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KIFOEE A, 5 & R IE 4 5 5% ESAT-6 1)
SER) 5 IhBEIE NG A, R I EGFP A £ 5 I 41 fg
TIRE R H T A AT Bk, B R
T RN flag bR25 HENL T R T RIA flag-ESAT-6 [f)
RAW264. 7 41 g 2 , I W5 T H A W Ty RE 1) A2 Ak, 45
W OOR 40 ML E Ik ESAT-6 fiE % B 1 R
RAW264. 7 [{) W g, 1% 4 3 — 20 B 45 4% o) 1L
FERT ESX-1 43 b 58 48 ¥ B0 HLER 42 418 T 397 10 Ak 4t

| O R SN R

1.1 FE##

/N BB WE 41 il RAW264. 7 . rEGFP  rESAT-6 FI
ESAT-6 #.4i, UL & pEGFP-C1 F1 pEGFP-ESAT-6 Jit
WL A S ARAT o

Universal Genomic DNA Extraction kit ver. 3. 0 )i
H TaKaRa A 7], Quantscript RT Kit Quant ¢cDNA %
— 45 & R 7 & L M RNA simple Total RNA kit i)
~Noe H OB o# O ORI A
LipofectamineTM LTX and PLUS™ Reagents ik 7| & 5
ProLong® Antifade Kit i 5] & A invitrogen A 7],
Anti-Flag antibody 1 RIPA 4 fif 2% vl i 1 B % F) 3¢
/s 7). HRP #5132 [ Goat anti-Mouse IgG i) H Santa
Cruze N, WP EHE(APC,2. 2 pm, FP-2068-
2) A Spherotech 2 W], & 4 %2 56 b id K o #F
( Escherichia coli) ( RS # L EGFP & () E. coli
DHS o, KM ) .

1.2 REAMEAMNEL

45 pEGFP-C1 J5URL B 3% , A1/ pEGFP-C1 Jit
Fii) EGFP BL i AN flag J7 1), DL ¥ ob T % 1]
519 (Reversel , ¢ 41 i 4 & EGFP ¢ 41 L 26 fis ik
A flag bR2E T 24 AN KL ), IE 11 5149 70 930 4 EGFP
Ji N 3% ( Forwardl ) 5 ESAT-6 3 N if
(Forward2) i) — Bt 5 41, Lh pEGFP-C1 iy #i A, i
I 514 Reversel ,Forwardl Jx [n] PCR 4 3 Jii %, i A
T flag bR2E 741, 343 T R IE flag-ESAT-6 fl & & H
(1 5 AL BORL Y 81 5 L pEGFP-ESAT-6 O B AR , 3 i Jx
] PCR 334 ki ( 514 Reversel ,Forward2) , X[ T
EGFP J: A, in AN T flag br % 7 41, 3k 13 K iX flag-
ESAT-6 fill 7 8 [ (K J 20 UKL 7 41 o P 760 T 441 5 b
Feol g aife MR AL GEE e 5 E R IR1T E
{1 T 4L J5ORE 73 3 iy 4 9 ) pFLAG-EGFP Al pFLAG-

H Tiangen

ESAT-6, 1] T — DA fu e 4e . 40 %% G i 24 h 3%
Pt RAW264. 7 410 T 24 FLIR (R 4LZ1 2 x10° 4)
540 M3 Ay J3E 35 5 60% — 80% i FH T 5 Yo e g
SO = LipofectamineTM LTX and PLUS™ Reagents
VOIS AE . B Gk 24 h J5 T 800 ug/mL 1) G418
20 O 35 IR WA, B 2 R B — IR B IR 10 R B
e AT bt G418 1 v Kt 38 A7 PR A R L
BEAL R % T 96 fLEG FRtlh 1597 6 RJE, Hhik # g
BEATML L T ONALIR Y K R, % e . K
i PCR 5| ¥ 4 % 4 : Reversel ; 5’ -TTTATCATCA
TCATCTTTATAATCCATGGTGGCGACCGGTAGCGC
TAG-3’ ; Forwardl ; 5’ -GTGAGCAAGGGCGAGGAGC
TGTTCACCGGGGTG-3’ ; Forward2 ;5 - ACAGAGCAG
CAGTGGAATTTCGCGGGTATCGAGGCC-3”
1.3 REMEAEELE PCR N

