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2 F IR, LR S AR R MG RIE). hRITIREA PR ik, & FRAK. B2
MEAF. & TR S A ITARS G EE, & TrpRil B3 3 5m . ALIARIVRFTR 3244
138, Z L &% T SARS-CoV-212 £ AR F R REA W 208 L MILTIRBE LRGSR T ALY 8
YR B R R, FIAT /T SARS-CoV-2 /1% e idA2 7 2F &AF 15 LR G Bey A A, ML T H AR
FREIAERTOER. RE, $4 T B AL AN FASARS-CoV-24 41 Kk,
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Responding to the Challenge of New Variants of SARS-CoV-2: Virus

Infection Mechanisms and Advances in Nanobodies

PENG Xinyu, LI Xin, WAN Fang*
(College of Life Sciences, Inner Mongolia Agricultural University, Hohhot 010010, China)

Abstract At present, the research and development of new SARS-CoV-2 drugs have focused on new mu-
tants, and a cocktail of multivalent antibodies or several antibodies in neutralizing antibodies has a better probabil-
ity of inhibiting the new mutants from infecting cells. In the research and development of multivalent antibodies,
nanobodies have become one of the hot spots in research and development due to their advantages of rapid research
and development, low production cost, good stability, and suitability for local administration in the respiratory tract.
In order to provide information for the development of new antibodies, this article summarized the main receptors
and receptor cofactors of the spike protein during SARS-CoV-2 infection. At the same time, this article introduced
the utilization of various host proteases by SARS-CoV-2 during infection, describes their roles in the process of
virus infection. Finally, this article summarized the currently published nanobodies that neutralize SARS-CoV-2, in
order to provide a reference for new drug development and epidemic control of SARS-CoV-2.
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Delta(B.1.617.2) LL Az #5038 HU L) Omicron(B.1.1.529)
FAE T X RRAESRZANERFEHEKR
X ALEEZ N COVID-194E8, Bl & I (8] 1 HERE 77
R AW N, & R 7™ B ) fE R PAE S

H OmicronEE#R7E 202147 11 H 7E R IE B ORI
DLk, BT Hoomfe etk M fa s ki Ge 71, HETC& Rk
NEFREERATRR. UHFUKIL, 5 D614GRIAA
EE, Omicrontk IR FA 3240 %A%, Hp#E5%2
R 454 5k (receptor binding domain, RBD)_F £ 154b %
AR X R AF I AT (9% T S v6 TT PEBUARXT Omicron
PRBA R RATH 0. X TR R U, F0 A 7716
Fify B3¢ SrT 4y )RR 7 SN A e, MR B LIE H A Delta
PR AE 7 0 35 FRAIG, X S Wt 17 A2 VR B 958 S 87 TR 535
EAEE R M2, XL M5 X Omicrontk LT % H
HORIE I o FEVES B8 =AM S bR e fE — M, &
b4 (1) I35 B AR BE AT 21 %) Delta 22 Omicron#k )
X A AFVEYE, {H 5 Deltatk AH L, % Omicron®k [ H
VG N 7S . IR R, S E 6512 H
Wk A2 HHAN AR B Y5 X Deltatk B A A0 B R Fr A e
BB B, HJLFAHH Omicron. XEZe 124~
H W S BAAN AR ooV B 928 1 — AN H i, I
X} Deltaf ) ORI A4 B2 2 22 48 7, [k g ol
Omicron¥k , {H 557 & AH LA AV S N I8 7 80+ 1% .
XA B R g ad 1 R DA 7% o A
A S G Omicron ) XU, BRI 2 VRS Insm s AN GE
SEAPT IR Gy, R 5 AT 2 DR D B A o A
A% BT 52 i

AfF 5T N G G ek &b T Il IR BRI B B
20Fh B o [ HUARER X Omicron I 72 R B, G155
LY-CoV555(bamlanivimab)?', CB6(etesevimab)P!,
REGN10933(casirivimab)’,  REGN10987(imdevimab)™
COV2-2196(tixagevimab)®l, COV2-2130(cilgavimab)®'\
CT-P59(regdanvimab)®. ADG20(adintrevimab)™, Brii-196
(amubarvimab)®. 910-30”), DH1047"", S2X259"1DPL
J 1201 2-15 2-7. 4-18+ 5-7FH 10-40">"I7E [ 18
FPPUAARST Omicrontk il 73 8L 58 4 2k LA AEH:, A
%22 % 57 (GSK) 5 Vir Biotechnology /A 7 & {E T &
S309(sotrovimab) VR[5 B 25 2 25 H R (AL A TR 2
] ] BRII-198(romlusevimab)* 0/ % Omicronfk {7 #F
F5RE T e AR A R o I I RS B DY AP S
BT BT R 9772 (REGN10933+REGN 10987
COV2-2196+C0OV2-2130. LY-CoV555+CB6+ Brii-

196+Brii-198) #8525 1 LG A A RE 300,

X Omicron B, KT
S309(sotrovimab)Fl BRII-198(romlusevimab)#}, i&H
S2K146. S2X324. S2N28. S2X259F1S2H97 FLFH#i
PR RELE — & FE b A R Omicron. YLPEHF R AT {E
EHE R~ 7 B EVER N1 4570 IMB2002 8 R 2L
HH & B ORI

IR TS5 R B, OmicronE 7wk iod il 28
HE B2 A7 SR AR ORE 52 R 1 2 B AN B
BEPUR A RME . SRR, B IR 5 D DR 570 75 2
i3 RNA S & B 17N 731 25 %) Molnupiravir A K $2L 7]
T4 75 2 b5 2 B 1K) /N 73 1 Paxlovid SR R 756 HUR
BRI, Pt IR AL T IAs . T RNAJG#
Fm R, Har 2 HIBA.2 OmicronlEFf, F—
P SARS-CoV2FAL R ) H L L =2 0 SR 1), Ak
WIT RS TR IR . ARG B A RS
WFARCEFEDR . AT NG 2. RaE MELr . M.
5y TR ZANARDT 1B S e IR A S, B B AT
KRR — o NGRS, K4
1 H 5K SARS-CoV-23E N1 - 41T 72 (4 5 A B
WEHE 190 35 A\ S A ML A AT 56 A AR 2 o 5 i R P
IR, Xt H al &R RISARS-CoV-2 K B f4
FHRAG BT IHN R4 .

1 ERmEENT

TE IR B A — 2 TR Ak 1) BRI TR RNA
WieE, J& T &% H (nidovirales) i R 2 F} (coro-
naviridae) /& IR 9% 2 J& (coronavirus), FJ B 4L 24 K i
FLh. AR TR TR A = FhBE 8 i b
K H (spike protein, S protein). /N3 I H# 25 H (envelope
protein, E protein). J&HE 2 4 (membrane protein, M
protein), />N IEIE A M5 2 HE & 1 (haemaglutinin-
esterase protein, HE protein), ZEJ5 P35 L 25 i 5
RNAZJE PR 2H 2 i PR A% 4K 76 2 1 (nucleocapsid pro-
tein, N protein). B BRI 873 I8Z3 A 204 5 R 5570
Ao By yFISTUAFIE . ofl1p)E 5 B YL FLsh D),
[IRZ U3 e S S WP S N
REER IR R B T o fI BJE 2 At
A R E 4R AR BEEOR P IR B N el IR 5
229E(human coronavirus 229e, HCoV 229E). A
JRIF EENL63(human coronavirus nl63, HCoV NL63).
TR 9% B OC43(human coronavirus oc43, HCoV
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0C43). N5IRH%EHKU1 (human coronavirus hkul,
HCoV HKU1); i A5 7] 5] ™ 5 [ Sk P IR IE 25
GAEF HAA B R Bt A 10 30 A s S0 M el IR 75 -
P B TUVE IR 255 AE T R 55 (severe acute respira-
tory syndrome associated coronavirus, SARS-CoV).
HR R I 2545 IE 9% 2 (middle east respiratory syn-
drome coronavirus, MERS-CoV) LA A HT Hi B # ™ 5
SR IR 2% 5 AIE 7 IR 6 B 2(severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2)1',

H 20194F 12 A #i & SARS-CoV-2 Ay 7t fiti 45 1
T AR DK P24, ik 30 20224F 2 5 141, AT
AR R THRE TR 4. 122w 5], T3
T AERE T 50075 AFET (https: //covid19.who.int/).
YT, e il 28 AR O E A BROKIRAT, HoB e B 1k
L P RAL a1 B ARG, 2 NG TT KB
TEWE IR T, A S IZ AL R RE T () R ALK TR A
P IE Y 3 B L

SARS-Co V-2 A1 3 40 i 1) 3= 2 52 44 52 afiL
5K Z LB 11(angiotensin converting enzyme2,
ACE2)P i J5 i 5T 38 8 48 7~ 1 SARS-Co V-2
NG ) HABOCER A 2R o IX LEI AT BE RN VR 97 FI9%
B SR R B A

