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Nanobody preparation and functional studies for broad-spectrum neutralization of SARS-

CoV-2 and its variants
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[Abstract] Objective: To produce broad - spectrum nanobodies (Nbs) targeting severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2)and its variants, and establish a strategy for producing Nbs broad - spectrum neutralizing the virus and its various
variants. Methods: Alpacas were immunized with the receptor-binding domain (RBD) of the SARS-CoV-2 wild-type strain(WT-RBD)
to construct a nanobody phage library, and the library was screened by biopanning and ELISA with the RBD of the Delta variant (Delta-
RBD) to select Nbs. The selected Nbs were expressed and purified using the Pichia pastoris system, and their properties and functions
characterized by ELISA, biolayer interferometry, pseudovirus neutralization experiments, and molecular modeling and docking.
Results: Four Nbs were obtained, all exibiting high affinity for WT-RBD, while also effectively neutralizing Delta-RBD and the RBD of
the Omicron variant (Omicron-RBD) , with Nb45 effectively neutralizing the pseudovirus of (Omicron-RBD). We also found that the
mechanism of these Nbs for neutralizing SARS-CoV-2 and its variants may be related to interfering with the conserved sites on these
RBD. Conclusion: The four Nbs obtained have great potential for prevention and treatment of SARS-CoV-2 and its variants, and the
strategy established in this study can also be widely used for the preparation of Nbs broad - spectrum neutralizing viruses and their
various variants.
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H P B TV I 2R S0 45 5 AE T R 75 2 (severe
acute respiratory syndrome coronavirus 2, SARS-CoV -
2) 5| & 1) 788 R 95 B 9% 93 (coronavirus disease 2019,
COVID-19) Kt A7 2 i 2 20 4k 4 3R 5 3 UG IR
T RIAT . A 2024 4F 12 H , 1 FIE Bl R
B R 7.77 12, S84 700 2 75N
FETIY X I A BRI AR SENLANME 25 A 3
B RGO T UTE A, T H ™ E N T 4R
ZeuFH . BAR & R R T K T VF 2 M 201
P8 B, AE H T B v 1 RS 1) S S RLAN I T B B
K38 A5 AR 1 AS 7 B (Alphas Betas Gammas Delta
Omicron %) , #H MR R SARS-CoV-2 588 H A7 il K
Bk R PE
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PRIR )2 20237 R 70 IR B R AL R E ) A SR
77 AR

AHIEFT S Al A B A R B AR ORI R E Y 2 AR
455 3 (wild type receptor-biding domain, WT-RBD)
e B8, K 2 HY Nb W 4K SC, 2 5 il i SARS-
CoV-2Dekta 4% & RBD £ [ (Delta-RBD) i 6 3 i 45
% 4 %l Nb, iX £ Nb %F SARS-CoV-2 J5 fi ¥k & Delta-
RBD. SARS-CoV-2 XBB 4% {& RBD & [ (Omicron-
RBD) B H A mE M Ty thah, @i S50 0F 55 Nb45
A LLYE A& AN 204 A Omicron A8 44 (1) {899 55, I3
—AHIEW] 73X 4 00 Nb B A B m i FARS E A0 pH AR
. X LESLLG S5 SRR, X 4 8N BB
H1SARS-CoV-2 & HAA T COVID-19 ) E K
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293T-ACE2 4 Jfl 31 T~ B 58 K5 1) S HEAH 24
5 10% it 4 13 (23 ExCell Bio 24 7)) 5 100 U/mL
82100 pe/mL % K (B 51 KeyGEN BioTECH 2
) ; WT-RBD (_E# BIOINTRON A 7)) ; Delta-RBD.
Omicron-RBD H1/) B 52 B 4T mye bR H14K (HRP)
(b5 Sino Biological /& 7] ) ; 2"~ 5 %% 2 (ampicillin,
Amp) -+ B4 4> B 7 (TMB) F1 TPTG (b 5 Solarbio

