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ABSTRACT : The objective of the present study was to investigate immune effect by using ESAT6, CFP10 DNA vaccine
combined with BCG to immunize mice. DNA vaccine pEGFP-N1-ESAT6 and pEGFP-N1-CFP10 was primarily constructed,
and 80 mice were randomly divided into eight groups including saline group (SLYS), BCG group (KJM), pEGFP-NI1 group
(P-N1), pEGFP-N1-ESAT6 group (P-N1-E), pEGFP-N1-CFP10 group (P-N1-C), BCG plus pEGFP-N1 group (K+P-N1),
BCG plus pEGFP-N1-ESAT6 group (K+P-N1-E). and BCG plus pEGFP-N1-CFP10 group (K+P-N1-C). Each mouse was
intradermally injected with 100 pI. BCG, while each mouse was intramuscularly injected with plasmid pEGFP-N1-ESAT6,
pEGFP-N1-CFP10 (50 pg). Each group was injected for three times. Purified ESAT6, CFP10 proteins were used as antigen.
DOT-ELISA method was used to detect antibodies in the serum of mice. ELISA method was used to detect the change of the
IFN-7 in the serum of mice. Antibodies against CFP10 proteins were detected in mouse serum after three immunizations. Anti-
body against ESAT6 proteins was not detected. However, IFN-y levels in serum increased significantly. The average content of

. th sured IFN- s significantly higher than that be-
HE 84K A 22 A (No. 31060333, 2013ZX10003003) B 4 % B ¢ measure ¥ was signilicantly fugher than that be

# A E# K8 X, Email ; ccf-xb@163. com fore immunization; the first immunization and the second im-
¥ 2 %, Email : cxd100@sohu. com munization (P<C0. 01) was (107,591 +7. 3281) pg/mL and

EEBM: . BB FAFLEOHNFEFR. BT 832003;
2HBH T ERKBAFENDAERA TN EALRE. A
F  832003; with K+ P-N1-C and K+ P-N1-E. It concluded that Myco-

dr pE SH % e N K
SHEEATAFEFR AT 832003 bacterium tuberculosis ESAT6 and CFP10 DNA vaccine com-

(95.7503+9. 0184) pg/mL after three times immunization



54 I E ¥ LS HAE ESAT6.CFP10 A B DNA 2 ¥ &b R % 9% R 6940 5 51 % 459

bined with BCG combination could induce an effective cellular immune response, which lay a foundation for the study of DNA

vaccines.
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1.2. 1 PET32a-CFP10, PET28a-GFP-ESAT6 Ji
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PET28a-GFP-ESAT6 Jifi ki i) DE3 FH 1 i 42 #
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PR K AR E AT T A AL T O B 1 min,
RV WoRA B4R A R e 5 k. ©%F
LIMAJE® AB 4% 50 pl.,37 ‘C#EJEHEH 15 min,
DOEAUMAL AL HE 50 Lo 15 min P, £E 450 nm
KA 5E £ FL Y OD fH .

1.2.5 Gitwatorik RSN Al
M 7t Fon i spss17. 0 GEit #fk 47 58 4 bl
Pl 250 M SRR GE i F(E & P1E.

2 % R

2.1 ESATG6,CFP10 J5 I % [ H 41fk & Western
Blot BiiE  ESAT6,CFP10 %k K % % 1k & A 0 4l
41 ] SDS-PAGE #a il , 45 5 22 B 53¢ 9 A 78 14 72 46
2 YRS 3 YRV I v 4l B 5 v o UL IRT 15 I 3K 1Y
—PURA B Western Blot 5 iF 45 5 3 B it 4l
fRity ESAT 6 . CEP10 Z& 1 EL A5 L J5U1E 7T LA o e 0l
/NI H R ESAT 6 ,CFP10 2 H B, WA 2,

1 2 3 4

1A EHBHAER ESAT HiFSRE4
1. PET28a-GFP-ESAT6 DE3 4B % 4 2. 2 i )5 UL
ﬁ 33 %%E%L(ﬁ y4§ﬁ‘{ﬁ ;5: Wash Buffer
6 ¢ B — TR UEIBE s 7 5 R VEIBE 5 8 58 = UL s M &
H Marker;
SDS-PAGE analysis of purified recombinant ESAT6
protein
1. PET28a-GFP-ESAT6 DE3 whole bacterial pro-

teins; 2: Precipitation after lysis; 3: Supernatant

Fig. 1A

after cleavage; 4. Soluble protein; 5: Wash Buff-
er; 6: The first washed protein 7: The second
washed protein 8 The third washed protein;

M: Protein Marker.

