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Abstract: The DNA fragments of mpb70, mpb83 and esat-6 were amplified by PCR from M. bowvis
Vallee genome DNA. Mpb70 and m pb83 were spliced by overlapping extension (SOE). Then the
DNA fragments were inserted into the plasmid pET32a(+) and the recombinant plasmid pET70-
83-E6 was accquired. The recombinant protein was expressed in the form of solution in pET70-
83-E6 transformed BL21(DE3)induced by IPTG. Then the recombinant protein was purified by
affinity chromatography. Western blot analysis shows that the protein could be recognized by se-
ra from M. bovis infected bovines but not by sera from M. paratuberculosis infected bovines. The
purified protein was used as diagnostic reagent and found to be useful for immunodiagnostic of bo-
vine tuberculosis (BTB) by enzyme linked immunosorbent (ELISA). In field test, 46 out of 117
bovine sera (67 of them were positive in PPD skin test) were positive (39.32%). 82.05%
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(96/117) of them were consistent with PPD skin test.

Key words: Mycobacterium bovis ; fusion expression; ELISA
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1.1 E# HEREE

R B (M. bowvis) Vallee ¥ W B H [ 25 5
AW K E BT, BB pET32a(+) 15 £ H E.
coli TG1 1 E. coli BL21(DE3) /&2 241 i ¥4 iy A<
1.2 &

117 A A 4 1L 7% 359 H A 52 56 2 7 4 [ 4% b 4
YW sE, Horb 67 4y 5 PPD Bz iat BH M 4 1 v, 50 14
9 PPD K BAPE 48 v . 150 3 24 45 4% 0% 1 M il
A S AR TE (4 PPD 24k . PPD-ELISA . /&
R RN AR B 28 45 800 1Y BE P I 3 A2 g
S5A% 9 PR VR I W A S 5 = R AF (& PPD KR
ELISA o #2% Fl 41 T A A 50D

1.3 FELH

pfu DNA polymerase F1FR il ¥ A U1 i g A
MBI 24 Al DNA & mY i & . DAB #il OPD g H
i ETEAY TRAR AR, Ex Tag DNA R4
F1 pMD 18T-Vector I H Takara( Ki%) A A, Ni-
NTA His Bind Purification Kit # H Novagen 2%
A, HRP dric iRt Mits — Bt A Sigma 23 H],
1.4 49T HEEESH DNA BIREK

FI TEC(pHS. 0) ¥ K& B9 4 73 BT 1 1 7% 8%
FRdk L UE T ok, B0 R UURE M TNE(pHS. 0) %
B2 RZJGEET 600 pL B FAKP LA 50 pL
10 mol/L ¥ NaOH HI 300 pL 10 % ) SDS (L JiE
A 3. 400) JEIREGIRA)E 37 C/KHE 3 h &k
FIRE K 220k BE 200 pg/mL, i€ E % IR G )5 50
CK¥ 2 h G [ E 8 72 3% TR A JLIK) L B850 B T
It /A5 4 — U, JEoK Z B DUVE DNA J5 H
7000 &BEVE B VLI — K. )T 5 M 40 uLTE
(pHS. )M, B 1 pL 6B 100 %5 )5 F 4 6ot
B3 (Eppendorf Biophotometer) Jll H: DNA ¥ J& .
% DNA VR AE & G50 B Z 5 1 PCR B,
1.5 SI¥RigitREMERNYT 1S

