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Abstract: [ Objective | Toxoplasma gondii is an obligate intracellular protozoan parasite that infects all
warm—blooded animals, including humans. Currently, there is a lack of specific drugs for the treatment of
toxoplasmosis, and traditional drug therapy faces issues such as significant toxic side effects and limited
efficacy.Therefore, developing a safe and effective vaccine has become an important strategy for preventing and
controlling the disease. Surface antigen—related sequence proteins (SRSs) of T. gondii play a crucial role in
virulence, invasion and adhesion ,and immune regulation of the parasite. Among them , SRS51 protein(TGME49_
308840) , as a member of the SRS family, has potential research value due to its unclear specific biological
function. This study aims to explore the biological function and mechanism of action of Toxoplasma gondii
SRS51 protein, providing a reference for the development of safe and effective T. gondii vaccines. Method ]
With the Toxoplasma gondii type Il Pru strain as the subject, CRISPR-Cas9 gene editing and seamless cloning
techniques were employed to construct a Tgsrs51 gene—deleted strain (PruAsrs51).The biological function of
the Toxoplasma SRS51 protein was systematically evaluated through plaque assay, cell invasion and
proliferation assay, escape assay , in vitro bradyzoite conversion assay , and mouse virulence assay.[ Result ] After
the deletion of the Tgsrs51 gene,the plaque area and number of T. gondii significantly decreased (P<0.000 1).
The deletion of the Tgsrs51 gene caused a decrease in MIC2 protein expression.The invasion and proliferation
abilities were significantly reduced (P<0.001).The pathogenicity to mice also weakened (<0.05) , but it did not
affect the escape ability and in vitro tachyzoite transformation of the parasite (P>0.05).[ Conclusion ] SRS51
protein deletion significantly reduces acute virulence and chronic cyst formation. It can be considered as a
candidate gene for a weakened T. gondii vaccine.
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LA pUC19 TR At , FH pUC19-F Fll pUC19-R 59147 14 th pUCT19 24 - Bt . Fiad H pUPRT-DH-
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&1 Tgsrs51 & K Pl R 7
Fig.1  Schematic diagram of Tgsrs51 gene knockout
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Tab.1 Specific primers used for constructing knockout strains

GIE/ 2 ST S (5'—3")
Primer name Primer sequence(5'—3")
SgRNA-srs51-F GGAGACCAGCAACCACGCGGGTTTTAGAGCTAGAAATAGC
SgRNA-R AACTTGACATCCCCATTTAC
srs51-KZ-F GAGGCACTCGTCTCACATTTC
srsS1-KZ-R CGTCTTTGTTTCCCGTATCC
pUC19-F TGTGAAATTGTTATCCGCTC
pUCI9-R AACGTCGTGACTGGGAAAACC
DHFR-F AAGCTTCGCCAGGCTGTAAATCC
DHFR-R GAATTCATCCTGCAAGTGCATAG
srsS1-KO-F GTATGGAAGACTTTTGACACGC
srsS1-KO-R CCTGAGTACATCCGACAATGAAT
srs51-PCR1-F AACGAGTGACGAAAACGGAACTGG
PCR1-R GCCAAAGTAGAAAGGAATTAGCAT
PCR3-F TGACGCAGATGTGCGTGTATCCAC
srsSI-PCR3-R ACCGTTTGCTCCCCTTCTACCATT
srsS1-U3-F CTATGCACTTGCAGGATGAATTCACGAGCAGTAGTCCCAGTTCT
srsS1-U3-R GAGCGGATAACAATTTCACACGTCTTTGTTTCCCGTATCC
srsS1-U5-F GGTTTTCCCAGTCACGACGTTGAGGCACTCGTCTCACATTTC
srsS1-U5-R GGATTTACAGCCTGGCGAAGCTTGTGTTTGTTGTCAGTCATCGC