2 SARS-CoV25TEEZ A2 [EMHEEIER
2.1 SARS-CoV-2 SEHLH

T3 75 UKL 5 1 5 40 0 3 1 2 AR 4 S AR
T3 B M B0 B4 e 1E AL R A5 — 0. 1X—
SR I 5L TR By 32 S i LA R R A 2 B AT I
2, KL E AT LLR 15 T 40 M 2R 100 32 AR - BEAT 4l
SE o FEAIRG N KW BRI IR T, w2l
Fm SHEE NI -GS EMME 2K, AT
JE SRR ER G Y. SE R =Rk, 4
ESIMS2FAN AL, ST AL = JAR I SLFRIX , 3=
LALSE 518 AN 2 ARG O (0 R A S 5 S F I
(receptor-binding domain, RBD), RBD )& A1z 5
PR PARAN [E] () I P AT IO RARAS . Horh
TR T RARGR 7] B W] LGS & 2 RRAS ) “E T
HGARE 8] T HIANAT 455 ZAORAS 5 S2 I H A4 —
B> KA XA AR X, B S Rt S K FP. JIRE
7% (hepeat repeat region, HR)%5 11 57 i il A i 72
HIFEA T,

FE A [F) Fofr e AR 75 1, S 1AV EE 1) 5 4710 A Bl 4

Fige/y, Re s RBDZE 5B i, el bRovs 85 R 1 F A2 Jd
RBD AN A R A R 5244 . A e, 56 R0 25 1
S2IX = RS, A AIEFP. AN IKE 5 )7 5
HR 1 (hepeat repeat region 1, HR1)FTHR2. 5 & [X TM
PLJ P X TS f st I mn A i FE I B A e . 78
%} SARS-CoV Al SARS-Co V-2 & 3£ 1R JF 5 3E4T 1
WS PR B, 38 SEE 1 R SR 7 4 IR 20
76%, HRBDHIESF T (64%) 5 T S2fh & [X (90%) 27,
H A T IT & (404462 DL RBD AR, 1 RBD AL # 15
BRI 55 5 BP0 AAR 0] 8 35 AR MR R TR . G0 B S 1A 5
JARST Y S2 X Y HR 12 HR2 M 7] 545565 22 Fih 7w R
B 259, (H PR TR — X 25 [ 2 B, 28 gt
EARREHEN , Z K254 A #E ) HR 1 R Sh 617 4n
EK1C4P,
2.2 SARS-CoV-2455HIFEFKAACE2

JL SARS-CoV Al SARS-Co V-2 F A [7] )
ACE2Z AR AT 456 A NG E40fE, (H =3 SEEH
XF ACE23 A1 JJHIARH[H] . SARS-CoV-2 S RBDAH
%} F SARS-CoV SHIRBDX ACE2RBLH T &)
35177 (Kp=14.7 nmol/L), Cryo-EM%E ¥4 13 B i &
RBD5 ACE21¥AH HAEH B ) iz 72132, (HBE f5
FIRF7E R B, 4K ) SARS-CoV-2 S X} kL SARS-
CoV SHEEHARILH T A MAEEL TS 136 ) P21,
Cryo-EM /3 Tt B, SARS-CoV-2 SHIXf T SARS-
CoV SHIMERS-CoV SHA 5 K Lb g 3 A # 5 B4.
JEHTXT SARS-CoV SHIMERS-CoV SHIZER 20T &
P 5 RBD S 1A T 15084 GRS A7 AE P 1l ),
#4 SARS-CoV-2 SHIRBD 5 ACE23% fll /1 5 =i (H 4=
K SEE ISR AN g EAE R B ¥ — A 0 5 2 L RBD
A RERREAE B PR R, EECRBD A “H 1 H GOtk
AN TR GRS B2 RS B
7E SARS-CoV-2 SHE M ST S2V 348 Fhb K IL T
MR A BEDIAT AT AR ST T R R, X B A el
QIR T 5 B Furinfig 25 71 85 55 LB 5% A D)
Ff5mr DL A i 2 B% SEE A RBDIHf# ST, S23 1A%
I3, AN B Rl G Re T RIRASR,

Cryo-EMA i AR &5 1 B 75 1 ] | SARS-CoV-2
BRI AIRIHL . % EE SARS-CoV-2 RBD-ACE2E
45 SARS-CoV RBD-ACE2E &W11 S A &5y
KL~ I\ RBD#R 5 ACE2( ik 45 #4935 (peptidase
domain, PD)AH H. 45 & 1805 5 0K 4 i€ E7iE 32 40
I, fHSARS-CoV-2 RBD7E 5 ACE2-PDI] ol #5 i [X
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SiE W RE T 2 NRERNRAS . [EACE2-PDIHal
BRTIE FINAR 3 X R A T Arg™0— Asn™ | Tyr**—GIn**®
I The®— Asn®V 8% 4 ; 75 88 1Y) A 18] 356 4 A8 4k
4 Val**— Lys*, Tyr*?— Leu**. Leu*’— Phe**.
Phe*“—Tyr*”. Asn*’—GIn**; fEal [fJCAK ¥, SARS-
CoV-RBDH i Leu*# SARS-CoV-2-RBD ! [) Phe*
AR, XL LR 1) AR — 7 2 SR RBD 5
ACE2 (M EAE T, 140 Val* ™8 5848 i, Lys* LA 5 4=
INGEFI ACE2(1) A VE FH, 1M Leu'? R A% B Phe*** f5 I
SRVOAER R . (HIL A SR R I R 2
BEAR R 2 BRI S1F0 ), 491 0 Arg ™o B 4 B Asn*™ LU
) £x 451 2 ACE2 [ HH % Asp™ 7 5 1) R -4 FHC73%1,
TX L G B PR R 1) AR AT 33X T SARS-CoV-2(1)
A7 LA S SARS-COV R 57 I RBDHL A 25 ¥ 7E
JEXFSARS-Co V-2 &G4 ia 7 H LA EH
2.3 SARS-CoV-2Z&5& Rt Z 4B EF

TE 7R85 R YLk R b, e e s 1 S e Rk
NTE FAIML AR B — 2R ST AL G, &
TP EZ MRS XEE O EE %
TR P RIRE A A AR, 9 0 3 s 1 R0 T
YN B I B RN BE 7o BRATILE € U9 55 52 AR I
(B BEARAE N 15 T DATE RSN S0 b i i iR A E
FERAEMBAEH B SWREE AR ERREN, H
Fre®E Anae W PR E E AL AEEN, AR B
HRE R FE e VAR, BT LAFR 9% Bh 52 4% (co-re-
ceptor)®. H I, ACE2{/5 3R A\ A2 SARS-CoV-2
(FME— F A2 K, [HASVER M2, SARS-CoV-24>if
™ B I i 3 B G, {H ACE2LE i 348 1) 2R 15 7K 7
AR B, B FEN GO A7 AE — e 4 B 52 1
YRR NTE R4 . BT H AR, ORI
SEHA U B Z AR R R g . TEX L, FRAT
AT JIAEZ R B Z AR IR T e A1/ SARS-

CoV-2/&HLid R (115 H -
2.3.1 CD147  fEHCoV 229E. HCoV NL63#/

SARS-CoV &5 8 1Lt #2 /1, CD147 T UE S
A LA B B4R Y 1E A0, H CD147-35 5k -9xt
SARS-CoV 12 Ye HLA W (1 4Mm i /-4, B J5 Xt
T CD1474F SARS-CoV-2/2 it F2 1 (I /E F I 78 K&
I, CD147 5SARS-CoV-2 S-RBD X [AJfEEHH HAFH,
UK CD147 (13I8 7K-F- B CD 14740 ) 751 7] DA
F ] SARS-CoV-2 N2 15 F4H. [FIf CD1477]
PUE N ACE24 [ B 2t il H SARS-CoV-2J8K 4L [ & X

