SRM A 0 14 N- 2 B AR ARE iz 11 i 2 05
% 2 (lens culinaris agglutinin, LCA) i i 45 &
SARS-CoV-2 S & 1 N234, N165 1 N343 i dL Ak (i
SRR, DR SN R S 1 R A0S
4, BHIET SARS-CoV-2 B He ' Ji 1 5 4 2t X
SARS-CoV-2 ZE (& A7 5 U By A il 4E FH 3 R 4t
SARS-CoV-2 25 ()R K S A (B A UL fide
4.1.4  JFZE5SHE LA TR YL

5 F MR R S BEAF R E A B
(heparan sulfate proteoglycans, HSPGs) f{EN S &
F M ] SZ R (R R EE e . TR —Fh RIRAFAE
(IR, ARORPIEEEE ', 45H5 HSPG
AL, S 1 A IE L for (9 S SR R AR TR -IF R 25
254938, (heparin-binding domains, HBDs) FlffZ
ZHEEE DA COR AT IR B AN R SEA SR
R 28 A o) F R T R a3 A 4R O =
SARS-CoV-2 /&% : a. su PR HI HSPG 5 S &
1 HBD Z5 M 3 1 256 75 b. it 5 S1/82 47 5 45
A, PSR ARER (AR S A PIE] T e IS
BAWEH WA 1 TR AR T ghgs
witR, UG A AR MR R At
SARS-CoV-2 /N4l ) B it &
4.1.5 FEHrT AT S SE AL AT e A

BER TR -MEICUER, TR
B PR SR A e U T oY R B,
B PT a2V A LY SER A1l B
Ry S SHEAMRBD 454, b
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RBD 5 ACE2 ZARHAHEAEH, JF HAAEH R AT A=
Pk nl F il B.1.617.2 Fl B.1.1.529 A8 S & ¥k S 26 1
HZKMEE T BERCT AT YR R BTN
PRI AT R T AR Y ORI P T A
A TR PR FERSCR T IS IRiER, B
T RHATEY RABUE SPURTEEEN, TR
COVID-19 Bjif A AR A
4.1.6 B TORELSMHIN—— MR RR T AR

FIMEARRR (betulinic acid, BA) JE—Fh KIRTFE
TER) TR =i A0 G 1, R N2 A g2 B I o
(human immunodeficiency virus, HIV) . Fi/BREE
SARS-CoV 45 B A R & W biiw #/E M ™' . Liu
W R T M b A Y BA4, DR,
BA-4il i H A5 SHEH4S M, LB SARS-CoV-2
PEATE M. (E15 /2, BA-4 X SARS-
CoV-2 M HiR AR K (41 B.1.617.2 f1 B.1.1.529 %% )
PIaMENETE. ik, BA-4RERT —Fiil, A
R SARS-CoV-2 il iR, vl i — 2B TF & Ll
BT COVID-19 W LEMEE 24
4.1.7 XFCRIEESE R ZKDC/L-SIGNHY A il

C %I %t 4E % %2 /& (C-type lectin receptors,
CLR) &4 Js {31 ] 5Z /& (pathogen recognition
receptors, PRR), fBME 38 i P 77 i 7 I 3R L
s A, 2 55 RBIIE AL . BFTE I,
CLR F# Il A8 SR A ARy S 1 A i PB) 6 B 53 3 285
EAFE A ZE > F (dendritic cell-specific intercellular
adhesion molecule-3-grabbing non-integrin, DC-
SIGN) I/ T8 45 S P 40 Y ) 285 B 21 3 45
& A % & £ /o F  (liver/lymph node-specific
intercellular adhesion molecule-3-grabbing non-
integrin, L-SIGN) fE & SARS-CoV-2 S 7 1 iy i
e, Z5REMRAFEG ** {£COVID-19 &
FARN, (ERAMN T (ANIL-4, IL-6, IL-10 Al
IL-13) % 5 DC/L-SIGN 4 %35, A #l F DC/L-
SIGN 5 SARS-CoV-2 SHEIZE &, LM Ep#
&L ' Polyman26 (PM26) Jj&—Fl Z M4l H &
WEHE, i 5 DC-SIGN MM R AR Es &, se 5tk
Ml S 1 5 DC-SIGN (9454 ", Hitk, DC/L-
SIGN 1 H Ath CLRs 4% 470 77 7] b JH T i /i SARS-
CoV-2 YL B IR IR 259
42 MFFSEBETHREERS

P BE-5 1 A0 M R 5 R R e R AR
552, TMPRSS2. HRI Fll HR2 7£ [l A id i o
RAFE AT EATER, —28/ N335 LAt

VB FHEE 23 IS 15 10 AR A, BE Lk 7k
PPN 8
4.2.1 XFTMPRSS2f I

TMPRSS2 Jfi 3l S 2 U2 8 A f= 1 £ 4R
HERAE . TR R Im PRIA YT 1Y TMPRSS2 41 i
FI SR R % F . (Camostat mesylate) T L BH Wt
SARS-CoV-2 X Jiiti 2 At iy Jgk gy 114 200 o 5y — F
TMPRSS2 #1J1 il 5 44 7% 5 F] /. (Nafamostat) /&
IR E R AR, o] LA s R COVID-19
FHOCHY AR IT AE, TS5 RAE PR ARMA R 5t
(45 [, 7F SARS-CoV-2 B 2 Fif sl B L 1 [
B, T ANk SR EA YT AT LA S0 I
b 7 B AT i 4 U B R R 7
JE T YR BFSE A, TMPRSS2 KM HLH) (N-
0385) RILITERMRAIERREIE (IC,=1.9nmol/L) A
R0 TMPRSS2 & /K fif i 14, IFBH 1k SARS-
CoV-2 J A fk (AU FETE/RIE ML 7)) Ak
go, HAREMPCREERS =, 54, b EIF
= 25006 15 Fe & % (Proxalutamide) AN AT DA
i 3 K 4 ACE2 #il TMPRSS2 (1) 26 ik /K V-, BH 1k
SARS-CoV-2 A {215 E 40, 34 n] LAy 8 E 5
FIREA DGR Tl , BHIR FRELA, H
A ERAL Bl ) X EeRFIE R T X% SARS-CoV-2
AL REPE R R ALE A IA, 28 T L TMPRSS2
Sy A A R 25 0 % COVID-19 1 B )34 97 14
Bk
4.2.2  XTHRIFTHR2ZS KSR A3 i

SARS-CoV-2 1) S2 W 3 P A IR SF I EE 2 A
HFRFS . HRIFIHR2, P M EAEHIE oS E
JER S5 Yl Bl A #2 . LA SARS-CoV-2 S
Cim-LRKEEFES (HRC) ZEHIRAY 1 168~1 203
DX S R B BT ) — B IR K AT LA R4 BH A% SARS-
CoV-2 SE I SR BERELA ', 53 —FPJE F HRC
ZERIE 1 169~1 203 X ARALAR (IPB0O2) A4
SARS-CoV-2 S # 14 5 1Y i filt 5 F1 SARS-CoV-2
i B AR 1O 3 S I ) 3 v e 118 =X
Bin] P A g e v, FHrge 224 v, ARHE T
DA TS . 2R ATl T sl
MRS AES I 1) s f NFER TR (7%