Biotechnology /A 7] ) ; T R 5 % . TMB {0 2% 1B
(_I ¥ Beyotime A 7)) ; Amicon®Ultra-4 B0t JiE3E &
(Merck 24 @, f#[H ) ; COVID-19-Spike (XBB1.5) & 4
50 B « 25 B 37 5 W DR e 0V MRUAT His AR id 2R
1 25 i W vy B A A0 A i (B Yesen A ®]) s DMEM
1% 37 3 | Hoechst 33342 4%}, TRIzol (Thermo Fisher
Scientific A &) , 5 [E ) ; TaKaRa 1% #% 3% 354 7] £  Taq
DNA Polymerase HotStart enzyme. T4 3% % i (1t 52
TaKaRa Bio 23 7] ) 5 BR il ¥ A VI 8§ Spe 1« Sac 1
(NEB 7], LD 5 KB AT 58 TG1 1 52 745 40 g (R
YIKT HEALTH 2 ] ) s A= W T2 5K (BLI, Pall
ForteBio Corp A F, 35 [E) ; {5 B 7 6 B8 (Leica 24
], [ED 5 BRI (Biofroxx 2~ F] , 8 [E) .
1.2 Fi&
12,1 EEARL ARG 2 B RIRF ik

RS 1 R AR E R AT 1 IR WT-RBD B2 i
5F SR i B 5 L B B 6 URVE S A il
TRIzol A i I itk (4 JE v $2 UL RNA, i ] 190 e
AR G A RNA AP 3045 cDNA . Bl 5,
F A [E) B &= 1Y) cDNA, J# i Taqg DNA Polymerase
HotStart enzyme f# 14 3217 5 X PCR 43 2 DNA /=47 »
A3 208 K& (1 DNA =¥ )5 , ¥4 pComb3XSS Wi 15
A FURL B AR T DNA 7 40 H B 1 #42 A D) 7 Spe T AN
Sac 1 EgY), SR J5 H T4 &Rl e, A3 1854 H
R 25 DR ) B UKL o SR S T R 2 RS VR A R
B B R AT 1 TG RS2 S, 857 H br gk it
A PR T ST o R A0 R S P25 L A R i P R R 2k
AE) S FR) T B A R T R S B E . BE AL
B LA 8050 8 1V 54T 18 V8 PCR, AT A L 7 B 9T
PREGRRPERS . HoAth SCPETE ¥ At A7 7E-80 CUKAf

4975326 470 SR Delta-RBD ELE 0 B2, 4 CIEA 5
PBS WEE J5 , F U A1 2 h N 2% 14 R TR 4 S P
i 7 1 h; PBST (1xPBS JI1 0.1% Tween20) ¥& & & Al
A Trypsin ¥ %, = i BE 7% ¥ B 30 min; 1A 10%
AEBSF 2 15t i, K H 2 8 Hh B0 8 VU % 22 3 1Y)
1.5 mL B0 o, RIS 15097718 110 WA 81 £ 5t e
o AR5 1R AR T I BOR G SZ S A TG T, 3R
5 1 Re kI AW B A0, B MR 7Tk 3 5, 3K
750 08 Je B A ST P8 o B3k 75 228 5 A S 2 o # B
%, BEAT B e RE ELISA, it th AN P ND. AT
BT, XX L ND HEAT I P, 285 i3 GENle
B REAT 2 M ORI R R IR, AR AN R E X 3
(complementarity determining region 3, CDR3) [1]/3 %]
AR AN A Z %
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MTG 1 24 i 2 o B o R, +EL A S 21 1 P
X-33. 4B BFEITE 545 100 p/ml K2 211
PP R 8 R %) B B 77 2 (yeast extract peptone dex-
trose medium, YPD) H1 1% 3%, SR j5 Bk B AL o0 B B K
FER T 5 100 pg/mL EERE R KRG FRAE 5
KEEFR G 5 S35, X R O F B RS &
A His b5 % 18 E BUIR S sp a4 i i 5 B3 v
I H PR A 254, 20 5 S mmol/LIBKME 10 mmol/L 1K
WA 5 0 I 4% B 2 38, B 2 500 mmol/L DK M Pl
it o &lifk H 08 A 5 8 B e b e e ek 4l R
Br, 383 Amicon®Ultra-4 595003 25 B IR 45
123 FAh %%