2, SARS-CoV-2if it Ho A T 1 N A4 kAT =
YR, IXELHF IR, CD1474/E N5 3Z 7K N SARS-
CoV-2E YRt T2 N, FRTEm a B FE P R
FETBAEAE L, JU L AE ACE2 iR 41 i 5 7Y 31,
232 NRPlI  SARS-CoV-2[f|ifik 5 —Fl 4 A
241 B A -1(neuropilin-1, NRP 1) 4 fitd 26 1 25 (1
ARG Ly | 3K S AALE fir 48 R L 4 i e K
RiE, fEN A Rk K m. PRI, 16
JUF%A WIRZE L ACE2FINRPI [ HEK293T4H i
W, I Rk ACE24: 2 35 3558 SARS-CoV-21EU5 B 1)
JRGLRE ), 1 RIE NRPLF A SARS-CoV-21
5 B YL RL R, {H NRP1 5 ACE2 RN i 22 5 IR 2R
12 (transmembrane serine proteinase 2, TMPRSS2)
LRI R E) R ZE 5 T E R ). AR AE
2 A ACE2 ) Caco-241 it , NRP1HIiE ik
N7 R T (B FRE . IX e LE R L], NRP1R
IRAN IR B2, (H AT DAAE AR A 32 B AR TE I 2%
PER NS5 5 (UL hE /7, NRPLI 45 & i R fe i 1
SARS-Co V-2 N VL S 75 SH A ACE2 52 /A 2.
] () BRI A o I S S TTE 55 715 KB, NRP1
Je HL %5 SARS-CoV-2 SHEE ML &, @it /N1
1) 71 2 B o B2 A7 4% L W 1 bR LA Y RT DASE 35 BAR I
SARS-CoV-2/& QLR E . [FIS, iXFhAH HAE 25 bl
# SARS-CoV-2 S_ ZHgE A7 mi (1 5 AR T i 2%, 1X 3R
B NRP 1355 SARS-CoV-217 4L 1 i FEAK 6 T~ S
R ) 2 B K A

ItAh, TEXT COVID-1940 T 3 7 K6 3k A5 1
MELDE b K7 (R EE 53 B HR A L, SARS-CoV-2/&4e |
b N ARIENRPIANA, FE 275/ S 5 41 % 3%
[%-¥- 2(oligodendrocyte transcription factor 2, OLIG2)
IF P (1) 2 Jf 9 0 %2 1) SARS-CoV-2/8 k. OLIG2
F2 B R U A R R IE X e 4 HH 41
FEFRATTRE SR L3 B (5] i SARS-Co V-2 /&% G S 80y i) A
ST AR Bl 5, PR A B 8 B T R
A B SARS-CoV-2FI FI R AR R G110
2.3.3 KIMI 7E COVID-19 & 5 i b %52
SARS-CoV-2F& W H H A B H g . 125 Bty
W3 RS 4% 5 F -1(kidney injury molecule-1,
KIM1)5 RBDHISE A JJfI ACE2AH Y, Hig VIS
SARS-CoV-2 S [ 1) RBD4: & 75 B 25 I 5 7E 40
HREE b o FH KIMIATAE I 2 K PR T AR 2 46
A LA M) SARS-CoV-2f1 & 4% . KIM 11 ACE2
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TEEERBD L B AR 45 A 47, IX R IIKIM1 AT
fit 5 ACE2W [/ 5 SARS-CoV-2 {1 4t . — R il
/&, SARS-CoV-2/B WA ACE2 B N #E 45 A 11 =
EHIR, HEAMACE2W fEZ AN AL R RIE. 17
FiE SNSRI RIES, KIM1IZRIE K LR
BT KIM1AT ACE2 3L [FI A5 1 4 R 1975 B K e
Jo 5 R R e, AT LSRR A 0 T7 = R
B EH4% . ACE2/2 SARS-CoV-2HIF 7t i - B (1) 324K,
{H'E A COVID-19 FRARVR YT HE &, N EEZ A
MRz RIE, I H AR IS AT O B 540
FHHEEEREENEM. M2 T, KIMI 553
REMICEBEME R 58, BT KIMIUNAE B 3007 5 m ks,
XA e AR, HATRERCAICOVID-198 3 5
LA R TT HE e,

2.3.4 AXL T il F1 S S8 4 i 5 SARS-
CoV-2 SHHEAEH W& B 2 & AT FUl, B 7L
N DU, Tt 2 I8t 1 B 52 A UFO(AXL) 5 SARS-
CoV-21) ST AFER MM BEAEH , AXLE &
SARS-CoV-2 S#E [ ) N-3ifi 45 #4321 A & RBD . #F
HEK293T4 i, AXLidRIAH ACE21d RIA AR
Al LU i SARS-CoV-2/& s, Tiff AXL/AKF-, 7] BA
32 25 ik /> SARS-Co V-2 il 4 i () Sk e . 7E 3R Ik
K AXLI A, s N R E 4 AXL 35 08055
T SARS-CoV-2/kYe, X Ik BRI, AXLA]GE 2l
S5 B R 4l SARS-CoV-2[{1 4 B 3244, R
AXLAE N B8 (1 2RIA 7K1 & T ACE2H,
235 TfR 8 H 24K (transferrin receptor,
THR) A IE S22 5211 SARS-CoV-2E N 57— 5244
I S A BT R, TIRTEIEK YL SARS-CoV-2[1]
W1 FAJE AL ACE2(hACER2)/)N S il 2H 21 b F i .
A5} % TR AISARS-CoV-2 2 [AJAFAE AR AP L4240 H.
1EH, HSARS-CoV-2/& 4k Vero E64H )5, 741 )i
T2 o J57 o W82 3 TR AT SARS-Co V-2 [ 35 5E 715
S, X E I TIRAESARS-CoV-21f)—Fh sz 1k, &
B, LR TR 4 T, AR R - 2 )
T TfR. ACE2H1 SARS-CoV-2f3t 5 fir , {54540 i
J HAY W 22 5 TFR-SARS-CoV-25 &1 3t 5 7 Al
TfR-ACE2-SARS-CoV-2E AL E i, AL H|
ACE2-SARS-CoV-25 &4, iIXH£ W] SARS-CoV-2/2
Bl TR M M i 4% i 21 20 i ot A ) o I N AR TR
WEUT BIPUAATA 22 JIR S5 75 A4 Z R 44 P 32 REFH BT SARS-
CoV-2/&% s, XU LK | TRZ SARS-CoV-2/&

YLffy o — B 2 AR,

2.3.6 HSPG B R I 2% 55 [ 2 W (heparan sulfate
proteoglycans, HSPG)tH iJ {2 i2F 73 B3 12 41 3= 4H g PO,
SEHTHITE I L B, HCoV-NL63 % 4 i 45 A2 e 410 41
i 75 B EE R SRR L BERT R (W45 4, HSPGHI {E
9 HCoV-NL63 [ #3244 P, [Alif HSPG 7£ SARS-
CoV H PGB B R 2E N RSt T 25 60 s,
X T SARS-CoV-2, feifr 3 T3 i 55 B T IL 4R A 5] —
S )79, IESE T SARS-CoV-2 S 1 5 HSPG
A AR, BAES GRS T SEAWGEL N
ART45E ACE2(1 “H IR, #E g% T RBD S
ACE2ZZ AR5 A RE /1Y, EE)Z, SARS-CoV-2 S
515 FANRAT 45 & 75 EEHSPG R ACE2I 3L [ 2 5 .
XU R IR , HSPG A SARS-CoV-2J& Gt F2 ()
BB AR, kS H 5 ACE2 A FLAE P,

23.7 CHR#EZEDC-SIGNAL-SIGN  DC-SIGN
HMIL-SIGN 2 [FIVE CH Bt TR 3244, DC-SIGN A FEM}
SRR T, L-SIGNZRIATE T S FIMR LS 1R P JE
Yl S, FTHAESLR I, SARS-CoV S #F ] LAY
DC-SIGNAIL-SIGN&E £, —# BRI 3 SARS-CoV S
A B RO [ SR AR A R AN A T X e s A Bk
NGRME, $oRHAE SARS-CoV (KBS FE b A 3
BUZARPS, f T (R 7T K II, SARS-CoV-2 SEEFIRBD
AJ LLGE A DC-SIGN I L-SIGN, W53 [ A5 14 ik #
A LS 5R SARS-CoV-2fB0i B G FR B . X e AL
KW, CHIEEE Z DC-SIGNAIL-SIGNAE i B 52 A 1
SARS-CoV-2/BJuid # o [F i K 4% 545 B A P,

3 SARS-CoV-2i#f \1&E I IR E K HE R
EQEFIA

SARS-Co V-2 i JEFl & A1 A A4 F A7 20
HENTE F A0, XM ERUOR TR B 4 S Ak
Jafa EE AN L. ghEBEfE et
ANA T HoAth R B 1R 2 , SARS-CoV-2 SH 1 S1
VLA S237 AT FEALAFAE — BeMURE P-R-R-A-RB 14
FIERAENITF, 1K BF 5 0] B Furinil 55 51 & A 7%
HL. 1 (proprotein convertases, PCs)Z i il 72 1R A1 E
R IX B B BN N i A ) ) S T R AR
ERRK. X ZBST A e RS BRI [F]
R BLAES23E 3 I A7 7E TMPRSS2 A1 H:Ath figé &5 (1 ifg
(trypsin) 2 & 1 B 19 U1 EIAL A, 1% P AN D) BT 55 7R
SARS-Co V-2 N1 = 4H i ity i A% otk 4% 45 8 2
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PEFESO, H ) N RS & a R, moERAERZ
TESH [ 5 52 R ACE245 & J5 S1/S23F. 22 F Ak 1 I
V) E, W52 Furinfi§ 55 7 & E 5% AL /EP-R-R-A-
RAEFT A T WK AEAE L SEEI 1 STV B AN S2301 A 11
filt B S E A B A MA RIS . R)5
TMPRSS28% H Ath H 1 B £ S2300 3 457 55 b 1§11 1) 3
b7 ST A IO A T-S237 K2 F i Fl A IKFPAd A
N B 15 TR N, S230 % E AL ik 5 2 5 41
HRIMHR2 & A4 g5 0 B A, B R [ 682 e 2R, #5c 2¢
T T AR E AR A R . &
A S B v R, BERR O RN s AR