EK1 AT LUHE [ HR1 55 B LR ST 7 41 2 1 410 )
TEPRIE B R RG2S 25 U IR B
FIH SR 2 Fsofés IR ] e sl bt i 2 45 45 1) EKL 1Y C
i, AWtk J5 158 EK1C4, % B EK1C4 J& %t
HL SARS-CoV-2 S H A B il R s i JEk e e
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AR Bl A I R, IC, 4y B A 1.3 nmol/L Al
15.8 nmol/L, VEFHACRA LR s BK1 2 A 1R K42
fm, HARmOSRSY, I REA S AR 2, B
ISP R R G R, T AR A T S 0 Ty
SARS-CoV-2 Jg e tom1ex ik i Sy FH BL 2 PR 2 bt
HIV-1 A6 S, Puds "0 33t 17— R G0 1k e
W PR 2, EAT# R SARS-CoV-2 il i
S, BEWT LRSS 5 7S R BE A A B, 41 240 A
BRIy, JF HIORF BN RERL T, BAT IS hUN T
B b, HECaosE Y HE, MHTIRITIFR
(ARE A R BRI S A oK O I HIR -4
R AL B A B B A Il /E ], X SARS-
CoV-2 HTI% B 1 14 H 3 A5 P55 (Remdesivir) B
5% o PR C FIHE Wt ] LA 1<k BEL TS I R A
TE ok B S 2 F1 A 5 19 Bl 7, 2 W R 1 Bt
SARS-CoV-2 254 1% (i F HR1 1 HR2 4544 3k
RS, DR HHE ) HR 1 RN HR2 /N30 61 541

Gia URTERIAZIR A 5T, DSl Rt T 2
i) P 3 P S B A 1 it T A BEL RS 2 7 1 240N
ik, JEMABBTRTEEN .
4.3.1 XINsp3fyfmil

Nsp3 J& SARS-CoV-2 4 fith i) 16 Fh A 45 #4) 25 1
HER ORI —Fl, LR 5 RIS S S Wi e
SRy, e BE A A R R EEAE A
Nsp3 ) 75— H A A2 HAE A S F R Zh e
Nsp3 H 19 A JR 2 H B A & [ B (papain-like
protease, PLpro) 7E Nspl-Nsp2. Nsp2-Nsp3 Fl
Nsp3-Nsp4 Z [0] #E47 VI &, MW 5 22 1K B ik
Nspl. Nsp2 F1Nsp3 %190 g itb 22 #b, PLpro it E
HRZ RN, UIHI K48 H M 22 RNz R
B 1SG15 1. WF5E# FH MALDI-TOF DUB
VA FDAfEHELG I RMIVER], #0IA T 5FMES Y
FERSMI ] PLpro A Nsp3: Bt SIERS | LH 4@
A KPR (nordihydroguaiaretic acid, NDA) . XA

Xf SARS-CoV-2 L A T TE RN HIRCR . EWIFMBKE A (H AR =
43 WHRBEBEEHEARIE 16.6%, 1) M
W EEHEATE FAMLE . FIHTE EAMERIER
Table 1 Inhibition of Nsp3 by five FDA-approved drugs
R1 EWFDAHLA LW XINsp3RIHIH
24T Ic,," hak 2R
T L NEE NS 4.54 pmol/LF18.67 umol/L #I#|SARS-CoVHISARS-CoV-2& il [107]
NDA 1.06 pmol/LF11.62 umol/L W] #IiIVF 2 AL i, FEAL G TRYT & AP #HISARS-Cov-2& i [113]
M (AR 0.69 pmol/LAN0.66 umol/L CL3KAS3E [ & bt A1 2518 BRI e I T T A h 28 J0HISARS-Cov-2411  [114-115]
Erarigis 1 umol/LLLIY FHTRIT RRIRE AT 4 HIHISARS-CoV-25 1l [116]
ey S =i 0.21 pmol/LF11.48 umol/L ¥ 5 & iR BB 3 HIH175): MHISARS-CoV-2EE B HIIHISARS-CoV-25E i [117]

Y AEHETMALDI TOF53# i, A Rh 245443 i PLproFINsp3HIC,

AR 2 LEAIR MR BT 3 i) PLpro 11 Nsp3,
B5 NARHAD Z0z Z AR O, FL, B
BT se gk, 7R IRY) 456 1 45 5 PLpro 45
G, NTTINHIRES, AORAE T LIS RS, M
I Nsp3 7E RGN R B B 1 A0 A e o . 4
S EYOR R BAT B WPOREEER, e LIME
Sk FE 8 15T AR A 0 > T Bl SARS-Co V-2 FILH:A
FHOCIR B o
4.3.2 SARS-CoV-2F-7E 11 71

SARS-CoV-2 F# H§ (main protease, M™,
WHRICL™) TN HE A S dnfidrh 37 UJ TN T. RNA
() R B, 2P0 SARS-CoV-2 /N4 50 FF
DRV R g R e SR o R B
e (FB2001) 52 SR SEAS M FEA , i 41 4

3CL™ 3 14, BH A% X s B 22 3R 8 (R 1y 1)
IS T s = O 11 AV 52 o s
GC373 Fl GC376 LA~ v A QA 1 (14 12 XA i 422 2]
WA S SR AR S Cys145 I, DIGNEE IR e B
i 3CLr HLBAT #1E,  #JE B W SARS-CoV-2 1k
N, IR COVID-19 1 3 7 i ik 24
Py 12 S —Fh L SARS-CoV-2 M k1l il $E 55
PURBEBEZG Y SY 110, AT B v & £ &R
BA.5, 1fi H X SARS-CoV Fll H 75 T Wy 25 4 4iE
5 R % B (Middle East respiratory syndrome
coronavirus, MERS-CoV ) &5 HAth &5 #0285k
AR 1AL R I 5 K A RSO B TE M L ot
Fb, BETE A TG RIGIT 0948 B R 5 /A4
WA (Paxlovid) 44 £ %< P 25 25 W) s 02 LA
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SARS-CoV-2 () 3CL™ ME R . 3CLFE AR
WA RVRAR 1, P o HAT v A et i
PUSARS-CoV-2 WFFE 4 A5
4.3.3 SARS-CoV-2 RNAfKHf I RNA & FEH 7]

RNA & #i 1Y) RNA & & B (RNA-dependent
RNA polymerase, RdRp) & bR 5 AF i il 1 vh
(SR, 2 5883 )T AR Y RNA JE K 41
(5 RS S, SRt bR 7 B L ) i 2 bR 2
— [ HHT AR TR B T EE COVID-19 f#
H R PR EE /N A TR B2k R
(Azvudine) . HfEPaH | 1L VCH = FBLifi /5
BLPCE5, HPEHE R RARp AR H 25U e 259
BAWERIEY 57 EE RARp 455, TEHTA U RNA
G ABSRIZITIR, WS 4 & A,
MR EHM TR E . Fod, Bfg% ke 25—
ANEFERHE IR, SR T R Bk — Nt
T D ARZG . 2023 4F 1 H 29 H E %25 W5
B 25 1 AL o b Tl i SOV R ST R AR S 7 (R
VVI116), RS LI —BERIE AR LM 45 & 5] SARS-
CoV-2 RARp f3& MLy, BN RARp A6,
FHWr A ae i 2 il , M SCEboi /e . &
PSR, VVIL6 X 41 45 B8 %5 55 A 7E N 1) SARS-
CoV-2 JFUIABR AN S8 A pR R B & BT dEVE
HIGm AR ", Wik, T LI RdRp R 1E L
SR/ G A 5 A B BE AL, XT BT SARS-
CoV-2 25t & BAT B E .
434 [HKrp38 MAPK (5 & M HISARS-CoV-2
kil

p38 22 L 5 % Ak 4 1 i B (p38 mitogen-
activated protein kinase, p38 MAPK) HJ{5 5141k
J& SARS-CoV-2 & il F1 48 iE S W 14 OGS A2 12
p38 M4 FH K (U E 1 1 77 (pamapimod, PAM) /&
p38 MAPK e £ HEINHIF, Jeri & FiaIr s
KPRHE ST % o MEAg SIER (pioglitazone, Pio) J&
TuEMbE B2 5K, TR 2 BB R
() I E AR I ZT J 1 127 Pio 4 A2 2% 4 g
740 IL-1b, TL-6 FIITL-8 By 430, JFml 3 mpg &
WEFIE Y BRI B A i b b R A0 P (f3i 4 IL-4
FIIL-10) A9 120 PAM il Pio 34 H A 41 SARS-
CoV-2 3%,  H.3X WA 25 9 i) 28 & 7 3 il 5 90 1)
SARS-CoV-2 # kK DA J2 B.1.617.2, BL%% 7 7, 37 4!
(BA.2. BA.SSE) PR B AR Sk rh 2 B0 B )
YERT, i BAT YR AL Tm e, Al e i
R BE B AR AR R T, R, PAMY