BT ELISA 9 %€ 4 # Nb 5 WT-RBD & H & H
AR 45 A5 . WT-RBD. Delta-RBD BX Omicron-
RBD % fift F pH 24 9.6 [f) CBS ¥ ¥ (1.59 g Na,CO, 5
2.94 g NaHCOs INZ&TE/KE A 2 1 000 mL)H1 (1 pg/mL)
I 4 A 7796 LB b (5L 100 pl), 4 COKFR ik
7 J5 PBST e, BE 5 3% BSA iR F & 1 h Fik
Vet , AL Nb ] 3% BSA =i N & 2 h
JE MR 5 VK, BEJG NN mye bRZEHUA (HRP) 25 17 1%
B 1 h FIRGEHR, Bf 5 N TMB 4 55 5 (0 73, 8
Hom s, BB S I TMB 2 8 28153 (450 nm,
AN EERER 21k 8 A R B, FH AR A2 450 nm Ak
(IR E BE AR . ASHIF 78 3 3k — 20 8 i i A [R) vk
RBD 5 JLF Nb 45 & 8 ()5 WROC FEME TSR 21 T
BT BN IR (ECso) o
1.24 A 48 T # 3 K (bio-layer inteferometry,
BLI) %2 3 4] Nb &F Omicorn-RBD &9 3 #= /)

iEid BLIZMT Nb X4} Omicorn-RBD HIZE A 7. 1
5%, % Omicron-RBD #iBE 2 1 pg/mL J5 3N APS /£
YIAL LS A1 10 min, W% 3 Bl N BN 1 pumol/L i3k
ATTRSESS . 8 B4 Nb (1 Ko IR S, 7EAS )
Nb ¥ B 1 i b B 6 N SEaG 2« B KR, Fi B
25 A58 A5 16 A5 AN AS AT IR . A % 9
JI10.1% BSA F10.02% Tween [ PBS. it 600 s )
g, LUKBE S 1 300 s fif# 25, W€ H LN Nb 5 RBD
WAL AR K\ JC R G EHE 5 B it
JEAE B BEAT LA, B 20 8 SUA B (R A4
filf 2 (KD
125 fBmE Ak

NI COVID-19-Spike (XBB1.5) % B % 5 ,
H4 293T-ACE2 4 4 7 1] 96 FL 40 ff 3 72t b . Bl
Je F A [ VA FEE 1) ND45 (50 100 #1200 wmol/L) 545

JREEIE37 CTIRA 1 he WH G, BIRA N
ANE|293T-ACE2 40 i, 0% & 24 h Ji5 U] # BOHT i 55
FeRe . SR )5 Hoechst 33342 GeRl G0 Mo i3k 4T YL fh,
WS A%, SR 5 i i 5] B 2 ' WA B W5 A 7] S
WA RIE T

1.2.6  AlphaFold2 # 4% f= 5 F 3 4%

JH I AlphaFold2.ipynb Chttps://colab.research.
google.com/) 7E £ £ #U A4= Ji% WT-RBD. Delta- RBD.
Omicron-RBD 14 Ff Nb 1) = 4E 2544 . B Jo K 4 Ff
Nb j# i ZDOCK Chttps: //zdock.umassmed.edu/) 73 57
LXHERIAFRBD b, NS GG H TR 104
S A ST EP - B B (VS SO e h O 8
J# 3 DrugScore PPI Chttps: //cpclab.uni - duesseldorf.
de/) , M & AT 45 G 47 5 K ddGeale>3 Keal/mol
8 ddGeale 5 1 AL sAE N TR Y &5 G 00 . B
83T Pymol B EAT S5 W 1B 1M, 49 B 43 1 R 45 R
YSEEEE A=
1.2.7  #A2 2 MAe pH A2 52 M 69 174

