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Corresponding Tuberculosis (TB), caused by Mycobacterium tuberculosis (Mtb), remains one of the
Hwa—Jung Kim, Professor most important infectious diseases worldwide. Mtb and its culture filtrates or sonic
Department of Microbiology, College of extracts induce apoptosis in macrophages. However, there is a little known about
Medicine, Chungnam National University, Mtb components that modulate apoptosis and their regulating mechanism. We
266 Munwha-ro, Jung—gu, Daejeon 35015, identified Rv0753c protein with apoptotic potential through searching the
Republic of Korea biologic active proteins from the multidimensional fractions of Mtb culture filtrate.
Phone @ +82-42-580-8242 Here, we investigated the apoptotic effects of RvO753c on RAW264.7 cells. The
Fax @ +82-42-585-3686 recombinant Rv0753c induced RAW264.7 cells apoptosis in a caspase-9-dependent
E-mail : hjukim@cnu.ac.kr manner. Dissipation of the mitochondrial transmembrane potential (AW.,), mito-

chondrial translocation of Bax, and release of cytochrome ¢ from mitochondria
were observed in macrophages treated with Rv0753c. Enhanced reactive oxygen
species (ROS) production was required for Rv0753c-mediated apoptosis. Furthermore,
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Revised @ December 7, 2020 apoptosis. Moreover, Rv0753c-mediated apoptosis is dependent on TLR4. Altogether,
Accepted : December 14, 2020 these results suggest that Rv0753c¢ induce apoptosis through ROS-JNK signaling

pathway in RAW264.7 cells.
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HMAL 5714 OJMSOIN ALK MY O NEHTO| SR A2 FORM CHUF Yol MRS HEIS 2 Fickn ¥
3 QUTH(6). ChEZOZ A0 MAL MEAAL HHYIN SHHOR LEIE 24O Yoin Yt chEHoR DjE2c2|ot
of MZY e SIS RE5H0 MEABAL] A5 20| 20IS BHCH (7, 8).

B2 BR0l B2 TEAMES| HENL oA 7182 0/ZHH0] HEL 22 YEol F2IE BIE 2430 TEMHEOA A
57| 94D MRS HOR U SUCH(9). VB0 ASIHE HAT S WAL AT 8| D0 2EANEO| MEAEAIZ T 2|
QEFICED B2E(0f YICH (10), 0|3 Zat@o| WM SHANES| HERHARL] ST} 2Y5| ACTkD 228 4 YAot
o5t 2487|HE OAE BEYSICH ZHR0 O 2EANZO| MEAEA 714G 25l %S 2T 20 chat 5ol 7|48 o
shstetl =50l 2 Holct

MIEAZAE 72| 07|22 FHUAE A AHSIAHL A7 ZetE A2 A (apoptotic body) S THE ZAIM Z0H| H|A[SHK TS
B 2

20| 7| S Edst St (). Bt D|ZEIE|2|Ot= S MIZL| MZERFHAL 7|0l Ha5t QIZEE HA|5H0] A IE I-H°| SHE &2IotA
L}, 23|2] MERAHAIE o2 RESI0 2EAMNZZRE HEC|0] ZHL | e HEE ZYAZ|= YOl 7|1 39| stz &
HA QUACE (11, 12). T2EA MZABA 2H0|| H0{ot= dHE2|0te| J2E =felstl £48 24st= A2 0|12 HE|a|0f°| gel 7|1
o H-78A| 7t B2 2E O|SHE THefA|Z| =0 3| 7|10{E Zd0|Ct, SA T 0| ZEHE|2(0f THEHZI0| 2EAIMZL| ME AIES 2E
St= A2 BE|1 QUCtH Early secreted protein antigen ESAT6 (Rv3763) (13), 19-kDa lipoproteins LpgH (Rv3763) (14)=
toll-like receptor (TLR) 2 A& HE ZZ2E £l &F MZEO| AtHE S50, CHE 0|2 (2|0 Rv3261 (15) EHEERAITE MAV2052
(16) 20| TLRA 412 MY 22 E Soff ZLEAIMEL| MZEAHAE FEoCHD B & QUCH

Ao HjQroli} 2 ZM2EHO| TR ZE0|M St Ql 2HTHNS EMlist= DHEHO|M MEABALE FE5H= Rv0753¢ SHE
L=5IA AL REI|HS 2M5RICH 2R E Rv0753¢ THEZIS caspase-9 Q|22 giiloz 2

2,00 2 2= Rv0753c2| MIZEA} g
ZO| MZEAHAE R SIRUCH E5H Sgitaet Oi7HE INK M=dEe| g4t 22 4T F2UCL ORR|2H22, Rv0753c