1 23 456 7 8 M

1B EAMAEBR CFPI0NFSRELEL
1:PET32a-CFP10 DE3 41 % [15 2 : 2Lt J5 L TE 5
324G W 15 s 4 ZE W5 5. Wash Buffer; 6 25 —
WU 7. 55 Z R WEJBE; 8. BF =R VBB M: & A1
Marker
Fig. 1B SDS-PAGE analysis of recombinant CFP10 protein
1. PET32a-CFP10 DE3 whole bacterial proteins;
2: Precipitation after lysis; 3: Supernatant after
cleavage; 4: Soluble protein; 5: Wash Buffer;
6: The first washed protein; 7: The second washed
protein; 8: The third washed protein; M: Protein
Marker.

v 170
130

B 2A ESAT6 & B 4i{L /5 Western Blot 43 #fr
1. PET28a-GFP-ESAT6 DE3 @ W & H; 2. 4ifk )5
o BRI E s M # H Marker
Fig. 2A  Western Blot analysis of purified ESAT6
1. PET28a-GFP-ESAT6 DE3 whole bacterial pro-
teins; 2: The second washed purified protein; M:
Protein Marker.

2B CFP10 & g 4i{£ J|& Western Blot 4 #7
1: PET32a-CFP10 DE3 4 1§ % [1; 2. 20k /5 4 K
Ve s M: & 14 Marker;
Fig. 2B Western blot analysis of purified CFP10
1. PET32a-CFP10 DE3 whole bacterial protein; 2:
The second washed purified protein; M: Protein
Marker.
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2.2 /MRUMWEPUARKI 54 2.1 R LK
ghR, BB S5 & H PET28a-GFP-ESATS,
PET32a-CFP10 it ki) DE3 45 . 4lifk J5 ESATE,
CFP10 %5 2.3 W¥E Wt 2 1 i 47 9 R S 2 J5 1
DOT-ELISA £ . %5 1 AR5 1 IR )5 1)
DOT-ELISA £5 3R WoRTES 2.3 IR VEM & B A A
RS A B A5, R IR A B X ESAT6 ., CFP10
AP M AES 3 A5 1) DOT-ELISA 45
RBRTESS 2 5 3 e B CFP10 3 1 4%
ORI BE A, R BT 4% CFP10 B A MPiik. of
0L 1K 3. 4 FE 5,

B 3 &£ 1%%¥%E DOT-ELISA 447
W AB.C.D.E.F.G.H F+H 1.2.3 Kk} PET28a-
GFP-ESAT6 DE3 4x i & H . ESAT6 5 2 IRyt i &
F1.ESAT6 % 3 It & 15 4.5.6 Kk iy PET32a-
CFP10 DE3 4: i & 1. CFP10 %5 2 W ¥t & 1.
CFP10 % 3 W UL A .
A:SLYSH ;B.P-N, 41;C:P-N,-C 41;D: P-N,-E 4 ;
E:KIM#;F:K+P-N; 4 ;G: K+P-N,-C4{;H: K
+P-N,-E 4
Fig.3 DOT-ELISA analysis after 1st immunization
1. PET28a-GFP-ESAT6 DE3 whole bacterial pro-
teins; 2: The second washed ESAT6 protein;
3; The third washed ESAT6 protein; 4: PET28a-
GFP-CFP10 DE3 whole bacterial proteins; 5: The
second washed CFP10 protein; 6: The third washed
CFP10 protein;
A SLYS group; B: P-N, group; C: P-N,-C group;
D: P-N;-E group; E: KJM group; F:. K+ P-N,
group; G: K + P-N,-C group; H: K + P-N,-E

group.

4 2 %% DOT-ELISA 4 #f
. A.B.C.D.E.F.G.H E " 1.2.3 #K¥kX N PET28a-
GFP-ESAT6 DE3 4x i & 1. ESAT6 5% 2 Wt it &
P ESATG6 25 3 IRPERBLE 5 4.5.6 KK i PET32a-
CFP10 DE3 4 1 & (1. CFP10 45 2 ¥ ¥k i & A,
CFP10 %5 3 IRk E M.
A:SLYS4H ;B:P-N, 4 ;C.P-N,-C 24 ;D. P-N,-E 4 ;
E:KIM4;F.K+P-N4H;G: K+P-N,-C4{;H: K
+P-N,-E 41
Fig. 4 DOT-ELISA analysis after 2nd immunization
1. PET28a-GFP-ESAT6 DE3 whole bacterial pro-
teins; 2: The second washed ESAT6 protein;
3: The third washed ESAT6 protein; 4. PET28a-
GFP-CFP10 DE3 whole bacterial proteins; 5: The
second washed CFP10 protein; 6;: The third washed
CFP10 protein; A: SLYS group; B: P-N; group;
C. P-N,- C group; D: P-N;-E group; E. KJM
group; F: K + P-N,group; G: K + P-N,-C group;
H: K + P- N;-E group.