9T R FE Nb BBV, 436 B AS [R) 2% 1R b 2
Nb 5347 ELISA SE560 . 7R St A2 e P seie 4
Nb 78 A A 35 [ = 35 (room temperature, RT) .40 °C.
60 C+80 C.90 °C.95 “C i F 10 min; 95 CHF F A
[ B[] 05 10 min< 30 mins 1 h.2 h.6 h.12 h. 18 h.
24 h);37 CHFEARFEIE (0.1 dv2 d\3 d 4 d.5 d-6 ds
7d.8d\9 d.10 &), i id ELISA 52463 5E &b ¥ 5 1) Nb
HhiEmdGred1.

N T RTT pH R ENE, ¥ 4> Nb AEA A 1) pH {E
(3.5.7.9 1D NI&E T 3% BSA v, FFAE =T
I E 2 he [FFEET ELISA S22 A2 5 1) Nb 5
PR EREST .

1.3 %it$ 7k

i3t GraphPad Prism 8 #EAT G 1H 40 #, S50
BIEE 3R, P E TR I E bR 2% (v £ O RN,
P9 2EL 1) 5 P o A6, 2 4L T b A e P B IR 350 22
AT, P <0.05 AZERAGFE L.

2 g B

2.1 3216 WT-RBD Nb 5 &9 4 3%

N T RASHE ] WT-RBD [ Nb, A5 T —
ANRBY HE B 2 RSO . 158, I WT-RBD &
H A E T8 6 I, 22 Ja M I ik B2 41 A Hh 4 s
RNA (K 1A), 3@ cDNA il £ - VHH J& Kl 4 36 1) 2
HE (B IBLC) o JE LS4 L ER BN
9.6x10° pfu, [ I 38 i Fifi AT 36 HY 48 A 5 v [ ] v i
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17 PCR 73 M7 » 25 W 56 7 4011 1 SC 2 BH P % 95.83%
(E1D) . i i 8 3 4 B ST B A Bl B AR D i
HH WG B R ST, R0 N 1.64% 107 pfu/mL, X b 45 R
T, AU T — MR WT-RBD [ Nb 3L
2.2 # A Delta-RBD ## & Nb

{8 H Delta-RBD X Wi B 44 ST 2 14E AT 428 8 i 1
H1EL TR ¥ ELISA MM 97 16 HH #2 7] Delta-RBD (1] Nb.
23 35 E A, W B RSO 1 200 %5 . B S
it 252 ELISA 192 MBEATL s 2 R 1254456
>3 HIBATE T (B 2A) o KRG BH I ve B B 76 E AT
MR FEHEAT LU, LB EE 741, 13 3] 48 MR T

A M RNA B

Oligo dT primer

H. i8It Clustal Omega XF 48 NFAEAT R YR B
o3 (B 2B), 2 Jy iz v Nb i fit 1 58 2 e A
WERMEIEX R o T B AMIEIX 3(complementarity
determining region 3, CDR3) J¥ %] [1] 2 % , & $¢
Nb34,Nb42.,Nb45 F1 Nb48 {F 4 Delta-RBD 145 5 Ht
AT dE— R A
2.3 Nb#g&R&E i 2

2 FE BN SR 1 B FH Y R AR 7 AR AN AR A
FEREVE, R RE AR R R G TRIL . I Ni-NTA
T BTG B v T A A T 24 i 3 2R IA ) Nb.
SDS-PAGE 73 #1 ¥ 71% , 4l 4K (] Nb34 . Nb42., Nbh45 Fll

Random 6-mer

c Oligo dT primer
(bp) M 0.1 0.2 0.3 0.4 0.5
2 000—
1 000—]

D (bp) M 1 2 3 4 5 6
2 000—

1 000—]
500—]
200—
100—]

(bp)
2 000—]
0
0
20

2 3 4 5 M 1 2 3 4 5 (u

—900 bp
—600 bp

Random 6-mer

M 0.1 0.2 0.3 0.4 0.5 [»

—400 bp

—400 bp

—400 bp

—400 bp

A: The electrophoresis results verified the quality and purity of the total RNA. B: In the first round of PCR amplification, gel electrophoresis

showed clear bands of cDNA templates amplified by two primers. C: In the second round of PCR amplification, gel electrophoresis was performed using

different amounts of cDNA templates. D: Among the 48 screened clones, the positive rate was 95.83%. M: marker.