Pio & — MBI BERYT Tk, HETIEAESEATX)
i Bt COVID-19 & 3% PAM #1 Pio B¢ 4147 19 e IR
R .
44 MAFSEAREEML

WA B S Te M L B B AL E T T
WMl 5 2 1 SRR 1) B IR L AR E ST A
() —Fh B S A o WA AB AR A8 i 1) S I
PR 5% 3L ZL 50 N-BESLAL A O-#E Ak . BiILfEAS
ASOG) 2 5 3T 28 LA S A G2 Ao A EEAE A,
)22 5 T MR &4 kLR B 16 240
IR S A 2 A i R Y RS A B, S
A 224 N 25 1 17 4> O-BE Sk A7
A SR B RAL A BT IR R AR
EPE, MR AR RN, MR kEEE Y
o RER N, 1 R, A BE AR PR SR AR AR /)
Sy TR E R 7 i —
4.4.1 BRI

S 2K 14 N-F1 O- 2R WHAE VA 17 95 2 128 A 20 i
W AFEEEEN, TiZzmeE RN, B8, 456
UK AL . F FH CRISPR-Cas9 15 &5 H & W17
it 1 25 ) 400 1177 Kifunensine 17 SARS-CoV-2 %
WY N-BE SR AL A R, b TR R E A
MR A S o AR T LA I (NS
YA T PR OCEERR ) AAmI, R T
F 20 N-BE AR AR LA SARS-CoV-2 & 1|, i
R, PARWT (Celgosivir) . FERIKE e ELAT o
W s S A, SR S HAT AR e R
55 S2 W I A AR EAE T S2 WA~ 5 A Bl 75 2ot
T2, e EE RNAJEA S F4000 7, HTE
TIRAICEM . LA E v p s, it
SERMERA e R TVE 25, TIZ A
[FRYT R
442 HIBEHEPUER

GBS B A A B A R R
WA, OBHNE (RN sk E) A Bh
Bt HIV 35 14 1) T e AR S H 92 14 588 70 - S o 22
WEPE, WA FHAEHT SARS-CoV-2 254 ', BF9Y
B, JUMESSZSTAER (RIBEEFBTR R
B) D RZhE (bl 5 S&HMARBD kK4
PHEAMEH, AT RPUR R e 25 'Y, 43
T B ) TS5 R 0 HE AU S0 2 B, A4
HR (M PRz —) TLRE ACE2 1Y
TG %, JEITERY ACE2 35 1) AT
£ (MR E R RN Wis
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PURBFEEYE, AN IR T H X SARS-CoV-2
AR s ST 2P R AE MR
Pt ZR, (AHXTUAN AT A Y a1 AN 2
PERRT T E RN HAETT, RPN 25 AR R
S  2buAE R F T U SARS-CoV-2 J& 4L i ¢
JERE
443 EHRH

REMT 2 AT ENZm AR, B
. T HI T RE S5 SARS-CoV-2 3 8 i
RNA {K#iPE RNA R A FEF S B 14 RBD 4585 (4 i
KA E AR 1 7E SARS-CoV-2 e rhr, 1]
RE S = 5 4 B O R E AH DG Y T 2N R D) RE B
fig () A R N B A e A — SRR, TR
M N 2 TRE, NS BB B SE Y P TR
AHOC TR 2 MR 0, A7 B sl o9 2 D gk
3, JFEAWENDUREEETE. UL ERY], FDA
b S BETR 1F W] B JRIR YT COVID-19 £ R4t )T k&
SEBE AR, TR E AR T COVID-19
TG TR, AT RN AT

5 BEMRE

COVID-19 i FHgE X A SR AgE ARG B 1 ™ E 1Y
By, V)T BB AR 2. FE AR
FIHLARU IR B L () Bl IR SARS-CoV-2 1 F B, H.
eSS Ly, HPUREERAR 2N, %
B RRRS Y B A AR R, (R AT &
RN, PR RS R S AR TR
RO AN A KA E, AR P MYUALLS
SR G A3 A A, B 20 B AN BT 2R
Ar, —SERL R R AR R TR RO B
W, LR RS S bk BL1.1.529 725 ol E % 3k 3% i o 28

B ECHT R IR S 1 S ORI RE T, AT BOE
5 119 1 5 58 1 DA S e 11 JRR e R RN T AT JER e ]
[E1A /N T(TPANY% e i1 I i B [ = R S D 1 7 R A e o
YERT 2R, 425, AR TRt
IREE R FEHAR, TUALAE TG 0GR, . Bk
TEREFFEAL COVID-19 LT FRINEEIEH (&
2). HBFEERE, VVII6. PAM/Pio. BA-4, ¥
FHi T . FIRERRIRAE/IN o33 il X fe ) 1
SARS-Co V-2 5 F1 B2 v 57 B TE N 1o B A8 7
MEEIATIRIVER . BRI, /N30l B arc sl
Fiif: COVID-19 IMFFE S,

T 5 1 EANESS 5 REAEN BRI AR )
B B &AM AE o DL ACE2 52 /K Fll S1 3 3 1)
NTD M EHEFR, 060 5 1 E LA 2/
3G EZE TR T 10 . B A MR ] ACE2
KumwiRAl, orER I E R g, AR
8L I PRAUE B P RE 259 o o B 5 1 3 20 P gt
A N B G AR EZEA T . L TMPRSS2
A PRI v BEL L5 T0E A 7 32 A0 0 1 FR R R 5 ) A
H Al AL T I RIS B B, 3 v & e O 3t
7 H N-0385 LKt 2R A7 A B A ek 245 4 7,
AN ARV X REAE 1S 32 4 I P R 1 T
JA3CL™, PLpro. RARp%:, HhZsH4EH H/H)
FERF . siEhi s . B2k R . mfEpy s . kIt
P VVI6 T RAL LT, 1M SY110 F1 PAM/
Pio 2 RA M AL Y 2 > ML=
WAL Y B otk . St mg b 25 B
FRWEHSELS, ATgKaE AT COVID-19 %
AT E R Y. ZE B, JF AR COVID-19
AINGF AR LR SR R A /N o3 - A AR
RRENG B PR HEE A B

Table 2 Small molecule inhibitors of SARS—CoV-2 infection
2 IMHISARS-CoV-2RL Ay /Ny FHMHIF

TER 5 A I i) 7044 Bk il J5i 2 EEBEN

0 B 5 18 LA EE & ACE2 S AR S I ACE2 A o B R AL AN 5 A fA pHLAEL [49]
P6/ik SRS A TES A [50-51]

WFHE= HiHhACE2[) A [52]
S1-NTD Gal-34i3] (GB1107. o gn i e 7 A2 DL R BLRSNTD A 5 [57, 63]

