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Construction and screening of SARS-CoV-2 ribosomal display nanobody library
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Objective To construct a large and diverse library of nanobody to Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) using ribosomal display technology.in addition, SARS-CoV-2 specific antigen with screen-
ing quality was obtained by eukaryotic expression.and it was used in the screening of nano antibodies. Methods In the
current study,alpacas were immunized with a variety of SARS-CoV-2 specific immunogens. One-week post the sixth im-
munization, peripheral blood Mononuclear cells (PBMCs) of the hyper-immune alpaca was collected, total RNA was ex-
tracted and then ¢cDNA was obtained by reversed transcription. Alpaca variable domains of heavy-chain-only antibodies
(VHHs) genes were amplificated using a two-step nested PCR approach,and the display elements needed for ribosome
display were also introduced. A ribosome display alpaca VHH library was constructed by linking VHH fragment with
spacer gene- [l by overlapping extended PCR. The SARS-CoV-2 Receptor Binding Domain (RBD) protein was further ex-
pressed in Expi293F mammalian cells and purified by StrepTrap HP affinity column. Then the purified RBD was used as
antigen bait to select the VHH library. A total of four rounds of screening was conducted. Results The ribosome dis-
play alpaca VHH library was successfully constructed. The library was identified to be of high diversity and integrity, with
an effective library capacity of 1. 12X 10" . SARS-CoV-2 RBD protein was successfully expressed by mammalian expres-
sion system with a purity over 97. 5%. The VHH sequences were successfully obtained by four rounds of specific screen-
ing.and the identified sequences were rich in diversity. Conclusion The SARS-CoV-2 ribosome display alpaca VHH li-
brary was successfully constructed,and the antigens with screening quality were prepared and applied to the screening of

the antibody library. Finally,the complete structure and rich sequence diversity of nano antibody gene sequence were ob-
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tained, which laid a foundation for the subsequent acquisition of SARS-CoV-2 nanobodies.

GG | SARS-CoV-2;nanobody; ribosome display;antibody library; eukaryotic expression.

B A 55 R #E Il R (Corona Virus Disease 2019,
COVID-19) 2 i #7 A 56 AR 95 3 (Severe Acute Respir-
atory Syndrome Coronavirus 2,SARS-CoV-2) fr 5|
(g — P IR 3 % Jeqs T, 2020 4E 3 A 11 AL ER T
H: 4020 (World Health Organization, WHO) B fi CO-
VID-19 23R AT, #MEH 2022 4 1 1 2 H. ¥l
fili & O 2 B8 4Bk 2. 89 AL NS, BET: 540 7
BB YR B o A 212 A E KL BRI S R,

MR, B AR COVID-19 L% 1 G s B2 F
BT T B SR HE R S Y O B DL R Y
TARMWNTERLERES . 5HIIRIT WA, Pk
2540 h TR e PR R R S R A T R 3 A R R VR TR
SR R AR R AE I IR T 1 1 FH 328 T 1S 22 4 S i 1) T3
B7 FUVATT S AL TR IR R . U/ N R R BUIA 251
RIETT I Z— B SE R Sh ¥ (9% B8 F 585 M ik
FEAE—F A B e — AR S 3k 1, T H R
] A5 X 48 B9 99 K HT K (nanobodies , Nbs) , X #{ #)
& VHH #i & ( heavy-chain variable domains,
VHHSs) ., 29K PUIEEA KL FaE 1R 5 Rk,
oS MR R A O S RIS 2 LA B
Wos TR BT S AR PR S £ B AR 15 ku,
ARG Fhik s F RN T2 — R A e
ZER DI RE M B /NI S B R B, AR YUK T R S 1%
55 114 2% S 968 200 P o) i B B B T IO () — fE 3R A
P2 29 K BT AR SO B B 1 A0 K HUAR SO R AT 0 3 . H
P18 299 KT AR S A At Rl A A 45 W T A R R BOR X
TR BOR (BB R RS AR SR R HOR 2
— ) Dy RE P 2 11 BTRH AR O 2 A BOR B mR-
NA 5 H e 5% B35 1E 0 4 B 09 28 1 BT 3k m) 3% e 7 A%
B b2 mRNA-BBEHA-E A T =c 869, 5%
BT A R A A EIE . 5 R TR A SR R RN R R R R
SRR R AR R R B o) T R R
BHR G T 0k 2R SN AE B 2 HE P 4 S5 AR
W RTINS TR R O g R AR

