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Phage Display Library — Based Screening of Anti — Coronavirus Spike Protein Antibodies
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Abstract: Objective To screen specific antibodies that bind specifically to coronavirus spike protein (S protein) antigen.
Methods According to the coronavirus S protein family database, conserved sequences were synthesized and molecular cloning was
linked to the pet — 22 prokaryotic expression vector,and the purified protein was immunized mice to produce the corresponding
polyclonal antibody. Phage display technology was used to extract the immunized mouse spleen to prepare phage antibody scfv
display library,and after high — throughput screening,several antibody fragments with high affinity and strong specificity for S protein
antigen were obtained. Results The scfv phage display library was prepared by the synthesis of CoV_Spike_S1 - S2_S2
glycoprotein subunit of coronavirus S protein, and scfv fragment was screened for monoclonal antibody specific to coronavirus S
protein. Conclusion The constructed mouse anti — Cov - Spike antibody scfv library can screen specific antibodies that
specifically bind to coronavirus S protein antigen, which can provide a feasible method and strategy for further screening and
identification of antibody series drugs with potential treatment and prevention of coronavirus infection.
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AN, T SRR BOR 5 2 BRBUIRIR YT X Ttk
9o B 1) 20T SR KB , i R AU IAIR I B A AR Y
Ho g, BH W =2 B, B 1 1 Ak . © RN BTAR XT TFER
R AR 110955 B A oS EL A SR BRI D 70 e v Ak R
A 2 R A R 96 B 28 A8 T8 2 P A R I 5 Y
MU ARHIFFE TR H T A TR BE S B T AR S X,
B R PR %N B i TR X R g
B BUR sefv JE/R 5, T e 1 7 COVID — 19 F¢ =Pt
A, g ST T bR BE PR I 1E vk, it — BB N
O B R B O e R O BE IR A AR R AL S B
WIBWTF
1 #R5FE
1.1 &F. XG53

AL Z% . T100 8 PCRAY , ChemiDoc™ Touch %Y %E 18 K
181X, 1652660 %! Gene Pulser Xcell L ZE LAY, $40 T 35
Bio — Rad A ] ; Legend Micro2 1R %4 8 25 .05 HL , Var-
ioskan Flash %Y 22 T G B 5% , 34716 T 3£ [E Thermo 2
A 3 AKTA pure25 I 8 H 4l fb A% (32 [ 38 H A Al ;
K5600 / C #Y il &2t 53 56 O6 BEAL (b 5t B BB A BR 2
A]); G26 — SN48 A1 4> [ 3l H1 Tk & 4t (INTERLAB CO. ,
LTD. ) ; TE77XP A & 11 Hi 5% { ( 35 [8] Hoefer 2\ w] ) ;
JY — JXS B PR (o B AR ik i & A FRA A
INCO153 #Y 41 ff 1e 5L 155 55246 (75 [ Memmert 23 7] ) o

2 : PET - 22 sw fE 214 (9E [5] Novegen A H] L5
4220507101 ) 5 MR #E DR 57 2 25 F9 50 cDNA 5 1 A
B(LWAETAY THRERRSAERAA, 5N
2203040541) ; KIAHATH BL21 &2 S 400 (db st X4
AR FRA B LS 4 83041021) s SHR LR - 8 -
D - P ZUHE 1 (IPTG, it 5 2 623045) , Tris (It 5 4
524896) , Tryptone (1t 5 4 632510) , 14 F 3 [# Sigma
75 Al 5 Yeast Extract (BBI A= ip Bl 24 BR A AL it 5 4
202205162034 ) ;6 x His Ni 25 FUZ B+ (36 [H Cytiva
8T ) 5 TG Marker (165 2807315) , K #1 1 B #k
TG1 (45 2k 2445872) , 4l Byt i 44 UKL VEM13 (4L -5
H 2752874 ) , JFi ki pComb3XSS (5 4 2325681) , Trizol
R (A5 ok 2235698 ) , & FH ] e (415 ok 2145671) ,
Y1 T 2€ E Thermo Fisher Scientific 23 7] ;cDNA & iz,
&5 (Invitrogen 41 MY , #IL 5 o4 2589741) ; 38 A Hif 5 =X
M (PCR) ik 7] & ( H A Takara Bio 2~ & , it 5 K
2145893 ) ; Wik 5 2% nh ik (PBS, 41t 54 22060501) , B 2.
TBE(PEG) % (A5 4 22100607) , 3411 F b 5% 36
FRHEABRA A

