AR K24 2025,3001):131-141
Journal of China Agricultural University http: /zgnydxxb. ijournals. cn

B METE RIS HKE, TR, = FER KT, R, EXG BEF FE,BIED. B XCRI/FMDV UHSARNGERAZANHESEE(].
R E ARl K #24R ,2025,30(01):131-141.

YANG Li,DU Luping, HOU Liting, ZHANG Haoming, YU Xiaoming, LI Lan, QIAO Xuwen,ZHANG Yuanpeng, QIN Zhu, WANG Yiwei, ZHENG Qisheng,
CHEN Jin, CHENG Haiwei. Preparation and identification of porcine XCR1/FMDYV bispecific nanobody fusion protein [J]. Journal of China Agricultural
University,2025,30(01) : 131-141.

DOI: 10. 11841/j. issn. 1007-4333. 2025. 01. 11

% XCR1/FMDV W R ke EaNH &5 L E

BRI MET BB OKEH FRUC 2 2 OR4RY
KTt &= A O EXMEHEY OREA K Y OREIVY
(1. VLB AR B2 B 3 %5 TR 5 T/ [ mm&%ﬁ%ﬂnulﬁﬁﬂﬁﬁﬂlﬂ /LA B MR 5% s s
1= M 210014 ;
2. HH AR W (BRI 2R AR A o0 TR ZR I 2253000

H E AAIHFMDVRAREGREZEBDCHB I MR IAG AL , AMEAN AR AR RE T H
XCRI1 B89 & G, AiZ &G A R B R 25 F 52, I SN B do bk & 20 R 49 % mRNA 5F R 3 3 4 cDNA, #2275 B 1k
Je WA R SR LR, 3T 346 F Fo ik b AT B XCRL A F M 2 KRBk s A Al SOE-PCRE AR W% 4 Ktk Fo 5 O A
FMDV #F 5 1 2 & 324k Nb205 % 4, #) 8 XCR1/FMDV U4 5+ 24 K Ak ik &% @ ﬁféﬁ‘%iﬂ}] SR R R R
XCR1 B #% & ,SDS-PAGE #» Western blot £ R 27, Z A8 2 F 2 X A4 35 ku, A6 H ., 2)F 5 b iF i A
1:64 000, #% 2L &R ME el AR T L EEEZHA L 91><108LFU/mL,%éA$-/J 91.3%, % # 47 ; 43
B Ao GH R RAF T MR ANDTS, A B ELISA 2 R 2 74 R K45 F 2 5 XCR1 4 4. 34 A SOE-
PCR# K % 7 #3 XCR1/FMDV 8U4F 7 #h K 34k k&% & Nb75-205; SDS-PAGE #= Western blot 2 & ,iZ & & ££
KmAHE P THEERE, L2 R4 M, W3 ELISA 4 £ 2 7 Nb75-205 46 B 6 5 XCR1 B ) % & f= FMDV
FREA, B, AFREAEE AR T AR EFH XCRLAF F A KR, I M A XCRI/FMDV a4 5 ¢h
K I ARBRASE G ND75-205, B ZHOARKZRAELEM, 5XCRIBEGRFMDV R R LA RIFHLELF
M, A i —F R FMDV 3R 69 # XCR1 $e 6142 2 5T 70 3 52 A ol

KR AWEAT K] MEFFHRRA; ZRIAE; FMDV

FESES S852.4 XEHES 1007-4333(2025)01-0131-11 XHARERS A

Preparation and identification of porcine XCR1/FMDV
bispecific nanobody fusion protein

YANG Li"?, DU Luping"?, HOU Liting"*, ZHANG Haoming'?, YU Xiaoming'?, LI Lan"?,
QIAO Xuwen'?, ZHANG Yuanpeng'?, QIN Zhu'*, WANG Yiwei'?, ZHENG Qisheng'?,
CHEN Jin"?, CHENG Haiwei"*

(1. Institute of Veterinary Immunology & Engineering/National Research Center of Engineering and Technology for Veterinary
Biologicals/Jiangsu Key Laboratory for Food Quality and Safety, Jiangsu Academy of Agricultural Sciences,Nanjing
210014, China;

2. GuoTai (Taizhou) Center of Technology Innovation for Veterinary Biologicals, Taizhou 225300, China)

Wi B 2024-02-23

E&TA: IH4AARFEESTE (BK20231389); El X B AR FE ST H (32102690) ; “+ M " & R #H & T 5 (2022YFD1800800)
E—1EE . HF (ORCID:0009-0008-8615-9317)  BIEHMRR . FENERMET L HWEFENRILHH R . E-mail: yangli411041@126. com
B 1E#& : 1218 T (ORCID:0009-0000-4615-0483) . BIM K R . FENER H R BB AN RSN A E-mail: chw5673@126. com



