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W E: AHHR %5 AT B Mycobacterium tuberculosis 4% & & ESAT-6 (Early secreted antigenic target of 6 kDa) *t E
A AR R R H ok, W E A 09 T LA 4 pEGFP-C1-ESAT-6 #o & #, 4k pEGFP-C1 VABE R ARA- S84 7 ik 4 e 2]
R E it RAW264.7 F , it G418 i i /& # 5 45 % K & EGFP-ESAT6 Ak &% & vA B EGFP ¢4 ta jtL % , FFi8 it RT-PCR.
R R AT A Western blotting 7 %, ERR A& G AANK-F AT L 69784 alio 2 B4T 5 %, 45 RE 5 EGFP-ESAT6
BRe AR B R T AN RAW264.7 03K B 28 FF a6 a5 A58 R 38, A B 44 ESAT-6 i EE MM R R T T 6.
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Establishment of RAW264.7 cell line stably expressing
Mycobacterium tuberculosis protein ESAT-6

Hao Li, Ying Yin, Dayong Dong, Jun Zhang, Ling Fu, Chenguang Cai, Meng Wang, Junjie Xu,
and Wei Chen

State Key Laboratory of Pathogen and Biosecurity, Institute of Microbiology and Epidemiology, Beijing 100071, China

Abstract: For studying the effects of Mycobacterium tuberculosis secretory protein ESAT-6 on the related functions of
macrophages, RAW264.7 cells were transfected with pEGFP-C1-ESAT-6 and pEGFP-C1 by liposome respectively. After
screening with a high level of G418, the macrophage cell lines that stably expressed EGFP-ESAT-6 fusion protein or EGFP
were established. The gene and protein expression levels were further analyzed by RT-PCR, fluorescence microscopy and
Western blotting. The results indicated that the EGFP-ESAT6 fusion gene was integrated into the chromosome and the protein
could be stably expressed in the selected macrophage cell line. These results gave us a tool for the future study in the
mechanisms of ESAT-6 protein in modulating the macrophage cells.

Keywords: ESAT-6, RAW264.7, stable transfection, expression

Received: November 23, 2010; Accepted: January 20, 2011

Supported by: National Natural Science Foundation of China (No. 30972772).

Corresponding author: Junjie Xu. Tel: +86-10-66948491; E-mail: xujunjiel@gmail.com
Wei Chen. E-mail: chewei0226@yahoo.com.cn

% HARRL:JE 4 (No. 30972772) W),



R
%
&

5 T IR G5 4 AUFT T ESAT-6 25 [ Y RAW264.7 4l &R AU &7 1391

4h#% (Tuberculosis, TB) H i3 2 B NS =
RIBGAMEPIGZ —, BAEL 170 J7AHRIE. L E
2 45 A% 4 RO TR I K B DA % (AIDS) &
HE, I BREERENE R IRURY LHA0A,
SER R AN IR IR B — A~ R R AR AR FiH
FENUARI BT R GE . 1 A S5 4% 53 B T An o] S22 LA
18 B AE K A7 B T0F e T S5 A% B e 1 S A SO
259

%R R B FVE IR A 2 B
B JEMERY /NG T 1 Hoh ESAT-6 2 12 X 264
4> F I3, ESAT-6 & 1 HA Trp-Xaa-Gly
(WXG) LML, h 95 MaEmA ™. wF
FERI, ESAT-6 54512 /3 AT Y 5E JJAHOG, Tl
i3 2Ry R B SRR T BE . AN Ganguly %1
K UAE T ESAT-6 25 ST B W4 it ;N A 22
SRR EEE T (MAP) iR % . ESAT-6 BES T
WM ERK 1/2 (IR 205 (LPS) 155 H c-myc 1Y
Fik AN ESAT-6 Refgi i A4 L A B2 (ROS)
FRI 7K S-S MK HE NF-kappaB JERI A E 5, BAMT
W52 ESAT-6 1EH T E Wi 41 il 68 45 47 S b i s
caspase-1 FIE# 1L-1p BT Bk (),

KU HATXT ESAT-6 45 F g 41 it o 6 BB 5T
CA — 28 ds, (HH B AR I8 HLRAT G 2 — D4R
Ko TR CA 25 2 DUSS AT 1 B A AR 58
AR B AN AR AR, X ESAT-6 TIREM 4T
AR X HE o L 20 TR R R g e . R i — 2B T
ESAT-6 & 1A B % B mE 4 i i 7, AP g T
HAZKIR IR pEGFP-C1-ESAT-6, J-# H 4L /N iR
FoWE 40 il 2 RAW264.7 , 20 1k 35 15 Fa @ R 3k
ESAT-6 MR, E Wil 3R , N5 el i S it T A 5%