ARG HE T AR JE R HR M SARS-CoV-2
YRR SO 8 3 B A% R 3K AR A5 BA 0 1 BT A 1Y Ry
SEHEPUR, I W F SARS-CoV-2 44 K 4T 14 1) Tifi
e, LU SR AS 2540 52 B HLIT 41 20 4 1 1 4909 oK B (4 3k
¥, SARS-CoV-2 Y4 KHT IR 25 W) BT 4z 245 HE i .

MBERE

1 ##

1.1 FEHE . B#fmis pcDNA3. 1-SECD I 4 it

$ . pCAGGS #AKF AL E. coli TM109 832 725 240 g LA
K FL 30 Expi293F 41 i iy v [ 4 ok B 2 B 4 R 5
= W 5% BT 2 W00 75 o 5 R b 3l 0 5 e 2 S e R AT
1.2 S%eshdn  POJE 2 08 MEPE BN £ 58 L R 3% T 10 7
PR R ESITEX 7R
1.3 £%&A DNA RAEHF,. T4 DNA %225 . KRl
TN YIEE EcoR 1H1 Kpn 11T 3% E NEB 2\ A ; BCA
A AW 2 KR &% A 35 E Thermo A F; AN H
FE 5N - B-D-F A i e 2 FLBE F (IPTG) . B-2F 3
W 1 S € IS (X-gal) . PBS #5 2 FBE AR W34 1 1
e Rk £ BHA R Al Y 5 Marker 1 F I
B A W) S 2 B4 B BR A B 5 Trans5K DNA Mark-
er, Trans2K DNA Marker, Trans DNA Marker 1 Il H
b X e YHARGRA T, StrepTrap HP 4ifb At
W+ 3£ [# GE /A 7] ; Costar96 LA W B 25 [E Corning
Incorporated A &] ,