132

0 LN ES I Y NS S 4

Abstract In order to enhance the immune efficacy of FMDV vaccine by targeting FMDV to porcine dendritic
cells, the target protein XCR1 was expressed using prokaryotic expression technology. Subsequently,
alpacas were immunized with XCR1 as an immunogen. The total mMRNA of peripheral blood lymphocytes of
alpacas was extracted and reverse-transcribed into cDNA. A phage display nanobody library was
constructed and XCR1-specific nanobodies were obtained after three rounds of affinity screening. Following
this, a bispecific nanobody Nb75-205 targeting both XCR1 and FMDV was constructed by connecting Nb75
with Nb205 anti-FMDV nanobody using SOE-PCR technique. The results showed that: 1) The target protein
XCR1 was successfully obtained, SDS-PAGE and Western blot analysis showed that the molecular weight of
this protein was about 35 ku, as expected. 2) Antibody titers of alpacas were 1: 64 000, meeting the
requirement for database construction. The phage display library size was approximately 1.91x10® CFU/
mL, with an insertion rate of 91.3% and good diversity. After three rounds of affinity screening, the
nanobody Nb75 was successfully obtained which could specifically bind to XCR1 as detected by Indirect
ELISA. 3)The XCR1/FMDV bispecific nanobody Nb75-205 was constructed through SOE-PCR technique.
SDS-PAGE and Western blot results demonstrated that this fusion protein could be expressed in a soluble
Indirect ELISA results indicated that Nb75-205 was
capable of binding to both XCR1 target protein and FMDV antigen.

form in Escherichia coli, with a dimeric structure.
In summary, anti-porcine XCR1
and XCR1/FMDV bispecific
nanobody Nb75-205 was successfully constructed through SOE-PCR technology in this study. Nb75-205

nanobody was successfully obtained by phage screening technology,

was a dimer and could react with both XCR1 and FMDV, which laid a foundation for the further study on the
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presentation of FMDV targeted by porcine XCR1.

Keywords chemokine(C-motifireceptor 1; bispecific nanobody; dimeric protein; FMDV
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Table 1 Information of sequences of primers used in this study

BAGREE/C o R/ /bp

He A SIMFHI(57-3") i
. . . Annealing Product
Gene Sequences of primers (5'-3")
temperature length
F: GGATCCATGGAGCCCTCAGATATCCCAGAGT
XCR1 65.0 930
R: TTCGAATCAATAGAATGAGGTGCCCTCATAG
VEH— F: GTCCTGGCTGCTCTTCTACAAGG
> 61.3 750
M8 R GGTACGTGCTGTTGAACTGTTCC
F: TTATGCTTCCGGCTCGTATG
PMECS 53.1 750
R: CCACAGACAGCCCTCATAG
F: GATGTGCAGCTGCAGGAGTCTGGRGGAGG
VHH 68.0 350
R: CTAGTGCGGCCGCTGAGGAGACGGTGACCTGGGT
F: CAGGTGCAGCTGCAGGAGT
Nb75 R: TTTTAACGGTATAGGTGGTCGGGCAACCCGGACACCTCATGGT 591 350
TGAGGAGACGGTGACCT
F: CCGAAAAGCTGCGACAGGGGGCCAT
PA 65.0 300
R: TGCAGCTGCACCTGTGGGCAACGCC
F:CAGGGGGCCATGCGGGCGTTGCCCACAGGTGCAGCTGCAGGA
Nb205 GTETGGEG 68.0 350

R: TCTAGATGAGGAGACGGTGACCTGGGTCCCC




134 0 LN ES I Y NS S 4

2025 4F 45 30 %

1.2 ¥ XCR1BEWEBAMEZEKIE
1.2.1 TRk B heh My

FFH TRIzol ¥4 42 BURE AL JIE 20 20 5 RNA , fiff
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Table 2 Schematic representation of three rounds of bio-spanning

LB e/

AR H RS PBST (Tween-20 #k

K N ‘ PBST ¥tk

N% Af (pg/mL) i (10%PFU) /% wi‘f*
0. 0
Concentration of Blocking solution Quantity of Concentration of }\ )
rounds . ; Washing time
coated antigen phages input Tween-20

