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W E ATHRABEIEHE AT BEOERFNERFHERELS HA c2a TREEE . SEIEAFE
esat-6 AL PCRY MHMEMN MBS HEEZ @M DNA L ABBE R HNN LK . DNA SR
AR IK pPICOK, 3 B 35 BN pPICIK-c2a-esat6 F Sol | MEYI 2 5, 0 5§88 A Pichic pastoris SMD1168
P RAGSHERERBRRERLT. UFBENBESY, K8 4d 5B LW, #HTT SDS-PAGE 1 Westemn blot
ETHoNERATPHTRREE. 2220 A4EERHIBER T TFRAKDERIDMMREEL. &
EEMTANAFTREMTRESE THTLAEEMANFLESREES, VEERNERERHASER

R EMERIIT T &6,

@ ESAT-6 EA, A o2a TIRE, H¥ Wik, BF SMDI168, ME &k

hESAS 786 ImiFEinE A
SGEME—-MABRRERE CHEEES ARKNER
MERVHRE, AR FRAHSEHESER AW
BERI PSR At B (BCG vaccine) SR FE B R B0 T RE, ik i gy
EHEENE, AHERNERBHTHORE. B8 FhH
WM—HI ZMAT ARSEROTN,HA L TR KT
BARCR B A EE, DR LESR AR HIVHE SR
EZRHEEENETRSHENEansEn" . B
OEREE BUNHESEREN LT,

ESAT-s EHRMNGE B TRENEFR BB (ST-CF)

T — S H 05 M EEMBEN S &Y 9.9kD 1)
ABHEEAY ARRNREFE., ESAT6 EUNTAT
HENEER P EILEEMESSTE P . BCC i EHY
B HEEDY ;0% MU ERIEBRE S BT @R AR os-
at-6 AW . 4R BT E A RSB EE B MPBY.
MPBG4 \MPB70 Hl ESAT-6 P, {¥ ESAT-6 & HAE# X 5+t BCC
B sash M RSB S RTE T B RS WS ; 3 ES-
AT6 HEEM R IFN-y R ENESESETFENI 1
HERBEEFHFE SHHHFER(MAC)SEMM KRR
ETRREMBEYRAREANZR L . Hik, ESAT-6 BA
ALEREEAMUABRREEE IR ERENERE
Bk .
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WHAS EEXEAREER 04 TB PR B & ES

AT BEARRMHB N THARN EIEBREZ —, TER

WEEBRA R, % S IR R i K E 4 TIFN-y,
MAHBETBEEREN, M ESAT-6c HAMLIAER —%
BEEIEM AMMPLYM R E AR TR RANKR
# T MR NS BCG MM MR, Bk, ESAT-
6 BT {E NI BB A AT B0 5 AR N DNA S B &
[ LGA B S B RE BE .

ARFHA a2a FREER NG H A HATH esat-6 B
BB ER, linker 3 A BB RSB FEF, 3 A Pickia pas-
toris PIFIRBIE pFICIK F B EFAEFRERTEARR
PERIBE Hk SMDI168{ pepd, hisd) P R TEA MG ELNH
BaRRE, S Eab HAREEYEFE®E, RAER
NAFESRHTERESE WA FHEERFANLFRTULR

TEERASS  HEBERNERE SRS R T RN

BT T T REE.
1 HHEBFE

[ }-3) ¢4

KEFEEE TOPI0 A XX RZRBEEHAERS
SMDI168( pepd, hisd ) B H R ¥R EPLHMANEFETHEER
{8k pPICY 1 pPICOK A EZ R ER ;A esar6 EB

1.1
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FHREL EMf i E B R EREEMER TSR SR,
HA o2a THEEEFER KR oFY 187 B A% BIFEH
REEFRAHSERE. '
1.2 M¥ERMEELN
LB,LBA,YPD,RDB, MD, YPD, BMGY , BMMY %% 75 21y
¥ 2 E INVITROGEN 425 7] e ok [ B 6 59 MANUAL RO ;[
FYER IS Xho I \Not 1 .EcoRI .BamH 1 .S5al I 5 T4 DNA
Ligase .RNaseA %W H TAKARA % 7] ; YNB, Peptone HI B
B DIFCO AR P& MAAER . AVE Wl B LR
MEAHFEAMAFAER R A c THRER TR & B
Bl HeOBRICHRIIE e kS A8 BIWM A ERFL
AR EAYHMECHUERA KGHAERGILEERE
P ARERPLEEFAREREY LBTHAER.
1.3 NARZENNHE
1.3.1 esa-6 EEAA o-2a TIREEFAR PCRI Y .51 H
IEMTABERATAR. U o9 BB ABUE, b5
8 .5’ CTCTCCAGAAAAGATCTGATCTGCCTCAAACCCACS Bl A
Xho T fi 85, T % 3| 1. 5' CGGCGCCCGCTTCCTTACTTCTTA-
AACTTTCY Bl A Not | & ;UL EIf BB Y8R, L5 ¥