PBST #%#i:11.2 g PBS My A& 1 0. 5 mL iR 20,
JH DEPC KEAZE 1 L;PBSM ¥k :5. 6 g PBS By K
F1 5 mmol/L MgCl, , J§ DEPC 7K % %4 % 500 mL;PB-
STM ¥# # . T PBST #jim A 5 mmol/LMgCl, ; PB-
SMBH & # : 9 mmol/LMgCl,.3% BSA.2.5 mg/ml
JFZE &A1 5.6 ¢ PBS ¥y K, | DEPC /K E & £ 500
mL; i % & A : 5 mmol/LMgCl,. 3% BSA.2. 5
mg/ml fFRNF 5.6 ¢ PBS By K, il DEPC K EHE
500 mL; EB & i # : 100 mmol/L. EDTA,10 pg/ml
R B2 B RNALS. 6 ¢ PBS #K, il DEPC /KE A E
500 mL.
2 AE
2.1 %% 5% PBMCs #9585 cDNA 694 % M
JE 27 U O RO 2 58 F SARS-CoV-2 5 5 M 4 7% it
B B 4 BRI FE IR 2 4, 5080 2 23
USR8 2 5 B mRNA £ 200 pg/H/K,
DNA 7 1 mg/ R/ M RBD E 1 240 pg/H « K,
XFHRZH 2 HOE 00 i A AR R PBS, [ B 3 8 fa s —
WA 6 . TR ARG 1 Ja DN 58 350 ik
Kl 40 ml, ffi | SepTube 4385 45 7 &5 B A~ % 4 i
(peripheral blood mononuclear cell, PBMCs), 7£ J&
RNA ¥ 45 F F Trizol 532U RNA, f#i Ff SUPER-
SCRIPT 111 1°" STRAND i & ) % 53 N cDNA.,
2.2 MBARFRLEOMELS EREE LB
SIY R TR TR R WA 51 F 8
W1, A RH cDNA A, BL CH2-R fil Al-
pVh-LD JRy5| 43 it 4 20 PCR ¥ 1 5 &% 0 25 X [ 1)
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HE KX R CH2 fH2 X . 938 F BE 294 700 bp, I
ZAF:95 °C 15 min; 94 C 1 min,67 ‘C 1 min,72 C 1
min, 3£ 35 NMEFF ;72 °C 10 min, B EIL PCR 724K
ik, L AlpVh-FR1-Fnew P4-1L F1 P4-S 5| ¥4 4
HRE AT AR X P HE 42 X RN BE X, 38 1 VHH 2
B2k 450 bp, B AMF:98 °C 10 s;98 °C 10 5,55
C 55,72 °C 1 min, 35 MEIF:98 °C 105,64 C 5 s,
72 °C 1 min, 3t 30 MEH ;72 °C 8 min, DL M13 £24R
W AR (M13KO7) 5& B S Bidl , P5 Fil P6-new Sh 514
P B X gene Il BB, K/NZ R 330 bp, i 4%
4.98 °C 10 s;98 °C 10 5,55 C 5,72 °C 5,354
30 fE¥F;98 °C 10 5,68 C 55,72 °C 1 min, 3t 30 P F
;72 °C 8 min, i i # & & ffi PCR (Gene splicing
by overlap extension PCR, SOE PCR) ¥ % /R H¢ &
) VHH 5 gene [l 3 7 Be4H 4% 0 VHH-gene Il
MR /R SCPE . OB 45 1. 98 °C 10 ;98 C 10 s,
68 °C 55,72 C 1 min,3t 30 MEF ;72 °C 8 min, X
JESL R BE K /Nl 800 bp, FeARE WM SCE BT
—80 CHRAF#HI,

R 4 44 2 A M A R s SC P 1) DNUA ) Joit 2 R i Bk
Bot & SCBEM BER KA HEE AR T 1 pe
1000bp DNA =1.52 pmol=09. 1 X 10", Wk xR
PR I 25 = (1000/800) X 9. 1 X 10" X DNA ¥ Jit &
2.3 SARS-CoV-2 RBD & & & ik  shibfbz DU
pcDNAS3. 1-SECD Jii ki 4 #5 4, F] H Primer Premi-
er5. 0 BAF IS ¥1IE 51 A EcoR 1. Kpn 1 P07 54
tPA 57 Ik, TwinStrep tn & S 0f. 519 LA
TAYTERARA R G B5F 5 WK 1. LL peD-
NA3. 1-SECD 4 £ #, #] H] 51 % RBD-F #l RBD-
RPCR ¥"#f RBD A, 234 EcoR 1.Kpn 1 F¥I {7 s
sLfEF] pCAGGS #Hifk 15 3] pCAGGS-RBD H 41 it
B . A0 R IR 3. 0X 10° A/ mL K %58 IF
i 1) pCAGGS-RBD 2 it fv BF B % 4% 3] Expi293F
M B e BRI A 1 g/ mL AR TN 1.5 mL;
TERE R 240 m A 80 pl. ) Reagent ik #., | Opti-
MEM Z4A 2 1.5 mL, ZHEHH 5 min., HRFIRS
Ym ARG BRI BEE 25 min, $ 00K T A
TR WM 2] Expi293F WFLah WAl rh, 35 5% 18 h
JEA G R ). 6 d e WO B BV N 40 M, i i
Western blot # U % H £ k15 & . I StrepTrap
HP 27 Fi 4l A ud B 45 % 1S3k i nli L 30 4 4 L3 25
HEAT 2l A,  WOHE AL 2 W L R AR R U5 VAR
2.4 BBEARTHARRKLENTLL B LT
PL SARS-CoV-2 RBD & AL # 96 FL Ak 2 4 vk By
100 pg/mL,200 pl/fL, [A) A% & X B FL . 4 °C AL piad
W FEEA WS AL TR 1) PBSM ¥ 1K BB % 3