1 1 5% Skim milk powder-PBST 2.25 0.1 10

2 0.5 3% BSA-PBST 2.25 0.25 15

3 0.25 3% OVA-PBST 2.25 0.5 20
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HE WA T AR, ] PBS H R 5 IE AT R R B0
WedE 3. R NI-NTA 3 HUZ B kE X B3 R 47
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H 25 (R 17 5 A2, Sk 50T T 2 38 1 XURR 5 40 K e
K Nb75-205 f& 75y — B AR 45 4, 130 5 R U in 368 Jit
) BB KL T R 6 R
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BB KT
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1) Nb75-205, [a] B 43 ) 15 & I A Nb75 il Nb205 f#y
XFHE A, 37 CHEHE 1 h; PBST ¥E & 5 WK Ja A
100 pL 1:2 000 % B (1 Mouse anti-his P44 , 37 “Clg
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BB A% XCR1 H 4 £k, 405 R IR 2lifb,
R Elglifb )5 R XCR1 H & H, 24 SDS-PAGE #il
Western blot 85 , i & 1 78 , 3 XCR1 H 19 4 H
AHXT 43 1 fF K /N2 35 ku, 5 LA R /N — 3, 4
1E90% LA ko
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FIHIHE XCRL H 0 8 1 R £ 58, K 2 £ 5
B 93 i Tl B g R R TR A oK e R S A o R
K. 26 RSP il 4% ELISA J7 i 0 e Hbt
R A . B 3 PTR , SEBEHUARRLH T3k 1:64 000,
T2 R EE R . SR 6 5 19 F 3 A1 R i ik B 4n
FL, P2 HUE RNA 28 I 5 349 cDNA, I DU Ry 5
W4T PCRY™ 1S GRAG QK Bk FE I | By, &2 7
AR AL IS AR AR W A R R N K BRSO .
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(a)SDS-PAGE ; (h)Western Blot; M : % 4 Marker; ¥ it 1
T 4B S B TOTE RE B 5 TG 5. SR Malifb )5 1 XCR1I HIE A .
(a) SDS-PAGE; (b) : Western blot; Lane M: Protein Marker; Lane

<5 T A A BRRE L 5 KO 2

25

VBT B AR AR s DK 3« SR B L TRORE 5 UK

1: Whole bacteria sample before induction; Lane 2: Whole bacteria

sample after induction; Lane 3: Supernatant sample after disruption; Lane 4: Precipitate sample after disruption; Lane 5: Target protein XCR1

after purification.
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Fig. 1
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Identification of expression and purification of the target protein XCR1 of porcine
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(a) Schematic for the vaccination procedures of alpacas; (b) Schematic for the construction of phage display nanobody library.
H2 FIeiEiE B R IR R R AR B SRR A R R

Fig. 2 Schematic for the vaccination procedures of alpacas and the construction of phage display nanobody library
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FIF 445 3% XCR1 H A 8 A1 S pidie,
Ze 3 3%E R MG VL 5 , UM XCR1 H 098 (A 147 51
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2.8X10 °, 5/ =R E LR N KM 43714,
FHPUHE XCRL H Y E AU PRS2 TR KR
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Fig. 3 Detection of antibody titers in alpaca serum by XCRI/FMDV BURE 5 98 K0 H BB DA B, A e

indirect ELISA SFT/R , AR v Be R/ 1000 bp 2247, 5 Tl i
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M:DL2 000 DNA Marker; 1~23 : B HL b % £ 50 52 [ B 7% 5 C < X BRRE i
Lane M: DL2 000 DNA Marker; Lane 1-23: Clones selected randomly from phage dlsplay nanobody library; Lane C: Control.
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Fig. 4 Identification of insertion rate of phage display nanobody library
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Fig. 5 Sequence alignment of the randomly selected monoclonal colonies
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Table 3 Enrichment of phage particles displaying specific anti-porcine XCR1

I 1 e ¥ WL DL IR BE / Cpg/mL) BEASCE | /10°PFU fif #7749 /PFU AR
No. of rounds  Concentration of coated antigen  Quantity of library input ~ Dissociation product — Degree of enrichment
1 2.25 1.45X10° 6.4x10°
1
0 2.25 3.3X10° 1.46X1077
0.5 2.25 9.6X10° 4.27X10°°
2
0 2.25 2.0Xx10° 8.9x10°7
0.25 2.25 6.3X 10 2.8X107°
3
0 .25 1.59X10° 7.07x1077
3 T, B R BN H AR R BOR/NART & R A 3R
SSTarget protein XCR1 ii%lz{jg*@ .
== His Hr% 8 F =
L2 Protein with His-tag 2.5 XCRI/FMDV ¥ EMANETHEEARNR
=
e 5 i
8 & - e S
o8 | 1 pMECS-Nb75-205 5 41 3R ik W % Fh TB K 57

777277

\
N
0 in Nm Na 8a Na E\n Nim_Bim =BT BN Ts]
1 6 1520 27 34 4149 58 63 75 87Control