W) BALB / ¢ M /N, 6 JE %, 0 T b 5 i DL 4
HIRAF, s =4 #AE% S 110324230100220937,
W A PR AL E S R SCXK (5) 2019 - 0010, 47 35 T

SPF 358 /1, Ja) FE & i 45 A SPF 32 56 30 4 i 1) 77 R
Sl A ATIE S SYXK (1) 2020 - 0002,
1.2 A
1.2.1 ®RFHFS EaAKIKSA

FRAE AR 3 S B TR e, & R SF I 91, 43
T on R B pet — 22 JFAZRIBFAR PTG 15 T H 4 5
B A A I E Ik D% 1:100 88 T 5 mL LB(Kana + )
B Fe W R4 GREE K 37 °C, 576384 220 1/ min) B HA
£ 600 nm P A G EE (ODgyy) 24 0. 6 ~ 0. 8.,2) B i
1 mL R AE R AR T B, FERIAR TR I IPTG B
WA 0. 5 mmol / L ¥ GREA 37 °C, 55344 150 1/ min)
20 h, 5 R4 R H RIA L 3) RS TR TR TR D (R
2410 000 r/ min) 1 min, 5% 3§ W, H 300 wL PBS H &
PR DTE o 4) BUH 1 mL 3% 5 R, 25 T 5 0 (e il oy
10 000 v/ min)1 min, 7 F3EW, HI 300 L 1 x PBS 5B B
AT E o T 4% 175 5 TRV S o0 (B 394 10 000 1/ min)
1 min, 7 FWEW L, 01 mL 1 x PBS H & HATUE; B &
YRR AT R 7 I AR, 3 0 B T RS U YE O 1 x
PBS &L 5) AT 12% + B SL iR AN — 2 N I Ik et
JKEHL K (SDS — PAGE) Kl 434 , 7% £y i i e €8l iy
1.2.2 EAE A 6xHis Ni £ F 4t

DR | mLEDRHE T, & 4 CIRRAE T #E.2)
3 ~ SATAEAARRR Y 25 B 1 K P sk Hh At A7 22 v, A FH 10 4%
FEARFRE) Lysis buffer(8 mol / L JRZE - PBS) A 4: 1
3) LFE I E S min, AR R ZE K .4) H 1015 A4
TR Lysis buffer -7 1 AR, 7 LAE 1l . 5) T LRSS
WS A 20 f5 AR FLAL I /K Wash buffer(50 mmol / L
WK — PBS — 8 mol / LJRZ) ¥EH: T, JH 5 mL B4 ik
LEVEMEI - 6) B2 25 oA F 5 A5 R A ARUAS W] Ik i e J3 73
514 100,250,500 mmol / L BKME — PBS — 8 mol / LR %
A0 A 4K Elution Buffe PJEBAE T, 5 mL 204 W
WL, BRI 10 A5 FE AR B Elution buffer 285 , S £E 3k
W . 7) 47 12% SDS - PAGE 7341 o
1.2.3 ik

N 293T 41 it & 55 4% F DMEM /& B 15 92 3 (&5 A
10% Jii 4 1L 35 A1 19 WUHE) , LA 37 °C 5% CO, 4l g k%
A
1.2.4 JEJEE RNA 23

5 N0 B 0 B R, VT 50 mg B A, B A 1.5 mL
RNase free 1 EPEH, FIMA 1 mL Trizol i3], 213 ;7 |
RFEATINA 200 pL =5 ke, EFEENRS), ik E
5 min, B0 (EJE N 4 °C, %338 #4712 000 r/ min) 15 min;
W VW% 2 & RNase free [ EP &t Il A 500 pL
SENEE EAR R S CE 10 min, B0 10 min B3
WA 1 mLAERERR — TR (DEPC) KL & 1 75% LB
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DEIDUE , B0 G 4 °C, % 2 12 000 ¢/ min)
5 min; R EIEH, 2R BT, BIA 30 ~ 60 wL DEPCIK
VAR RNA I 72 RNA YR B R4