TDI139. GR-MD-02%5) 994 2 PR AR L
e R A 525 ) MHINTD 5 16 E 40 R I e e sE  [64, 66]
ghar
PR E R SEGHEINHIS 1 3 5 ACE245 & L67]
SER AR MR R VERERE T R HHREE S F0 1E RS & [68]
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fERTr X YRR il 7 44 Bk i) 3 EE BTN
HSPG i S 4 PEAIHIHSPG 5 St A HBDA il [69-75]
M4 Bt 5SS g, il
IR E OB SEH A PIE . MHSE
FRSE “HE” 8 “TFR” i
S1/82 BER T A 2V E LA S & VI [76-77]
S1-RBD BHE R T HSEAMRBDY: &, HWRBDY [77]
ACE25Z A AR FLA
SEHA BA BEESEAL S, BHBISARS-Cov-2i#  [79-80]
N e
CLR FBERL A Polyman26 FIHIDC-SIGN 5 S A 14 & [90-91]
P 5 5 1 A0 MR A TMPRSS2 FRE IR R B mI Al 9k w] i MBI TMPRSS2 BV M B 1ESARS- [92-99]
fih N-0385. i CoV-2E N1 L 40
HRIFIHR2 fiE A6 Bk (IPB02) - EK1C4. I8 o B W7 75 42l 3 1) T f 2k v 40 [66, 100-106]
R 0 P 3 B PE 3 U . SARS-CoV-2 SE A/ G a &
AR KK EOR HRF 2
#F. PHRERCHIME
JiH 5 AT LGN N (A Nsp3 YK AANDSL18 VL9l BE R S A ) FE R 4 A AL A S [118]
PLproZti ¢, Ml 1% E
3CLPe PKa-FlER: (FB2001).  J@IEHIHI3CLffiGtE, FHASHTmE  [121-123]
GC373M1GC376+ SY110. %% ZREAFARAIVIR], FHWOREEEH,
TR P/ RIFE IR ) A T AR
RdRp Ri[2Z K5 EABTE . EDL /N RY 5 W RARp4E &, E# G [124-125]
AR SE R F5/2 S5 U045 . FIRNAGE 5] N, ik
VV116 WiREEE B S
p38 MAPK PAM/Pio BH Bip38 MAPK {5 T4 5 #iil [126-129]
SARS-CoV-25 il Fll 48 i 7
it 7 2 URE RRAL N-FEHEALAHIF  CRISPR-Cas9. kifunensine. #Ifil|SARS-CoV-2 N-FERAL A, ] [135-136]
RIS SARS-CoV-24 il
FOLETRPIAE R FIERS LS & ARBD &AM E AR [138]
GIEE2 5 TETER ACE2 4 71 [139]
e = HfSARS-CoV-241ii] [140]
ST PR T M 5SARS-CoV-2 E & . RNAMKHEiM:  [141-143]
RNAZR & BEFISHE 2 ARBD A 5 1 R 4=
MEAEM, SCENEDIRE, b BN
Med Virol, 2021, 93(4): 2132-2140
7[-’3 % 3‘[ m}( [4] CaoY, YisimayiA, Jian F, eral. BA.2.12.1,BA.4 and BA.5 escape
antibodies elicited by Omicron infection. Nature, 2022,
[1]  Zhou P, Yang X L, Wang X G, et al. A pneumonia outbreak
608(7923): 593-602
associated with a new coronavirus of probable bat origin. Nature, [5] Gupta D, Sharma P, Singh M, ef al. Structural and functional
2020,579(7798):270-273 insights into the spike protein mutations of emerging SARS-CoV-
[2] Wu F, Zhao S, Yu B, ef al. A new coronavirus associated with 2 variants. Cell Mol Life Sci, 2021, 78(24): 7967-7989
human respiratory disease in China. Nature, 2020, 579(7798): [6]  Shajahan A, Pepi L E, Rouhani D S, ef al. Glycosylation of SARS-

265-269

[3] Wu S, Tian C, Liu P, et al. Effects of SARS-CoV-2 mutations on

protein structures and intraviral protein-protein interactions. J [7

CoV-2: structural and functional insights. Anal Bioanal Chem,
2021,413(29): 7179-7193
Boyton R J, Altmann D M. Risk of SARS-CoV-2 reinfection after



2024; 51 (4

KT, % FRBRFESAENND FOHF N RIR

+765-

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

natural infection. Lancet, 2021,397(10280): 1161-1163

Tripathi M K, Nath A, Singh T P, et al. Evolving scenario of big
data and Artificial Intelligence (AI) in drug discovery. Mol Divers,
2021,25(3): 1439-1460

Bosch B J, Martina B E, Van Der Zee R, et al. Severe acute
(SARS-CoV)
inhibition using spike protein heptad repeat-derived peptides. Proc
Natl Acad Sci USA, 2004, 101(22): 8455-8460

Tripathi M K, Singh P, Sharma S, et al. Identification of bioactive

respiratory syndrome coronavirus infection

molecule from Withania somnifera (Ashwagandha) as SARS-
CoV-2 main protease inhibitor. J Biomol Struct Dyn, 2021, 39(15):
5668-5681

Li F. Structure, function, and evolution of coronavirus spike
proteins. Annu Rev Virol, 2016, 3(1): 237-261

Salvatori G, Luberto L, Maffei M, et al. SARS-CoV-2 SPIKE
PROTEIN: an optimal immunological target for vaccines. J Transl
Med, 2020, 18(1): 222

Zhu G, Zhu C, Zhu'Y, et al. Minireview of progress in the structural
study of SARS-CoV-2 proteins. Curr Res Microb Sci, 2020,
1:53-61

Hoffmann M, Kleine-Weber H, Schroeder S, et al. SARS-CoV-2
cell entry depends on ACE2 and TMPRSS2 and is blocked by a
clinically proven protease inhibitor. Cell, 2020, 181(2): 271-280
e278

Lardone R D, Garay Y C, Parodi P, et al. How glycobiology can
help us treat and beat the COVID-19 pandemic. J Biol Chem, 2021,
296: 100375

Benton D J, Wrobel A G, Xu P, et al. Receptor binding and priming
of the spike protein of SARS-CoV-2 for membrane fusion. Nature,
2020,588(7837):327-330

Harrison A G, Lin T, Wang P. Mechanisms of SARS-CoV-2
transmission and pathogenesis. Trends Immunol, 2020, 41(12):
1100-1115

Tuekprakhon A, Nutalai R, Dijokaite-Guraliuc A, et al. Antibody
escape of SARS-CoV-2 Omicron BA.4 and BA.S from vaccine and
BA.1serum. Cell, 2022, 185(14):2422-2433.¢2413

Deshpande A, Harris B D, Martinez-Sobrido L, et al. Epitope
classification and RBD binding properties of neutralizing
antibodies against SARS-CoV-2 variants of concern. Front
Immunol, 2021,12: 691715

Yang M, Li J, Huang Z, et al. Structural basis of a human
neutralizing antibody specific to the SARS-CoV-2 spike protein
receptor-binding domain. Microbiol Spectr, 2021, 9(2): e0135221
YiC, Sun X, Lin Y, et al. Comprehensive mapping of binding hot
spots of SARS-CoV-2 RBD-specific neutralizing antibodies for
tracking immune escape variants. Genome Med, 2021, 13(1): 164
Wang C, Li W, Drabek D, ef al. A human monoclonal antibody
blocking SARS-CoV-2 infection. Nat Commun, 2020, 11(1): 2251
Fedry J, Hurdiss D L, Wang C, et al. Structural insights into the
cross-neutralization of SARS-CoV and SARS-CoV-2 by the
human monoclonal antibody 47D11. Sci Adv, 2021, 7(23):
eabf5632

[24]

[25]

[26]

[27]

(28]

[29]

(30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Li D, Sempowski G D, Saunders K O, et al. SARS-CoV-2
neutralizing antibodies for COVID-19 prevention and treatment.
AnnuRevMed,2022,73:1-16