YSRGS No. of nanobodies
E 6 B#Z ELISA 5 AR AKX nESE XCRIENE
BHHEGEYE
Fig. 6 Detection of the bindinging activity of different
nanobodies to porcine by indirect ELISA
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Nb6 QVQLQESGGGLVQPGGSLRLSCAASGRTFSNLSMGWFRQAPGKEREFVATISRSGGYTTYADSVKGRFTTSRDSAKNTVYLOMNNLKPEDTAVYYCGAGSALYSS--TIYSRAGSYNYWGLGTQVTVSS
Nb27 QVQLOESGGGLVQPGGSLRLSCAASGRTFSNLSMGWFRQAPGKEREFVATISRSGGYTTYADSVKGRFTISRDNAKNTVHLOMNSLKPEDTAVYYCAAKAGLSSP--SVYG-—--YNDWGQGTQVTVSS
Nbs8 QVQLQOESGGGLVQAGGSLRLSCAASGSTFSINGIGWYRQAPWKQRELVAAIS~-SGGSTNYADSVKGRFPISRGNAKNTVYL-MNSLKPEDTAVYYCNAEVHDYYS~~DYEN~-~~~FGSWGQGTQVTVSS
Nb63 QVQLQOESGGGSVQPGGSLRLSCVASGFTLDY YAVGWFRQAPGKEREGVSCITSSDGVTWYTDSVKGRFTTSRDNAKNTVYLOMNSLRPEDTAVYSCATECSLYSGGWLYTKETEGDNYRGQGTQVTVSS
Nb75 QVQLQOESGGGLVQPGRSLRLSCAASGFDFGRY YMSWVHQAPGKGLEWVSSIYASGSDTFYADSVKGRFTISRDNAKNTLYLQMNSLRSNDTAVCYCVNNPESIPS--TLSG-~-~FGSWGQGTQVTVSS
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Fig. 7 Sequence alignment of the 5 anti-porcine XCR1 protein nanobodies
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M1:DL2 000 DNA Marker; M2:DL10 000 DNA Marker; 1: Nb75 4" 3 7= 4 ; 2. PA " 34 7= 4 ; 3: Nb205 9" ;= 4 ; 4 : Nb75-PA ¥ 34 7= 4 ;5.
Linker-Nb205 4" 3 7 ) ; 6 : Nb75-205 4" & 7= 5 ; 7 - K 2 i ¥ () pMECS-Nb75-205 5 21 i ki ; 8 : XU )5 19 pMECS-Nb75-205 5 21 Ji ki

Lane M1: DL2 000 DNA Marker; Lane M2: DL10 000 DNA Marker; Lane 1: Nb75 gene of porcine amplified by PCR; Lane 2: PA gene
amplified by PCR; Lane 3: Nb205 gene amplified by PCR; Lane 4: Nb75-PA gene amplified by SOE-PCR; Lane 5: Linker-Nb205 gene amplified
by SOE-PCR; Lane 6: Nb75-205 gene amplified by PCR; Lane 7: Recombinant expression plasmid pMECS-Nb75-205 without restriction enzyme
digestion; Lane 8: The product of recombinant expression plasmid pMECS-Nb75-205 with restriction enzymes digestion.
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Fig. 8 Amplification of Nb75-205 and construction of the recombinant expression plasmid
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(a)SDS-PAGE %7€ ; (b) Western blot % % ; M : 2 11 Marker; 1+ 175 S il A9 A2 BRE 5 2.0 9 S5 A9 A2 I RE & 5 3 BB JR A9 _E T VRORF: 5 4« AT
Jri B TTERE b 552 SE M4k i 19 ND75-2053 6« K 28 B-%i ik £ B Ak B 3 A4l 4k Nb75-205,
(a) Results analyzed by SDS-PAGE; (b) Results analyzed by western blot; Lane M: Protein Marker; Lane 1: Whole bacteria sample before

induction; Lane 2: Whole bacteria sample after induction; Lane 3: Supernatant sample after disruption; Lane 4: Precipitate sample after

disruption; Lane 5: Nb75-205 after purification; Lane 6: Nb75-205 after purification without being treated by B-mercaptoethanol.
9 Nb75-205 BEMERMRERAUETE
Fig. 9 Identification of the expression and purification of the Nb75-205
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Nb75-205: XCR1/FMDYV bispecific nanobody; Nb75: nanobody
anti-XCR1; Nb75: nanobody anti-FMDV type O.

10 [E#% ELISA #& il Nb75-205 5 XCR1#1 FMDV H &
R4 R
Fig. 10 Reactivity of Nb75-205 with XCR1 and FMDV
detected by indirect ELISA
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