Y /APAN
= o

1 MR5F#

1.1 ##
5 kL pET21a(+)-ESAT-6 b 7% S I 28 #y 7t |
Universal Genomic DNA Extraction kit ver.3.0 LA )

Probest® DNA A 111 [ TaKaRa 23w, FR#&IE
¥R NS Xho T . BamH I LA K T4 DNA 4% 1
5 I New England Biolabs /> 7], Endo-free plasmid
mini kit I FUR 42 BUAR &0 H OMEGA A ], B2
A KIHFTH DH5a 48 . Quantscript RT kit Quant
cDNA % —&E A& ik 7 & L ). RNA simple Total
RNA kit 4 [ Tiangen 2%#] . L% 40 g 5% 4 i 57
Lipofectamine™ LTX and PLUS™ Reagents i [
Invitrogen /A 7], Anti-ESAT-6 antibody I H abcam
/N ], Anti-GFP antibody 4 H ebioscience 23 &) , HRP
FRric i Goat anti-Mouse 1gG IlJ A Santa Cruze 23w .
DMEM 538 4E | JiG4- g B Gibco A #], GFP 5
SR BRI (5 F i 35 kDa) I [ b stEE A it
AT, RIPA 242 il H BRI SEA ) . /B I
4l RAW264.7 fil pEGFP-C1 84K ARSI AT .

I EE R R Y AR RA W G, o
KAy L= FE A B 4l

1.2 FHiE

1.2.1 ESAT-6 HAHIH 1%

LI pET2la(+)-ESAT-6 Ry A4z , i H 514
(F1, R1) FIH] PCR JyiE4 1 i ESAT-6 A (4]
YLK 1), PCR %K : 94 °C 5min; 94°C 305,
70 °C 30s, 72 °C 30s, 30 MEE; 72 °C 7 min,
1.2.2  JTHHIHEFIEE

i Xho I Fi1 BamH T BR il /il ) 12 2K PCR 7™
YyRUBE D) ) 3% AR IR pEGFP-CL, 1 4 1)
AL AN KIGFTH DH50 JEAT4 738, ALYk 2L 75
HEATH V& PCR %7€, JRHATREVI S E, % Lg%
B BORA BRA M FE . 00 A 0 SOk Ay 44 4
pEGFP-C1- ESAT-6.

1.2.3  ZHaFs A

BEYLTT 1 d BERD RAW264.7 411 T 24 FL g (45 L
25 2.0x10° ), R4l A 35 5 609%~80% i I F
Wy FEOLUT, SR AR, M BEALINA 0.5 mL
FERKE IR (AMBTER) . FeGems 73 R i B AR )
W84 . pEGFP-C1 #i Ml pEGFP-C1-ESAT-6 4, %
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HiX'E 2 1N FL. pEGFP-C1 il pEGFP-C1-ESAT-6
JEORE e 1.2 ng, PLUS Al LTX #3543 51k
LuL A3 pl, ¥4 24 h G MA G418 BAWRIE N
800 pg/mL, % 2 REHIGFUL, [N ARG
RAW264.7 ZH AR B XTI IR, 5557 14 d 5, i
M BT GAL8 Y e A Y, T ST % 4t i 4 S B
T o Bl Ju 2 M AT FRARG BT se B AL 35 35 T 96 fLIE 37
Marr, Kid% 6 d J, Phikep s e g i A KL TR E
TG WA WA, A &5 40y FHPE 40
H Bk 1) BH M o w3 A2 AR ] i 24 4 RAW-EGFP il
RAW-E6.,
1.2.4 ESAT-6 HNA #4119 PCR 20

3B E RAW-EGFP fl RAW-E6 41 fifl . 44
Universal Genomic DNA Extraction kit ver.3.0.3{7 &
PRVE VLA SR I L 41, M4l pEGFP-C1 HYRHIELE
Xho I #1 BamH I EEI{ si bl it 2 55514 (F2,
R2), #7 pEGFP-C1-ESAT-6 & AL taik, N
P14 EGFP-ESAT6 4K 29k 1 173 bp, tH A
RED 39t EGFP 14 )i % 888 bp.
1.2.5 ESAT-6 ZA1#9#5 7K V119 RT-PCR £20