Cao Y, Wang J, Jian F, et al. Omicron escapes the majority of
existing SARS-CoV-2 neutralizing antibodies. Nature, 2022,
602(7898): 657-663

Hoy S M. Amubarvimab/romlusevimab: first approval. Drugs,
2022,82(12): 1327-1331

Lusvarghi S, Pollett S D, Neerukonda S N, et al. SARS-CoV-2
BA. 1 variant is neutralized by vaccine booster-elicited serum but
evades most convalescent serum and therapeutic antibodies. Sci
Transl Med, 2022, 14(645): eabn8543

Liu M, Li W, Lu H. Listing of the neutralizing antibodies
romlusevimab in China:
impediments. Drug Discov Ther, 2022, 16(4): 196-197

Wu J, Chen Z, Gao Y, et al. Fortuitous somatic mutations during

amubarvimab and hopes and

antibody evolution endow broad neutralization against SARS-
CoV-2 Omicron variants. Cell Rep, 2023, 42(5): 112503

Iketani S, Liu L, Guo Y, et al. Antibody evasion properties of
SARS-CoV-2 Omicron sublineages. Nature, 2022, 604(7906):
553-556

LiuL, Iketani S, Guo Y, et al. Striking antibody evasion manifested
by the Omicron variant of SARS-CoV-2. Nature, 2022, 602(7898):
676-681

Cao Y, Jian F, Wang J, et al. Imprinted SARS-CoV-2 humoral
immunity induces convergent Omicron RBD evolution. Nature,
2023, 614(7948):521-529

Cao Y, Song W, Wang L, ez al. Characterization of the enhanced
infectivity and antibody evasion of Omicron BA.2.75. Cell Host
Microbe, 2022,30(11): 1527-1539¢1525

Cao 'Y, Jian F, Zhang Z, et al. Rational identification of potent and
broad sarbecovirus-neutralizing antibody cocktails from SARS
convalescents. Cell Rep, 2022,41(12): 111845

Guo'Y, Zhang G, Yang Q, et al. Discovery and characterization of
potent pan-variant SARS-CoV-2 neutralizing antibodies from
individuals with Omicron breakthrough infection. Nat Commun,
2023,14(1):3537

Huang M, Wu L, Zheng A, et al. Atlas of currently available human
neutralizing antibodies against SARS-CoV-2 and escape by
Omicron sub-variants BA.1/BA.1.1/BA.2/BA.3. Immunity, 2022,
55(8): 1501-1514.¢1503

Chi X, Yan R, Zhang J, et al. A neutralizing human antibody binds
to the N-terminal domain of the spike protein of SARS-CoV-2.
Science, 2020,369(6504): 650-655

Wang S, QiuZ, HouY, et al. AXL is a candidate receptor for SARS-
CoV-2 that promotes infection of pulmonary and bronchial
epithelial cells. Cell Res, 2021, 31(2): 126-140
Galindo-Hernandez O, Vique-Sanchez J L. AXL inhibitors
selected by molecular docking: option for reducing SARS-CoV-2
entry into cells. Acta Pharm, 2022, 72(3): 329-343

Kang S, Yang M, He S, et al. A SARS-CoV-2 antibody curbs viral

nucleocapsid protein-induced complement hyperactivation. Nat



+766+

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (4

[41]

[42]

[43]

[44]

[43]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

Commun, 2021, 12(1): 2697

Gao T, Hu M, Zhang X, et al. Highly pathogenic coronavirus N
MASP-2-mediated
10.1101/

protein  aggravates lung injury by
complement over-activation. medRxiv, 2020. doi:
2020.03.29.20041962

Gao T, Zhu L, Liu H, e al. Highly pathogenic coronavirus N
protein aggravates inflammation by MASP-2-mediated lectin
complement pathway overactivation. Signal Transduct Target
Ther,2022,7(1):318

Chen Y, Zhang Y N, Yan R, et al. ACE2-targeting monoclonal
antibody as potent and broad-spectrum coronavirus blocker.
Signal Transduct Target Ther, 2021, 6(1): 315

Zhang Y N, Li X D, Zhang Z R, et al. A mouse model for SARS-
CoV-2 infection by exogenous delivery of hACE2 using
alphavirus replicon particles. Cell Res, 2020, 30(11): 1046-1048
Wang K, Chen W, Zhang Z, et al. CD147-spike protein is a novel
route for SARS-CoV-2 infection to host cells. Signal Transduct
Target Ther, 2020,5(1): 283

Geng J, Chen L, Yuan Y, et al. CD147 antibody specifically and
effectively inhibits infection and cytokine storm of SARS-CoV-2
and its variants delta, alpha, beta, and gamma. Signal Transduct
Target Ther, 2021, 6(1): 347

Bian H, Zheng Z H, Wei D, et al. Safety and efficacy of
meplazumab in healthy volunteers and COVID-19 patients: a
randomized phase 1 and an exploratory phase 2 trial. Signal
Transduct Target Ther, 2021, 6(1): 194

Wu J, Chen L, Qin C, et al. CD147 contributes to SARS-CoV-2-
induced pulmonary fibrosis. Signal Transduct Target Ther, 2022,
7(1):382

Mckee D L, Sternberg A, Stange U, et al. Candidate drugs against
SARS-CoV-2and COVID-19. Pharmacol Res, 2020, 157: 104859
Han D P, Penn-Nicholson A, Cho M W. Identification of critical
determinants on ACE2 for SARS-CoV entry and development of a
potent entry inhibitor. Virology, 2006,350(1): 15-25

Jiang Y P, Zhao X X, Lv H Q, et al. Drug screening and
development from the affinity of S protein of new coronavirus with
ACE2. EurJ Clin Microbiol Infect Dis, 2021, 40(4): 715-723
ZhouM, LiuY, CaoJ, et al. Bergamottin, a bioactive component of
bergamot, inhibits SARS-CoV-2 infection in golden Syrian
hamsters. Antiviral Res, 2022, 204: 105365

Wang Q, Zhang Y, Wu L, et al. Structural and functional basis of
SARS-CoV-2 entry by using human ACE2. Cell, 2020, 181(4):
894-904 ¢899

Ou X, LiuY, Lei X, et al. Characterization of spike glycoprotein of
SARS-CoV-2 on virus entry and its immune cross-reactivity with
SARS-CoV.Nat Commun, 2020, 11(1): 1620

Ren Z, Liang W, Sheng J, ef al. Gal-3 is a potential biomarker for
injury and Gal-3
through ROS/TXNIP/NLRP3
pathway. Biosci Rep,2019,39(12): BSR20192368
Chen S S, Sun L W, Brickner H, ef al. Downregulating galectin-3

spinal  cord deficiency attenuates

neuroinflammation signaling

inhibits proinflammatory cytokine production by human

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

(711

[72]

[73]

monocyte-derived dendritic cells via RNA interference. Cell
Immunol, 2015, 294(1): 44-53

Caniglia J L, Guda M R, Asuthkar S, et al. A potential role for
Galectin-3 inhibitors in the treatment of COVID-19. PeerJ, 2020,
8:€9392

Caniglia J L, Asuthkar S, Tsung A J, et al. Immunopathology of
galectin-3: an increasingly promising target in COVID-19.
F1000Res,2020,9: 1078

Stegmayr J, Zetterberg F, Carlsson M C, et al. Extracellular and
intracellular small-molecule galectin-3 inhibitors. Sci Rep, 2019,
9(1):2186

Hsieh T J, Lin HY, Tu Z, et al. Dual thio-digalactoside-binding
modes of human galectins as the structural basis for the design of
potentand selective inhibitors. Sci Rep,2016, 6: 29457

