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Abstract: Infectious bursal disease (IBD) severely restricts the economic development of the poultry
industry. Therefore, the development of safe and efficient IBD vaccines has become a key topic of
considerable interest. To explore the feasibility of using Eimeria tenella as a live vector for the
expression and delivery of infectious bursal disease virus (IBDV) antigens, this study constructed a
genetically modified strain of E. tenella (Eit-VP2) expressing the VP2 protein of the IBDV. An
expression plasmid was constructed, digested with enzymes, and then transfected into E. tenella
using nuclear transfection. Flow cytometry was utilized to sort and select positive strains expressing
the red fluorescent reporter gene (mCherry) , and the expression of the VP2 gene was identified at

both the genetic and protein levels. Results showed that after three passages in vivo in chicks, the
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transgenic E. tenella expressing VP2 protein had a positive rate of fluorescence exceeding 95% ,

confirming successful integration and stable expression of the foreign gene at both the genetic and

protein levels (with fluorescence rates reaching 95% in the offspring population).

Indirect

immunofluorescence results indicated that the fusion protein (Mic2-linker-VP2) was localized at the

apical end of the sporozoites of E. tenella. This study successfully established a stable transfection

system for E. tenella, laying the foundation for subsequent research on the immune protection of

genetically modified strains against infectious bursal disease.
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EHistone 4. FMOLE BRIV E (14 (9 5 45 X751 s M2e. H5NT W B 85 3 8o 7 M2 25 11 Mg S0 X BR 45 i 8 EYFP. 458
RO ¥ S 55" Arm A1 37 Arm. FE B 6 H Bk L ETH2_0942600 Al ETH2_0942700 (4 3" i ¥ 7¥ 51 ; 5° EtMic2. FE i
S F R AU Mic2 85 117 8 T 8 41 s EaMic2. R30S H Bk d i 2 (K Miic2 8 1 X5 91 s P2A. BAEE B E 5 Y12
BERY P51 s mCherry. 21 G568 H P51 ;U6. LM € HER U5 31 F 7 41 5 gRNA £ X8R HL E-M2e Bk T-DNA i A 55 (1)
FF51 s Kpn 1-HF . Rl 1 P4 1) il
EHistone 4. Sequence of the 5’ regulatory region of E. fenella histone 4; M2e. Structural domain of the extracellular segment of the
M2 protein of H5N1 subtype avian influenza virus; EYFP. Enhanced yellow fluorescent protein sequence; 5’ Arm and 3’ Arm.
3’ regulatory sequences of E. tenella ETH2_0942600 and ETH2_0942700;
protein Mic2 gene in E. tenella; EaMic2. The regulatory region of the E. acervulina microneme protein Mic2 gene; P2A.

> EMlic2. The promoter sequence of the microneme

Sequence with self-cleaving peptide function; mCherry. The sequence encoding the red fluorescent protein; U6. The U6 promoter
sequence from E. tenella; gRNA. Guide RNA sequence targeting the T-DNA insertion site in the E-M2e strain; Kpn I-HF.
Restriction endonuclease

E1 EFEARMNMKRITHFRFEZELEXE

Fig. 1 Design of recombinant plasmid and schematic diagram of sporozoite nuclear transfection
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Table 1 Primers for coccidia genome identification

BIE7/ i I FFN(5" —>37) J BER/N/bp

Primer name Primer sequence (5'to 3") Fragment size/bp
PCRI1-F CCGTTTAGCTTCTCCTGCATCAC 935