1 BEERPARS B RIKER

Figure 1

Results of partial agarose gel electrophoresis during library building
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Nb48 &5 17> TR A T (B 3A) . 4ifk 19 2If¥ Nb
afi i, v i — DA

I ELISA &2 1 4 % Nb X} WT-RBD 1 5% fil
11, G5, 4 Fh Nb 7 450 nm Ab ¥ BB 5w R
HE (K 3B . IFH, @I 5 S i T A5 SN
KB ) ECso BIK T 20 nmol/L, 14 B 3X 4 F Nb %t
WT-RBD BA R U 12 H1 71 (B30,
2.4 Nb A %4 SARS-CoV-2 T 4k

T SARS-CoV-2 RAF 2> 3 B H b ik 45 & i fk
f AL, XF 4 i Nb 55 SARS-CoV -2 844 55 £l /7 33k

A 501 B

'_'g 40"; R . . .
= $ o "o Y . e
301 o o wTToLte R e . Be o
L’; . ’.W.. ° ..-’ ’: ." ‘:.
2 20' * e 3 ~’
E L)
[==4 10 A A .

i s

50 100 150 200
Clones

ITIRATFT . ELISA S256AIFS2 T 4 4 Nb %} Delta-RBD
H1 Omicron-RBD )25 A1 ). HEEREMZ, R T
Nb48 %} Delta A1 Omicron 248 #k & I H 5% F1 1 H 55
Ah FoAth Nb ¥ 2 I H 8y B9 55 A0 77 (L 4ABD S
Bt — 5 ST 4R 58 7 Nb34. Nba2 1 Nb45 %f 58 48 #k
RBD ] ECs, 45 3 2 7K 3 Ff Nb %t Delta-RBD (ECs,
4y 1 SN 18.94 nmol/L 6.93 nmol/L+ 6.64 nmol/L) Fl
Omicron-RBD (ECsye7A187.95 nmol/I.13.59 nmol/L 1
8.91 nmol/L) ¥ HA R (3£ )1 (K 4C~ED .

IEAh, AH U A PR AR EAL T X 34

A: Clones with a binding rate greater than 3 were identified as positive clones through the PE-ELISA experiment. B: A phylogenetic tree targeting

the SARS-CoV-2 RBD binding domain nanobody was constructed using the neighbor-joining method in Clustal Omega.
2 NbXEEFRMSERETHIE R ARG AR B HEEL

Figure 2 Screening of positive clones of nanoabodies library and establishment of a phylogenetic tree
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(kDa) Nb34 Nb42 Nb45 Nb48
180 55 RBD “+-Nb34 EC4=5.71 nmol/L.
100 T |m—eBs . -+ Nb42 ECsi=16.63 nmol/L.
70 204 = e <+ Nb45 ECsy=17.23 nmol/l,
» g 1.5+ 2.57 -+-Nb48 ECs=16.44 nmol/L
40 =)
<10 2.0
Q ~
3 0.5 E 1.54
2
25 0 < 1.0
Nb34  Nb42 Nb45 Nb4g = o5
0 — Tt

15

10

PO D Q 5
EOCERR E

WT-RBD(ng/mL)

A: The nanobodies were expressed through the Pichia pastoris expression system and then purified, followed by stained with Coomassie brilliant

blue. B: The ELISA experiment verified that all four nanobodies had affinity for WT-RBD. Compared with the blank control group, P < 0.05. C: Different

concentrations of WT-RBD were used to conduct ELISA experiments with the four nanobodies respectively to obtain the D (450 nm) value, and the ECs,

was calculated (n=3).