Chalasani N, Abdelmalek M F, Garcia-Tsao G, et al. Effects of
belapectin, an inhibitor of galectin-3, in patients with nonalcoholic
steatohepatitis  with  cirrhosis
Gastroenterology, 2020, 158(5): 1334-1345.¢1335

Saito S, Alkhatib A, Kolls J K, et al. Pharmacotherapy and

and portal hypertension.

adjunctive treatment for idiopathic pulmonary fibrosis (IPF). J
Thorac Dis, 2019, 11(Suppl 14): S1740-S1754

Behloul N, Baha S, ShiR, et al. Role of the GTNGTKR motifin the
N-terminal receptor-binding domain of the SARS-CoV-2 spike
protein. Virus Res, 2020, 286: 198058

Tortorici M A, Walls A C, Lang Y, et al. Structural basis for human
coronavirus attachment to sialic acid receptors. Nat Struct Mol
Biol,2019,26(6): 481-489

Robson B. Bioinformatics studies on a function of the SARS-CoV-
2 spike glycoprotein as the binding of host sialic acid glycans.
Comput Biol Med, 2020, 122: 103849

Unione L, Moure M J, Lenza M P, et al. The SARS-CoV-2 spike
glycoprotein directly binds exogeneous sialic acids: a NMR view.
Angew Chem Int Ed Engl, 2022, 61(18):€202201432

Yu H, Chen W, Shu J, et al. Bovine milk glycoproteins inhibit
SARS-CoV-2 and influenza virus co-infection. bioRxiv, 2023. doi:
10.1101/2023.02.20.529234

Wang W, Li Q, Wul, et al. Lentil lectin derived from Lens culinaris
exhibit broad antiviral activities against SARS-CoV-2 variants.
Emerg Microbes Infect, 2021, 10(1): 1519-1529

Hippensteel J A, Lariviere W B, Colbert J F, e al. Heparin as a
therapy for COVID-19: current evidence and future possibilities.
Am J Physiol Lung Cell Mol Physiol, 2020,319(2): L211-L217

Xu D, Esko J D. Demystifying heparan sulfate-protein
interactions. Annu Rev Biochem, 2014, 83: 129-157

Kim S'Y, Jin W, Sood A, et al. Characterization of heparin and
severe acute respiratory syndrome-related coronavirus 2 (SARS-
CoV-2) spike glycoprotein binding interactions. Antiviral Res,
2020,181: 104873

Clausen T M, Sandoval D R, Spliid C B, et al. SARS-CoV-2
infection depends on cellular heparan sulfate and ACE2. Cell,
2020,183(4): 1043-1057.¢1015

Watanabe Y, Allen J D, Wrapp D, et al. Site-specific glycan



2024; 51 (4

KT, % FRBRFESAENND FOHF N RIR

+767-

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

[82]

[83]

[84]

(85]

(86]

(87]

[88]

[89]

analysis of the SARS-CoV-2 spike. Science, 2020, 369(6501):
330-333

Mycroft-West C J, Su D, Pagani I, ef al. Heparin inhibits cellular
invasion by SARS-CoV-2: structural dependence of the interaction
of the spike S1 receptor-binding domain with heparin. Thromb
Haemost, 2020, 120(12): 1700-1715

Paiardi G, Richter S, Oreste P, e al. The binding of heparin to spike
glycoprotein  inhibits SARS-CoV-2
mechanisms. J Biol Chem, 2022, 298(2): 101507

infection by three
Wood M J. The comparative efficacy and safety of teicoplanin and
vancomycin. J Antimicrob Chemother, 1996, 37(2):209-222
MaL,LiY, ShiT, et al. Teicoplanin derivatives block spike protein
mediated viral entry as pan-SARS-CoV-2 inhibitors. Biomed
Pharmacother, 2023, 158: 114213

Zhou N, Pan T, Zhang J, et al. Glycopeptide antibiotics potently
inhibit cathepsin 1 in the late endosome/lysosome and block the
entry of ebola virus, middle east respiratory syndrome coronavirus
(MERS-CoV), and severe acute respiratory syndrome coronavirus
(SARS-CoV).J Biol Chem,2016,291(17):9218-9232

Wang J, Wei W, Zhang X, et al. Synthesis and biological evaluation
of C-17-amino-substituted pyrazole-fused betulinic acid
derivatives as novel agents for osteoarthritis treatment. J] Med
Chem, 2021, 64(18): 13676-13692

LiuM, Wang J, Wan X, ez al. Discovery and structural optimization
of 3-O- B -Chacotriosyl betulonic acid saponins as potent fusion
inhibitors of Omicron virus infections. Bioorg Chem, 2023,
131: 106316

Thépaut M, Luczkowiak J, Vives C, et al. DC/L-SIGN recognition
of spike glycoprotein promotes SARS-CoV-2 trans-infection and
can be inhibited by a glycomimetic antagonist. PLoS Pathog, 2021,
17(5):€1009576

Takeuchi O, Akira S. Pattern recognition receptors and
inflammation. Cell, 2010, 140(6): 805-820

Geijtenbeek T B, Gringhuis S I. Signalling through C-type lectin
receptors: shaping immune responses. Nat Rev Immunol, 2009,
9(7):465-479

Van Vliet S J, Den Dunnen J, Gringhuis S I, ef a/. Innate signaling
and regulation of dendritic cell immunity. Curr Opin Immunol,
2007,19(4): 435-440

Van Kooyk Y, Geijtenbeek T B. DC-SIGN: escape mechanism for
pathogens. Nat Rev Immunol, 2003, 3(9): 697-709

Van Breedam W, Péhlmann S, Favoreel H W, et al. Bitter-sweet
symphony: glycan-lectin interactions in virus biology. FEMS
Microbiol Rev, 2014, 38(4): 598-632

Mnich M E, Van Dalen R, Van Sorge N M. C-type lectin receptors
in host defense against bacterial pathogens. Front Cell Infect
Microbiol, 2020, 10: 309

De Jong M A, Vriend L E, Theelen B, et al. C-type lectin Langerin
is a beta-glucan receptor on human Langerhans cells that
recognizes opportunistic and pathogenic fungi. Mol Immunol,
2010,47(6): 1216-1225

Van Vliet S J, Garcia-Vallejo J J, Van Kooyk Y. Dendritic cells and

[90]

[91]

[92]

(93]

[94]

[95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

C-type lectin receptors: coupling innate to adaptive immune
responses. Immunol Cell Biol, 2008, 86(7): 580-587

Ordanini S, Varga N, Porkolab V, ef al. Designing nanomolar
antagonists of DC-SIGN-mediated HIV infection: ligand
presentation using molecular rods. Chem Commun (Camb), 2015,
51(18):3816-3819

Berzi A, Ordanini S, Joosten B, et al. Pseudo-mannosylated DC-
SIGN ligands as immunomodulants. Sci Rep, 2016, 6: 35373
Simmons G, Gosalia D N, Rennekamp A J, et al. Inhibitors of
cathepsin L prevent severe acute respiratory syndrome
coronavirus entry. Proc Natl Acad Sci USA, 2005, 102(33): 11876-
11881

Nguyen H T, Zhang S, Wang Q, et al. Spike glycoprotein and host
cell determinants of SARS-CoV-2 entry and cytopathic effects. J
Virol,2021,95(5): €02304-20

Kawase M, Shirato K, Van Der Hoek L, et al. Simultancous
treatment of human bronchial epithelial cells with serine and
cysteine protease inhibitors prevents severe acute respiratory
syndrome coronavirus entry. J Virol, 2012, 86(12): 6537-6545
Iwata-Yoshikawa N, Okamura T, Shimizu Y, et al. TMPRSS2
contributes to virus spread and immunopathology in the airways of
murine models after coronavirus infection. J Virol, 2019, 93(6):
e01815-18