W4 RAW-EGFP fl RAW-E6 4ififl, % RNA
4 DR 20 O G EAT A M S RNA I $2 I, 76
0.25 mL 1) Eppendorf 417 5 % 5%, 345 cDNA 4
—fE . RFEFERNAEFRN 20 pL, HPEEHLSIY
(10 umol/L) 2 pL, dNTPs (DEPC /Ki#fi#) 2 uL,
RNase-free /K 12 puL, Quant JZ#: 5 1 pl, itk

x1 AHRETAMSIY

Table 1 Primers used in this study

RNA 1 uL. M &MEK: 37 C, 60 min, —80 CA4
%o HU5 pL cDNA HT PCR ¥ ESAT-6, p-actin
FEPERI NS, 9 H5IY8(F3, R3),
1.2.6 KL I GEHES

i 1 6 FLH 8 355 A RAW-EGFP il RAW-E6 4
MER, FHARKICAE N 60% M, & T2 DM
TMEGEIOCEANERL, JFRERK,
1.2.7 Western blotting £7J) ESAT-6 /974

I3 IsE RAW-EGFP fil RAW-E6 41, f#iH
RIPA 2 G2 P 24 A0 )=, 4 °C . 12 000 r/min
B0 10 min, BULERAGAREE A=Y R
FI4> a3 270 il 2 RAW-EGFP 71 RAW-E6 4
JIf R 8 T R R B A

i FIHT GFP HiikX} RAW-EGFP 4 il 2 4T
Western blotting %55 . A& il % i V) J5 #£47 SDS-
PAGE Hiyk, HLVKZEHETEL 300 mA, 60 min ¥
(S22 =0 \(ofy 0 P JEEITTE S AR’ IEEN (o4 - & Prsin
C &M ZE NC I E, R E T 5% AR08 2= T &)
M 1h, LA 12000 #BEMBEHT GFP Hiulk, 4k, 4 C
S E %, TBST (20 mmol/L Tris-HCI, 500 mmol/L
NaCl, 0.1% (V/V) Tween 20) ¥t 3 ¥k, &% 10 min,
DL 112000 W EER B S0, ks, EWR T HE3) 15N,
TBST ¥ 3 &, £k 10 min, AL ROGH], 2=
G . (P ESAT-6 Pk g ik [FIRE Y 45
TRIEAT RAW-E6 4l R 19 4558, Hh —HiiBeE
1:2000, —HuMBEREA 112000,

Primer name Primer sequence (5'-3") Size (bp)
F1 AGACCTCGAGCTACAGAGCAGCAGTGGAATTTCGC 35
R1 AGACGGATCCTACTATGCGAACATCCCAGTGACGTTGCC 39
F2 CCGAGCTGGTTTAGTGAACCGTCAGATC 28
R2 CCGCAAGTAAAACCTCTACAAATGTGGTATGG 32
F3 GTACGCCAACACAGTGCT 18
R3 TCCTGCTTGCTGATCCAC 18
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2.1 FIEHRAIE

ESAT-6 JE[A 4K 288 bp(& & 1% 15T TAG),
PEGFP-C1 #ifk 2K 2N 4.7 kb, ¥"14 ESAT-6 J:[A
Ji (I 1A) # A pEGFP-C1 #{A&J5, fdifH] Xho I Al
BamH I X 4 i ks 47 SR DI 48 8 (] 1B) 4%
WIS RN K /N 925 N 4 700 bp F1 300 bp HYHEEK 4
Mo K F L R, pEGFP-C1-ESAT-6 1% 1 3 i bl 5t
(i) HRRA R, WF45HRS GenBank (ID:
886209) J¥ ¥ A [F) , iiE B & 4 H A% % ik 5k
PEGFP-C1-ESAT-6 FJ# ATl .
22 TRTEFRIL ESAT-6 EAR RAW264.7 i &
B3R5

e YU o L H RLRG 3% T & 800 ng/mL G418 (1)
DMEM SE& iz, 3% 16 d A4, XIR4
9 B 4> FE 1o, i pEGFP-C1 Ml pEGFP-
C1-ESAT-6 % YL i) 4t g Fifi 35 77 B[] 42E < 58 1 2 Jifd
B, K% 30d J5 LA MIAE T, H o i 5 AR
I W R 3R e % 200 pg/mL G418 () DMEM
SEAR KRR AT R R L R . & 2 LS
AT 1 RS A0 M & 4 ) 6 4 9 RAW-EGFP Al
RAW-E6.,