1.2.5  fufkEor Btz

H invitrogen first strand %51 £ 5 5 cDNA: 2% 3L
WRL8 1, 514045 /N DT A e AR B T A2 X VL AV,
% H overlap PCR DL 12 Z 22 4% 3 GGGGSGGGGSGG #
VL AT VH IR 1 2SR R B B 1 Sfil BRI Py DIt
BAFHI L Fr BE i A pComb3XSS A4 ; FHHL LAY F 2
JRCKEL, e AR AT IR TG RS2 A5 4 s 9 R 9% TG 1 4
L, M M3 Al Bl VOML3 I G (AR TG 1 R BT i J2X
BeJe FH PEG ULREWE B ASBURL, 7 T BSA TR T

VH 1 VL PCR §" 3 & % : 5 pL. ExTaq DNA poly-
merase, 0.5 U dNTP mixture, 0. 25 mmol / eachprimers,
10 nmol / each ultrawater 2 50 pL,

FASIEM PCRIAZR : VH 4 100 ng, VL4 100 ng,
K- A5 ¥ 10 nmol / each 10 X buffer, 5 pL ExTaq DNA
polymerase, 0. 5 U dNTP mixture, 0. 25 mmol / each ultra-
water 2 50 pLo

Mouse VL forward primers: MVL - F1 & 5 - cg-
geatttcgtcGAATTCcGAYATTGTDHTVWCHCAGTC - 3,
MVL - F2 A 5 — cggcatttcgtcGAATTCcGAYATTNWKMT-
VAHDCAGTC - 3, MVL - F3 & 5 - cggcatttegte-
GAATTCcGAYRTYBWRMTSACMCARWC - 3, MVL -
F4 75 - cggcatttegtcGAATTCcGAYATYSWGMTGACNC
ARBC - 3, MVL - F5 5 5 - cggcatttcgtcGAATTCcGAY
RYTGTKRTRMYYMRGDW - 3,

Mouse VL reverse primers: MVL — R1 4 5 — tectect-
gageegeegecgecagaaccaccaccaccCCGTTYNAKYTCCA - -
RCTTDG - 3, MVL — R2 & 5 — tcctectgageegeegeege-
cagaaccaccaccaccMCSTWBNABHKYCAVYYTDG - 3,

Mouse VH forward primers: MVH — F1 4 5 — ggtegte-
gtggttetggegecgecgectcaggaggaSAKGTBMAGCTBMAG -
SASTC - 3, MVH - F2 5 5 — gglegtgetegticiggeggcggeg-
getcaggageaSAGGTYCARCTBCARCARTC - 3, MVH -
F3 N 5 - ggtegtestestictegeggcgecegctcaggageaSAVGTS
MWSBTGRWGSARTC - 3, MVH — F4 Jy 5 — ggtogtagte-
gttctggeggeggegegctcaggageaGAKGTGMAVSKGRTG -
GAR TC - 3,MVH - F5 4 5 — gglgglgeleggliclggcggcggeg-
getcaggaggaGARGTRMARSTTSWBGAGTC - 3, MVH -
F6 5y 5 — ggtgstestosttctggcggcggcggctcaggageaSAKGT-
BMMNYTVVWVSWRYS - 3,

Mouse VH reverse primers: MVH — R1 4 5 — tictatge-
gcAAGCTTitaYGARGARACDSTGASMRKRGT - 3,
MVH - R2°4 5 - ttctatgcgcAAGCTTttaY GARGARRMSK -

52

KKASWGWGRT - 3, MVH - R3 & 5 - tctatgeg-
cAAGCTTttaY GAGGAGACKGTGASHGDGGH - 3.,

Primers for generation of scFv genes in SOE — PCR:
MscFv — F N 5 — cggeatttegtcGAATTCe — 3, MscFv - R4
5 - ttetatgegcAAGCTTita — 3,
1.2.6 RRFEEHFEELIE scfv WEE