N FIREYT, SARS-CoV-2K MM #% & /5
] B 7% (clathrin-mediated endocytosis)iZE N4, S
H 5% AACE255 4 5, ACE27) T- R A BB AL FIK: 52
o A%, 5 3% 4% 55 H2(adaptor protein 2, AP-2)JE i E &
W), BT 45 A A% ER F (clathrin) A A AR B R 1 00 T
T R B B Ah o, Bl e 5640 T I T o Ak 4
i, TE R 3 F (dynamin) 75 B R, A3 A 568
I3 FE ULV P11 R vf ol ik A AR TR BRI AR .
S0 AR, 75 BT A5 (pHS.0~6.0) 14 21 2 1
B/L(cathepsin B/L, CatB/L){EF T, J& 2 5 ZE M
P9 PR R e, R 0 2 R N A o 3R A T
J& B9 B I, 1% 15 T MU Y CatB/LAR 1A 7K
P HARNH IS, SOPRIGE AN Jf g 42 026,

SARS-CoV-2[1] F- 1] £l i 1 N i i 12 5 41 g
MR RIBEAMKFAX, HEEREARSS
BT e K RAT ISARS-CoV-28% e i B2 (1) #% o, 410
] — Fh 2K (B, H 2 A TMPRSS2IX FE L 4 8 H
filg, WIBEAS A2 LABH (b 3 et 3 2k N4t i . Rt o
N o Bk #e# 2 HoAh 2 5 SARS-CoV-2 /8 4L i 72
(15 £ EE R . TANGZE R I, S1/S24 V)% T
B J5 S2 ¥ JL 3 iF TMPR SS23F A Calu-3 41 g (4 1\
Jf i AR A AL it b R 40 B &R, R IATMPRSS2A1 4 &
KK AREL) S o< E 2, (HX TS24l
ZUEE 1 B 33E N\ Vero-E6ZH i (W 17N Jfd 3 42845 28 441 ffg
R, RILHALEABLIEARAETMPRSS2) A £
() o [F) B 88 3 VA A [) e 0 ) )4 FH B xS
J& K B Furinfiff v] G& AN 2 ME— 471 ST ) EIS 1/S23 KL 1)
TAM, VIR ICA FHAh AT & A SR A
% 5, LAPORTEZ %} 18Fh N K117 15 fi5 22 1 iR
& B (TTSP)TESARS-Co V-2 /8 e i F2 v (1) 1 F 12t
T TS, KPR T TMPRSS2Z —Fim 2 H 2 1

SHE FGEF4h, TMPRSS 13 7E H R 1545 — & 1
F, RTTSPsZ ik B b2 H 25 — M ROd 7l 54k,
H 48 S BAIL U IE K 5 SARS-CoV-2 SE A1)
Pr#) 3 FE 47 %29, {(HBOLLAVARAMZE K A 7T [F]
IR B, HAUE AREK. SAIVIX = Fh 5 4 4U% A i
B/LA i1 FE 7 41 [R5 14 1) £ 1 T g [l FEAE X — 1)
B REFREEEH. AT Z2MEARS S TX
— AR, R AW TMPRSS2 A B A R %t
I3 BTG 1, FRATTIA N RT3 i E SR 254 R i N g
DIENISHER A BORE 3 5 4 M 0 ) I i & i R 1)
YEM .

4 XA REN PR RIIE

e YN CIN N ERET I EE ) 0N =X 1 N
Bl NMR S 288, il 5% IROBE, 2 5] HLAR S
T HAIPUERTR IR R R Rl f2 b, )% R4 %
B AR BN AR HIBS 77 A2 ] DU 25 500 45 &
B 1975 75 4k 22 3 Gt i, A5 B R R B (R B
ORI A T B [ 5 B ) R R R A, S B R 2
SEAZARINEE ST AP ET U I R K
M2 H 43 85 BN BA A, F R A 28 R DR R A
AN K EHAT IR RIS . B T 5 MPTik s, 3550 F}
Wz 7= A — Pk 5% 55 B 1Y) B 55 B4 (heavy chain
antibody, hcAb), {X AL 7 — AN A8 46 1) 38 (VHH) A
AL CH2MICH3 X, 2 H 115 2 17T 45 4 P it
HEARE. SRR S/NIUE, HX 57 i E
RA12~15 kDa, &% MPLIEIK 0 2 — A4, Bk
N LSS RSP AR . VHHBE 44 K 144 (nanobody)*”
VHHE A G R AR KEEE. BRI, e
PESR. NI 5 FA~MBusE &, BE
NEMEN R, 456 1 R e BEPUAR I BEAR R A/
Or T2 — SRR IRATTRE H AT R R AT
B0 H RT3 S 006 B I K BB AR OGP 51 SRR T B R
HORINE PEREAT L4, JRAE TR SO HAH OG5 Bk AT A
44, 75 B NSARS-Co V-2 il 77 I R $2 ik 5%
(#1).

HAE20204E4 1, WRAPPE IR X T —H X% T
T 98 B GOR BB R B B AR S0, A ATTHE 2R DE
PR AR BT 2 FhaT 75 7k Ak S2 50 o R AT SARS-
CoV. Mers-CoV LA} T el 93 25 1 g K pifk, Horp
) VHH72 7] 5 SARS-CoV. WIV1-CoVHISARS-
CoV-2l)RBD R AL X B, B Z &
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Table 1 Nanobody summary

H K il SRANT ) K B RE HE

Name Sequence Affinity and antiviral ability

VHH-72 QVQLQESGGGLVQAGGSLRLSCAASGRTFSEYAMGWFRQAPGKEREFVA- Kp=39 nmol/L;
TISWSGGSTYYTDSVKGRFTISRDNAKNTVYLQMNSLKPDDTAVYYCAAA- 1C5p=0.2 pg/mL (VHH-72-Fc)
GLGTVVSEWDYDYDYWGQGTQVTVSSGS

n3088 Kp=3.7 nmol/L; IC5,=2.6 pg/mL

n3130 Kp=56.4nmol/L; ICs5=4.0 pg/mL

H11-D4 QVQLVESGGGLMQAGGSLRLSCAVSGRTFSTAAMGWFRQAPGKERE- Kp=39 nmol/L;
FVAAIRWSGGSAYYADSVKGRFTISRDKAKNTVYLQMNSLKYEDTAVY Y- ICs5=18 nmol/L (H11-D4-Fc)
CARTENVRSLLSDYATWPYDYWGQGTQVTVSSKHHHHHH

H11-H4 QVQLVESGGGLMQAGGSLRLSCAVSGRTFSTAAMGWFRQAPGKERE- Kp=12 nmol/L;
FVAAIRWSGGSAYYADSVKGRFTISRDKAKNTVYLQMNSLKYEDTAVY Y- 1Cs¢=4-6 nmol/L (H11-D4-Fc)
CAQTHYVSYLLSDYATWPYDYWGQGTQVTVSSKHHHHHH

Tyl QVQLVETGGGLVQPGGSLRLSCAASGFTFSSVYMNWVRQAPGKGPEWVS- Kp=5-10 nmol/L;
RISPNSGNIGYTDSVKGRFTISRDNAKNTLYLQMNNLKPEDTALY Y- 1Cs¢=54 nmol/L
CAIGLNLSSSSVRGQGTQVTVSS

sb23 QVQLVESGGGLVQAGGSLRLSCAASGFPVESENMHWYRQAPG- Kp=10.6 nmol/L;
KEREWVAAIYSTGGWTLYADSVKGRFTISRDNAKNTVYLQMNSLKPED- 1C5=0.6 pg/mL
TAVYYCAVQVGYWYEGQGTQVTVS

nb21 QVQLVESGGGLVQAGGSLRLSCAVSGLGAHRVGWFRRAPGKEREFVAAI- Kp<1 pmol/L;
GANGGNTNYLDSVKGRFTISRDNAKNTIYLQMNSLKPQDTAVYYCAARDI- 1C5=0.022 nmol/L
ETAEYTYWGQGTQVTVSS

nb6 QVQLVESGGGLVQAGGSLRLSCAASGIIFGRNAMGWYRQAPGKERELVA- Kp=41 nmol/L;
GITRRGSITYYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAVYYCAAD- 1Cs¢=2 pmol/L
PASPAPGDYWGQGTQVTVSS

