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Screening and identification of monoclonal antibodies against protective V antigen of Yersinia pestis
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Objective To construct a Nanobody (Nb) phage display library to screen neutralizing antibodies against
Yersinia pestis in order to facilitate the development of preventive and therapeutic drugs against plagues. Methods The
bactrian camel was immunized with recombinant Yersinia pestis protective antigen V protein. Peripheral blood lympho-
cytes were isolated, total RNA was extracted,and a phage display library was constructed. Then, protein V was used as an
antigen to screen the antibody library for three rounds,and phage-ELISA was used for monoclonal identification. The spe-
cificity and binding activity of the antibodies were identified by ELISA after the expression and purification of the enriched
Nbs. And the neutralizing activity of the antibody in vivo was evaluated by the mouse protection experiment.  Results

The phage antibody library with effective library capacity of 1. 9> 10° and good diversity of nanobody against Y. pestis V
protein was successfully constructed. Three rounds of screening were performed on the antibody library,and a 666-fold en-
richment for specific phage antibodies was achieved. Through phage-ELISA identification and sequence analysis. two
groups of phage Nanobody sequences with completely different sequences were obtained. They were successfully trans-
formed into fusion proteins linked to human Fc,and were expressed and purified,named VHH-hFc-1~8 respectively. The
eight nanobodies showed good specificities and high binding activity against Y. pestis V protein by ELISA. . Further ani-
mal experiments showed that one of the nanoibodies named VHH-hFc6 could produce 33% protection against Y. pestis
201 aerosol attack. The EC;, value of this nanobody was determined by ELISA to be 2. 452 ng/mlL. Conclusion A

nanobody library against V protein has been successfully constructed,and eight specific nanobodies against Y. pestis pro-

tective antigen V protein have been screened,one of which has good neutralizing activity.
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Table 1 informations of primer sequence

Bl 7B SIIFHI5-3")
Primer Primer sequence

CALLO001 GTCCTGGCTGCTCTTCTACAAGG

CALLO002 GGTACGTGCTGTTGAACTGTTCC
VHH-F CGGCCATGGCGGTCTCTAGCTGCTCTCACTG
VHH-R TCCCGCGGCCGCTGACWGGGTGAGAYGGGTGAC

2.3 HAMRAOEELFE HEHARERN VE
P AL B 2 4 1 A7 [ 6 O 6 Ok O s TR AR SR L E. coli
TG, B W IR RT3 ™ R 2R 2YT-GA
o PR AT G0 R B0 A4 JR 7R PR 1) 522 B0 R o L SR AT 3
WA

3 %% U %k 58 LS VOB A D B 4T phage-
ELISA %7€ , Jo KRBt I AR B PR B, A B B PR AR 3
£5 B DA A R PR S B TSR BH MR . G50 3 AR O ik
Je B A PR M S Bk oS A AR R S B Y . IMGT/ V-
QUEST #il DNAClub # - 5 Hra i 751 .
2.4 dAKEgRIR S ik DI R 0 BH PR v R A
WL TSy 8 VHH R H R B3l A S A ARSI
TE 2 XL R R B i % 38 804K pTSE-hFc, #4 @ VHH-
hFc Bt & E H FRIA TR YL FreeStyle™ HEK293-F
AT FEIK, XX LB 1 mL HiTrap™ MabSelect
Xtra A AT Sli4k , U5 4 VB I 06 B 4 2 PBS . 15 %
SDS-PAGE HLyk 53 #1 H 1
2.5 #AkAFFHAeal SRH ELISA ., sl E 4
B VAR R Y 2 sh ik i B & 2
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pg/mL,100 pL/FLAL 8% 96 FL A AR, [F] i 5 B 23 11 1L
XFHR L4 CHLPLE R PBST ik 3 W2 % MG 415 37
CHH 2 h FFEBG A 5 pg/mL R IHLA L 100
pL/fL,37 ‘CHEH 1.5 h, PBST ¥E¥ 6 W A 1 ¢
5000 #i B HRP #nicd -4t A 1gG, 100 pL/fL,37 C
B E 45 min, PBST ¥ 6 W &FLINA 100 L. OPD
AR LB A 10 min, I A 2mol/L H,SO, £ 1k
S i, FH AR AT ZE 492 nm/630 nm Ak WG (A)
5.

2.6 kA EEMNE [ 2.5 k. EARER
VEHOWHE N 2 pg/ml, 25 {4 A PBS, £l
Uk 3 MEEB R, 3L 15 MW ER . —Hih HRP
FRiC A LA A 1gG L OPD &8, B BRI 2 492 nm/
630 nm Ab WG (A)1H.
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B, 24 h J5 38 2k B o /s BROVE 5 F I BT AR 400 pg
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Fig. 1 Anti-V specific antibody titers in the serum of camel
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Fig.2 VHH PCR amplification results
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Fig.3 Detection of correct insertion rate of antibody library
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Fig. 4 Diversity analysis of primary phage antibody library
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Table 3 Antibody sequence analysis
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Table 2 Enrichment analysis of phage nano-antibody library Phage Quantity Repetition (‘eneti;‘ %)
‘ ‘ B B [ B[R antibodie (strain) rate Homology
SRR B lE Enrichment factor V-VHH1 26 42,62 (26/61) Viepac IGHV3S33 %01 F 61,4
Screening (CFU/mL) (CFU/mL) _— X .
Output/ V-VHH-2 7 11.48 (7/61)  Vicpac IGHV3S28 x 01 F 82, 64
rounds Input Output . N/1 N/2
mnput V-VHH-3 4 11.48 (7/61)  Vicpac IGHV3S53 ¥ 01 F 68.03
1 5 0x101 9.0%10° 1.5%10"° V-VHH-4 7 3.28 (2/61)  Vicpac IGHV3S54 % 01 F 86,46
5 L . s - V-VHH-5 2 16.39 (10/61)  Vicpac IGHV3S28 % 01F  82. 29
8. 0210 1410 4. 610 V-VHH-6 10 6.56 (4/61)  Vicpac IGHV3S55 x 01 F 85,04
3 Lox10"  1.0X10° 1.0X10°* 666 22 V-VHH-7 4 1,92 (3/61)  Vicpac IGHV3S54 % 01 F 87.50
V-VHH-8 1 3.28 (2/61)  Vicpac IGHV3S29 x 01 F  63.86
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Fig.5 Screening of phage nano-antibody library
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Fig. 6 Detection of phage-ELISA to recombinant phage
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Fig.7 SDS-PAGE analysis of protein purification results
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Fig. 8 Detection of antibodies specificity
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Fig. 9 Detection of antibodies binding activity
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T2 FFFE A A N 3.8 d. VHH-hFc6 £ & 52 5 it
WaE R ANA 2 H/NRAETE A G % 33.3%6(2/6),
VHH-hFe4 fl VHH-hFe5 4 /0 B BIE R H S 8 d
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Table 4 The passive immune-protective potency in mice by antibodies

BU AR ) AE15 / A7 % Y AE
BLIRATE e e %) FH (D)
fbody Antibody Survival/ Survival ~ Mean survival
name
dose total rate days
VHH-hFc4 400 0/6 0. 00 5.04+1.6
VHH-hFc5 400 0/6 0. 00 6.54+3.3
VHH-hFc6 400 2/6 33.33 10.7+3.3
PBS - 0/6 0. 00 3.6+0.5
100= —|
80+ “
<)
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o
2
€ 40
»n S—
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0 T T T = 1
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Fig. 10  Survival curve of mice passively protected by antibodies
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