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[Abstract] Objective To compare the immuno-protection induced by the recombinant BCG vaccine of Toxoplasma
gondii GRA4 gene (rBCG-GRA4) and SAG2 gene (rBCG-SAG2) in BALB/c mice. ~Methods 108 SPF BALB/c mice
were divided into 6 groups: PBS, BCG, rBCG, rBCG-GRA4, rBCG-SAG2 and rBCG-GRA4+SAG2, each with 18 mice.
Each mouse was injected by 100 pl corresponding materials for 2 times. Blood was taken from tail vein before inoculation.
4,6 and 8 weeks after inoculation, spleen was moved and blood was taken from orbit vein of 3 mice from each group for
the detection of cytokines, lgG and IgM antibodies, T lymphocyte subgroups and transformation efficiency. 3 weeks after
the last inoculation, 9 mice from each group were challenged intraperitoneally with 50 tachyzoites of T.gondii RH strain
and their survival time was observed. ~ Results rBCG vaccine of T.gondii induced immune response. The value of CD3*
CD4*/CD3*CD8* of group BCG-GRA4+SAG2 was the highest (14.06+1.17) in the 4th week; the IgG titer in the BCG-
GRA4+SAG2 group was the highest (0.18+0.02) in the 6th week and the IgM titer in the BCG-SAG2 group was the
highest (0.82+0.05) in the 8th week. The average survival time of the mice in BCG-SAG2 group was about 8.61 days
after challenged with tachyzoites, and that of the PBS control group, 7.33 days. The average survival time in the 3
immunized groups was one day longer than that of the control. Conclusion  The rBCG vaccine of T.gondii shows

certain immuno-protection in mice.
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1 EZABCGEHEERITHIER

HRYE M7TH10-kana A A< H IR TEEL, R4
R HERIRE , BCC W4 A 1x10° CFU/mI,
BCG-Z5 [ #k /K 2H / 8x10° CFU/ml, BCG-GRA4 4 Wy
9x10° CFU/ml,, H1 AR 400 2 /0N BROEE b 1R 7 2,
BCG 25 HHZH K 1x10° CFU/H, BCG-Z5 3k 4 K
8x10° CFU/H, BCG-SAG2 4} 7x10° CFU/H, BCG-
GRA4 41} 9x10° CFU/H, BCG-GRA4+SAG2 #H W 8x
10° CFU/H.,

2 EHBCGCEHEHHNEEHR

2.1 T#HEmMEEAETH  CDyCD,/CDyCD U,
PBS Xf BRZHI BCG-25 FIEUARH 5 4. 6 F1 8 JH
WEAA, HAhS TR RS 4 BEs, KGR

FeAGtas, s 4 i, B BCG-25 H k4 s, H
4% 2H 3 % = T PBS XA, BCG-SAG2+GRA4
Mg, N 14.06%+1.17%, %5 6. 8 Fmf, %4
[ 22 R IG TR L (P>0.05)(3K 1),

22 R A IgG FARKFE  ELISA il 45 BoR
RPERI AL 2. 4 8, e (BCG-SAG2 4 |
BCG-GRA4 #H 1 BCG-SAG2+GRA4 4) SRATEXTIRZH
(PBS XTHE4L . BCG-75 F 4l BCG-25 kA4 ) 1
leG LIk 22 5 TG 242 L P>0.05, R 5y
M AR E 1eG Uik, i 6, 88, 3 P asd
IgG HifA/K T (P<0.05), Hif BCG-GRA4 4
Wi, N 0200.02(32),

23 ik [gM #IkKF  ELISA KplZ5 SRR, s
AR )S 2, 4 J8, 4l (BCG-SAG2 41, BCG-
GRA4 411 BCG-SAG2+GRA4 4H) 5 [EXTIAZH (PBS
XHHRZL . BCG-75 AWM BCG-25 FI#IAR4]) 1) 1gG
PRI 22 RIS 2E R SL(P>0.05) . R IAG
INEUAR I R IgM Bl TEfESE 6. 8, 3
oL /N R P P2 R R KO (Y TgM pidd, SR PEXT
MM L R AH G4 L (P<0.05), BCG-SAG2+
GRA4 ZH 11 1gM HUiA/K-Ficdr, o 1.63+0.05 (K 3),

24 e e R MK I I G R A A
/NS TR 4, 6, 8 JiJ5 2 ConA HIiH, PBS
X IR TC B E AR, Hofth 5 20 B G Be ik ] 16 SiE 4 72
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F 1 ARARERE/NR T kB 4T A4 (CD3*CD4*/CD3*CDS*, %)

Table 1

Flow cytometric analysis of T lymphocyte subsets in mice during immunization (CD3*CD4%CD3*CD8%,%)