NIH-CoVnb-112 ~ DVQLQESGGGLVQPGGSLRLSCAASGLTLDY YAIGWFRQAPG- Kp=2-5 nmol/L;

Nb11-59

Nb16-68

MR3

(6]

H3

Cl

KEREGVSCISSSDGSTYYADSVKGRFTTSRDNAKNTVYLQMNSLKPED-
TAVYYCAAYPSTYYSGTYYYTCHPGGMDYWGKGTQVTVSS

CDR3: APSQTYGGSWYWDPIGD

CDR3: AAPAGGTCSHSRAFGY

QVQLVESGGGLVQAGGSLRLSCAASGFPVNAHFMYWYRQAPG-
KEREWVAAIYSYGRTLYADSVKGRFTISRDNAKNTVYLQMNSLKPED-
TAVYYCNVKDYGAASWEYDYWGQGTQVTVS
QVQLVESGGGSVQAGGSLTLSCVASGVTLGRHAIGWFRQAPGKERERV-
SCIRTFDGITSYVESTKGRFTISSNNAMNTVYLQMNSLKPEDTAVYFCAL-
GVTAACSDNPYFWGQGTQVTVSSKHHHHHH

MAQVQLVESGGGLVKTGGSLRLSCAASGRTFSTYSMGWFRQAPGKERE-
FVAGMRWTGSSTFYSDSVKGRFTVSRNNAKDTVYLHMNSLKPEDTAVY Y-
CAITTIVRAYYTEYTEADFGSWGQGTQVTVSSKHHHHHH

QVQLVESGGGLVQPGGSLRLSCAASGFTNDFYSIAWFRQAPG-
KEREGVSWLSVSDNTPTYVDSVKDRFTISRHNANNTVYLQMNMLKPED-
TAIYYCAAGRFAGRDTWPSSYDYWGQGTQVTVSSKHHHHHH

ECs5=0.323 ug/mL

Kp=21.6 nmol/L;
NDs=0.55 pg/mL
Kp=36.3 nmol/L;
NDsp=2.2 pg/mL
Kp=1 nmol/L;
1C5p=0.4 pg/mL

Kp=99 pmol/L;

CS5 trimer: NTs5=0.02 nmol/L
(for Victoria-BVICO1);
NTs5,=0.025 nmol/L

(for Alpha-B.1.1.7)

Kp=25 pmol/L;

H3 trimer: NTs5=0.4 nmol/L
(for Victoria-BVICO1);
NTs=0.61 nmol/L

(for Alpha-B.1.1.7)

Kp=615 pmol/L;

C1 trimer: NTs=4.9 nmol/L
(for Victoria-BVICO1);
NTs5=8.2 nmol/L

(for Alpha-B.1.1.7);
NTs=4.5 nmol/L

(for Beta-B.1.351)
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Name Sequence Affinity and antiviral ability

F2 QVQLVESGGGLVQAGGSLRLACIASGRTFHSYVMAWFRQAPGKERE- Kp=40 pmol/L
FVAAISWSSTPTYYGESVKGRFTISRDNAKNTVYLQMNRLKPEDTAVYF-
CAADRGESYYYTRPTEYEFWGQGTQVTVSSKHHHHHH

Nbl CDR1: GRIFEVTWM Nb1-Nb2-Fc:

CDR2: ISRGGGT

CDR3: HQTVLTSVEWEGYD
Nb2 CDRI1: GRILAVFVM

CDR2: ITHGGTT

CDR3: DLDYNVYFHPYWQLYD

Kp<1*10""? mol/L (for Omicron);
1Csp=1.46 pg/mL (for Omicron)

SARS-CoVFE 5 H-BH W 52 44 254 51 . {HVHH72
5 SARS-CoV-2 RBDi# & #ioid i A i A e 7 i
X, 7E50E K AN Femh & 2 F S, 1l = R0 FISARS-
CoV-2fJii# . HT1X—Hifk 2 H SARS-CoV.,
MERS-CoVIENFUR =K, FFT4: & R B
ZANF T B PR, DRI R e 22 B AR
BWHR%EE .

WUZET ISR NI AA P (i B BN LV AR R
BT K4 ) o B BE BB Hk 2 X 3 CDR1. CDR2
HICDR3, X Hog Be X AT e A4 5 it i 72T
KA 2 3L DR 1) 4 N U ARoR oA e, 33 1 7 346 ) 4
[ SARS-CoV-2 S FIRBDI) £ #R gk fitk. {15
FVERI S, HAPibkPiiAn3088M1n3130, ‘EAI 1A 454
SARS-CoV-2 S RBDJ &3 7, ¥FSARS-CoV-2H
e R H A 1 LT S AR B i — 2P b s
FIRETT. B 5 % A BAFRE (1 42 IR 5 HTCR3022 4,
B IR S AT 45 A X R BRI ER A7 CR302242 124N
IR B WS R B L — o XN %R
AL O] BE LB 2 1R G R R IR RO E B
(AR FH, 1R 1% 3R A0 1 ADoK P Rt ] B LA
UF) g

HUOZERI K 4R 1 2F B¢ 71 4k FE FIPCREE R
G T WYUK FUAHLL-DANIHLL-H4, EATE T 5
SARS-CoV-2 SH H &5 &, #81n] FJRBDFE {7 5 ACE2
SEEXBMEEMAHAL T ES. ZMERMNES
s AT DA7E 48 A 5256 o BHBTSARS-CoV-2 SERH 5
ZARACE24E G« MM AKIiE S N 1gG1HIFc T B
fili & J5 X T SARS-CoV-2# 1 . E I AIRE ), 5
CR3022 FEAL I A i ] Ak — 20 4 5 A 1 R

HANKEZ& FISARS-CoV-2 S1-FcHIRBD % %
SFIE S T 7 B — P K BUR Ty 1, 7EF FH SARS-

CoV-21B 5 B 1HEAT (A4 41 R0 SE6 Ty 1 K A8 2 1Y)
Tyl-Fefil & 8 E#A m A thoRE M. RN Ty 1n) 45
A RBDIF ) E A1) R R 5, 7] 4 BHETRBD
H5ACE2M 45 & . FHAR BB 32 hmr DL s = =Gl
130 mg/LEF 7R 3RAT IR PR A8 L AT SO BRAR
AP R I TS HISARS-Co V-2l 7k 4 .

YR PURAL St b G % i (1) 3% B & F oS
>k 1¥), CUSTODIOSE 12 1§ 21 3845 Fi 44 (1 I 25 1
FURSCAYE, R T BN PUE . A AR I & g K
PUAK i (sybodies), i ik Hy JLFH ] 5 ACE23% 4+ 45 &
SARS-CoV-2 S& FARBD H. 1] fA 4} H1 fISARS-CoV-2
Wi B8 A K Fifk . o HSb23)e I H XTRBD I &
AR E R R ). ARIRA R B s R EOR, TR
RBD )] 7 F0m] 794 Fi iy G, Sb234% & &
RBD 5 ACE2AH ELAE F ST I 1014, AN TT A R PHAS
RBD 5ACE21454

5 [H T 2% 8 K 2 1= 2 Bt i 58 350 4% T A 74
SARS-CoV-2 SH H # % FJeWally J5, I H H £ K
(125 T U8 BE R S0 G e RN 45T 10 2R (1 R 4H 24 4Kt
G HA, %5 B KEXFSARS-CoV-2 SE FHRBD
HA BRI gRPuR. B —0iE. 4
AEt, I T — e B R 00 e T 8 R4
KPifh. HANb215 RBDESS &35 M1 )R [ BE IR,
ORI 25 (I RE Tt AR . A T T IR 24 2 5 R i
YRR 2 RAGE R T B AR5 % Rk
7. BE)IE, XELYKGUAIE B A 1) AR E
PE, "R KR AT, Ee G TS5 E T EA
F PR B RE ), 2T e BRI R RN 3055 15
PiN-21(pittsburgh inhalable nanobody-21)7E £ i 44
T3 13 SR G S5 R UE B AT 2B 76 SARS-Co V-2
e 5| e ) HRE
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SCHOOF%: " i 1 5 44 K Hi44k Nb6, & nf
B3R SARS-CoV-2 SH H RBDAACE2 (41 HAEH
Cryo-EMZE B 7R, BANNbo%: & 5 1 ST (A # /M
AL RBDARELE “Il F IRES , HnT e fise 44158 —
ANFIEE =ANNb6s> T &5 A s, LLER 2 RBDI ]
HRIG, 2 AT 454 ACE252 4K . Nb6 IS AN f1 A1
chARE AR AT R =B A S HE— 1R T,
H R =B 54 SARS-CoV-2 ST RBDH & KB
IR 2 R0 7 R0 Je BRI R G ) FE L, HLAE 54K
IR R B 5 AT PR3 i R0 ) R R