Glowacka I, Bertram S, Miiller M A, et al. Evidence that
TMPRSS2 activates the severe acute respiratory syndrome
coronavirus spike protein for membrane fusion and reduces viral
control by the humoral immune response. J Virol, 2011, 85(9):
4122-4134

Li K, Meyerholz D K, Bartlett J A, et al. The TMPRSS2 inhibitor
nafamostat reduces SARS-CoV-2 pulmonary infection in mouse
models of COVID-19. mBio, 2021, 12(4): €0097021

Shapira T, Monreal I A, Dion S P, et al. ATMPRSS2 inhibitor acts
as apan-SARS-CoV-2 prophylactic and therapeutic. Nature, 2022,
605(7909): 340-348

Hou X, Yan H, Wang A, et al. Inhibitory effects of GT0918 on acute
lung injury and the molecular mechanisms of anti-inflammatory
response. bioRxiv, 2022. doi: 10.1101/2022.06.29.498191

Xia S, Yan L, Xu W, et al. A pan-coronavirus fusion inhibitor
targeting the HR1 domain of human coronavirus spike. Sci Adyv,
2019,5(4): eaav4580

Xia S, Zhu Y, Liu M, ef al. Fusion mechanism of 2019-nCoV and
fusion inhibitors targeting HR1 domain in spike protein. Cell Mol
Immunol, 2020, 17(7): 765-767

Xia S, Liu M, Wang C, et al. Inhibition of SARS-CoV-2
(previously 2019-nCoV) infection by a highly potent pan-
coronavirus fusion inhibitor targeting its spike protein that harbors
a high capacity to mediate membrane fusion. Cell Res, 2020,
30(4):343-355

Pu J, He X, Xu W, et al. The analogs of furanyl methylidene
rhodanine exhibit broad-spectrum inhibitory and inactivating
activities against enveloped viruses, including SARS-CoV-2 and

its variants. Viruses, 2022, 14(3): 489



<768+

EMUFESEYIRHR

Prog. Biochem. Biophys.

2024; 51 (4

[104]

[105]

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

Cao J, Liu'Y, Zhou M, et al. Screening of botanical drugs against
SARS-CoV-2 entry reveals novel therapeutic agents to treat
COVID-19. Viruses, 2022, 14(2): 353

Yang C, Pan X, Xu X, et al. Salvianolic acid C potently inhibits
SARS-CoV-2 infection by blocking the formation of six-helix
bundle core of spike protein. Signal Transduct Target Ther, 2020,
5(1):220

Yang C, Pan X, Huang Y, et al. Drug repurposing of itraconazole
and estradiol benzoate against COVID-19 by blocking SARS-
CoV-2 spike protein-mediated membrane fusion. Adv Ther
(Weinh), 2021, 4(5): 2000224

Armstrong L A, Lange S M, Dee Cesare V, et al. Biochemical
characterization of protease activity of Nsp3 from SARS-CoV-2
and its inhibition by nanobodies. PLoS One, 2021, 16(7):
¢0253364

Wu A, Peng Y, Huang B, et al. Genome composition and
divergence of the novel coronavirus (2019-nCoV) originating in
China. Cell Host Microbe, 2020,27(3): 325-328

Barretto N, Jukneliene D, Ratia K, et al. The papain-like protease
of severe acute respiratory coronavirus has
deubiquitinating activity. J Virol, 2005, 79(24): 15189-15198

Bailey-Elkin B A, Knaap R C M, Kikkert M, et al. Structure and

syndrome

function of viral deubiquitinating enzymes. J Mol Biol, 2017,
429(22):3441-3470

Swaim C D, Dwivedi V, Perng Y C, et al. 6-Thioguanine blocks
SARS-CoV-2 replication by inhibition of PLpro protease
activities. iScience, 24(10): 103213

Béaez-Santos Y M, St John S E, Mesecar A D. The SARS-
coronavirus papain-like protease: structure, function and
inhibition by designed antiviral compounds. Antiviral Res, 2015,
115:21-38

Manda G, Rojo A I, Martinez-Klimova E, et al
Nordihydroguaiaretic acid: from herbal medicine to clinical
development for cancer and chronic diseases. Front Pharmacol,
2020,11: 151
Johansson B. A review of the pharmacokinetics and
pharmacodynamics of disulfiram and its metabolites. Acta
Psychiatr Scand Suppl, 1992,369: 15-26

JinZ, Du X, Xu, et al. Structure of M(pro) from SARS-CoV-2
and discovery of its inhibitors. Nature, 2020, 582(7811): 289-293
Rothan H A, Stone S, Natekar J, et al. The FDA-approved gold
drug auranofin inhibits novel coronavirus (SARS-COV-2)
replication and attenuates inflammation in human cells. Virology,
2020,547:7-11

Roder C, Thomson M J. Auranofin: repurposing an old drug for a
goldennew age. Drugs R D,2015,15(1): 13-20

Békés M, Van Der Heden Van Noort G J, Ekkebus R, et al.
Recognition of Lys48-linked di-ubiquitin and deubiquitinating
activities of the SARS coronavirus papain-like protease. Mol Cell,
2016, 62(4): 572-585

Zhang L, Lin D, Sun X, ef al. Crystal structure of SARS-CoV-2

main protease provides a basis for design of improved o

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128]

[129]

[130]

[131]

[132]

[133]

[134]

[135]

-ketoamide inhibitors. Science, 2020, 368(6489): 409-412
Hilgenfeld R. From SARS to MERS: crystallographic studies on
coronaviral proteases enable antiviral drug design. FEBS J, 2014,
281(18):4085-4096

Zhang L, Lin D, Kusov Y, et al. a-Ketoamides as broad-spectrum
inhibitors of coronavirus and enterovirus replication: structure-
based design, synthesis, and activity assessment. ] Med Chem,
2020,63(9): 4562-4578

Vuong W, Khan M B, Fischer C, et al. Feline coronavirus drug
inhibits the main protease of SARS-CoV-2 and blocks virus
replication. Nat Commun, 2020, 11(1): 4282

Huang C, Shuai H, Qiao J, ef al. Anew generation M(pro) inhibitor
with potent activity against SARS-CoV-2 Omicron variants.
Signal Transduct Target Ther, 2023, 8(1): 128

Wang Q, WuJ, Wang H, et al. Structural basis for RNA replication
by the SARS-CoV-2 polymerase. Cell, 2020, 182(2): 417-428.
e413

Cao Z, Gao W, Bao H, et al. VV 116 versus Nirmatrelvir-Ritonavir
for oral treatment of COVID-19. N Engl J Med, 2023, 388(5):
406-417

Gheblawi M, Wang K, Viveiros A, et al. Angiotensin-converting
enzyme 2: SARS-CoV-2 receptor and regulator of the renin-
angiotensin system: celebrating the 20th anniversary of the
discovery of ACE2. Circ Res, 2020, 126(10): 1456-1474

Lebovitz H E. Thiazolidinediones: the forgotten diabetes
medications. Curr Diab Rep, 2019,19(12): 151

Qiu D, Li X N. Pioglitazone inhibits the secretion of
proinflammatory cytokines and chemokines in astrocytes
stimulated with lipopolysaccharide. Int J Clin Pharmacol Ther,
2015,53(9): 746-752

Setz C, GroBe M, Auth J, er al. Synergistic antiviral activity of
Pamapimod and Pioglitazone against SARS-CoV-2 and its
variants of concern. Int J Mol Sci, 2022,23(12): 6830

TR, FVRSC, Z5H, %5 . JLT FFPE 418190 i A0 155 es N-ZE 122
Wl B J5L (L B A e o AT . AR WA 5 R W Y B R g, 2022,
49(10): 2001-2014

