% B
: 20222113049 BARA: 10759

AAFKRE
it = 1ive:z

SHRimE S ERS ﬁhh%ﬂ%?ﬁﬂﬂ%&
AGTHNEZRIENEYFIELEE

F A B ISESA =Pk i

, N B HIZ
w5 %K W

ER RR

W F AL KK A ZW A+
2 M.+ A K EE
wOR hF  H sHMERRRSHEHERA
B E TR R R

HE e BT - T
2024 £ 5 A



_1:17' EIE( é&:
<: 20222113049 BARA: 10759

ARFKREF

FHERmE S EAZRENTEE . ETPRNRE
AGPHNESRRIENEFIELETE

¥ fo# E A B

%A BlH
%5 H O

X% FER
i A ] A WA+
2Rt 4 H BE
FoOoR F W RMERERD NS ERA
ok ¥ K R EER

FE - HE BT
2024 4 5 A



Preparation of polyclonal antibody to bovine coronavirus S protein,
eukaryotic expression and biological activity identification in

baculovirus system

A Dissertation Submitted to
Shihezi University
In Partial Fulfillment of the Requirements
for the Degree of

Master of Agriculture
By

Han Xiangshu

(Master of Veterinary Science)

Dissertation Supervisor: Prof. Jiang Song

Boffin. Xia Jun

Shihezi, Xinjiang, China

May,2025



AT TR LA SO B R 75 B 2 A P 1R AN S B

SR SO B 1 1]

ARNPFT R AL H AL SRR PN 1 5 T BT 00 AR AR BRI SR o 95
TR, BRoCh CAVEN S RSN, AR SO & HAb A N B4 K 3R B 5 it
TR o WFASCHIWT T BB STk AN AANERAR, 8 A SO AT 1 B 0 1 B R R
R

+ -
woss: SHHIZ W, 20054 sA 208

il AU W

ANGEE T IRA T R R L A AR SO e, R BUIR B A AR S
I 160 [ 2 2 P8 i S WU E A28 S LT RRORAR T it o A3 UK A6 18 SCAE 22 A TR S
TEORAFIF SOV B . BB AT BV AR AR 2R3 3090 AN A B e 1R A 2R IR 55
AU AL SCRORR AR g R ORS00 STHE AR Jo o FH A HILE

~\._

WL %ﬁ%}, E 202545 5H  20H

2
2
SNz 4 '%‘4;%» I} ] 202546 583 20H



AR
BIAXEARE RN
HMEEERFRHIEREARERATLRE
(IME %3S : 2023A02007)
RAULEA-FERERRATTE
G ENBEHELRHIELREEARAR
(IE%S: 2022TSYCCX0046)

=B



e

Hity: 47k (Bovine Coronavirus, BCoV) & 3 B4 IEY5 S MW IE e 1 B 2005 [ A4, FLI 2R
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Domain, RBD, 310-612aa) , @ HEAHK pET30a-RBD, #41L%E K7iF# BL21 (DE3) WSk
ke ET AT B T, %)% Balb/e /NI 2 e BEDUMA, i@ id 4% ELISA. Western blot
Kl 5ot (FA) MMPTASn SRR, Q)F 1 S A KIER, A8 B AR 250k
pFB-S, 4% SO R di4giffrhRikHELA S 1. it PCR. IFA K Western blot 3 iERIEE, I
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P IX A7 B A 1308-1330aa K& 36 > B 4IRS (RBD & 124 o M UTLMEINE, =%
S5k ST — 3. )ik 39 kDa i RBD HH, 4l )5 fe /N IR Rk 1:128,000 2 50
BEHR. Western blot 5 IFA HESEHUA AR IR R AR S S E &Gy BCoV 1) HRT-18 4HiJfl. (2)E
YRR rBV-S 7 SO HIA R s 23R IA 150 kDa &K S &, ERIALME N MOI=1. &L A
96 ho IFA BrnEA & H A2 st iASr R . See /N BT IL-12 5 IEN-y/K-F 22 T s
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FIPHELA S AT T Thl B Gse N E I PRGBS A .
210 AWFFURIIH % 7SR RBD 2w ik, JFES P HPRASEAEREERGH T S EEK
RIRUEF= . G SEIS RS 2H S B 1 R) IR B SR A M e 5 R BCoV T A P 1 12 ik 7 (R
KRBT | E AL
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Abstract