5% [ [ 37 T A0 5 B N R A A SARS-
CoV-2 SH A% FUe Ja ik th 7 13F gk bk,
NIH-CoVnb-1127E H o i i i, e BT KW 7.
B T misR A4, Z5AGTHT fE B NIH-CoVnb-1127E 44
A FR RIS B A 0 e B 2 ) e B M R e RS
AJ A SARS-Co V-2 [ N G K P4 i) 71 T 2 H 4t
HESHT,

G AT VSR FH WG T 4% J 7 SC i 328 HE 3P L
A FHL KT ACE25 RBDAH BAE FH B2 I A Kbk, 448
Ji 8 0 B TS H ) 5 A VA A N T R A TN
Nbs, 7354 : Nb4-43. Nb11-59. Nbl14-33. Nbl5-
61. Nbl16-52. Nb16-68FINb16-75, ‘T A IANEH 15
Aibrnge L7y, Hr7ZmET 20 mg/L, W PRIEOK &
A7 AR IR H A R IR 47 11 72 Nb16-68 FINb11-
59, ‘EAIIAE Vero-E6ZH A o DA &4 i 14 1) 5 X
SARS-CoV-2MBJi B o 75X 2 I HH S5z e o R 4 1)
Nb11-593H47 NJE A Bt J5 R, H= &, fae
FPUIHEE RE ST A PR, 540 AT JE AR AR R FFARE
FF Nb11-598F & [ LQO50 - A4k ik 25 ¥ th &
NS E T RBY B, o e o B n] RN 2 H R 44
KPR IR S RE

LI%E VT4 I8 1 9N oK Bk MR3 LA ey 26 A1) 45
A SARS-CoV-2 S RBD, FJ FH 4% & 5 36 AV IR ¥4 175
FA A S 48 W A= W 24 7 70 )k B RBD 5 ACE2 A ELA1E
FAA L5 G PRI o A4 1 Rl R DA R 2 I P AR
A A AR BEAT X SARS-Co V-2 T b7 12 547 3 [
RIS S5 R I ARCRE IR, 38 AT DA B AR SR e 20 23 s 75
RNA# & .

HUO%: B IE T IR ghkFifk C5. H3. Cl.
F2, i id R4 5 7 HIRE AR 5 H e 415 SARS-
CoV-2 S# [ RBDIZE & 31 71 5 R LU Fh 4hy K A4
(1) KB 351E B BE/RJE B N o b CSATH3%E [ RBD

5 HI-HAZE YUK PUAR MR A, B s
ACE23E 4 RBD ;& 7 mi ok R AT el 88 1M C1
FIF2 2R IR S A A e 1 AT BH 1 52 AR 45 6 5
RO I B FEARAM RN SIS 2 R B €5
H3. Cl1=5Mfh& Fehy BUS RRIFE I T 52
JBE RG] () R R RE 7, o R () S X P e R P AE A
BRBE 2R R R A0 R B B TR T AR

20214E 11 7, Bilg 2 ITAYIRHE B A PR A 7
FER B KA T BT 259 SY ZI001 5 i 4= 348 11 PR Aif F
F. SYZJ001H# A SARS-CoV-2 S [IRBDI{ 4 A
TR IgGHUAR S F RNV K LR 5> T P14-FSHI AL,
AT AT 43 53l 454 RBDII A R R A7 B B AN TE 4
L [H FHIBTRBD 5 ACE2 52 AR [ &5 &, R Tt 1 H Al
R A3 RARRR AT B 1k a2 163k . 7E 2 FhPTAR T
FLICAE T, P14-F8 B 38 B X JL AR e i 25
RAF R S FLAR RLIEAS T i #BA S Az o e 16 itk (AN £
& omicron), £ % X} Delta®i i F11 Epsilon®i i [ 7 Al
TEPEAE G T SR AR BT 2R pROE A 3G 5

RGP T R R, OmicronF Ak
AR I EGE AR TR 2 BRAAT, BT LB 5T Omi-
cronEEA 1 R RN R R A T B i A B AT R . 5
1£202242 H , CHIZESRI A BN KGR SR B Wk 17
SRR PR GEIE T 3L 18Kk . Horh =Fhgh
KPUANDL. Nb2FI Nb15TEAR S AT Alpha(B.1.1.7)-
Beta(B.1.351). Gamma(P.1). Delta(B.1.617.2)%% 25848
PRABW T2 526 1, £ 0.33 umol/LIF FHLH T 32 X rh
AEVE . MR IR S AR Nb1-Nb2X ] A 3% A Y
Flt VOIZ A8 #k i _E = F VOIZR 22 ¥k Lambda(C.37)-
Kappa(B .617.1). Mu(B.621)7E A 3t 75 5848 Bk
RBDEA Sk A AT Z s FE A, ICsoM\ 0.003
£]0.0865 nmol/LANEE . XU H AM ) Nb1-Nb2 5
AATET DLRE ) 95 AN S [ 1) RBD R A7 I fi K2 & b ik
ARG bR . B — P N 1gGl FelX 5
H Nb1-Nb24E A 3% 11 11 DY 4 Nb1-Nb2-Fe i /4 7 44
A1 FT Omicronff 7 #5 A Omicron B B 5L 56 H 4K
SRIEIL T A A )y . IX R Nb1-Nb2-Fe&
— PR A RO & A ik 254, w] 9 AiAk Co-
VID-19F 7 4 FIIG 7 1 5w 8 23R BT & -

5 RESRE
ARSCH el T B R 75 5 1 £ 40 AR
AR 5 T-HUH, R 1E S R R k.
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HEs 5w A A E/ERH . B AT 2 FISARS-CoV-2
F R G FR AR A S A R T 2K G, SER AW
1 = 200 Jf % 1 2 1 Pl 7 AR B TN 7 S e 4 i P S 2
SUE O MK, 28 7SED LIRE IR, ey
R OUE JiE R(6-HB) J& & A5 1 3= 200 i JE 15 5 7 3 i 12k
AT R A, 55 K 99 B ORNARE T8 32 40 B i B
AN BRI R e A R IR, SR
IS R UK T A A ) 2 R s T
AL YL IR E . RBD 5 ACE2 5244 22 8] 1) ve JEE SE 1
71~ SARS-CoV-25Z PR FE [ A F 1) 2 #EE DL &S
EdSEe AR/ A

2 F8 3 3 ek 03 B 1 S 51 S A IR R R e DA %
PRI AR R 4527 R L,
AT HGTUE T 9Kyt VHE L, 288 T AT &
BN A RT A GK P A . X BT AR HREE m) B
78 9% B SR 1 IRBD, BH K 1 5 52 fRACE211 45 &,
AN T 2 3] A R B AR, X e A Oy SO A T
BRI — P R B3 N1 4. SRTT, RBD
FeCoVsH X il d5 KB 73 B 2 %42, B JANDI
% JRAC RN AT LLYE 25 52 = 56 A1 ) S Ry, BT
R BRE AT RS B AR SR I Pk AR [
I, BT X R 0 B 5 A T 3 4 i s A4 1) T AL,
BEL VBT 75 25 285 6 PO 200 a5 10 RS k5 AR BRCR o — ol
YT 7 e B X — bR R T R A B B
TMRRSS2. #HZ3H M 55) DL & SH 1 67 5t Ji ik
HICEIN TARE D Uik 2 BRI 5% 2
TBIT T IER O R R IR AT AL

T o 697 B IR ON T 3 4 i B R A v DL RS2 A
AR G BRI 280 T, FRATA AU FH—
Fh 25 W) K 5 A R G L A v AT . O EE
()72, tH 525 BT e i B AT PR ) H I SRR A
RV TT T B B2 I R AR A I o R L,
B 558 3BT T s B B LR B B AT KRR
B KRR AT KA B T H 5
TR BEER.. AR AT RS %S 5
S, RIEEGEMPHEREIAEA. BN
HENZ, JOKPURE 5 Wit N R 2 AN PR R AL
IEFh RIS BRI E A, A A B 20T 8 5%
BRRABE R PRI M. Tk Pik A A Fa
EME. B PURKRALS G2 PSR S, ]
A] 2 COVID- 19 HF ST $& HH A R 1R 7 7 Tl A
BT R .

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

SEHK (References)

PLANAS D, SAUNDERS N, MAES P, et al. Considerable es-
cape of SARS-CoV-2 omicron to antibody neutralization [J].
Nature, 2022, 602(7898): 671-5.

JONES B E, BROWN-AUGSBURGER P L, CORBETT K S,
et al. The neutralizing antibody, LY-CoV555, protects against
SARS-CoV-2 infection in nonhuman primates [J]. Sci Transl
Med, 2021, 13(593): eabf1906.