WP G418 1) 7e B 40 MY , #% Universal Genomic
DNA Extraction kit ver. 3. 0. i 7 &5 #5 1F 1 W $2 It 4=
SR, A e Qe N A H i A flag-ESAT-6 &
flag-EGFP ) 3 ik , W AT 73 53] 7 3% i flag-ESAT-6 J¥
5114 300 bp F flag-EGFP J3 %1 ] 740 bp,
1.4 2%t /A% mRNA g9 RT-PCR #& i

WA PCROBH M 40 2, #% RNA 4> 5L DA 21 4 HGR
FI G AT 40 M B RNA (R8I, IO iR 19 88— 4%
cDNA %%, B 5 wLeDNA H F PCR ¥~ 14 ESAT-6 Fl
EGFP,
1.5 Western blot & il 2 3% 40 ff1 & flag-ESAT-6 F
flag-EGFP B4 3%

Wete PCROFH 40 1, 4 ] RIPA S M8 22 oh 2%
fif 41 Ml J5 ,4°C, 13000 x g 250 10 min, B 13 3k 13
20 Mo S HE A RE S EAT SDS-PAGE HLIK, AR 5 18
i 300 mA, 60 min K i 5 F B B NC B, JBEE T
5% WGk, =R E A 1 h, BL— 41 (1: 2000 ) 4°C
¢ F 4, TBST ¥t 3 WK, &4k 10 min; LA —Hg ( 1+
20000) =i BEE 1 h, TBST ¥t 3 ¥k, &K 10 min, i
ARG I B 5
1.6 SRR AN B LA 7 MR L kit 38

BRI T — K, BERE IS AL 40 L, L S x 107 40 g/ 4L
BTN SLBRCR AR B TR ALY A B B 80% I
FEOCTHER (R E . 4l Jo % = 10: 1) I AN FLAR 41 i
B IR 2 b, AR5 R G W T 1K) PBS pE4N i 3
IR R AR A IR 98 6 SRR WE R ok o A Y M8 il 7 AL N
FUAR 40 Jf, W & B A5 500 wL10% ) FCS/PBS
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K5 A0 ML EGF A8 1 b U Al AR B ( APC JE
iE: Ex. 633 nm, Em. 665 nm) ,
1.7 FiRiTEENEEMEERE E. coli iK1

RIS T — K, WA Ak 40 B, BL 5 x 107 41 fla/ 4L
BTN SLBRC R A B TR 4 LI B IA B 80% I
E. coli (41 T4 40 Mo 0 = 10 1) I A oS SL AR 40 i 1%
FEWH I 30 min, 285 HI G T T4 1K) PBS Yk 41 i
3R, Be AR A Al B S R OR o 1 T BRI Y A N AL
B0 B, W 2 R I ) ] 500 pwL10% [ FCS/PBS ¥4 41
JL B, 40T, 200 x g B0 5 min, FF RIS, UK
LA M, N TG T W 25 7K V7 4L ARVB A B S min,
WCHT i 40 I, A% EE AR RE S IR A T LB S AR, 37°C i
RORE SR,
1.8 HEEERENRRBEMBMAFER LIRS
E. coli iR 1%

FEZN FL B TBCE T8 W 3, N 2 mL
0. 1% gelatin 7& 37°C £5 3£ 86 W 4% 30 min, 28 J5 LA 3 x
10° 21 f/ L0 40 e T /S LB T, 58— R 4N iV &
15 B 50% I 4 4 10 5 6 bR ad E. coli (40 1 40 40 i
=102 1) i AN LA A0 M 55 F2 9 i B 30 min,
PR P 1) PBS e M 3 I, ¥R WAL E.