RYE GenBank 4 i AT AF2122/97 (Ke &
5 NC002945) P Bk mpb70.mpb83 F esar-6 & [F %
51, 519 M Invitrogen (L) AR A B, HF
IR : (1) mpb70 (U-K pnl) : 5 AGGGTACCAT-
GGAATACGCGGCAGCCAATS' (i 2% ¥ 4
Kpnl iR 5 47 55 )5 (2) mpb70 ( L-linker): 5'
GGAACCTGGAGACGCCGGAGGCATTAGS' (FH
oA linker J¥ 1) 5 (3) mpb83 (U-linker) ; 5'
TCTCCAGGTTCCATCAACGTTCAGGCCAAAC
3" (BB 5 A linker AY B NP 51D 5 (4) mpb83 (L~
BamHI): 5 TGTGGATCCCGGAGA CACCG-
TATCGATCATS (W7 BamHI 5 AL
FASZ &K 43 A linker FF 1) ; (5) esat-6 (U-BamHID) . 5’
ACG GGATCC GAGCAG CAGTGGAATT TC3' (i £k
#48 BamHI G 5 B2 36534 linker J¥ 1) 5
(6) esat-6 (1-EcoRD) ; 5' GCCGAATTC CTATGCGAA-
CATCCCAGTG 3" (£ EcoRT UL AT)

DL 20 R FF B 55 R 4 DNA b 854, H plu
DNA polymerase PCR §" 34 mpb70 F1 mpb83, K
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NARZR (50 pl) . B FHESI#45 400 nmol/L,dNTP
£ 0.2 mmol/L, ®i# 12.5 ng, pfu DNA polymer-
ase 1. 25U, ¥HEMMEHRS80.95 CHAME 5 min;
SRJIG 94 CAEME 65 CiR KM 72 CIEM4 1 min, 30
AMEIR s e B 10min, §7 3= 0. 9 % 3R
R JE R VRS L e LR R & 4l Ak PCR 729,

R I B 4 A BT U] 4 R (SOE)™ 3K 13 mpb70
1 mpb83 W R G R mpb70-mpb83, VI ik 4lifh
i) PCR 7= ¥ mpb70 Fl mpb83 A BLHL, L mpb70
(U-K pnD) Fl m pb83 (L-BamHD X 51#¥), Fl Ex Tagq
DNA RE& ik PCR, RIMAKR (50uL) . b TFiESI
Y145 200 nmol/L, mpb70 Fl mpb83 HE I UKL 7= 4 4%
1 pL.Ex Tag DNA R &0 1.25 U, B XHEEN
45 C,HE MR L,

LLAR 43 K FF A B IR 20 DNA BB F Ex Tag
DNA B4 PCR Y3 esar-6, M AKFR (50 pl): |
TUES 45 400 nmol/ L. A 12. 5ng. Ex Tag DNA
REM 1.25 U, BAIREN 63 C,HEFKM R L,
1.6 EARNMHEESERE

B iR 4lifk i PCR 7= %) m pb70-m pb83 H esat-
6 LK 2 513 2 pMD 18 T-Vector, # 1k TG1 J& 2
Y0, 2815 54 Bkl pMD18T-70-83 #il pMD18T-
esat-6, WY PCR % & 0y & 41 ki, H K pnl
1 BamHI Y] pMDI18T-70-83 I & [AI W m pb70-
mpb83 B, M B iE ALY B pET32a(+)
A AR L 88 A TG IRAZ S 4 A L B U1 A1 PCR %
R R ARG A Bk pET70-83, F BamHI 1 EcoRI1
M pMD18T-esat-6 YI'F esat-6 F Bt , ¥ Hof #2318
2 kL pET70-83 W) BamHI Al EcoRI BFYIA7 45 . 4
A 4 ok pET70-83-E6, B U] il PCR #F 47 %
FE L IF I g A R AR BER B
1.7 BEARNMNBFSREMEAEZTAMNLAL . SDS-
PAGE 53 #f

AR pET70-83-E6 ¥ 1k BL21 (DE3) Ji& 2
M AT Amp' (50 mg/mL) B LB BlE
Lk RE ISR T 5 mL Ampt B9 LB WK K 5%
37 CIRFEZE ODyo 24 0.6, BHWE 4 CUKF L
KK HE 1 mL BT 1.5 mL /N OB O
LW LVAMEH 1 mL Amp™ B9 LB WIS R B &,
DI E W3RN T 100 mL Amp ™ B9 LB WK R 55 3%
37 CHRFEZE ODs M 0.4 2471 IPTG ZE A %
FE4 0. 4 mmol/L, 42 YRFE 3 h, vK [ E 5 min L
BHEWR, B OEE, E A 50 mmol/L # Tris-