5' CGGCGGCCGCT [GATGACGATGACAAA| ATGACCGAGCAG-

CAGTGGAATY, Bl A Nor 1 i &, T # 31 . 5’ CGGAAT-
TCTTACTATGCGAACATCCCAGTGACGTTG', 51 A EcoR I fif
B EFH DNAFFGBABEEARINEE, BF2
%7 :94°C Smin, SR 94°CHEHE 30s, 58°C H # 30s, 72°C Ef
lmin, 3t 30 5%, KK EF 72C A SHEM Smin. FHEFH
FoseiiEiERa kiGN,
1.3.2 BEFRERNMHBEMESE . TR pPICO A Xho | #1
EcoR] WEEH), B0 o2a THEEEM PCREWH Xho 1
O Not | B, BH ecat-6 EHM PCR YA Noe'I A
EoR] TEH . B/ T4 DNA B EMH{TEE KL XB
FFH TOPLO B3 5 SAME , IR L 4 BBL pPICY-o2a-esatt, B 1)
k., RAEHHZEEAFRNA BonH 1 W Sal 1 WEEHTHE
W/ H B BB pPICOXK AR BamH 1 #0 Sal T XL 88 41 3F B
KRB AT DNAEEBER  HIL KB E TOPI0, BB E
S B pPICIK-o2a-esat6, EH B e F B TEEHHER
2 dl{E DNA FRFIME
1.4 BE¥L

B FhEE 7R [ BE£F SMDI168 F 40mL YPD P, 30CHERE
0Dy 1.3~ 1.5,4C,5 000r/min B[+ Smin, ¥ L ¥ &, A
BRI E K S0mL M imo/L AL B 2l B L K. BEH
1mol/L B9 Ll S4B 160,L B 7, BN 48 Bl SMD1168 B % & 41 Jid .
B 80pL SMD168 M Z A MM S Spg A Sol | ST HIKR AL
MEHAERRSE .7 1300V, 25.F 2000 B & T o2 i %
6,0 tmolVL B I BLEE Il B RS, I0CHER 1h, BH T
RDB ¥ | ,30C 3 3 ~ 5d.
1.5 G418 In¥ ¥ FRIME

57E RDB ¥ L K MBS FEESHBE G418
N 1.5.3.0,4.0my/mL B YPD F48 b, EH I % GH8 1

1:3::5
1.6 BBRATHRSRERREITHOHEN

a8 it T ERF SomL BMGY KR X 4,
WCHRBHEFIE. HE T= 8 E L 6000r/min, 6 min, X
k. A iSol BMMY 5 BB 30CIRE 5% %6h, &
24 b — KPR, ERRAKRES 1%, RERE 4 XN
REW L. A 15% SDS-PAGE &M,
1.7 ESAT-6 RO RIEEN

R HH TS 15%SDS-PAGE |5 , F§ BIO-RAD 24wl
7 TRANS-BLOT® SD SEMI-DRY TRANSFER CELL 3 §% #% 3|
NC ¥ F . 200mA EEM B E 2h; L 5% B PR BEHA
SR NC M 1h, A TBS TRIBH B 3 K, B IK Smin;
HEERANME 2ol fEX—H . ZBBHF L ATBSER
Lk 3 K, B K Smin; ABNMD HAREFICH LERA
TgG HLHR (LA 59 AR 47541 9% #F 10000 f35)4E 0 4. B ¥ 1h,
TRSE B & % % 3 &K, B K Smin; Hl A 0. Llmol/L Tris-HCl
(pH7.5)5mL, 100pL. DAB " F # (40mg/mL) ,25pL NiCl, K-
B (40mg/mLYFI 3% H,0, 15.L, F ¥ B 6 Smin o, AR
IR R, VIREASNGEEE M SMDI168 X B K ¥
1.8 o2a THRERBERHERN