PCRI1-R GCCGCAAGAAACTCTGAATCC

PCR2-F CAAGGCAACAGGTTACTGTAGGT 803

PCR2-R GGAGTAGCAGCTCTTCTTTGCAG

PCR3-F GCGCAACGAATTCTCGTATGC 1552

PCR3-R GGTTGTATGTGCTTGTCTCGC

PCR4-F CCAGCATGGATCCTCCACAG 1432

PCR4-R CCCAAAAGCCCCAGCAATCTTC

PCR5-F GGATTAAGACAGTGTGGCCTACAAG 1445

PCR5-R GCCTGAAACGCATTTCCATGAC

PCR6-F GAGCTGTACAAGGCTAGCAAGG 728

PCR6-R GATCACGCTACACCGACCC

PCR7-F CCGGAATTGCGAGAAAAGATTTGC 3097

PCR7-R GGTTGTATGTGCTTGTCTCGC

PCRS8-F GGAGATTGTGACAAGCAAGAGC 2769

PCRS8-R GAAAAATTGGTTTAAGGGGCACCG

U A Y 45 R B 7R VP2 .mCherry il gRNA 3 H 7

2 & R A TE B 4, 5 R 3R W12 R 4 O AG A A O )

2.1 EHHARNMKBE

B, FRAR SpCas9 Bk K /I 10 508 bp, 5 52 B A/
4 3 2 31K JROKE p5'AMic2linkerVP2m3'A-U6bgR  HAFF (K 2) .
(9201 bp) ,Kpn 1-HF BEUIZEMEL Bk K/ NA 7 340 bp,

a. JiUkE p5'AMic2linkerVP2m3'A-U6gR B % 52 (M. 1 kb Plus DNA Ladder; 1. &AL TR ;2. BRI R XTIEZL) 5 b, SpCas9
Jiki %% (M. 1 kb Plus DNA Ladder; 1. ¥R 5k
a. Plasmid restriction enzyme digestion identification (M. 1 kb Plus DNA Ladder; 1.

control group) ; b. Identification of Cas9 plasmid (M. 1 kb Plus DNA Ladder; 1. Circular plasmid)

2 i #I p5’ AMic2linkerVP2m3' A-U6gR E 7] 4 £ #1 SpCas9 R#L 4 &
Fig. 2 Restriction enzyme digestion analysis of plasmid p5’'AMic2linkerVP2m3'A-U6gR and identification of SpCas9

plasmid

Linearized plasmid; 2. Circular plasmid
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Table 2 Passaging and flow cytometry screening of E¢-VP2 strain

TR 5

. HERIE EMa/ 2 R e IR IGRRE T/ % i 12 77 =X
itk Rk ! . 4
. . . Inoculation Inoculanon Chicken Access to Fluorescence Selection
Strain Generation
form dosage/per numbers oocysts rate strategy
Et-VP2 1 merozoites 3X10° 3 FMH Feces 0.02 FACS
2 oocysts 365 4 Z¢{# Feces 29.05 FACS
3 sporangia 3000 4 FE{# Feces >95 FACS
4 sporangia 3000 4 F{#H Feces >95 FACS
5 oocysts 2 000 4 Z{#H Feces =95 -
6 oocysts 2 000 4 J{#H Feces >95 -
7 oocysts 2 000 4 Z%{#H Feces >95 -

- RN AT P AR RO L L E- VP2 ER PO R AR FF T T 95% , Tk SRR R4

- It indicates that without flow cytometry screening, the fluorescence rate of the transgenic Ez-V P2 coccidia consistently remains

above 95% , achieving a stable state
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a. % 18 E-VP2(hg =100 pm) ;b. % 248 Et-VP2($)X=100 pm) ;c. 4 30 E-VP2(Ar R =100 pm) ;d. 84~ E-VP2 1

AL BN (b R =25 pm)

a. The first generation of E~-VP2 (bar=100 pm) ; b. The second generation of Ez-VP2 (bar=100 pm) ; c¢. The third generation
of Et~VP2 (bar=100 pm) ; d. Single sporulated oocyst of E~-VP2 (bar=25 pm)