HCI (pHS8. 0) P& ¥ 1 IRJGEE T 10 mL Bind buffer
(% 300 mmol/L NaCl #1 10 mmol/L Bk B Ay 50
mmol/L 12 2% vh Wk, pHS. 0) . 8 5 I 2L 40
B,10 000 g B> 15 min, 23 AU 4E i AIULEE, Ul
W 1 mL Tris-HCL ¥ i, #% SCER 7109 J7 75 45 BL
20 pL BIEFUCE INAEARFR Y 2 £% SDS RS2 vh il
Je B 20 L #8497 SDS-PAGE 43 #1. Fl Ni-NTA
His Bind Purification Kit 2 15 B 43 45 4E 4l £k v] 7% 14
HAAHEN, 2iLENE AR SDS-PAGE 737,
1.8 #hi{k ZE 8K Western blot 5347

225 SCHRL7 W 7 s 2 T 5 % B Uk (bio-
ran JY-ZY4) i Western blot 43#r. H& 3% WK
) PBS(pH7. 4) #H F 5 ¥ NC B4 i 45, Horp
— %5 150 15 B 1Y A 25 4% FRME S VE L 59 —
25 150 R B Y A8 B 45 R0 PR s /EHT . =4t
fE 5 000 £5 5 B, — PO B MR & 3 %0 WY
1% KA 2 W 09 PBS(pH7. 4), i B
NEH 3% WK .150 mmol/L NaCl #1 50 mmol/L
Tris(pH7. ) W . OS5 UEL R,
1.9 ELISA FZEMVSEIRENA

ZWSCHR 81/ )5 45 . bradford J7 #5002 HI F
(R A S W W L R A = B i = N
ELISA £ 00 (B AR B BE WG L), W% 2 2 40 28 1 1Y)
TAEMREE, 2 WA $E ELISA J7 gk Iffcan F W %% . &
I 320 WK, 37 CIE &R A 1.5 hy —Hi M B 200
£, ZHUHERE 5 000 A% 5 BV SR H PBST (%
0.05% Tween20), & 4 A2 1k 5, F i 45 1% (Bio-
Ran modal 680)M 490 nm AWK G (ODyy ) . N T HE
k2l Ak 2 R i TP R 2 B T AR A AR B i
B UJEZS 7 AH I R R B 1 R 1 0 ok O v N 4tk
() pET32a(+) %8 #1241 & R bR 25 (His Tag) X B,
Fiizx ELISA /B2 7 A 150 4 BA P i 35 , 2 37 FH
PEREARE . X 117 03I PR AR 1075 HEA A

2 & R
2.1 PCR¥EEHMEHR
WE 1 B, mpb70., mpb83 M esat-6 H) PCR
PR BUH R N—B, 4 32k 483,669 A1 288 bp,
mpb70-m pb83 fil A 3 ) SOE-PCR F=# %) 1 200
bp, 15 Wi (1 140 bp) K/h—EFL,
2.2 EHFH pET70-83 #1 pET70-83-E6 HIEE
K pnl 1 BamHI [ U)Fl PCR ¥ 14 %5 2 5 41 i
K pET70-83, 45 B34 — 2525 1 200 bp M BL.
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1~ 3, 5. 0l N esat-6, mpb70, mpb83 Fl mpb70-
mpb83 WY PCR =¥ ;4, 6. DL2000 4> F & X M (T
B 4% 461 43 B3R R 100,250,500,750,1000 Al 2 000
bp, &l 2 [FD)

1~3, 5. PCR product of esat-6; mpb70; mpb83 and
mpb70-mpb83; 4, 6. DNA Marker DL2000(From bot-
tom to top,the bands indicate 100,250,500,750,1 000
and 2 000 bp respectively, the same in Fig. 2)