(A) ESAT-6 M bp (B)  BEGFP

(D)
anti-flag

anti-ESAT-6

coli Y F Ko MM 2 mL (1] 4% 2 58 WX 40 g 24T
[ %€ 30 min, B H 55 #% A, 8 F ProLong®  Antifade
Kit 557 & i B V) i, 1306 3L AR B A, 3K
W%
L9 BHEFZE

5 B H] Graph Pad Prism 5. 0 444 #71 . 4 H
mean s £, LUARBC X R 56 3k 4T HodE o B, P <
0.05 {7 . &% 5+

2 4k

2.1 BEERANET

I3 S AE B DR 7K P R0 A s 7K1 Bk G i o 1t AT
TEER YT, 4 o0 5 S R /N 300 bp AT 740 bp 11
R B, 5 Wi 1Y flag-ESAT-6 Fl flag-EGFP F B 1)K
N2, AR T ESAT-6 FLgT ., HT EGFP 5 47 Fil $i¢
flag F. Py X 5 YL 41 g 25 (1 K3k HEAT Western blot &
) 45 Bt B 7, flag-ESAT-6 1 flag-EGFP & [ 7
e an e b 13 3] T e B R IA . X e g R L)
3T BERE RIA flag-ESAT-6 F1 flag-EGFP ) Fa s 41 fiy
R, a4 RAW-E6 il RAW-EGFP( 1),

(€C) EGFP ESAT-6 M b
p

1200 1200
900 900
700 700
500 500
300 300
100 100
anti-flag 32 kDa
28 kDa
32 kDa
anti-EGFP

28 kDa

B 1. 2 ERIX flag-ESAT-6 1 flag-EGFP Bt S E AW ERMERANETE
Figure 1. Identification of the stable transfected cells expressing flag-ESAT-6 or flag-EGFP fusion protein. A; Flag-ESAT-6
fragment amplified by PCR from genomic DNA of RAW-E6; B: Flag-EGFP fragment amplified by PCR from genomic DNA
of RAW-EGFP; C: EGFP fragments or ESAT-6 fragment amplified by RT-PCR from RNA extracted from RAW-EGFP and
RAW-E6; D: Western blot analysis of flag-ESAT-6 fusion protein from RAW-E6 and flag-EGFP. fusion protein from RAW-

EGFP.
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2.2 RAHEARKEMNIZE ML R EFE R X HIkEE 38.20% + 1.60% H1 45.67% +1.42% , 83} 40 #7

B KW, R R flag-ESAT-6 (141 fil & RAW-E6 7 I
P AN ARG I T A e A0 M 00 SO SRR B A PO TRER ) fiE Ty Sk % 0 T B 2 A RAW264. 7 41 i

loaga N

Wi 6 7, &5 SRR W R, I I % Ol ek ) 4 e £ e HOR 40 i = RAW-EGFP( & 2, P <0.05) ,X$¢R
JIT A5 A W00 4 i Hb BT o T B ok RO S I B 41 L N R I (1) ESAT-6 W] I 3% it F RAW264. 7 41 Jiig
7 RAW264.7 RAW-EGFP fl RAW-E6 41 il % XI 5% Xt S BV RE T o

6 OER B B W R > Bk 38.21% + 1.02% .

EE RAW264.7 EEBRAW-EGFPESRAW-EG

(A) (B) (©) (D) 60 P<0.05
= P<0.05
250 250 250 s 50 %
200 200 200 g 40 —=
£ s 2z Z1s 5 =
e g 150 £ 150 g 30 :
g 100 5 100 & 100 o : =
50 50 50 =) E
0 0 0 10 S . ——
10" 10! 10° 10° 107 10° 10! 10° 10° 107 10" 10! 102 108 107 RAM264.7 RAW-EGFP RAW-E6
APC APC APC Groups

B 2. FEMAEHR BRI RIKEE R B
Figure 2. Comparison of the phagocytosis of different cells that ingested fluorescent beads. A ,B and C:The histograms of RAW264.7, RAW-EGFP
and RAW-E6 that ingested fluorescent beads; D: The percents of RAW264.7, RAW-EGFP and RAW-E6 that ingested fluorescent beads.

2.3 EEECERNIEE MR B E. coli 8 P<0.01

FE B % U 00 K o 0 A 4 L 35 % E. coli 1) sof A mmRraAw2647
TV, MM R BT E WS E. coli 20 H 5 g8 I E 1 4N % ig :::EEFP
%5 B 1 BB A 20 A8 5 41 i 3R 7 Wk BE T I KN, & gm '
L R RAW264. 7 RAW-EGFP 1 RAW-E6 41 Jfi % 220
St E. coli ff5 % WE % 4N W K 41.25% + 1.77% . = ‘g