WA 3 min, 1A 5 mmol/L MgCl, ) PB-
SMBH ¥ ,200 pL/FL, & E 2 h, F LB HR .,
JHFYS (5 PBSTM ¥ WIS ¥k 3 WK, # ] B2 ) PBSM
eV 2 LUK BTV 20 min, ffi [l TNT T7 Quick for
PCR DNA {5 & [ 25 75 47 SC 2 B o B R4 sl iy
SCHE A B B A A fL . 100 wL/FL,4 CHER 2 h,
FEFOCHE T4 Y PBSTM % & U8 3 WK, 1 FH #ilve
1) PBSM ¥k 2 Y. N A EB 28 ik . 200 pL/fL. & T
42 ‘C/KW 5 min, PIVESE mRNA, f§ /] HP RNA Iso-
lation Kit $2 B¢ _F 3 # 19 mRNA, 4lifb )5 (1 mRNA
JiE SR cDNA, H8 DL b S A #EA0 TR L 18 f 2l
VHH-gene [l 3CFE. 4% #) CEE £ b NanoDrop &
i, TEAR R B B G0 AT R — AR 0k , Mt i AT pa g
TG o R O 35 IS ST R S 9 9 K B AR R R SCEE TR I A
FE . FiE#E R pMD-20T #A . Pk 5 ve b Z2 F6 75 AR %
KAYRHEARA AT,

*x1 5|¥ER
Table 1 Quote sequence information
IR/ S5 27 NI JFAI(5'-3")
Name Size(bp) Sequence(5'-3")
AlpVh-1LD 18 CTTGGTGGTCCTGGCTGC
CH2-R 23 GGTACGTGCTGTTGAACTGTTCC
i COATCTATAEACTEACTTAGCA
F 84 ACAGCCACCATGGGCCCAGCCGGCCatgg
new ccCAGKTGCAGCTCGTGGAGTCNGGNGG
Pil 16 ATGATGATGATGTTGCGGCCGCTGG
- TTGTGGTTTTGGTGTCTTGGG
PAS 15 ATGATGATGATGTTGCGGCCGCGCT
’ GGGGTCTTCGCTGTGGTGCG
Ps 50 CGGCCGCAACATCATCATCATCATCA
: ° TCATCATCATGCTTTCCATTCTGG
P6- 18 ATATATATAGGCCCACCCGTGAAGG
new TGAGCAGCAGCACCGTAATCAGT
CCGGAATTC GCCACCATGGACGCCAT-
GAAGCGGG
RBD-F 106 GCCTCTGCTGTGTTCTGCTGCTCTGC
GGCGCCGTGTTCGTGAGTAACTCGAG
GGTCCAACCAACAGAGAGCA
) CGGGGTACCGAAGTTCACACACTTG
RBDR 36 TTCTTCACCAG
%z R

1 SARS-CoV-2 ZHEE R RAKAME XL ENHESLETE
DLRC I 45 B9 cDNA Ay &5 — 4 Sy B AR E 47 46
—% PCR, ¥ 3t 700 bp B9 H 3L B B (B 1A),
LA — % PCR glifb 5 09 7= 9 Sy B 3k 47 58 — %%
PCR,. ¥ #4435 VHH JH R B, K/N2 2k 450 bp (&
1B) . DAZZAR W T R MI13KO7 f4 J K 2H g 58 b 3 1%
330 bp MHM A BL(E 10, 54 R—5.
VI BRI EE % PCR W5 gene Il B 0™
Y1 B R # VHH-gene [l #3574, PCR £ H 1
FEH A B2 9 800 bp (& 2), SARS-CoV-2 #% B {4 J2
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AR B b SR HH R . BB S B SARS: M1
CoV-2 RBD 44 2K $it 1A A% M K SCHE Y R 1. 12 X
107 . 5 B MK 7 SO AP 10°7 8 0 R w00 w500
R VA JRE /% 4 KT 1A SCE P 2 BLAEE T T 490 K B 4 oo
1R 1 1 1500