2000 —

1000 —
750 —
500 —

250 —
100 —

1 pEGFP-C1-ESAT-6 EAEFKRIMME
Fig. 1

2.3 ESAT-6 EFEE S RERKFHIENER

FIH pEGFP-C1 FiX 59 (3% 1) F4uffgdt
K20 DNA #4171 PCR #7344, PR HL Uk &5 R R
RAW-EGFP 4l fifd Z 4" 1 K /N2> 900 bp Y A
B, 1 RAW-E6 4 /it 3243 K25k 1 200 bp 95k
oA B, SIARSRT, KB ESAT-6 A& A
RAW-E6 4Hffi % (& 2A).

F 1 RT-PCR 4347 mRNA /K-, RAW-EGFP 4
FEANM R T RAW-E6 FaAL AN R nT 438 h A BER
/IR 204 bp NS FEH p-actin (K 2B), MR
RAW-E6 4 fitd & ey 35 th K/ Ay 288 bp A8 47 4%
i, R/N5 ESAT6 #14F, {H RAW-EGFP 4 fitd 5 |t
H R BErAfE7E (B 2C) X K B 7E RAW-E6 41 s R
Hi 7 ESAT-6 ) mRNA ik
24 FEIHEEFZTHEIERR RAW264.7 HHE N E R
EEANRIE

¥ ESAT-6 FEPfdi ] Xho I F1 BamH [ BV 5 %A
PEGFP-C1 #fAk, 5 LU EGFP 453 K 7 W] — [
PEAE b R A Al A R . 7E PO WM T UL
RAW-E6 L)l K, RAW-EGFP F 4N E , K F 2 R4
FI W RTE SIS A, KW EGFP-ESAT-6 fil
HEAM EGFP ¥REE /R ERIET RAW-E6 Fil
RAW-EGFP EW4ifin R (& 3).

2000 —

1000 —
750 —

500 —

250 —
100 —

Construction of recombinant plasmids pEGFP-C1-ESAT-6. (A) 1: ESAT-6; M: DNA marker (DL2000). (B) 1:

pPEGFP-C1-ESAT-6 digested with BamH I; 2: pEGFP-C1-ESAT-6 digested with Xho I and BamH I; M: DNA marker (DL2000).
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A B C
bp M 1 2 bp M 1 2 bp M 1 2

2000 — 2000 — 2000 —
1000 —

1000 — 750 — 1000 —

750 — 500 — 750 —

500 — 250 — 500 —
100 —

250 — 250 —

2 ESAT-6 EFRZESURERKENSH

Fig. 2 Analysis of ESAT-6 gene integration and transcription in the cell lines RAW-EGFP and RAW-E6. (A) PCR analysis of
genomic DNA extracted from the transfected cell lines. 1: PCR fragment amplified from genomic DNA of RAW-EGFP; 2: PCR
fragment amplified from genomic DNA of RAW-E6; M: DNA marker. (B—C) RT-PCR analysis of total RNA extracted from the
transfected cell lines. (B) B-actin was used as an internal control for RT-PCR. 1: RT-PCR fragment of g-actin amplified from RNA
extracted from RAW-E6; 2: RT-PCR fragment of g-actin amplified from RNA extracted from RAW-EGFP. (C) RT-PCR of ESAT-6
gene. 1: PCR fragment of ESAT-6 amplified from RNA of RAW-E6; 2: PCR result of ESAT-6 amplified from RNA of RAW-EGFP.
M: DNA marker.

FITC DIC MIERGE

RAW-EGFP

20 um 20 pm 20 um

— — —

RAW-E6

20 pm 20 pm 20 um

— — —

3 WAEBMIETUER EGFP LLK EGFP-ESAT-6 & H Ry Rk

Fig. 3 Stable expression of EGFP and EGFP-ESAT-6 proteins in transfected cell lines was observed by fluorescence microscopy. The
cell lines RAW-EGFP and RAW-E6 were plated and examined by fluorescence microscopy under DIC and FITC optics to evaluate the
expression of proteins. Merged images represented regions of overlap between the EGFP fluorescence (green) and DIC image.
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25 BREMETEAEFMNRIE
i F1¥1 GFP $ii4& ) Western blotting #& il £