39.7%5 +1.06% A1 58.0% +2.83% ,1X % W] RAW-
E6 1E 17 W E. coli ) fiE J) b & 2 o + B 4 M
RAW264. 7 411l Fot f 41 Jfs R RAW-EGFP (4 3, P 3. AR R BRI E. coli 5 71K L
<0.01 ) i Figure 3. The percents of RAW264. 7, RAW-EGFP and RAW-E6 that
2.4 HAHREANTEABMAETERALRIC E
coli & B, B8 2 AP 5 100 A0 i, 5 5
O AR AR O T D s 10 MRLEFL 455 R RAW264.7 41 L FI RAW-E6
E. coli [ 20 M % H 553X A MLEF F B 4 i 2 H i Lk 20 ML IR A R A W R 2 i Ol 34.54% + 0.95% Al

(1) Bright field

647 RAW-EGFP RAW-E6
Groups

ingested E. coli.

RAW264.7 RAW-E6

(&) P<0.01
P<0.01 )

RAW264.7

RAW-E6

RAW264.7 RAW-E6 RAW264.7 RAW-E6
Groups Groups

B4 HERERHESTRBARRERE. coli B2
Figure 4. Confocal microscopy analysis of cells that ingested E. coli with green fluorescence. A: (1) Cell population that ingested E. coli; (2)

Single cell that ingested E. coli. B: The percents of RAW264.7 and RAW-EG6 that ingested E. coli. C: Numbers of E. coli from single cell from

different cell lines.
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49.14% +1.39% (& 4-A F14-B,P <0.01), [fKf
RS DU T AT [ Al R P R E. coli )R BLH 5
FLEF R R 20 Mo K 0 bl , RAW264. 7 41 il F1 RAW-
E6 20 i (1) A A4 Wk 53 il Oy 37.25% +2.33% Al
56.75% +2.19% (& 4-C,P <0.01), & W Fa %% 41
Ml Z RAW-E6 73 I ¢ {0, 52 00 E. coli 1] E ) 11 AR
FIAAA K- b 35 8 2 9 T 5 A 4 RAW264. 7 41 fid

3 e

S5 A% 03 KR TR IR G AL AR TS, 4 A 0 1 e 4
Fr AW, HRE 8 4k B2 7 B 40 M A B0
i E— BRI A7, e 2 T B e AN e A , 5
FE AT PR 5 905 95 o 3K P B JRE L A 4 28 A% 1 O ML
JETERESEILI M AT 4 e BB 1E AN P A K
BTN 0 O A B R B 73X A R O N R 1)
I

ESAT-6 & I 56 4 K B ESX-1 /p b (12—,
ST T 4 BB IR, 75 2 Py 8 AL vk 5 % o KA
FAT (KD A7 5 10 LR B 1, 2 0% I 445 A% 8 1 1) o 2
Y103, Wl FH T 2 4 A 5 TR e v DA P A 45 A%
BWPLR S, H, VR 2 HE St R ESAT-6 if 2
SE %y KRF R L R D R, A AN D T T A
0I5 40 M T %, G 5 S 0 PR T, AE A MR B AL
55 2 R 6 R W A A5 (R Tk 5 K% 03 BOAT B A R
a1 B K A kT R R W
ESAT-6 B8 H 4 45 & T 5 Wi 41 il Toll-like receptor
2(TLR2), i3 TLR {5 5 3@ % , 18 ik #ois Ak 10 6l
MyD88 5 IRAK4 4 g i) A B AE H, T I 4% s I8 1
NF-kB LK TR E K F IRFs a7 &
T BT I B, &5 k% 23 RORE BTk N W 4 S, mT A
M WG A T 5 BB 67 306 3 S 40 i R b ok 4 L
VERD, FLBH 5 8 G I 1) 2 K, 40 B o 45 4% 23 A 4 1
KRB 2 % 1 B T K T ESAT-6 & 1,
JoHE C R 12 ANE R . SN,
WFFUARIE ,2 =5 we/mL () ESAT-6 55 W 41 Jig i %
% 5 e 6% % S THP-1 [0 W40 B 8 72, I o caspase-
1, 3,5, -7 M-8 JER KL W8 Hi™" . s
25 23 R R TR AE BEON LI 40 ML R, ESX-1 4y i B 1
AT W AR Y T R BB, A A A A AT A
I 0 i P 770 O K B TR R B 45 0% 4 B AT
FRT I DA JE% 4% 1R 98 BB FIE | AN M 2 B, 45 A% 40 Kl AT 1 A