Objective: The current cattle breeding industry is severely affected by diarrhea diseases. Previous
studies have shown that bovine coronavirus (BCoV) is one of the main pathogens causing cattle diarrhea.
This experiment predicted and analyzed the structure and potential functions of the spike protein (S protein)
of bovine coronavirus (BCoV), and conducted cloning expression and polyclonal antibody preparation. The
S protein of bovine coronavirus was expressed through the eukaryotic expression system, and the cytokine
levels were measured after immunizing mice to evaluate its immunogenicity as an immunogen. This
provides a basis for vaccine research and laboratory diagnosis.

Methods: (1) The biological characteristics of the S protein were predicted and analyzed using
bioinformatics software. The receptor binding domain (RBD) gene was cloned and ligated to the
prokaryotic expression vector pET-30a(+), and the recombinant plasmid was constructed and transformed
into BL21 competent cells. The expression was induced by IPTG, and the expressed protein was purified
by nickel column and used to immunize mice to prepare polyclonal antibodies and detect them. (2) The
full-length S gene was amplified by PCR and cloned into the pFastBacHT B vector to construct the
recombinant plasmid pFB-S. The pFB-S with correct sequencing was transformed into DHI10Bac
competent cells to obtain the recombinant bacmid (rBacmid-S), which was verified by PCR and then
transfected into Sf9 cells to obtain the recombinant baculovirus (rBV-S) and identified by indirect
immunofluorescence (IFA). After optimizing the expression conditions, mice were immunized and the
levels of IL-12 and IFN-y in mouse serum were determined.

Results: (1) The S protein is composed of 1364 amino acids, with a relative molecular mass of 150.81
kDa and an isoelectric point of 5.51. The instability index is 33.22 and the hydrophobicity index is 87.22.
The amino acids 1-1307 are the extracellular region, 1308-1330aa are the transmembrane region, and
1331-1363aa are the intracellular region. The amino acids 1-14 are the signal peptide, and 310-612aa are
the RBD. There are 36 potential B-cell epitopes, with 12 in the RBD. The a-helix accounts for 27.95%, the
B-sheet accounts for 23.04%, and the random coil accounts for 49.01% of the protein. The analysis of the
tertiary structure of the S protein is basically consistent with the prediction of the secondary structure. (2)
The RBD of the S protein was successfully cloned, and its size was consistent with the expectation. After
ligation with the vector pET-30a(+), double enzyme digestion and sequencing verification showed that the
vector was successfully constructed. After SDS-PAGE and Western blot verification of successful protein
expression, the purified protein was used to immunize mice and the serum was isolated. The titer could
reach 1: 128000. Indirect immunofluorescence and Western blot verification showed that the polyclonal

antibody could recognize the viral S protein, indicating that the recombinant protein has good
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immunogenicity and can induce the production of virus-specific antibodies. (3) PCR identification and
sequencing results showed that the recombinant plasmid was successfully constructed. Sf9 cells infected
with rBV could produce an immune fluorescence reaction with the polyclonal antibody against bovine
coronavirus, indicating that the S gene was correctly expressed in rBV. (4) After optimizing the expression
conditions, rBV-S was massively cultured, and the culture supernatant was harvested to immunize mice.
Seven days later, 200 puL (TCID50) of BCoV virus liquid was injected, and the levels of IL-12 and IFN-y in
mouse serum were determined. The results showed that with the increase of immunization times, the levels
of cytokines in serum increased. Compared with the control group, the positive rate of BCoV PCR in the
intestinal contents of immunized mice after challenge was reduced, indicating that rBV-S has
immunogenicity.

Conclusion: The structure and function of the S protein of bovine coronavirus were successfully
analyzed and predicted. The recombinant protein and polyclonal antibody of the receptor binding domain
of the S protein were obtained. The S protein was successfully expressed and used as an immunogen to
immunize mice, which could induce the production of cytokines and reduce the positive rate of BCoV
nucleic acid in challenged mice. This laid the foundation for the research of recombinant protein subunit
vaccines.

Key words: Bovine coronavirus; S protein; Biological characteristics; Polyclonal antibody;

Eukaryotic expression
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Figure 1-1 Structural model of the coronavirus and electron microscope image of the virus particle
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