Ml M2 1 M2 2 1000
bp bp bp bp bp bp 800 750
g 500
200 p—. g 330 300
700 g L, 5, 300
300
200

100

A

M1l Trans2K DNA #5354 M2 Trans DNAfRE#H 1T 1 4
—4 PCRY 474 2 VHH Y W™ 3 gene Y H=Y
B 1 VHH 70 genell PCR ¥ 1874 2% IR A5 #5 5B R ik 47
M1 Trans2K DNA Marker M2 Trans DNA Marker T 1
The first round of PCR amplification products 2 VHH of PCR am-
plification products 3 Gene [l of PCR amplification products
Fig. 1 Results of PCR amplification VHH and gene [[

2 SARS-CoV-2 RBD EHHEHRIE 4HUFEE

SARS-CoV-2 RBD £ EcoR I #1 Kpn I 1] 15
F 4 800 bp By # A H B A 750 bp By SARS-CoV-2
RBD HH KM (K 3)., X HAREEFBWF, &
Megalign # 14 e XT 5 #4 @ SARS-CoV-2 RBD () i JF
SRR AE Ry 100%, 5 1 — 2, £ B SARS-CoV-2
RBD 41 ik b4 £ 2 .

Western blot 45 % W 7x, #4 # B SARS-CoV-2
RBD % 20 fi ki 7] AFE Expi293F WL 3h 4 40 M v 55 3
30ku [ SARS-CoV-2 RBD % |1, HiZ & 1 E S 41
T B (& O,

1 bp

800

M  Trans5K DNA #r&E# 1 SOE-PCR ) E4% BHA R SCJE =9
2 SOE-PCR ¥ 12 #E K R TR 3L BE
M  Trans5K DNA Marker 1 Construction of ribosomal display
library products by SOE-PCR
Fig.2 SOE-PCR amplified ribosome display library results

Bt SARS-CoV-2 RBD #H H# 174l fk . SDS-PAGE
Sraifb ) SARS-CoV-2 RBD Fi— 30 ku %K 4 4%
w5 . 2T SARS-CoV-2 RBD # [ 46
FES 97, 5%, AIAE R B PR T A0 oK P4 A 0 3%

M Trans5K DNA #rE# 1 pCAGGS-RBD 21 J5 ki XUt 1)
3 SARS-CoV-2 RBD E A RH WE I & E
M  Trans5K DNA Marker 1 pCAGGS-RBD double digestion product
Fig.3 Identification of SARS-CoV-2 RBD recombinant
plasmid by double digestion

kn M 1 2 3 4 1
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25

M EHSTHRERGE 1 5 Y SARS-CoV-2 RBD 41 i ki 41
fa B3 2 %Y SARS-CoV-2 RBD &4 JF kL AN M 44/ 7= 3 e ife
pCAGGS Z M BRI B 4 Fele pCAGGS 25 4 1A JTUk: 21 g 2
it V7

B 4 SARS-CoV-2 RBD %i% & HH#J Western blot 43 1

M  Protein Ladder Marker 1 Protein expression of recombinant cell
supernatant transfected with SARS-CoV-2 RBD 2  Protein expression of
SARS-CoV-2 RBD recombinant plasmid cell lysate transfected 3  Protein
expression of cell supernatant transfected with pCAGGS 4  Protein ex-
pression of cell lysate transfected with pCAGGS

Fig. 4 Western blot identify the expression of SARS-COV-2 RBD protein

3 SARS-CoV-2 RBD $s R MK AR IFIE 5 F 5
L ¥

X HE Y SARS-CoV-2 A% Hif A & 7% 44 2K it 1Ak SC
PEHEAT S - 28 MEGAT B 1) 1 3#E A0 R X5 4 K i 1
FP AT R GE Ay 2. BEMLPR LY 45 4> 5 v e L A 7
G 1] 22 S 3 R LR AE A AH ) 91, 36 B 28 5 S o i 1k
ARAF I GUR BRI R T 5 B R A Z R (8 6)