B3 Et-VP2HFHIPERKRMNE

Fig. 3 Microscopic observation of sporulated oocysts of Et-VP2
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AAIF 5T 2 PCR ORI PR 21 510 3 43 B 2 R S
VP2 i PR 7 B B DR 32 L 55 HE 3K U (E-M2e) J A
WA E . PCREIRBIR , EHM AN SR 1Y
57N 37 R IR (1] 4a) , T4 E Y VIP2(1 359 bp) #
mCherry (705 bp) FE A, 156 W] 5% e ioRL s D) £7 7 T Bk

EtMic2 promoter

ETH2_0942600

ML (B 4b) o FEPE My 25 R VP2 L
AR A 7E 2 O 36 HRER i BE P 4] HG994969. 111
2705 529 v & (&l 4c) , J5 X A & 47 7 PCR %
HIE B R HL UK SR 1 2% /N 5 T RN AT Uk
W] VP2 5 R B Ty 3 A5 Bt 56 TR 22 WL 55 HE 3k (Ev-
M2e) FE 41 (& 4d) .

ETH2_0942700

PCR1 PCR3 PCR4
Et-M2e

PCR1 PCR2Z M

Eimeria tenella genome

PCR7 PCRS
—— a | I
ETH2_0942700 | Et-VP2 ETH2_0942700
v

Integration locus
HG994969.1 170526
Site: CGAAAA

PCRS PCR6 PCR2
ELVP2 b

NC PCR3 NC PCR4 NC PCRSNC PCR6 M

1432 1445

NC PCR7 NC PCR8 NC bp

5000
3000
2000
1500
1000
750
500
200
100

a. Et-WT Et-M2e fll Et-V P2 BUbR 5L R 4H R R PCR % 5E ;b Er- VP2 BUBREE R 4] VP2 £ K (PCR4) il mCherry 2£[H (PCR5)
MY E so. Er- VP2 HUbk R N 4H & 0 i Ao 8 000 5 d. - VIP2 Bk & X 40 &0 I 5 o7 ' 1) PCR %8 5€ ;M. DL5000 DNA A XJ 431

Bt bR s NC. BIPEX B(E-WT)

a. Identification of the genomic homologous arms of the E-~WT, Et-M2e, and Ez-VP2 strains by PCR; b. Identification of the

VP2 gene (PCR4) and mCherry gene (PCR5) in the genome of the Ez-VP2 strain; c. Prediction of the genomic resequencing

positions in the Ez-VP2 strain; d. PCR identification of the resequencing positions in the genome of the Ez-VP2 strain; M.

DL5000 DNA marker; NC. Negative control (E-WT)
B4 KEEFEBAKHPCRERE
Fig.4 The PCR identification of coccidia genome

2.4 RIBE-VP2HEEEKHEZEBKENERE
Western blot % 5g ¥4 4t [N Bk B Mic2-linker-VP2
Al 2 Gk 7E 86 ku K /INAR BT Y %, 5 T3
I K/MEFF(ES) .
2.5 REVPR2EHERZREEERAPRIEM
ENETE
Wit IFA 8 AR HF VP2 8 17 % 3 IR 22 i 3L
2 H Bk U (E-M2e) i R 3k 07 B o 986 BB

(1 000X ) ML R IR, 5 E-WT XA, 7
BR L7 487 19 B 0 9 A7 AE Mic2-linker- VP2 Bl & 25
& IA , H 2 200 A0 76 1967 1% T s (/&1 6) o

RIS i S

& ek vk G489 (IBD) S BE KL TR LTt
DR e 92 00 S T AL T o XS B e G Al g A ) T
AR B ORTLE 255 i, VP2 & A /E b %
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Et-VP2  Et-WT  Ea-VP2 M  ku