D UL Al Ak B sl N 293T 4 i & 25 (A 43 51
PR REE 1~ 20 pg/ mL; FEFLLL 50 ~ 100 pL i
HINABERAL T, B 4 Cid i sk 37 CHERH 2 h; 37 KL
RS () B FH B A W0k 3 ¥k, B IR 3 ~ 5 min, 11T
2) N 293T 4 g S 2 (1 FRSeRo 2 S 2R AL gl LA FLom
200 wL B, 37 CEA 1 ho3) B H 521U, A 293T 4
Jf SR A AL AR FLINA 100 L 5 A 5 f i T 1S T e
B 1 hod4) [F] B 3f P 0 2 10 et R 58 S 2 T kAL
1 ho 505 & 2k N 2937 4 i S 2 11 A s TR AR TR 5 &8
R EE S B AR AL LTI R 6 ¥R IR KA T
BITG1,37 CHEIKZE ODgyy 5 0. 57547, 7) JH PBS IR 21K
2 G PR BE S R 8 FL.8) H 100 wL 0. 1 mol / L
= ORI, A B DR BE S B L I B AR B L9 I
A 400 wL Tris — HCI, LA = Z e A EP 45 . 10) W HX
2 WL R AT B R T, N PBS 198 WL, il £ B 3% 22 1)
ofs 5 VA VR o P A B R B O 0 s I AT R ) L T =
VR4 00 < TRTTROR A 55 / 60 B R A5 0 < U -l R
FR1D) BEANES B2 19 200 WL W R 800 L #4414
TG 1 KHFFE 37 CHEE 30 min, JRFE (54334 250 r/ min)
30 mino B 10 L &l VB, 15 952 48 52 o 12) 36 50 7 4% 114
A, 5 15 mL TG1 #E17 37 CIEE 30 min. 13) B (1
TR S B PR AL, FH 100 WL TG1 55 30 min,
W R AR TG L, ST e RN ) i BB 45 — Ok
JC I VR W B A, ELS DO AR W B AR 1) TG LIRS
4500 g 250> 5 min, ¢ P35, FH 200 wL 3% 7% 0 50T B
V7, PR T 15 em KIGFFRMR, 37 CHR KGR 14) 0
A LS mLIFFRI K50 158 NS 210 10 TG 1 8 78 42
FIT L - 80 CHIMARAE . 15) 4855 3 5 = Wy i ik L Bk
SR A G RN T S B M R AT B A
1.2.7  BEEC %% B RHR 30 (ELISA) #A scfv /00 5
FE

AP AL, A5 B AR, DU LRI R B
IR AR AL, i AW TR R ORI &, DRI AT A
AR L A ALY (HRP) bRic APt MI3 BLIRMR &, TR
IR A7, BB OD AR, FIKT BT R BUARZE &1 .
2 #R
2.1 {FAMRIEBEBRFE S EAEEARTE CoV_Spike_
S1-S2_S2