Cheng Y, Sun C W, Qin Y, ef al. Prog Biochem Biophys, 2022,
49(10): 2001-2014

L, 5k4k . GlyCosmos |17 il 72 R BERL-EWFR TP Y DI E
REE EWIL2E SR DI I, 2022, 49(12): 2463-2468
JiTQ,ZhangJ. Prog Biochem Biophys, 2022, 49(12): 2463-2468
Ramirez Hernandez E, Hernandez-Zimbron L F, Martinez Zaniga
N, et al. The role of the SARS-CoV-2 S-protein glycosylation in
the interaction of SARS-CoV-2/ACE2 and immunological
responses. Viral Immunol, 2021,34(3): 165-173

Tian W, Li D, Zhang N, et al. O-glycosylation pattern of the SARS-
CoV-2 spike protein reveals an “O-Follow-N" rule. Cell Res,
2021,31(10): 1123-1125

Shajahan A, Supekar N T, Gleinich A S, et al. Deducing the N- and
O-glycosylation profile of the spike protein of novel coronavirus
SARS-CoV-2. Glycobiology, 2020,30(12): 981-988

Yang Q, Hughes T A, Kelkar A, et al. Inhibition of SARS-CoV-2



2024; 51 (4

KT, % FRBRFESAENND FOHF N RIR

+769-

[136]

[137]

[138]

[139]

[140]

viral entry upon blocking N- and O-glycan elaboration. Elife,
2020,9:e61552

Clarke E C, Nofchissey R A, Ye C, et al. The iminosugars
celgosivir, castanospermine and UV-4 inhibit SARS-CoV-2
replication. Glycobiology,2021,31(4): 378-384

Milewska A, Chi Y, Szczepanski A, et al. HTCC as a polymeric
inhibitor of SARS-CoV-2 and MERS-CoV. J Virol, 2021, 95(4):
e01622-20

Prajapat M, Shekhar N, Sarma P, et al. Virtual screening and
molecular dynamics study of approved drugs as inhibitors of spike
protein S1 domain and ACE2 interaction in SARS-CoV-2. ] Mol
GraphModel, 2020,101: 107716

Teralt K, Baddal B, Giilcan H O. Prioritizing potential ACE2
inhibitors in the COVID-19 pandemic: insights from a molecular
mechanics-assisted structure-based virtual screening experiment.
JMol Graph Model, 2020, 100: 107697

Caly L, Druce J D, Catton M G, et al. The FDA-approved drug

[141]

[142]

[143]

[144]

ivermectin inhibits the replication of SARS-CoV-2 in vitro.
Antiviral Res, 2020, 178: 104787

Taguchi Y H, Turki T. A new advanced in silico drug discovery
method for novel coronavirus (SARS-CoV-2) with tensor
decomposition-based unsupervised feature extraction. PLoS One,
2020,15(9): 0238907

Kandeel M, Abdelrahman A H M, Oh-Hashi K, et al. Repurposing
of FDA-approved antivirals, antibiotics, anthelmintics,
antioxidants, and cell protectives against SARS-CoV-2 papain-
like protease. J Biomol Struct Dyn, 2021, 39(14): 5129-5136
Amraei R, Rahimi N. COVID-19, Renin-angiotensin system and
endothelial dysfunction. Cells, 2020, 9(7): 1652

Rizza S, Muniyappa R, lantorno M, et al. Citrus polyphenol
hesperidin stimulates production of nitric oxide in endothelial cells
while improving endothelial function and reducing inflammatory

markers in patients with metabolic syndrome. J Clin Endocrinol

Metab, 2011, 96(5): E782-E792



770+ EYUFSEYYIEH#E  Prog. Biochem. Biophys. 2024; 51 (4

The Research Status of Novel Coronavirus Antibodies and Small Molecule
Inhibitors’

WU Xin, YU Han-Jie, BAO Xiao-Juan, WANG Yu-Zi, LI Zheng”

(Laboratory for Functional Glycomics, College of Life Sciences, Northwest University, Xi’an 710069, China)

Graphical abstract

Camostat mesylate,
nCoV396 Chloroquine, hydroxychloroquine, Nafamostat mesylate,
peptide P6, etc. Proxalutamide, N-0385, etc.

SARS-CoV-2

: Rt A 2 Membrane fusion and
D SARS-CoV-2 ent}'y [ viral RNA release

= y

<

: |

8 TMPRSS2

= Host cell

) .

=~ “ " Ribosome

Polymerase @, (+) RNA genome
Mature virion formation
47D11, Etesevimab/Bamlanivimab, 2 Paxlovid, Azvudine tablets,
Evusheld, efc. ’\‘\_,\/\/"\—/ Remdesivir, efc. CRISPR-Cas9,
Antisense RNA (-) Kifunensine,
v\ . . Celgosivir, efc.
\ " y (3 Replication and translation :
Meplazumab 1?% » Golgi
oo g™ s~ @ Post-translation processing
« = () =
’ sgRNAs (<) — ? it
— » \
Host cell — ¢ o R
sgRNAs (+) translaion S M N E Y

Abstract The World Health Organization has declared that the outbreak of coronavirus disease 2019
(COVID-19) is a global pandemic. As mutations occurred in the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), the global epidemic still needs further concern. Worryingly, the effectiveness and neutralizing
activity of existing antibodies and vaccines against SARS-CoV-2 variants is declining. There is an urgent need to
find an effective antiviral medication with broad-spectrum inhibitory effects on novel coronavirus mutant strains
against the SARS-CoV-2 infection. Neutralizing antibodies play an important role in the prevention and treatment
of COVID-19. The interaction of spike-receptor-binding domain (Spike-RBD) of SARS-CoV-2 and human
angiotensin-converting enzyme 2 (ACE2) is the first and critical step of SARS-CoV-2 infection. Hence, the
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SARS-CoV-2 Spike-RBD is a hot target for neutralizing antibodies development. Evusheld, the combination of
Tixagevimab and Cilgavimab monoclonal antibodies (mAbs) targeting Spike-RBD exhibits neutralizing activity
against BA.2.12.1, BA.4 and BA. 5, which could be used as pre-exposure prophylaxis against SARS-CoV-2
infection. The nucleocapsid (N) protein is a conservative and high-abundance structural protein of SARS-CoV-2.
The nCoV396 monoclonal antibody, isolated from the blood of convalescent COVID-19 patients against the N
protein of SARS-CoV-2. This mAb not only showed neutralizing activity but also inhibits hyperactivation of
complement and lung injury induced by N protein. The mAb 3ES8 targeting ACE2 showed broadly neutralizing
activity against SARS-CoV-2 and D614G, B.1.1.7, B.1.351, B.1.617.1 and P.1 variants in vitro and in vivo, but did
not impact the biological activity of ACE2. Compared with neutralizing antibodies, small molecule inhibitors have
several advantages, such as broad-spectrum inhibitory effect, low cost, and simple administration methods.
Several small-molecule inhibitors disrupt viral binding by targeting the ACE2 and N-terminal domain (NTD) of
SARS-CoV-2 spike protein. Known drugs such as chloroquine and hydroxychloroquine could also block the
infection of SARS-CoV-2 by interacting with residue Lys353 in the peptidase domain of ACE2. The
transmembrane protease serine 2 (TMPRSS2) inhibitors Camostat mesylate and Proxalutamide inhibit infection
by blocking TMPRSS2 mediates viral membrane fusion. The main protease inhibitor Paxlovid and RNA-
dependent RNA polymerase inhibitor Azvudine have been approved for treatment of COVID-19 patients. This
review summarizes the current research status of neutralizing antibodies and small molecule inhibitors and

prospects for their application. We expect to provide more valuable information for further studies in this field.
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