FTERER 1.7 DERA «c TRES TR &L
S% BLAE P B & 500 F5EN—i, BE R " DMiFD
BRI R 1gC I (L 5% B IR I 8 75 % 10 000 f5)HE R
i, FTH E F M A DAB & ¥ 8 10mL(DAB 6mg, 0.01mol/L
Tris-HCl 9ml., 6.03% CoCl, 1mL) J5, B il A Peroxide Buffer
700,L $1 Enhancer Solution 700uL, W ¥ & ..
1.9 REFOHTRAEREWTHNE

AHBME23ARENELHRANSWEHLLENER
HESEANAYHWEARBARANET TIHREEDER. LA
A EAERRS SMDI168 XA LR FE A E,

2 # R

- 2.1 EERK pPICIK-02a-csat6 MR R T

BHRKNMHEME 1, FTH 0 EHEE RN pPICOK-
a2a-esatf 22 DNA R M i S IEH .
2.2 BREBRLTHRE

Bk H SMDLI68 f5 . 7 RDB ¥4 LB PIM L
FHAMESGHUS M YPD FH L , BEEBR s KE R
4mg/ml. WL TFET .
2.3 BEHETFHERESTD SDS-PAGERN

RESEATFHNER LR EE LF,.15% SD5-PAGE
A2 T, REFPE 3 &, Hh— & EW AN 30kD
EH.ABEEXNGHIN 22kD M 17D £/, T RBEANE
EEAGEE SMDII6S R EEW LB R AL A AN HRF.
3 DNASTAR 3 #F4r #7i8 A DNA FEFI i B AN+ TR
7 20856.72 D, Ak 41 36 A 7 b i 30kD K/ RIEFE Y ED
HENEA. BEHEANTELS R 60mg/L KEEH .
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B ¥ R 0%

PCR product of
IFN o-2a(51 1bp)

Xhol+Norl Nol+EcoR] Xhol+EcoR1

!

Xhol Notl  EcoRI
IFN  enterokinase .esai-6
linker

Xhol SnaBl EcoRI Notl

! BamHl+Sall |

GATGACGATGACAAA
IFN a-2a enterpkinase linker esal-6

B 1 EHRAFN pPICIK-o2a-esat6 BYHEE
Fig.1 Construction of recombinant plasmid pPIC9K-a2a-esat6

2.4 SEABIH

2.4.1 ESATSEAMGHEAR AW - REUEL N HH3
Bim. EIOKDELEMUBF - THABRHERERNF,
FtExt BEHE RN, RHERBTHEXEATERSHER
ARG I 1% R A A R B,

kD 1 2 3 4 5
97 — . :

66 — S

20— -
B2 Rk WH SDS-PAGE BE
Fig.2 SDS-PAGE of the expression product

1 :protein marker; 2 ~ 4;supematant of SMD1168/pPICIK-a2a-esat6; 5:
supernatant of SMD1168

2,42 o2a THREMNGZEDESH-ME4TR TP

ALUSTFHREFERENSRER L, BB KA 55 30kD,

22kD # 17kD EH K 3R X BB HE KA.

2.5 REFWHOTRAREDTESH
AAMARAENHARLETESANEBH TRES

mE 1,

B ERTR:AERESE 2 KBB4 K,02a TRENE
HEHAR HPEIXANPIRXABHEIAKR. HER
AlEH. A EHEARBEN THREEES T, RABER
BE.ZRAKX, LRAFIBBRBEEKFETH —KLR
g%,

kD
97—

31—

20—

14.4—

3 ESAT-6 % F1 A9 SR Bt ED A A7
Fig.3 Western blot with the tuberculosis patients’ serum
1 ~ 2: supernatant of SMD1168/pPIC9K-02a-esatb; 3;: supematant of
SMD1168

kD 3 2 1
97 —
66 —

43 —

31—

20—
144 — :
B4 o2a TIFLLEEDTH
Fig.4 Westem blot with anti-a-1FN aniibody

1 ~ 2: supernatant of SMD1168/pPIC9K-02a-esatb; 3: supematant of
SMD1168

21 ARELRESHTFRARSES
Table 1 The biological activity of supernatant
of SMD1168/pPICIK-02a-esat6

Partial purified

e Second day Third day Fourth da
Sampl Yy y y Sampl

Control

Activity of IFN/

(w/ml) 3.15x10° 1.24x10° 2.10x10°F  2.97x If 0

Wow
EHREEERARGERA RS MER T TREER
HEREMBEE IR, EMRHRE, FEKFR,E

HAEESR MUSBRXEEEH T 000 KL,
HEEB T Z0MA, RITEREFKBESNEOQNR
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HF BB ESAT-6 EAEEREHPOME RER L EEHFR

R U I SMD1168( pepd, hisd WE A FIE W B, R M LA T
ANa2a TREEEASEE I HETEH csar6 ZRALEKIEE
BRERGFTHME XL, .