Eipll

THRELAIIEAETTEL T lymphocyte subsets

Group 54 Week 4 %56 5 Week 6 %5 8 JH Week 8
PBSXJ #R41 Group PBS 4.53+0.31 2.68+0.10 2.28+0.19
BCG ZS 4 Group nBCG 8.96+0.79° 2.70+0.08 2.69+0.04
BCGZS F#MARL Group BCG 2.84+0.04 2.90+0.14 3.49+0.02"
BCG-SAG2 4 Group rBCG-SAG2 9.26+0.62" 2.68+0.34 3.35+0.48"
BCG-GRA4 41 Group rBCG-GRA4 7.10+0.59° 3.20+0.16* 3.13+0.49"
BCG-SAG2+GRA4 41 Group rBCG-SAG2+GRA4 14.06+1.17° 3.17+0.03* 3.13+0.24"

i ox L # e ZRAEIHREL, P<0.05, Note: Significant difference was represented with symbol *. # and ** respectively, P<0.05.

F2 AREERE/NRMDTE IgG KT (A, H)

Table 2 IgG level in mice during immunization (4, value)

JNERIMLTE TG FUARIKF- 1gG level in serum of mice

Eiwll

HREH 552 A 5 4 56 4 55 8 Ji
Group Before immune Week 2 Week 4 Week 6 Week 8
PBSXfHRZH Group PBS 0.03+0 0.030 0.03+0 0.030 0.03+0
BCG 5 14 Group nBCG 0.03+0.01 0.03+0.01 0.060" 0.04+0.03 0.04+0
BCG% H#MAL] Group 1BCG 0.030 0.040 0.04+0 0.04+0 0.04+0
BCG-SAG2 4 Group rBCG-SAG2 0.03+0 0.03+0 0.04+0 0.06+0° 0.09+0%
BCG-GRA4 41 Group rBCG-GRA4 0.03+0 0.03+0 0.030 0.12+0.02° 0.20+0.02%
BCG-SAG2+GRA4 41 Group rBCG-SAG2+GRA4 0.030.01 0.03+0 0.05:0" 0.18+0.02° 0.17+0.01%

ok #, e ZRAGIEE Y, P<0.05,

Note: Significant difference was represented with symbol * | # and ** respectively, P<0.05.
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x3 AEEEHE/NRMLE IgM HEKE (445 1H)

Table 3 IgM level in mice during immunization (A, value)

/NERIMLYE 1gG BUAKT

IgG level in serum of mice

A Group o ER %24 %44 % 6 )4 %8
Before immune Week 2 Week 4 Week 6 Week 8
PBS XT84 Group PBS 0.17+0 0.21+0.01 0.18+0.00 0.14+0.01 0.21+0.01
BCG & W4 Group nBCG 0.1720.01 0.200 0.18+0.15 0.27+0.02 0.27+0.04
BCGE F#AARL Group BCG 0.17+0 0.21+0 0.28+0.01 0.17+0 0.22+0.03
BCG-SAG2 4 Group rBCG-SAG2 0.1720 0.2120 0.32+0" 0.68+0.08" 0.82+0.05™
BCG-GRA4 #| Group rBCG-GRA4 0.1720 0.2020.01 0.22+0.01" 0.46+0.03" 0.43+0.03"
BCG-SAG2+GRA4 #4] Group rBCG-SAG2+GRA4 0.17+0.01 0.2120 0.43+0.01° 2.42+0.05" 1.63+0.05"

o # 0 BRAGIERE Y, P<0.05,

RIS PBS X HRAIA L, 2R WA FITEE XL
(P<0.05); %y%)a 8 J&, 5 A~ialut2H At vk B 290 fiew o 3
RS PBS XTHRAIAHLL, ZRAGTE L (P<0.05),
Hrp BCG-SAG2+GRA4 4w, M 1.34+0.01 (% 4)
25 IL-10 K-Frbde Bufs 4, A4/ Rk E e
M= A TL-10 /KPR TG 4R L (P>0.05), %
5 6 J&, BCG 23 3R 11-10 /KPR , N (531.59+
55.90)pg/ml; )5 8 &, B BCG-SAG2+GRA 4,
HiAth 440 1L-10 /K V-5 PBS XFHRZHAH L, 2ZRAH 51T
SER (P<0.05), BCG-25 HARMARL 1L-10 /Ko,
$9(520.61+42.94) pe/ml (% 5).,
2.6 IFN-y R-Freix a4 J, BCG-25 H#RAA
ZHIFN=y /K F-H i, N (750.57+16.36) pg/ml, HPE) 6
Ji, %4 IFN-y KF 5 PBS X PEZHAHLL, ZRA 5

Note: Significant difference was represented with symbol * | # and ** respectively, P<0.05.