2.3 IFN-y £ F RD 2 &4 7= i/ B IFN-
yElisa #0320 &5 56 B 5 F 47 9250, 4% 28 /0y BRI i
i R FLAG IS+ LTE h TEN-y 0 2 45 5 08 58 4= Bifi AL
Wit 22500 SR i Ge it i F (H (spss17. 00, 45
U3 1,IFN-y A8 fb &5 WL 6. SLYS 4, . —
RS RERARE, XS EE X (P>
0.05), P-NIH .5 . —fR. —hEZr7 A% . HE
“RESMEE AR EE L (P<0.01), P-NI1-
C 2 ;P-N1-E 41 ; KJM 4 ; K+P-N1 41 ; K+P-N1-C
H;K+P-NI-E . — . . - RERA5
P2 L (P<<0.01),

3o i

Fh 4 BB A 9 P2 350 BCG BB 4% 12
PR AR B 54 AT — X 2 4
4 T I A F AT



462 o OB SRR e R 2014,30(5)
F1 IFN-y &R
Tab.1 Test results of IFN-y
2H 5 Y 1l (pg/ml) — 4 (pg/mL) “ A4 (pg/mL) =4 (pg/mlL)
Group Before immunization 1st immunization 2nd immunization 3rd immunization
SLYS 65. 46840, 5256** 65.471340. 3546 65.488340. 474" 49.12449. 9723
P-N1 65.35540. 7532** 66.13340. 082" 68. 275740, 2828 83.899746.0307"
P-N1-C 65. 539740, 3239+ 66. 677740, 1423 71.08640. 1399 89. 484747, 3282"
P-N1-E 65. 355740, 4924 68.328340.1023" 71.208340. 1627 87.8493+11.3742"
KJM 65. 056740, 1486** 70.13740. 1251 72.571£0.1682% 88.74346.0379"
K+P-N1 65.56440, 4538 70.714740. 6219 73.11420. 0243 88.41345.0539"
K+P-N1-C 65.52340. 8086** 72.294340, 233" 74.218340.0217" 107.591£7.3281"
K+P-N1-E 65. 405740, 1534** 72. 660340, 2867 74, 601740, 0562cD 95. 750349, 0184"

VE: (T ™) 7R P+ 77 9% I3 B0 BR AR /NS 0 7 2 5 0 12 8 X (P=>0. 05) i B R Al /N5 5 ik 3%
TR A G R (P<20. 05) I 3 R T K5 - R 22 BB 3 AT 2 8 3L (P<<0. 0D,

Note: (xr+s*) means & variance; peer data shoulder the same lowercase letters means there is not statistically significant

(P>0.05); shoulder different lowercase letters marked difference was statistically significant (P<C0. 05); shoulder different

uppercase letters marked difference was statistically significant (P<Z0.01).

5 % 3 X %% 5 DOT-ELISA 47

m &
before immunization

t
t
[ )

E first immunization
,4 = -}

Eg second immunization
§§ =%k

i

third immunization

E O S ¥ & O & %
& & & L o 5
R A
B 6 /INREHN IFN-y T4k

Fig. 6 Changes of IFN-y in mice

ESAT-6 J& MTB 1 37 5 10 7 il i) 470 Jd i 2

1, X 23 T Bl 6 X 10°, CFP10, B 7 I8 W &
ML L& T EAST-6 FE A L3z, o] L 4R 6% 100 4~
SRR AR T R 10X 10°, 53 UEWE 1 10
(CFP10) A1 KL 1A 43 34 4 e #0 (ESAT6) J2& M 25 # 43

BSR40 095 97 DB R 20 B E 04 PR AR 20 1 SR AR

W AB.C.D.E.F.G.H F+ 1.2.3 Kk} PET28a-
GFP-ESAT6 DE3 4 [ # 11, ESAT6 45 2 Ut i &
F.ESAT6 %8 3 IRt E 5 4.5.6 KR & PET32a-
CFP10 DE3 4 M % . CFP10 %5 2 W ¥k il & A .
CFP10 %5 3 IR WL 1.

A:SLYSH ;;B:P-N, 4 ;C.P-N,-C 41 ;D: P-N,-E 4 ;
E:KIM 4 ;F:K+P-N;41;G: K+P-N,-C4;H: K+
P-N-E 4

Fig. 5 DOT-ELISA analysis after 3rd immunization

1. PET28a-GFP-ESAT6 DE3 whole bacterial pro-
teins; 2: The second washed ESAT6 protein;

3: The third washed ESAT6 protein; 4. PET28a-
GFP-CFP10 DE3 whole bacterial proteins; 5: The
second washed CFP10 protein; 6: The third washed
CFP10 protein; A: SLYS group; B: P-N, group;
C. P-N,-C group; D: P-N;-E group; E. KJM
group; F: K + P-N;, group; G: K + P-N,-C
group; H: K + P-N,;-E group.