SHI R, SHAN C, DUAN X, et al. A human neutralizing antibody
targets the receptor-binding site of SARS-CoV-2 [J]. Nature,
2020, 584(7819): 120-4.

HANSEN J, BAUM A, PASCAL K E, et al. Studies in human-
ized mice and convalescent humans yield a SARS-CoV-2 anti-
body cocktail [J]. Science, 2020, 369(6506): 1010-4.

ZOST S J, GILCHUK P, CASE J B, et al. Potently neutralizing
and protective human antibodies against SARS-CoV-2 [J]. Na-
ture, 2020, 584(7821): 443-9.

KIM C, RYU D K, LEE J, et al. A therapeutic neutralizing anti-
body targeting receptor binding domain of SARS-CoV-2 spike
protein [J]. Nat Commun, 2021, 12(1): 288.

RAPPAZZO C G, TSE LV, KAKU C I, et al. Broad and potent
activity against SARS-like viruses by an engineered human
monoclonal antibody [J]. Science, 2021, 371(6531): 823-9.

JU B, ZHANG Q, GE J, et al. Human neutralizing antibodies
elicited by SARS-CoV-2 infection [J]. Nature, 2020, 584(7819):
115-9.

BANACH B B, CERUTTI G, FAHAD A S, et al. Paired heavy-
and light-chain signatures contribute to potent SARS-CoV-2
neutralization in public antibody responses [J]. Cell Rep, 2021,
37(1): 109771.

LI D, EDWARDS R J, MANNE K, et al. In vitro and in vivo
functions of SARS-CoV-2 infection-enhancing and neutralizing
antibodies [J]. Cell, 2021, 184(16): 4203-19.

TORTORICI M A, CZUDNOCHOWSKI N, STARR T N, et al.
Broad sarbecovirus neutralization by a human monoclonal anti-
body [J]. Nature, 2021, 597(7874): 103-8.

LIU L, WANG P, NAIR M S, et al. Potent neutralizing antibod-
ies against multiple epitopes on SARS-CoV-2 spike [J]. Nature,
2020, 584(7821): 450-6.

CERUTTI G, GUO Y, WANG P, et al. Neutralizing antibody 5-7
defines a distinct site of vulnerability in SARS-CoV-2 spike N-
terminal domain [J]. Cell Rep, 2021, 37(5): 109928.

LIU L, IKETANI S, GUO 'Y, et al. Isolation and comparative
analysis of antibodies that broadly neutralize sarbecoviruses [J].
bioRxiv, 2021, doi: 10.1101/2021.12.11.472236.

PINTO D, PARK Y J, BELTRAMELLO M, et al. Cross-neu-
tralization of SARS-CoV-2 by a human monoclonal SARS-cov
antibody [J]. Nature, 2020, 583(7815): 290-5.

LIU L, IKETANI S, GUO Y, et al. Striking antibody evasion
manifested by the omicron variant of SARS-CoV-2 [J]. Nature,
2022, 602(7898): 676-81.

CAMERONI E, BOWEN J E, ROSEN L E, et al. Broadly neu-
tralizing antibodies overcome SARS-CoV-2 omicron antigenic
shift [J]. Nature, 2022, 602(7898): 664-70.

YIN W, XU Y, XU P, et al. Structures of the Omicron spike tri-
mer with ACE2 and an anti-Omicron antibody[J]. Science, 2022,
375(6584): 1048-53.



ST A NIRRT I TR AP T IR AL S K A

1871

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

LI P, WANG Y, LAVRIJSEN M, et al. SARS-CoV-2 omicron
variant is highly sensitive to molnupiravir, nirmatrelvir, and the
combination [J]. Cell Res, 2022, 32(3): 322-4.

CUIJ, LI F, SHI Z L. Origin and evolution of pathogenic corona-
viruses [J]. Nat Rev Microbiol, 2019, 17(3): 181-92.

YE Z W, YUAN S, YUEN K S, et al. Zoonotic origins of human
coronaviruses [J]. Int J Biol Sci, 2020, 16(10): 1686-97.

ZHU N, ZHANG D, WANG W, et al. A novel coronavirus from
patients with pneumonia in China, 2019 [J]. N Engl J Med, 2020,
382(8): 727-33.

WU F, ZHAO S, YU B, et al. A new coronavirus associated with
human respiratory disease in china [J]. Nature, 2020, 579(7798):
265-9.

CHAN J F, YUAN S, KOK K H, et al. A familial cluster of
pneumonia associated with the 2019 novel coronavirus indicat-
ing person-to-person transmission: a study of a family cluster [J].
Lancet, 2020, 395(10223): 514-23.

TANG X, WU C, LI X, et al. On the origin and continuing evolu-
tion of SARS-CoV-2 [J]. Natl Sci Rev, 2020, 7(6): 1012-23.
HOFFMANN M, KLEINE-WEBER H, SCHROEDER S8, et
al. SARS-CoV-2 cell entry depends on ace2 and tmprss2 and is
blocked by a clinically proven protease Inhibitor [J]. Cell, 2020,
181(2): 271-80.

WRAPP D, WANG N, CORBETT K S, et al. Cryo-em structure
of the 2019-ncov spike in the prefusion conformation [J]. Sci-
ence, 2020, 367(6483): 1260-3.

WEISS S R, NAVAS-MARTIN S. Coronavirus pathogenesis and
the emerging pathogen severe acute respiratory syndrome coro-
navirus [J]. Microbiol Mol Biol Rev, 2005, 69(4): 635-64.
BELOUZARD S, MILLET J K, LICITRA B N, et al. Mecha-
nisms of coronavirus cell entry mediated by the viral spike pro-
tein [J]. Viruses, 2012, 4(6): 1011-33.

XIA S, LIU M, WANG C, et al. Inhibition of SARS-CoV-2 (pre-
viously 2019-ncov) infection by a highly potent pan-coronavirus
fusion inhibitor targeting its spike protein that harbors a high
capacity to mediate membrane fusion [J]. Cell Res, 2020, 30(4):
343-55.

TAI W, HE L, ZHANG X, et al. Characterization of the receptor-
binding domain (RBD) of 2019 novel coronavirus: implication
for development of RBD protein as a viral attachment inhibitor
and vaccine [J]. Cell Mol Immunol, 2020, 17(6): 613-20.
SHANG J, YE G, SHI K, et al. Structural basis of receptor recog-
nition by SARS-CoV-2 [J]. Nature, 2020, 581(7807): 221-4.

OU X, LIU Y, LEI X, et al. Author correction: characterization
of spike glycoprotein of SARS-CoV-2 on virus entry and its im-
mune cross-reactivity with SARS-cov [J]. Nat Commun, 2021,
12(1): 2144.

ZHOU T, TSYBOVSKY Y, GORMAN J, et al. Cryo-em struc-
tures of SARS-CoV-2 spike without and with ace2 reveal a ph-
dependent Switch to mediate endosomal positioning of receptor-
binding domains [J]. Cell Host Microbe, 2020, 28(6): 867-79.
YUANY, CAO D, ZHANGYY, et al. Cryo-em structures of,mers-
cov and SARS-cov spike glycoproteins reveal the dynamic re-
ceptor binding domains [J]. Nat Commun, 2017, 8: 15092.
COUTARD B, VALLE C, de LAMBALLERIE X, et al. The
spike glycoprotein of the new coronavirus 2019-ncov contains a
furin-like cleavage site absent in cov of the same clade [J]. Anti-

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

viral Res, 2020, 176: 104742.

YAN R, ZHANG Y, L1Y, et al. Structural basis for the recogni-
tion of SARS-CoV-2 by full-length human ace2 [J]. Science,
2020, 367(6485): 1444-8.

LI F, LI W, FARZAN M, et al. Structure of SARS coronavirus
spike receptor-binding domain complexed with receptor [J]. Sci-
ence, 2005, 309(5742): 1864-8.

EVANS J P, LIU S L. Multifaceted roles of tim-family proteins
in virus-host interactions [J]. Trends Microbiol, 2020, 28(3): 224-
35.

VON BRUNN A, CIESEK S, VON BRUNN B, et al. Genetic de-
ficiency and polymorphisms of cyclophilin a reveal its essential
role for human coronavirus 229e replication [J]. Curr Opin Virol,
2015, 14: 56-61.

CARBAJO-LOZOYA J, MA-LAUER Y, MALESEVIC M, et al.
Human coronavirus nl63 replication is cyclophilin a-dependent
and inhibited by non-immunosuppressive cyclosporine a-deriva-
tives including alisporivir [J]. Virus Res, 2014, 184: 44-53.
PFEFFERLE S, SCHOPF J, KOGL M, et al. The SARS-coro-
navirus-host interactome: identification of cyclophilins as target
for pan-coronavirus inhibitors [J]. PLoS Pathog, 2011, 7(10):
¢1002331.