E3 NbHIFRAHAURS WT-RBD LS
Figure 3 Expression and purification of Nbs and binding to WT-RBD

2.0 CORBD
% mCBS
154 A~ A
£
=
R 1.0+
N *
= 0.5
0.
Nb34 Nb42 Nb45 Nb48
E
-+ Nb34 Delta-RBD | Omicron-RBD
o Nb42 Nb ECs ECs
-+ Nb45 (nmol/L) (nmol/L)
34 18.94 7.95
42 6.93 13.59
45 6.64 8.91

209 & & & CIRBD
] m(CBS
. 1.51 N
E —
=}
2 1.0
N
=0.5-
O T
Nb34 Nb42 Nb45 Nbh4g
C D
25 e Nb3 25
2.0 -+ Nb42 2.0
~ - ~
£1.51 Nb43 £151
(=) (=)
w w)
I 1.0+ = 1.0
Q Q
0.51 0.5
0 T T T T T T T T 0 T T
SO DL 5™ NN
SQ \Q N SQ \Q

Delta-RBD (ng/mL)

EORNICSENEEIN

Omicron-RBD (ng/mL)

A, B: ELISA experiments demonstrated that except for Nb48, the other three nanobodies had high affinities for both Delta-RBD (A) and Omicron-

RBD(B). Compared with the blank control group, P < 0.05. C-E: ELISA experiments were conducted using different concentrations of Delta-RBD (C)

and Omicron-RBD (D) with the four nanobodies to obtain the D(450 nm)

and ECs(E) was calculated(n=3).

&4 Nb5 Delta-RBD X Omicron-RBD B4 &
Figure 4 Nanobodies bind to Delta-RBD and Omicron-RBD

Nb 5 Omicorn-RBD W45 & 8) 122 . 5B ER 3 Fh

Nb BRI G 1) IX et LR, X JLFh Nb #]

PUAT 2 B A0 Delta-RBD A1 Omicron-RBD .

2.5 Nb454ksh 4] Omicron K T A4 A 09 B J
WIHT 1A, Nb45 55 SARS-CoV-2 281k B A K4

EEHE 17, 3 — 2D 7T Nb4S 2 5t BEXT Omicron ¢

THRBIR R LR RS TS, 5 Nbas 3
% & J5 » Omicron 98 48 4 5 993 2% 33F N GFP FH 4 11
293T-ACE2 4 fa 3 B k> . @ E LI B,
55200 wmol/L Nb45 2 & J5 , Omicron 2722 kT
ik N GFP BH Y [ 293T- ACE2 41 Jifd 11 %5 & /> 1
93% (K] 5) . x4 JLK B, Nb45 & — Fi G 2
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Table 1 BLI verification of affinity
Name KD(x +5) R
Omicron-RBD+Nb34  2.118x107 + 1.801x10*  0.932
Omicron-RBD+Nb42  5.349x107° £ 3.575x10”  0.892
Omicron-RBD+Nb45  5.974x107 + 3.877x10"°  0.892

Pseudovirus Omicron strain
—~

1dovirus+50
N s g

Pset
s .

Pseudovirus+100 pmol/L Nb45

pmol/L Nb45

100um

Pseudovirus+200 pmol/L Nb45

SARS-CoV-2 K FHAZR KT HFI Nb.
2.6 TS

N E MRS 4 R Nb 2z A E R 46
AlphaFold2 &5 T H R #y @ 7y T8, JER 470 IR 5 9t
Xt . 5 2R 1 B4 Nb 5 SARS-CoV-2 5 1H
#k  Delta ZZ 8 F1 Omicron 2844 2 TRl FAAH HAFE P . B

B
150 —_—

£
100
50 ’_‘
0 T T T T

%\"“\\\& \‘\o\\\) \\@W \x\“\\\)
50\31 \QQ q/QQ

Relative activity (%)