' Lo 100
~70

anti-GAPDH ' ‘ 40
35

M. = 1 e 2 AR X o 5 B bR I E-W T E- VP2 F
Ea-VP2. B A 2 e 5 TR 52 IR e 2 3L 56 T3k

M. Tri-color prestained protein marker; E-WT, E-VP2
and Ea-VP2. Wild-type E. tenella, transgenic E. tenella

anti-Flag

and E. acervulina
5 Western blot & i3 & E Bk R VP2 FIRIX
Fig.5 Detection of VP2 expression in transgenic coccidia

by Western blot

SR O B R, B B TR AL OB T &
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FE A A HUAE W) 2 A B 2 R Ak A A ), O
I 2 TR TR BT I A 2 1 3 2K A, 2 A X O
FL B Th 51 R A ok BT A S f e S Y B A
R MR 1] 35 % B AR B AN TR TR B R DR BR L EL 2
TR I Bl e 5 0 28 8 B e B B, 2012 47 2 Bl R
2 2 G 4 v M HE R O3 A e R TN SR O SE HEER R
L2 A - B0 A T S S 56 BBk 5 2R R P BAT
TE — 7€ BB 18] 22 55, (H 5 2 D9 52 30 56 BBk e iy A

FITC-Flag mCherry

Et-WT

%
W25 R R R AR W 3 AR L R AT R BR R AT A A
BAE

KEHFETE H , CRISPR/Cas9 & 4t fie i A 500
FH T35k Hy 56 D21 1) g R 5 el s, o BR Y s R 4R A
AL T B TR AT R AR 5 22 3K R
CRISPR/Cas9 £ K ¥ IBDV VP2 3 [N E S % 4 &
B 96 H- sk iy KR DR A B R 6 o SR T, E T A
() T-DNA $i A A A A 0 2] [] 508 AH G 1 37 18 7=
Yo 38 a4 A Y R B, VP2 BRI SE PR
F I 4 751 HG994969. 1 15 2 705 529 i i, 5%
T A S G R 2 100 bp. %45 B4R H i 5L A
(447 A 0] BB I oA 3 ok 25 8 1 [R) V5 S AL AL LA 5
A BEAR A T3 R R A 5 1 R e % 2 (MMED) sl JE [7]
U8 K o % #2 (NHED) 848 2 i 42, 31X s 52 e i 76 3k
Hu I kG o R DX 4 B R e T I 18 52 P RS i
PE Y Bk R o 1% 25 5L 5 R A BR L rp iE 4T CRISPR/
Cas9 % 5 /5 7 48 18 W ¥ T B o8& & 07 88, IR 4R
A 1 A A [ R 15 1 Bk 45 5 9 i NHET 56 g, L
P E MU A M ETPE . bR S RO RORS 1
[ S 3 e 3-SR NI TR 3 T AN T
U 20 B o Y, SR R BRI b DNA B & 38 B Y
P AL o A K 5 R R 3L 38 Hoek
(Er-VP2)3RF 65T 2 95% , I AU IR e &
IR I R A 6 RS T T 2R L 36 Bk A R A
4, 3% Ry BR 35 A B R 4R B SRR

DAPI Merge

- - - m .

Er-WT. ¥4 2 WS H IR R 7l 1 Er- VP2, B B D 22 i 56 Ho 3k ot 7 6 7 (AR =20 pm)
Er-WT. Wild-type E. tenella sporozoites; Et-VP2. Transgenic E. tenella sporozoites (Bar=20 pm)

Bl6 VP2EBEKRHETFAFHHEREREREREEM

Fig. 6 Indirect immunofluorescence expression localization of VP2 protein in coccidian sporozoites

TS 1) It A AR i I G rp — S8 B
KRR O HE AR T I A A 2 b A —
B, AR W6 B0 S 5 20 MO B A 2 B AR
PR B B s IR S AN E S

(LN AN IS SN LD RO €2 AL NS A
PRS2 BT R 2205 o A6 1 O 5% 1 5 ] linker
e 4 HE Y 5 H R 2 R B A Mic2 5 VP2 S
R W 5 A R L Bk R (Er-M2e) , 45 51 WoR
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HERL 2R
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