TR (P<0.05), BCG 25 F#ARLL IFN-y /K-t
i, H(1614.48+12.97) pg/ml, )5 8 i, Bk BCG
SHBEA, HAMAH IFN-y /K5 PBS X FBAIAH L,
ZRH G X (P<0.05), BCG-SAG2 2H TFN-y /K
Sfierr, M (863.17£11.64) pg/ml (£ 6) .

3 WERBER
FA/NRT 50 R 7 YRR S 2 d, #E
EELOGEE, R RYOKED, BEERER, N
= IFFFERIK . BCG-SAG2 4H/NRUETR Il K, F
PIfErE (8.6120.58) d, HiK, BCG-GRA4/SAG2 #HH
(8.5240.77) d, BCG-GRA4 %41 % (8.33+1.01) d; PBS
XFREZ | BCG 25 H 8R4 A1 BCG 25 H 2k M 4 0 31
FEI% (7.3340.13) d. (7.62+0.33) d F1(7.36+0.30) d.

R4 AEGGEHE/NRKEHAMIEERMIKIGLE R MITIE, AslH)

Table 4 Lymphopoiesis test in mice during immunization (MTT method, A, value)

215 I 240 ML 5 S TS Lymphopoiesis test

Group 4 J8 Week 4 %56 J5 Week 6 %5 8 il Week 8
PBSXTHRZH Group PBS 0.85+0.04° 0.800.10 0.81x0.04
BCG # 4] Group nBCG 1.0420.01 1.07+0.05* 1.29+0.14"
BCG 75 F#44] Group 1BCG 1.170 1.12+0° 1.210.03”
BCG-SAG2 4 Group rBCG-SAG2 1.08+0 1.07+0.03* 1.25+0.04"
BCG-GRA4 4l Group BCG-GRA4 0.96x0" 0.98+0.06 1.25+0.01"
BCG-SAG2+GRA4 4] Group tBCG-SAG2+GRA4 1.16+0.01 1.23+0.02% 1.34+0.01"

ok #, e BRAGIEE Y, P<0.05,

Note: Significant difference was represented with symbol * | # and ** respectively, P<0.05.

%5 AEREHENAEHET IL-10 KF (pgn)

Table 5 IL-10 level in mice during immunization (pg/ml)

205 ARG pet B4 R F 1L-10 ZKF  1L-10 level during immunization
Group 4] Week 4 %565 Week 6 %5 8 JH Week 8
PBSXJ 4 Group PBS 415.81+37.89 177.09+13.29

BCG %5 4] Group nBCG

BCGZE F#EA4] Group rBCG

BCG-SAG2 4 Group rBCG-SAG2

BCG-GRA4 2 Group rBCG-GRA4
BCG-SAG2+GRA4 #H Group rBCG-SAG2+GRA4

[=elelaoel -]

284.76+46.80" 451.23+31.006™

531.59+55.90 520.61+42.94™
150.46+0.76" 452.75+23.08"
159.39+26.03" 377.35+2.50"
291.45+42.56" 217.71+8.17

Eo# e BRAGIEE X, P05,

Note: Significant difference was represented with symbol # and ** respectively, P<0.05.
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%6 REREHERBETF FN-y KE (pg/m))

Table 6 IFN-y level in mice during immunization (pg/ml)

205 ARGyt B4 K F IFN-y 7K IFN-y level in mice during immunization

Group 55 4 JH Week 4 556 Jil Week 6 55 85 Week 8
PBSXF 4L Group PBS 275.42+25.13 358.40+57.46
BCG %5 4] Group nBCG 752.09+17.68* 266.76+2.82

BCGZS %A Group rBCG 750.57+16.36' 1614.48+12.97 781.68+19.02"
BCG-SAG2 4 Group rBCG-SAG2 59.47+5.92 705.50+0.88° 863.17x11.64"
BCG-GRA4 4 Group rBCG-GRA4 35.4624.93 702.31+27.59° 636.38+32.34"
BCG-SAG2+GRA4 4 Group rBCG-SAG2+GRA4 26.37+4.10 783.33+26.60" 507.01+22.90"

v # o ZRAHEIHE L, P<0.05, Note: Significant difference was represented with symbol *| # and ** respectively, P<0.05.

3 S d ER A B AR 2 L 3 % R4 S I A TR
B 1d, Z2RE%01E L (P<0.05),
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4 BCG REM AT/ =24 TR i A e 25 7K
[Fi) i 308 3 9k 2L 40 2 T 230 RGN 25 SR T AP BCG
PERAE TR0 A B ARER

MG FEEL H BEAZ LR AL FUR pVAC-GRA4
$E/NE, I RH R 52 BUsB (10 A/ H) B e,
/NG RTTE] 13 d, ARIR RS R iR, 5
TV W EE ZH % 1 S 6 N R 5 T UG IR G A 38
BB RArE . B R T4 BCG ZEM RN R AR 58
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