W

YR B R e R B I A A A A KTz AT L
B N S5 AL DR PR HA R R
1o AT PR | AR AL A 1 Bl 8 B AR A 3 A O R
Ok 22 b N FH FAE G R YY . SRS 0 Tt
PRHE L 90K B A 4 5T o BN, B T AR A Bl il R
b, 580585 G R )0 ARUE MR . GOR PR Y B AR R
F 3 X (complementarity determining region 3,
CDR3) K 16 ~24 A SER/R , 1M A0 i) 5 5% v] A2
X P51 CDR3 X R 9~12 4~ 3R . [ I 44 K i ik
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BT A7 G5, 5 PR AR LS A e
SR ARBFSY 3RS 37 45 VHH SR F 5, g
15 £ KF 13 MR 5 LR 40 %, BHA YK SO
i HL RS AR

ku

250
150
100

M
—
-
—
70 T
50 .
40 -
35 | ..

-

25

M EASTREARME 1 R LW 2 WHEW 3 WEHRK
4 R
B 5 #ifk SARS-CoV-2 RBD & B SDS-PAGE 4 #f
M  Protein Ladder Markerr 1 Unpurified cell supernatant 2
Fluid flow 3 Washing liquid 4 Eluent
Fig.5 The purification results of SARS-COV-2 RBD protein were
identified by SDS-PAGE

6 WMABEEEFTSHEEST

Fig. 6 Analysis of gene sequence diversity of nanobody

H AT A UL 08 B A J R SO A AR AR R R S
JEE W TR AR 7R ST R I B R R SC L A B A R R
SCHEF AR5 H Al R 735 SC PR 2 AR R B A 2 T Sy R pR
FEAALGEWE 1R 32 IR T AL RCR Y F AR ST, BT A
BRI RK, WA B TR R R AR E
F18) 55 DXL 7 85 RS 1) O S RS R AR AR AT N TR B Ak
K 35 A VAT TR R AT o B R 3R 38 TR IR 3 o 0T ) 85 12
PCR (error-prone PCR) #1 DNA & 4 (DNA shuff-
ling) &8 7 1 B8 oy 51 N 5878, W AE 1 — %0 1 1 SC %
A mRNA i 5 PCR 5 AR X S - A7 3 Ak 41
SE 1) AL, S TR A S R T B L b
R EHBPR G XN MR A EENE
o ASBIEGE R FH A% WE R i 7R SC P8 G 36 Bt 44 i DR %) ik
AR Bk IO X 5% BE R A B T AL

BT BRI, BT RO IR i s ST i 4 7 A
HMFEAT PRI KT T 5 50 s A T 4 R R R R A AN oK
B, PBMCs 43 B DL ) cDNA & i3 % 7 L W) &% 4
SO S TAE & N k17, DLy Lk 40 i i 75 44 A1 RNA

PR A o X T AZ WS A JR 7R SRR (R AR A N T A
SCHE i 8 v B el T R D R 1 R A AR SRR E T
A 2%, T DA R 4 I R) PR A7 F-80°C LA A 4 1K IR 3 B
b IR T B A S U 2 1K L OR A B ] AR
A BT A A R T SC T B TR 28 AR L 5 A A1 e
SE BRI ROCR

AHFSE I ) H HE SARS-CoV-2 4% 8 14 8 7 4 ok
R SCPE AR ZS R 1. 12X 10", 20 5 78 ¥l (14 44 K
UK SCPESE 8R4 . R AW FL 3 ) 35 R G ) R ik
Wi 97, 5% ) SARS-CoV-2 RBD 4 14, ¥ Hi/E
SR B LB R R K BT AR SC PR R AT DU A R S M O S L AR
540 523 HT 5 Z 88 1 = 5 9 90K PR 3L 5 7 51
i SARS-CoV-2 g Kbuik iy 4R 15 25 T 5l AW
% JIT 38 ST 118 S 56 G A, T Sy A X HG AR D ) A K B 1
SCHE R 5 i e dR Ik S %,

CEPE)
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