R 8 L < 45 #4380 800 P 2020 W B B 1B R
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cd22378, & IR B S 25 1A rp A P ST X s, Horp
FL45 ST FE A i 25 A 3, ST/ S2 Wi X\ S2 Fl 3 3
X BARSE P 51 8 BE BRI CoV - 2019 Fl™ 5 2k
WP 255 1E (SARS) 3L [F] R <7 15 91 oS B 12— R
FEALONE R 1, TG 22 R B Rl Mt A 40 A Y
PR R T OCHEMEE A Bk AR h LR B EE I
il 70 2 A ) R R A LS R T AR AR A AT, K3
A N B STV (24 700 Z2 2 ) F C i S2 755 (£ 600 2
IR ), 43 A T 5 1 A0 MR 6 B R Rl A o3 X5 ST/ .82
TR AR 2 B — A DO AR AR Y = SR AR5
SUWEEE S A Z K55 25 B (RBD) 5 S2 W7 JE 55 A e AR
5 T B A S A B, T i o MR 2 A ST T A A Y
ANIST I 25 RE R, BN o 45 4 S8R C 4 AR, I 254
B SD - 1 FISD — 2 45— AR AN [R] (1) sl R #5268
Y, AR N i 45 FE 3URT C 25 A8 AR BE A RBD  (H K £
Y 5 IR 9 7 9 5 SARS - CoV - 2, SARS - CoV,
MERS - CoV #{i i C 5385 32 IR 45 A o S2 WAL i 7%
AR S2 LA R L DY Rh A R, DL R 24 7 A
TR LR T B A4 B HR 1, HR2 Az 5 545 A6 B 2
— HpG#E20 S1 W L9 RBD 515 R 40 A0 32K 454,
HR 1 FTHR2 P53k % AR AR R B S B8 il A 4%
02 (6 — HB) , {5 1 AN 20 i P70 320 ) -l A5 gk 1) 5
BALE R T AR AR, SR AT B AE ST/ S22
(] () 57 s A TR, DTS Bl A S R o JU U SARS -
CoV — 27E S1 1 S2 . 2 [A] HA B & A4 A7 41,
X A N T A T R0 o K R e R R AR S
DNA 41 (& 1) FEFE R pet — 22 Fak AR, #4711
FRIE, R B AR AR ST 2Rk (F 2) o3l
i 8 mol / LIRZE M) , LA 6 x His NiAE4lifb, AR
DRI R , 15 21 = 2 BV 0 S B TR R B (K1 3) 6
2.2 EEHRBES®E BALB/ c /MNR, B ZHUE scfv 1
B RRE

BRI R R MR BTIR DL 1: 1538 R 58 24 7 58
R 8 /N 50 we R TS g, 2 S
PR R FLE 424 HU/NEL S0 e 39 J N i ik e
P25 5 2 J8] J JE J A SR AN iR A2 | AR BT, VAL T A
s Gy, B KON, 461k 1Y 8 A B fL
M, 47 ELISA D ZE , & IR APE J /0 BRBL A4 1y 22 B i
T B8 55 W) SR ML AT R Y A s N BT
A& PR, UESE S B PRSP 4
(FEl 4) o B A s 1 /0y BROBBLE , 45 BBEL RNA AR A1 /N B
PR FE BRSPS, 73 Bl B P& DNA 5 4 Fr 2
B5 R Bt , Hl overlap PCR G5 d 4 5 IF I 1 S/3E LM 7
F1), i 12 5o B % 2 A pComb3XSS ik 44 , B %% 1k A
TG KT Az 255, A Bl B s 7 44 JB0RE VEM13

Sub-family Hierarchy
| Interactive Display with CDTree | @

@ cd21698 CoV_Spike _S1-52_S2

—e cd22369 alphaCoV_Spike_SD1-2_S1-52_5S2

—. €d22375 HCoV-NL63-229E-like_Spike_SD1-2_S1-52_S2
@ cd22376 PDEV-like_Spike_SD1-2_S1-2_S2

L@ 422377 TGEV-like_Spike_SD1-2_S1-S2_S2

@) cd22370 betaCoV_Spike_SD1-2_S1-52_S2

1 cd22379 MERS-CoV-like_Spike_SD1-2_S51-52_52

@ <d22380 HKU1-CoV-like_Spike_SD1-2_S1-S2_S2
@ cd22381 bat-HKU9-CoV-1like_Spike_SD1-2_S1-S2_S2
—. cd?22371 alphaCoV-HKU2-1like_ Spike_ SD1-2_S1-52_S2
@ 422372 gammaCoV_Spike_SD1-2_S1-S2_S2

@ <d22373 delta-PDCoV-like_Spike_SD1-2_S1-S2_S2
L@ cd22374 delta—PiCoV-like_Spike_SD1-2_S1-S2_S2

1 BRHEZFSEBRIK
Fig.1 Coronavirus S protein family
M, M, 1 2 3 4

180 000
135 000
100 000

75 000

65 000
45000

35000

25000

M. W& M, Marker 1. RiFFHR 2. FFER 3. FFHAR
B LR A4 SRR BRI
B2 RABHERREXEMREINSER
M,. Internal reference M,. Marker 1. Uninduced bacterial solution
2. Induced bacterial solution 3. Crushing supernatant of induced bacte-

rial solution 4. Crushing precipitation of induced bacterial solution

Fig.2 S protein expressed by polyacrylamide electrophoresis in vitro
M, M, 1 2 3 4 5 6 7 8