B/R, RAW-EGFP 4 il & DL K2 RAW-E6 41l it 5 43
B fE S FaE %1k EGFP Ml EGFP-ESAT-6 fil &5 % 11
(& 4A). f#1H ESAT-6 Hi{A ) Western blotting £l 24
SFIFEIESE RAW-E6 4 fitl R GEfE K15 EGFP-ESAT-6
FGHEH (K 4B), Western blotting 2% % [q] i 3¢ B
EGFP-ESAT-6 fill & 11 32 22 DA il 8 1 T X
FAET AR (181 4B),

35 kDa —>

<— 6 kDa

4  Western blotting ¥ % EGFP &HLE K& EGFP-

ESAT-6 A7 RAW264.7 4 & R B9 R &

Fig. 4 Identification of the expression of EGFP and
EGFP-ESAT-6 proteins in stable transfected RAW?264.7 cell
lines by Western blotting. (A) Identification of the expression of
EGFP and EGFP-ESAT-6 separately in RAW-EGFP and
RAW-E6 cell lines by GFP polycolonal antibody. 1: an
unrelated GFP-tagged protein (35 kDa) as a positive control; 2:
RAW-EGFP cell lysate; 3: RAW-E6 cell lysate; 4: purified
ESAT-6 as a negative control. (B) Identification of the
expression of EGFP-ESAT-6 in RAW-E6 cell line by ESAT-6
monoclonal antibody. 1. RAW-E6 cell lysate; 2: cytosol
fraction; 3: membrane fraction; 4: purified ESAT-6 as a positive
control.

3 W

ESAT-6 Je EHZ 1 T 4iMudi)st , BeE 51 AR N +F
S ROV, VRS R ESAT-6 5 41T Y &
FIAASE, I ELBENE R MR 05 240 e R 2 DR 40 it B4 A
SRR H S, X SERE ST BT A & 2 o alifk
() ESAT-6 F [, & fiff FH 45 1% 3 BOFF 0 BT A A i 58
AR R B IR Y WA LS PR ESAT-6 5 EL A
i =2 T A AR A o X S T T B — R Y R PR
P« SR A SAL 4 ESAT-6 45 1] BEAS EL 4540 il
WRIKH) ESAT-6 (A Y)#IIRE; T HI 45 4% 70 BUFTF
PR AN M AT, AR TT LIRTT ESAT-6 1875
E AR VE (L AR Al 285 4% S0 RS AT 7 2K
FIASSEZ I, M2 X ESAT-6 & A A B I AEAY BT
FEo PRI, @7 REfE R ik ESAT-6 45 Y EL 4
i 28 A Bl LA 458 0 20 i A 43 T LB A7 R
AFTE . AFTFE S, R T WAl % e SR IR
ARG B AN R — R — R, (HR A
X R SR IR, AT L T R AR R
k&4 EGFP AR ) ESAT-6 & M HFa 5 B W41 i
F, 700 FE AR R A DGR IE

AR5 ek (056 B 1 EGFP 15 ESAT-6 il & %
ik, AR AR 1l G 2R G RE PR RF ESAT-6 1Y 0%
P, NEA A RIOCH R T S W% . EGFP
VE R BT 32 il P25 EhRic . ASUAT DA 4G
BT FIEN . T8, @ nT AT E A S
A EAE L R R F TR AR AL, X R 4T
(0 Ty RE S M AR /NS D, AR g R4S Y A
EGFP-ESAT-6 fil &5 & I R AL 4 R — A Al FH T
ESAT-6 4 H 45 B VR 40 M AH G T RE R BF T, []Inf L
PECHR A BF S ESAT-6 75 115 40 M 25 11 22 ] 19
AHEAE AL T R] . X% RAW-E6 Al RAW-EGFP
MR — LG, RATC LK 2 Fhdiif R
LRI T2 —3 (& 3), XFIEEFA AR
A fESE ESAT-6 i B EAN A T e Y —Fp e B8, ifF—
BT TAE IETETF &
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BZ, T SRR 2 WA 1 ESAT-6

FE A 5 E v AN A D) 6 BT R AR ORI ALER DL K
ESAT-6 L5 [ Wi 40 i 85 14 2 (8] AR AR, BT Ik
7T fEiSFE E FIk ESAT-6 45 1 IFaE RAW264.7
MRFR, NS AIIE TAESE T 54,
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