B 1 BHEEK PCR~HRK
Fig. 1 Result of PCR amplification

PR i KANHAF . Lh esar-6 (U-BamHID) H es-
at-6(L-EcoRD) A 5% PCR %5 pET70-83-E6, 4 1
8 —24 300 bp I A B, UL Kpnl fil EcoRI fi§ V]
pET70-83-E6 F=4:—%4 1 400 bp R B, 5 HIW A
B2 (483 bp +669 bp +288 bp =1 440 bp)—%k . MW
YIS e Uk 25 A OB 2, PCR %72 KW

1. Kpnl Ml BamHI X i Y] % % pET70-83; 2, 4.
DL2000 43 F & X 18, 3. Kpnl Fl EcoR1 XU Y] % &
pET70-83-E6

1. pET70-83/ Kpnl and BamHI; 2 ., 4. DNA Marker
DL2000; 3. pET70-83-E6/ Kpnl and EcoRI

B 2 EARH pET70-83 71 pET70-83-E6 R EETI £ &
Fig. 2 Identification of recombinant plasmid of pET70-

83 and pET70-83-E6 by restriction digestion

2.3 BHREBEHEFISHT

FH TR pET70-83-E6 Y SMR F Be 2l /%
JeHBF )5 . 576 GenBank H % Bifi (1 4 43 B AT B
Mycobacterium bovis AF2122/97 A8 N % A B it
Freexs, 53R 8, % i B S 3P o —2L,
2.4 FERZEAZEARHELL

LTSRN S D D & S = P el D S L]
€47 SDS-PAGE 43 #r. 4528 /s i & 77 Ak (0 il

AEALN 66.2 ku, HHIFRK/N—2., K#FHH»H
M8 DA AT s & B U7 . I Ni-NTA His Bind
Purification Kit Zifk ] %5 (% 8 241 & 11, S22 e it 7
W7 WV 2 VR A SDS-PAGE 430 #7 .

1 2 3 4 5 7 910 11 12 13

—
-

e —

1, 6. A FHAFRUHE (T B 14 &l 2 0l &R
18.4,25.0,35.0,45.0,66.2,116. 0 kuw;2, 3. PLIE
Srsd, 5. BIERRAY;7~13. difbE AR 7 KB K

1. 6. Protein molecular weight marker(From bottom to
top, the bands indicate 18. 4,25. 0,35. 0,45. 0,66. 2,
116. 0 ku respectively); 2, 3. Insoluble part of the bac-
terial lysates; 4, 5. The soluble part of the bacterial ly-
sates; 7-13. The purified fusion protein

B3 ZAZEAFRKFYNL4NEBR SDS-PAGE 71
Fig. 3 SDS-PAGE analyze of the recombinant protein
and the purified protein

2.5 #hi{tEBH Western blot 747
2 DAB .00, 5 75 45 % 0% PR v 1 FH S NC
BRAEZ 66. 2 ku Ab B0 — B 8 AT WL 2548, it 55 @l 45
A% BEPE I3 A P A NC RS R DU AT o] 4545, DL 4,
kn ]

1160
Gh2I——
454

3540

154 T

1. 5025 %0 48 BV i VR T NC B 2. 8 E BT 4)
TR bR ;3. 5454 4 B 3 1 F /Y NC

1. NC membrane incubated with sera from M. paratu-
berculosis infected bovine; 2. Protein molecular weight
marker; 3. NC membrane incubated with sera from M.
bovis infected bovine

Bl 4 Western blot 43 #7

Fig. 4 Western blot analysis

2.6 ELISAMVSEIRENH
H bradford #5464k 2 (A& 2R 0. 366 4
mg/mL, ¥ 2Z A% LB ELISA, BB A ™
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E % 4k 37 %

ML, WA ODy HZE AR E G BCFHHE, &
12K 5 4 25 40w BE P I 3 7 A iR B R L T A8
PR R B P I 3 R Rk VRN 2 2R B 4 (His
Tag) X B ODyoo B AR, meZ ¥ alifb B H M T
YEHR R € N 0. 25mg/mlL,