1R AMUAR IS, AT 8 28 7 7 5 flol- Bl 7 Wk -0 161 7% e A4
32 -0 T - AR K B - S A R T (BB T -
okt CZORE (R ZF I AR ) B — R A0S B, LA 45 R 4y
BEFF w38 ok I ESX-1 43 Wb 8 1 6 W 40 i ) g
AT R 5 R, A1 A5 e 96 52 RE B A0 il A 1 2k
KBTI BURE R o fEIRAT IS, ESAT-6 g%
I 15 RAW264. 7 B W 4N g & W 1/ F, X v] g 2
S A% 3 B AT Bk G sk R rhOGE W 4 L D R Y oK
AR T 25 4% o AR R AE B g0 b ) AR K
ST 8 3k ML AR LA S 4 1 I R AE

T RG e A0 M AR e W ST 4 T P B A AR
MR RRE AT DU 7R BT 5T 45 A% 2 R KT T R
155 G 9% 41 M AH B AR T I, 280 o i ok 366 DA e ok B
T IR SR B 4 R AR AR A D Re (R T
SR oy KR B ESX-1 Zp Wb B R, B e — N
W ARG, p —Fh 73 W & AN RE 4> W BT, 3 A — P4y
WAE A R4 s DR b R i I R 2 2 o
I 9 5 95 5 AN i B0 512 1 s e 4 v 2 11 5 e 4 g
FIAHEAER a7 A Sl e AW % ke,
AR B R E R A FHE AN RR,
RS T AN EA S A BAE R B AR,
KB K% 53 BOAE B ESX-1 43 Wb B 1 AR AL T 1
AR T MR G. ERATM R
t, Ay A T 3R flag-ESAT-6 Al flag-EGFP 1) 13
A M AR AR S T ER RN E. coli P TN T VA AIE
WY T 40 M N Rk 1 ESAT-6 Be 8 W 2% 3 i 5 I 40 e
T AW D fe , 1 VE 4 X B 3R I8 EGFP 41 i & 1 %
Wi D g 55 W7 A4E 8 RAW264.7 TR EFEWH EZ R, CF
18 W ox ESAT-6 Re % 55 40 B Jil 45 &, A R 77 AL
WEENO T ESAT-6 6 [ 41 7 W I fig 1 6 5 2
5 I K7L — B,
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ESX-1 secreted protein ESAT-6 of Mpycobacterium
tuberculosis enhances the phagocytosis of RAW264.7
macrophages

Ye Qu, Ying Yin, Hao Li, Ju Liu, Xiuxu Yang, Dayong Dong, Junjie Xu"
Wei Chen”

Institute of Biotechnology, Academy of Military Medical Sciences, Beijing 100071, China

b

Abstract: [ Objective ] To investigate the effects of Mycobacterium tuberculosis ESX-1 protein early secreted antigenic
target of 6 kDa( ESAT-6) in modulating phagocytosis of RAW264. 7 cells. [ Methods] RAW264. 7 cells were transfected
with recombinant plasmids pFLAG-ESAT-6 and pFLAG-EGFP by liposome. After screening with a high level of G418, the
macrophage cell lines stably expressing flag-ESAT-6 or flag-EGFP proteins were obtained. The cell lines were further
identified by PCR,RT-PCR and western blot. The phagocytosis of those cell lines was analyzed for ingested fluorescent
beads by flow cytometry and for phagocytized Escherichia coli( E. coli) by colony count and confocalmicroscopy. [ Results]
We established successfully RAW-E6 cell line stably expressing flag-ESAT-6 and RAW-EGFP cell line stably expressing
flag-EGFP. Flow cytometric analysis shows that the percentage of phagocytosis of RAW-E6 was higher than that of
RAW264.7 and RAW-EGFP. Colony count and confocal microscopy test also show that RAW-E6 had higher phagocytosis
ability than RAW264.7 and RAW-EGFP. [ Conclusion]  The secreted protein ESAT-6 can enhance the phagocytosis of
macrophages, which provides new evidence to understand the pathogenesis of Mycobacterium tuberculosis.
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