A: The green in the fluorescence image indicates the Omicron pseudovirus, and the blue represents 293T cells. B: The bar graph shows that com-

pared with the blank control, Nb45 prevents the entry of the Omicron pseudovirus into 293T cells. "P < 0.05,n=3).
5 Nb45 P 1E Omicron &3\ 293T 4058
Figure 5 Nb45 prevents Omicron pseudovirus entry into 293T cells

W, LB ARIE R s Nb AL A, B (bR 10 7R RBD A 21
(El6A) . #E—L M Bos, T 45 & AL 3 &
FARFAL A, X FAE R T 4 Ff Nb X%} SARS-CoV-2 f
o Z AR 12 B AIE 71 (Bl 6BD .
2.7 Nb B A hARG LA

7 ND D EEAR E 1, K 4 Bl Nb 2 BR 1
AFZHET, BFEAFEEApHE (K 7). fERT
F140.60.80.90 F195 °C % & 10 min J5 , 4 F' Nb
PIRFFE RUFIIEA (B TA) . 7E37 CF,10d N
4 Nb 35 M R 7E 70% /5 47 (B TB) o« BIA#TE 95 °C
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Jo BEAN, AR FCEUER] 73X 4 Fh Nb A 4 1) #
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= ¥ ¥ 1 2 (angiotensin converting enzyme2, ACE2)
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H B A 15 2 10 ) 5% 8 ERF )2 RBD (1 505 B it
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2025411 A M ER R 22 AR (H AR AR, 2025,45(11) : 1598-1607 * 1605
WT-RBD+Nb42 WT-RBD+Nbh45 WT-RBD+Nb48

A ~ WT-RBD+Nb34

B WT-RBD RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFK 60
Delta-RBD RVQPTESIVRFPNITNLCPFGEVFNATRFASVYAWNRKRISNCVADYSVLYNSASFSTFK 60
Omicron-RBD RVQPTESIVRFPNITNLCPFDEVFNATRFASVYAWNRKRISNCVADYSVLYNLAPFFTFK 60
WT-RBD CYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNS 120
Delta-RBD CYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIADYNYKLPDDFTGCVIAWNS 120
Omicron-RBD CYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGNIADYNYKLPDDFTGCVIAWNS 120
WT-RBD NNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQAGSTPCNGVEGFNCYFPLQSYGFQ 180
Delta-RBD NNLDSKVGGNYNYRYRLFRKSNLKPFERDISTEIY QAGSKPCNGVEGFNCYFPLQSYGFQ 180
Omicron-RBD NKLDSKVSGNYNYLYRLFRKSNLKPFERDISTEIYQAGNKPCNGVAGFNCYFPLRSYSFR 180
WT-RBD PTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF 223
Delta-RBD PTNGVGYQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF 223
Omicron-RBD PTYGVGHQPYRVVVLSFELLHAPATVCGPKKSTNLVKNKCVNF 223

A: Molecular models of four nanobodies binding to different RBDs, with red labels indicating nanobody sites and blue labels indicating RBD sites.

B: Sequence comparison of WT-RBD, Delta-RBD and Omicron-RBD, with red indicating the mutation sites of the mutants and yellow background indi-

cating the predicted binding sites of each RBD with the four nanobodies, and all predicted binding sites are conserved sites.
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Figure 6 Molecular modeling and site analysis of nanobodies binding to RBD
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Four types of nanobodies were incubated at different temperatures or pH values, and the affinity of the treated nanobodies to WT-RBD was detected
by ELISA. A: Nanobodies were incubated at RT, 40, 60, 80,90 and 95 °C for 10 min respectively. B: Nanobodies were incubated at 37°C for 0, 1,2, 3,4,
5,6,7,8,9 and 10 days. C: Nanobodies were incubated at 95 “C for 0, 10 min, 30 min, 1 h,2 h, 6 h, 12 h, 18 h and 24 h. D: Nanobodies were incubated
at different pH values for 2 h. The OD values at 450 nm was determined by ELISA (n=3).
7 SKEGIESE Nb RIS E AN pHIZE 1
Figure 7 Experentally verify the thermal stability and pH stability of the nanobodies
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