1.5 S H Prultk SRS51 E B E R BRI EMFINRED T
1.5.1 "E#XIE
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N 5 e B T AR R R/ VAR
1.52 AfZiXEE
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anti—rabbit IgG (H+L) (1:500) ,37 ‘CHEEGIEF 90 min 7 PBS Wivk . /o 7L A WiE T, Wi
SEERO IO ML AFRIC A RARBUR . 25 KR RE 0, RARMELI 6O, T E S KR ARRA
1RFR= ARSI BB AT 5 B Hx100% ) .
1.53 AR bk e
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1 pL EDTA, 7K b 24# 1 ho 24580 B3 AR 24 019 135 100 pLiRA A 33.3 pL 4x8 1 -
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S5, B R 22 120 VARSE R UK . LUK S5 SRS, Fie BRER 1 I 1 /N B FH B K /INBR PVDIF JiEE, 1 1 2
T S B AR IS 10 min, SR A9 PVDF BRECA 5% A9 BEAS 08 (1xPBST Bc i) rh st P4 2 b B 58
B IXPBST ¥ 1 3K, B:K 15 min, I VRS 1% BERE WK , 23 5 LA 1: 500 # B S bt 5 I L ALD WS4t
PFT 121 000 7 B St MIC2 BifA , 4 “CIF R X . F PVDF JE7E PBST ik 3 1K, BHIK 15 min, FRAEHLIA
PR AP I E SR 1gG(1:5 000) WF E 1.5 he AFAISS SRS 1XPBST Pk 3~4 U, Kk 10 min, i
VRES HUE IS AT EC A1) ECL & G , #GHCE —BeiF 15 , TR BRSO h 4T 55
1.5.4 358X 0

%7 Wang %" 3B (A T A AT RS . Y5 I B Pru 5 AR B 5 Tgsrs 5 1 3k PR AR AR S5 3
S BIK i AR S B AL A 200 B, B P I R 1508 0T 2 8 SRR B8 A TR R SRR AR R SR/ IL
RN 210 FE -, 37 “C.5% CO,Z50F FHE37 36 h G [E 2 . PBS VTG 5735 30 min. FJH PBS & VL, i
A 200 pLARSHTIMCI(1:500),37 CFE 2 h, WHE G, HH PBSTEBE. /1A 160 wLAlexa Fluor 594
goat anti—rabbit IgG (H+L) ,37 ‘CH¢ & 1.5 h J5 H PBS T Uk . T OG5 £ I 3B T 26 B 100 4~ 44 Huyfy
(PV), G4 PVINE A 2,4,8,16,32 358 Y 5 1.
1.5.5 X%

Z:7% Wang 5" 3B B AR OGO EE AT IR IS . 2 5 I8 2 Pro BFAE RS Tgsrs5 1 3 PR B bR 5 135
FI) RI0K 3% H A0 DR 5 sk 2 A 20 0, B S P Ik 1450t %o 2 b bk B A T R AT TR A /N L
2x10*NHEH T, 37 'C.5% COZF FHEF 48 he 4 W AEE AR BI K a& PV oA 8 4 B L L (135 -1
{4 ST 35 35 5L AR 3 wmol/L A5 BS 204K A23187 I 350k . 2 1M T B 358 13 tH 5 i AL
FEW . WU TR 100 PV, JF i stk tF AR 0 Y PV B0 . 3 1 38 =00 1 A ) v B S Y A
HWHL
1.5.6 HINE LT 44K R
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PR A 3k B RIDE % AR DR 25 it S A A0 A, B S PR L BRBSobont 2 Fb bk i e il e A R AR
ANTLAEEFR 1x10° S35 - (% 241) , 37 °C.5% CO, 7% F 53R 4 h Horh— 21 {514 i A BE 92 5L A 2 mL
pH 8.2 & 1% i 4 L7 () DMEM 5 5 85 35 5L, B T 37 °C . JC CO, & F FARSERE 7 48 h( 45 24 h #E A7k
W), 05— AE R IG FRAR 555 36 he 5555 58 MU [E15E , 30 min Ji5 PBS IS UE, LA 400 wL 0.1%Triton—
100 2833 30 min J5 F-UH PBS 1 VE . JIIA 160 wLAHT IMC1(1:500),37 ‘CREEIHEE 2 h 5 H PBSIHUE, I
A 160 wL Alexa Fluor 594 goat anti—rabbit IgG (H+L) (1:500) fil DBA (1:500),37 ‘Ci# 5% & 90 min J5 H
PBS{H Ut , BOCIL IR A WA T iR b R (e Ak =4 [ DBA Y PV /S PV E) o
1.5.7 /DR IBBERIE