150 {5y B 1M 375 A6 DU 45 2 9 OD,, °F- 318 (OD
XY 0,190 5. bR #E 25 (SD)Y A 0.105 6, HL
ODyyy +3 X SD A FHPE NG FHE , ODysy +2 X SD
PRI SFAE s I Z 18] i) BE, S A, BIAEAS ODy,
KT 0.5 FHAM,/NT 0.4 JBAME, Wi & 2 k]
BE, P 117 00 I AR I A I 25 SR 0L 3R 1, PPD B2
B BH P R Ry 57.27%, ELISA ¥ I /9 BH M R A
39.32%., 67 fy PPD JZ ik PH P 4 M i+ 46
ELISA #a il 4 BH L 21 £ 9 B 550 6y PPD J2 ik
R 2R 175 ELISA )4 5 A, Br kL ELISA
TS PPD BT A 3N 82.05%(96/117)

F1 BN N7 BIERNDFEFS PPD Hik L&
Table 1 Field test of 117 sera and its comparison with PPD

skin test
PPD i ELISA # TFExR/%
PITEE o 16 82.05(96/117)
[ 1 50 71 Y
PHERR /% 57.27 39. 32
3 i

Vordermeier % if %% T ESAT-6. MPB64,
MPB70 1l MPB83 A& & i TR & i J i XS R 1 " T
MG Wi T REM: . 45 3 & BLIX 4 AP A 5h
VL FH B B DX 4 B g A R A g A AL S ESAT-6,
MPB64 Fl MPB83 114 “ 3% J& 5 b 58 X 43 J8k 4 24 Fl fie
PEALT R DL 2 A PRI A AT R 2 W
B ST, AR RE RS 4R 5 12 W v B R S R AR
P AR WA BP0 1150 500 32 38 T 4l Ak AR B 2%
71 PR BC LA 38 HE T 3217 12 W R 9 A o Ak
Az Rl AR I K S ) R, AR 56 K ESAT -6,
MPB70 1 MPB83 =4t Jit P4 FRE S P 38 v i it D
AR 3% il A AT 2XFE KT B rh S B T i R38R L A
TR EAMLfl, = ANEU—-NEANIEAE
KX A R 2 Wb R S T A AL Ak
FE& AL T2 Wi 0 A 7= b B B AIG T A
BLAS i HAN 2 25 IR TR A 1Y Lo 1a] B fiE T2
LR bR AL, J3Ah . A PUR R LA I AT LR
UEIZ W 0 SR 5 T 38 FH 28 20 BOFT B RE 5 ) ESAT -6,

MPB70 Al MPB83 W {RE 12 Wi iy ke 52k

TEG YT B, mpb70 09 T UE S 9 mpb70 (L~
linker) 7 A — % 4 > 2 FE R 1 linker ¥ 1. 1M
mpb83 W _LEG1 9 mpb83 (U-linker) M7 47 linker F¥)
HAMFH], R SOE £ AR mpb70 F1 mpb83, iX
FEAE T oY 2B 98 oD TR W TR R, 541,
WY esat-6 (U-BamHD FHHG| AT linker J¥51, X
R RlE A A = AN BURE 2 TR ER AT — A D
R (SPGS) B 3 2 JIk . 34> 1 #2 KO = A Bt sl H
% A B R IE AL 7T g b il 2 K8 2= T HAH
T, T PR UE 1 AR A S S T A

Western blot 7r &5 R /R, xEHEAEA
ARG 15 S, BB A 5 A4 25 4% B R 1M 7 52 B SR 1Y
B I SN 1T -5 24 Rl 285 % B I AN B B . ) 20
AT A4 ELISA J5riEZ 5 6 117 £ i AR I8 14 46
MIt5 PPD B #EAT LA, S5 R UL AR T A B
ERL 3R, 5 PPD KORA B AR A R, B,
ARG i e 38 IF Al A 1Y =0 Rl G 2 AT D B R
R AL W BT, W) A0 ST Y ] B2 ELISA J5
2 HA R4y R
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