WANG K, CHEN W, ZHANG Z, et al. CD147-spike protein is
a novel route for SARS-CoV-2 infection to host cells [J]. Signal
Transduct Target Ther, 2020, 5(1): 283.

DALY J L, SIMONETTI B, KLEIN K, et al. Neuropilin-1 is
a host factor for SARS-CoV-2 infection [J]. Science, 2020,
370(6518): 861-5.

YANG C, ZHANG Y, ZENG X, et al. Kidney injury molecule-1
is a potential receptor for SARS-CoV-2 [J]. J Mol Cell Biol,
2021, 13(3): 185-96.

MORIY, FINK C, ICHIMURA T, et al. Kim-1/tim-1 is a recep-
tor for SARS-CoV-2 in Lung and kidney [J]. medRxiv, 2022, doi:
10.1101/2020.09.16.20190694.

WANG S, QIU Z, HOU Y, et al. Axl is a candidate receptor for
SARS-CoV-2 that promotes infection of pulmonary and bron-
chial epithelial cells [J]. Cell Res, 2021, 31(2): 126-40.

TANG X, YANG M, DUAN Z, et al. Transferrin receptor is
another receptor for SARS-CoV-2 entry [J]. bioRxiv, 2020, doi:
https://doi.org/10.1101/2020.10.23.350348.

CAGNO V, TSELIGKA E D, JONES S T, et al. Heparan sulfate
proteoglycans and viral attachment: true receptors or adaptation
bias [J]? Viruses, 2019, 11(7): 596.

MILEWSKA A, ZAREBSKI M, NOWAK P, et al. Human coro-
navirus nl63 utilizes heparan sulfate proteoglycans for attach-
ment to target cells [J]. J Virol, 2014, 88(22): 13221-30.

LANG J, YANG N, DENG J, et al. Inhibition of SARS pseudo-
virus cell entry by lactoferrin binding to heparan sulfate proteo-
glycans [J]. PLoS One, 2011, 6(8): €23710.

MYCROFT-WEST C, SU D, ELLI S, et al. The 2019 coronavi-
rus (SARS-CoV-2) surface protein (spike) sl receptor binding
domain undergoes conformational change upon heparin binding
[J]. bioRxiv, 2020, doi: 10.1101/2020.02.29.971093.

CLAUSEN T M, SANDOVAL D R, SPLIID C B, et al. SARS-
CoV-2 infection depends on cellular heparan sulfate and ACE2
[J]. Cell, 2020, 183(4): 1043-57.

CORMIER E G, DURSO R J, TSAMIS F, et al. L-sign (cd2091)



1872

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

and dc-sign (cd209) mediate transinfection of liver cells by hepati-
tis ¢ virus [J]. Proc Natl Acad Sci USA, 2004, 101(39): 14067-72.
HAN D P, LOHANI M, CHO M W. Specific asparagine-linked
glycosylation sites are critical for dc-sign and l-sign mediated
severe acute respiratory syndrome coronavirus entry [J]. J Virol,
2007, 81(21): 12029-39.

AMRAEI R, YIN W, NAPOLEON M A, et al. Cd2091/l-sign and
¢d209/dc-sign act as receptors for SARS-CoV-2 [J]. ACS Cent
Sci, 2021, 7(7): 1156-65.

JAIMES J A, ANDRE N M, CHAPPIE J S, et al. Phylogenetic
analysis and structural modeling of SARS-CoV-2 spike protein
reveals an evolutionary distinct and proteolytically sensitive acti-
vation loop [J]. J Mol Biol, 2020, 432(10): 3309-25.

EVANS J P, LIU S L. Role of host factors in SARS-CoV-2 entry
[J]. J Biol Chem, 2021, 297(1): 100847.

TANG T, JAIMES J A, BIDON M K, et al. Proteolytic activation
of SARS-CoV-2 spike at the s1/s2 boundary: potential role of
proteases beyond furin [J]. ACS Infect Dis, 2021, 7(2): 264-72.
HO M. Perspectives on the development of neutralizing antibod-
ies against SARS-CoV-2 [J]. Antib Ther, 2020, 3(2): 109-14.
HEALD-SARGENT T, GALLAGHER T. Ready, set, fuse! The
coronavirus spike protein and acquisition of fusion competence
[J]. Viruses, 2012, 4(4): 557-80.

LAPORTE M, RAEYMAEKERS V, VAN BERWAER R, et al.
The SARS-CoV-2 and other human coronavirus spike proteins
are fine-tuned towards temperature and proteases of the human
airways [J]. PLoS Pathog, 2021, 17(4): €¢1009500.
BOLLAVARAM K, LEEMAN T H, LEE M W, et al. Multiple
sites on SARS-CoV-2 spike protein are susceptible to proteolysis
by cathepsins b, k, 1, s, and v [J]. Protein Sci, 2021, 30(6): 1131-
43.

HAMERS-CASTERMAN C, ATARHOUCH T, MUYLDER-
MANS 8, et al. Naturally occurring antibodies devoid of light
chains [J]. Nature, 1993, 363(6428): 446-8.

De VLIEGER D, BALLEGEER M, ROSSEY I, et al. Single-
domain antibodies and their formatting to combat viral infections
[J]. Antibodies, 2018, 8(1): 1.

DETALLE L, STOHR T, PALOMO C, et al. Generation and
characterization of alx-0171, a potent novel therapeutic nano-
body for the treatment of respiratory syncytial virus infection [J].
Antimicrob Agents Chemother, 2016, 60(1): 6-13.

WRAPP D, De VLIEGER D, CORBETT K S, et al. Structural
basis for potent neutralization of betacoronaviruses by single-
domain camelid antibodies [J]. Cell, 2020, 181(5): 1004-15.
WUY, LI C, XIA S, et al. Identification of human single-domain
antibodies against SARS-CoV-2[J]. Cell Host Microbe, 2020,

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

[81]

27(6): 891-8.

TIAN X, LI C, HUANG A, et al. Potent binding of 2019 novel
coronavirus spike protein by a SARS coronavirus-specific human
monoclonal antibody [J]. Emerg Microbes Infect, 2020, 9(1):
382-5.

HUO J, LE BAS A, RUZA R R, et al. Neutralizing nanobodies
bind SARS-CoV-2 spike rbd and block interaction with ace2 [J].
Nat Struct Mol Biol, 2020, 27(9): 846-54.

HANKE L, VIDAKOVICS P L, SHEWARD D J, et al. An alpaca
nanobody neutralizes SARS-CoV-2 by blocking receptor interac-
tion [J]. Nat Commun, 2020, 11(1): 4420.

CUSTODIO T F, DAS H, SHEWARD D J, et al. Selection, bio-
physical and structural analysis of synthetic nanobodies that ef-
fectively neutralize SARS-CoV-2 [J]. Nat Commun, 2020, 11(1):
5588.

XIANG Y, NAMBULLI S, XIAO Z, et al. Versatile and multiva-
lent nanobodies efficiently neutralize SARS-CoV-2 [J]. Science,
2020, 370(6523): 1479-84.

NAMBULLI S, XIANG Y, TILSTON-LUNEL N L, et al. Inhal-
able nanobody (pin-21) prevents and treats SARS-CoV-2 infec-
tions in syrian hamsters at ultra-low doses [J]. Sci Adv, 2021,
7(22): eabh0319.

SCHOOF M, FAUST B, SAUNDERS R A, et al. An ultrapotent
synthetic nanobody neutralizes SARS-CoV-2 by stabilizing inac-
tive spike [J]. Science, 2020, 370(6523): 1473-79.

ESPARZA T J, MARTIN N P, ANDERSON G P, et al. High af-
finity nanobodies block SARS-CoV-2 spike receptor binding do-
main interaction with human angiotensin converting enzyme [J].
Sci Rep, 2020, 10(1): 22370.

GAIJ, MAL, LIG, et al. A potent neutralizing nanobody against
SARS-CoV-2 with inhaled delivery potential [J]. MedComm,
2021, 2(1): 101-13.

LI T, CAI H, YAO H, et al. A synthetic nanobody targeting rbd
protects hamsters from SARS-CoV-2 infection [J]. Nat Commun,
2021, 12(1): 4635.

HUO J, MIKOLAJEK H, Le BAS A, et al. A potent SARS-
CoV-2 neutralising nanobody shows therapeutic efficacy in the
syrian golden hamster model of covid-19 [J]. Nat Commun,
2021, 12(1): 5469.

HASTIE K M, LI H, BEDINGER D, et al. Defining variant-
resistant epitopes targeted by SARS-CoV-2 antibodies: a global
consortium study [J]. Science, 2021, 374(6566): 472-8.

CHI X, ZHANG X, PAN S, et al. An ultrapotent rbd-targeted
biparatopic nanobody neutralizes broad SARS-CoV-2 variants [J].
Signal Transduct Target Ther, 2022, 7(1): 44.