FTHESEA cTRECESPAHRRZIL ALY
— W&, B K 5B 4 21kD.19kD . 14.5kD B9 3 A~ 43,
ZHFERSVEATFSRNTARZ2URATRERY
BEY, RITER SOSPACE R M ERTYRBRELD
FEEFPHTRERRER BERFIEWELE. T
8439 3% 30kD.22kD A 17kD, T 5 A M Bk R i
B M, &K N KD ELHMEHF A BIR 30D
EEMEEFEREMOG Y (ESAT-6 EO M o2a THE
B4y F B 4r 9% 9.9kD 1 19.2kD, RS FE WY &+ TR Y
7 29.9kD) , T 22kD 0 17kD FHH # R K E B RER MY,
i R A RN C WM ESAT- 6 EAKE, it N %
Moa2a TRRAZZEFEARIEZER BM 20 TH
EOGEPARPETREW, 1B 3 &H, T ESAT-6 HEH
B o BN R 4 M 0 1 T 30kD — R Hr. B AREEDT
WEEHEATERBICARE Y N B 22 FHREH X
R HAEGEAERE XAL4 XEHAS. hiER
ARFBAEWNESN o2 THREMNENEL . AHEHRES
THHA ESATs EAMEERE, HELREEATFE—X
WER. B BRENEHAH, . SHLSRERENS,
RRHERSESHARNE FFEMELSEOKBEA X",
RMNEAERERABATENZEOMMAR TSR ER
FHEREGSE LA ERERN R,

Boesen %515 i}, 45 B o4 B 7 B R B &= B 08 XF ESAT-6 I
B EES AR EN T HM ESAT6 MR IR R
B w e g H s sh ik SH o A by 9 B 5 5 Th RE 3
MWH SREEFANREEREN FN-y RN RAITE
MRPEEBTHUMAS, EHERR LEMAEEER
WM UARSERANLEE & REEFHERAR
Pl BERANDLE N —BEERE, TREEERAN
hELHRHFREERFZRAERE,

¥ oesat-6 Wl o2 THREEHSHBERERE, IR AN
SEAHEE AR N EE Y, BUAT LA Rl ESAT-6 &
BHSERERR AT ERNE, XA UAETRENHR
BAMBREEANTIY, EEHART BRAREAMSE
HEINRNESR o 22 THE . BELNBHESHANFH ,.CRH
BEAESAT o XA MBEEEERAGEARARA, HEBAK
BN EHEET S o2 TIEE M ESAT 6 A, ol LI7E#
HETMYENRLRGE . REAFHENAERTEEH T
RS WATUREERANLERERRESS, HikTE
ZESENRESE MY LA EENR TR,

B oM AR AHLEXFEAHFIRFTRAL .S
AERAFERRABRARLEFTHABHNEERLF W
Wb,
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Fusion Expression and Biological Activity Analysis of ESAT-6 Protein in Pichia pastoris

LIU Lin ZHAO Zhi-An WANG Hong-Hai SONG Da-Xin ™
( School of Life Sciences, Fudan University, Shanghai 200433, China)

Abstract The object is to obtain the high-level expression of ESAT-6 protcin sccreted by Mycobacterium. tuberculosis in Pichia
pastoris. Human IFN a-2a and esat-6 genes were amplified by PCR. The DNA linker between the two genes encodes the
polypeptide which is specifically recognized by enterokinase. The recombinant genes were inserted into Pichia pastoris expression
vector pPIC9K containing AOX1 and « ;ecmﬁng signal peptides, the recombinamt plasmid was constructed and transformed into
Pichia pastoris SMD1168. The high expressed transformants obtained by G418 screening were fermented in flasks and induced by
1% methanol. After 4 days methanel induction, the recombinant protein was identified by SDS-PAGE, Western blot and biologi-
cal activity of e-IFN. The SDS-PAGE and Western blot analysis showed that the molecular weight of expressed recombinant pro-
tein was about 30kD and the expressed protein could specifically react with the serum of tuberculosis patients. The expressed pro-
tein was also proved to react specifically with anti-alFN antibody and have high biological activity of IFN. High-level expression
of secreted IFN-o-2a-ESAT-6 fusion protein with good biological activity was successfully achieved in Pichia pastoris expression
system, which could be applied to diagnose tuberculosis and develop TB new vaccine.

Key words ESAT-6, IFN o-2a, secretion vector, yeast SMD1168, fusion expression
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