FIBT, 3l B R 40 RD1 X 4 i, 1% X AR TE T 45 %%
O BORT B S A5 AR R D RO P BRI A
A R A # (BCG) T bR B AR B0 P 70 BT B 2 8 41
T Z X A S g A B T X CFP1O
ALK CFPL0 J& R L prll. GEiF T LA
7 R B S R A T A 92 A R ) B X
ESAT6 & H it . X ] B2 P o DNA 1 i
B 40 S AT — R B S P SR Y A T B A
i X6 5 e 470 D 4 SRS TR R S0 ) R O T R A A
Ji 2 T I B LA B M B A L i 0 LR 3
AATRER B IR AL B g . AR SR . W
LG M EAN YR P A R R CDAT T 4 L Y A
BT o AR B 7 A G R A R I 3 L B v
P A SR B R B R A L SR B 7R i S A K
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B LAFE DNA 2 1 5 9 T B S0 He A 2818
TFN-y J& 40 45 1% e 58 S i v G 58 P 1% 240 g 1A
T HAEH EZEA AL CD4T A1 CD8 T 4 M 11 2R
A2 5 H DR 20 I 1) BT I 0 5 0 A B MR AN I 15 T R
1A A Bt (reactive nitrogen intermediates, RNI)
i) — AL & & B (nitric oxide synthase, NOS2) 1§
P o DT 3 5% 50 20 B T B 25 AT B I RE T
TFN-y 3 PR ) i o /D BV NOS2 58 PR ke s /s B
Ty BIRE5 K« XS5 R0 Ty e T, HLAS BRI 45
FFF B 2R K AR B TEN-y 32 14 3% ) 5
TEN-y R i i 0 00 25 5 B e 45 k. Jor LI 3
TEN-y (78 A AT DU A A6 00 45 A% 8 B 4 188 2080 SF ) —
O R = TN T8/l e Y U e N = 1
CFP10 b —FA %0 T 40 bl . s il AL = 24
B SR A0 G % B 2% . AT LA & PPD Rz Bk 56 BH
PEE Y A1 TR I B A A AR M B g R R R R
IFN - ¥, TFN-y GBI 1k B i 40 i, 42 5 B 4
JRLXT PR PN 45 A% BB A AR AVE R R i g ). ES-
AT6 .CFP10 J& B 9 #F 5% 3iF 352 19 45 %% 4 B AT B 4%
A .BCG iz iy —Fp o R E A PR BT &S
T 0BT IE RN, i /> B 40 Bt B A, R, 2
AR B 118 45 % 20 L B 2 8 0 5 1 4 S e 928
%, Seyh pEGFP-N1-ESAT6 . pEGFP-N1-CFP10
5 BCG — @/l 3 5 - IFN-y & I 25 2R R
/N E  IEN-y K H 8% LI, Hd
pEGFP-N1-ESAT6 5 BCG — it f 34 21 /N Bl 35
IFN-y /K ¥ & T pEGFP-N1-CFP10 5 BCG — %
B, I ESAT6.CFP10 28 DNA %18 4 3 5
BCG WA 0 FH S e /N BRUS /N BRUZE 20 i B 58 | ™ AR
TR KB TEN-y. Fifi 35 % 9% B ] /9 #E 7%, BCG
TE =AW B TR R W W s . 3 BCG
] LAAF /0N B A= 20 M fe g VRS i v- TR &=L M
ik F ESAT6 F1 CFP10 3£ H DNA % 1 43 515 K A
BRI FH S /0N B 78 /D B N 75 3 9 S e O
BURLEHC T 45 A% AT 1R 8% e op = 2K T THI
A2 M 9% 7 2% B MHC 1T 2643 1/ S 9 CD4 ™
Thl BY4H 53 3 TFN-y, 3% {1k B W 40 i 2% K 75 1
M. R EGRAX 5. BCG XA
it 235 A% 1 DR AP 4 L AS 1R 3 4 0k i N &5 008 & A
BOAFRS: bR T R S5 A% B B —
M, R SRS P WA A5 R B R ESAT6, CFP10 5
DNA #4355 BCG BE4 1 H S /N BUS - /N
BRI TEN-y 7K T 8ol ffi ] BCG 4, 7R
FRATTHEHE Sk 19 f 32 vh ] LUK B DNA #2115 BCG
WA f gz 1 7 ke 48 s 10 N 6T G5 A% I S e L R

B R BIF 5T B 5 — E [ A
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