27 Wang " 38 A ST LA T /N REBORPE RS . Y5 8 L Pro B AR A5 Tosrs 51 3k PR i bR ik
B 305 31 R0 ) 4 PR A s 24 i A, B S P BRSOk 2 ol Rk 1 A T R A T AR B Pra B AR AR
HI Tgsrs51 Fe D4 EER AR 3 LA EE HU/NEL5%10°, 5%10°, 5%x10°, 5% 107, 2x 10>~ 3 58~ 14 570 i R4 7 1 Jes 1 55 o
RG], B RS/ N B, PEA I S R o 1 DL S AE T a] . X 5x 107 1 2x 1074 s 30 d J5 A7 1 /)N
FEATARBE , B AL 2O A T mL PBS il 0203 o F2 52 M TIR 21 JE W B 10 wL iR A 20 28 7 0 it
SRR E, T A N B I A R /N BRI L BE =10 L v i BRSO B RO -
1.6 HEFEBHH

A g 3 AR E R B GraphPad Prism 9.5 73081, 45 5% DL S {H + b5 ME 1R (mean+SD ) £2
7No PIZHIRI2E 5 Student”’ s ¢ K 56, 2220 6] FHERL R 2R 7 22 73 AT (one—way ANOVA) , 5 ZEPEFR T 5300 R+ 3%
78 P<0.05, *# 3% 7R% P<0.01, ***F 75 P<0.001 , **#*F 7K P<0.000 1,ns #7~ P>0.05.

2 & R

2.1 SHEHTesrs5I BEEBRKRERE

AEXT TR AE AR S, SRR 0 TsrsS1 3 7 Bepk botE JE R DHFR B BOITEAR , B8P A 78 Pru bR
PCR2 AT 11 500 bp 2247 454, M ABRIEN TG . fH T DHFR Hik 2 B 7 Beloddi A 2157 A kv, PCR1 A
PCR3 7E i B bk Hh BE S 14 H 1 900 bp FT 1 600 bp Zc A7 £5345 , B AR AR U JC -9 18 1 4 (19 2) , fi it
AT DAUESE Tgsrs5 1 3 PRI HRAG LT

> < 2
& &£ §F F
: h &
FELSITLEESE
bp
2 000 1 900
1 000 1 600

750
500
250
100

RCR1 RCR2 RCR3
M : Marker; 1 : BF42 Bk PCR1; 2 BB Bk PCR1; 3 P A= bk PCR2; 4« R AR PCR2; 5 7 2E #% PCR3 ;6 RSk PCR3.
M:Marker; 1 : Wild-type strain PCR1;2:Knockout strain PCR1;3: Wild-type strain PCR2;4: Knockout strain PCR2;
5: Wild-type strain PCR3;6: Knockout strain PCR3.
2 SIBH Tgsrs5 1 HE D EEBRIE Y DNA 2502
Fig.2 DNA identification knockout strains of Toxoplasma gondii Tgsrs51 gene

2.2 SHH Tgsrs51 B GRSk kX kBT B B 54 i

Mt DX X 235 R S 7R, Togsrs 5.0 35 DR R S R T2 8 Py g 0 T R A 280 7 B8 2 Ak 199 1t 36 17 R (P<0.000 1)
FWIRRR Tgsrs51 HE 5 234 = I8 AU RS K AR 1 (K13) .
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* kK

800 r

Pru PruAsrs31

600

400

200

mx.« " =2

WEBEA
Relative plaque size (a.u.)

0

Pru  PruAsrs5?
A s Pru FTEEBR IR TR U WEBE /) 5 B - Pro FIERBR R TR U ERE T AR, 4 3R IR P<0.001
A : Plaque size formed by Pru and knockout strains ; B: Plaque area formed by Pru and knockout strains.**** indicate P<0.001.
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Fig.3 The impact of Pru and the knockout strain PruAsrsS1 on plaque size and area formation
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Fig4 The impact of Pru and knockout strain PruAsrs51 on the invasion rate of Toxoplasma gondii
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Fig.5 The effect of Toxoplasma gondii Tgsrs51 gene—deficient strain on MIC2 secretion in microfilariae
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Fig.8 The impact of Toxoplasma gondii TgsrsS51 gene—deficient strain on the transformation rate of tachyzoites
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