15 000 : e

M,. W& M, Marker 1. E#3T 2. 245 3-4.100 mmol/L

“kek — PBS - 8 mol /LAZ 5-7.250 mmol / Lok - PBS -
8 mol /L J&#% 8.500 mmol / Lekwk — PBS — 8 mol / L k4

3 RERGERRERL KA 6 x His NitEF4iL/E S EAHER

M,. Internal reference M,. Marker 1. Before loading sample 2. After

loading sample 3 — 4.100 mmol / L imidazole — PBS — 8 mol / L
urea 5 — 7.250 mmol / L imidazole — PBS - 8 mol / L urea

8.500 mmol / L imidazole — PBS — 8 mol / L urea
Fig.3 S protein antigen was detected by polyacrylamide electro-

phoresis after purification by 6 x His Ni column
YL TG, 38 3 Wk B AR A 5e A0 2545 BP0 R 75 S 2
FOBL Ak R AR JRe s P (151 5) o
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B 1 %
100

80 =
60 -
40 —
20 =
0 SR
KA BHERTRRIIR Sepie/N R g
B
1 FEIRASE 2. REMIR 3 - 5. L R
A WA ENE LR B %t
B4 MREREMEHEENELSER

1. Positive antibody control 2. Uncoated antigens 3 - 5.Serum of im-

munized mouse
A. Results of antibody titer determination B. Statistical data

Fig. 4 Determination results of antibody titer in mice after immunization

M, 1 2 3 M,
2 000 bp
1 000 bp
750 bp
500 bp 500 bp
400 bp
300 bp
250 bp
200 bp
100 bp 100 bp

M,. DNA #RiT Hiclear 20 bp 1. T4 T XXy I A& 2. 5245
TERYHAK 3. FEPCREE4E24E5F4 1 £ DNA T
M,. DNA #4772 D1.2000
Es5 BRESSEAREN—KFT
M,. DNA Marker Hiclear 20 bp 1. Amplified fragment of the variable
heavy chain 2. Amplified fragment of the variable light chain
3. Synthesized one DNA sequence of heavy and light chains by SOE —
PCR M,. DNA Marker DL2000
Fig.5 A sepquence of the antibody fragment of coronavirus

S protein
2.3 EEsEE5ERRES S ERHREESHTE scfv R
IR 293 T 4 &, S IR L, D E Wk ) L
B FLARAE S e TR A JR s I B 0 R 5, W e BR B IR

54

FESETESS & N BT R B, R & A SR
JHEES AP, A 348, BUUHAR R U E H bR
Jei , A A A5 B4 R A AR 2, P ELIS A 00 5 Wt T AR R 7
JE XTSRS B S & R S AR R AR R
ARTEE S 5 FVRR SRS 4 B9 sofv W T A I0RL A 21 1 4%
K, A G SE AU R IERE R SRR3R 5 .
i JLEE DLIE #2002 o s 5, SO L BRI
FERES 2 ML A3 25 5 WTLIR sefv BB BB 1 HAR
sefv F BRI, B0 R S e o 2 S & DR 454
AN IEH A 25 o RE S5 NI 4 2L 5 g R A
LA WP R B2 ARG , MR G S e RN 7 S 3R
b AR B R, B T 2 iU R Bey

SEMZEERE (K 6),
E,so
4 =
> W S R
. B 2037 AN
2 4 Skl AL

e ke

0 1 2 3
E:HRAEAILE,P < 0.05,7P < 0.01,
Bl6 HREWEEELISANESSNER
Note : Compared with those of plastic blank holes,"P < 0. 05,
“P < 0.01.

Fig. 6 Binding analysis in a polyclonal phage ELISA

2.4 BRFS S EOHRUERTERE sctv §FiE

Pk i — e i S 8 TR & IS 1Y sefv SR v
B R Wi A A R, SR TG K HF I L i s Pk I ea
SR 250 1, RN 2 96 FLARGIEAT i iR, A5 B B v e
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Fig.7 The scfv fragment of polyclonal antibody specifically bind-

ing to liver cancer tissue
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