MATERIALS AND METHODS
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Y 2 FAE Choi S (17)2] 0| 25101 AAIBIICt HZE S WS 9I5| Z& genomic DNAZRE] CHe| 3
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Z}% (forward) 5'- CATATGACCACACAGATTTCACATTTC-3’, (reverse) 5'- AAGCTTACTCATTGTGGGGATGACGAA-3’, primer
f01 E51 1, MALEl QR2} AES YHSIHIE|Ql pET22b(+) (Novagen, Madison, WI, USA)Of| 22d35t¥Ct. Rv0753¢
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| A2 22HE UAHHIE S JRMSAIZ] ChZRFES HIYSE £, 1 mM isopropyl B-D-1-thiogalactopyranoside (IPTG:
ELPIS- B|otech Daejeon, South Korea)& Z7tot0] T Wsig R SHRACH HIYE #2 AME2E E510] ot n, 20
mM Tris-HCL (pH 8.0), 0.5 M NaCl, 5 mM inmidazole, 12|22 1 mM phenylmethylsulfonyl fluoride (PMSF; Sigma, St.
Louis, MO)0I| 23510 2SO} THfistICt La=QlS S50 &QlE 2=

Qiagen, Valencia, CA) agarose chromatography £ 0| 235}0] | 23| A2
sodium dodecy! sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)d|
Carlsbad, CA, USA)E 0|25t IA4T} anti-His antibody (Santa Cruz, CA)E O|
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CHeb210] M2 = nikel-nitrilotiacetic acid (NI-NTA,
0| &5t0] ZA|SIYCH 2| ZE2H o2 2|5t chenzle
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7|95 510], Coomassie brilliant blue (Invitrogen,
23t immunoblotS £5t0] 245}t
Rv0753c HHE s& 53

2o = bovine serum albumin (BSA)E EZ2 2 5t0] Micro BCA protein assay kit (Pierce, Rockford, IL, USA)E O|&5}
O M| Z3|Ate| RO &510] ELSIA plate reader2 562 nmOof|AM OD (optical density)2tS £45I%Ct.
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2 AEsE, | AFREl OI9A Q2 2EAIHZLZO! RAW264.7 ME(ATCC, SC-6003)= ATCC (Manassas, VA, USA) S 2EE] £ grof
Tt RAW?264.7 MIZEH 2 Dulbecco’s modified Eagle’s medium (DMEM; BioWhittaker, Lonaz, USA)O|l 10% fetal
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bovine serum (FBS) 2 100 unit/ml penicillin/streptomycin (Welgene, Daegu, South Korea)& 27t5t%12, 37¢C, 5% CO2 =2
Of HY ¥ [Of| A A|CH B Lot

DNA fragmentation assay

DNA fragmentation assay= Sohn & (18)2| &0]| w2} RAW264.7 MZEo| MZEXIHAIS DNA fragmentation assay (Cell Death
Detection ELISA PLUS; Roche Diagnostic)& 0|&35t0] 235t Ct. ?_Pékopﬂ RAW264.7 MIZZ 1x10* & 96 well plate (SPL,
Pocheon, South Korea)2| 2} wellof 8 = 164|127t SO IS = 10 pg/mi2] 52 i{a|;f01 24A12tE BILSHICE HiY =
1500 rpm Of|A 10272 YA E2| & HSUS HAHSID. Lysis buffer2 A=20f|A 30272 BF2A|Z] & 1500 rpm Of|M 10272 A2
2| & A5H 20 g TEO| E|O19,l Ct. 80 w2| HAA|2k(anti-histone-biotin 4 x4, anti-DNA-POD 4 4, incubation
buffer 72 u0)S 2+ well of &7t & 2A|ZH BESA|FC 4SS HH & 250-300 £ incubation buffer2 53| MI2{5HRLCT,
100 u¢ ABTSEHES 2} well Off 7t 2t 8ES A2 £(0D=450 nm)2 £Y5HAC
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Anti-caspase-3, anti-caspase-9, anti-PARP, anti-a-tubulin, VDAC, anti-ERK1/2, anti-p38, anti-JNK, anti-phosphorylated
ERK1/2, anti-phosphorylated p38, anti-phosphorylated JNK, 212|212 anti-B-actin &4|S& Cell Signaling (Beverly, MA, USA)d|
M FOHSHRICE. Z-VAD-fmk, N-acetyl-cysteine (NAC), horseradish peroxidase-conjugated anti-rabbit 1gG, anti-mouse 1gG,
p38 mitogen-activated protein kinase (MAPK; SB203580), specific inhibitors of ERK (U0126), 12|11 JNK (SP600125) &4
=2 Calbiochem (San Diego, CA, USA)0|A FLONSICL. Cytochrome ¢ &4|= BD Pharmingen (San Diego, CA, USA)OAM 7+¢
SHRAC}. His-probe, anti-Bax (6A7), 2|1 a-tubulin &4l Santa Cruz Biotechnology (Santa Cruz, CA, USA)OlA 5}HSICE,
3,3"-Dihexyloxacarbocyanine (DiOCs) 212|2! Dichlorodihydrofluorescein diacetate (DCFH-DA)= Molecular Probes (Eugene,
OR, USA)Of|lA LSt CL.

Annexin V-Propidium iodide (Pl) @A HtHHS 0|25 MEZAHAL &AM

MEZIHAL BM2 PaiK S (19)2] HHHO| 2510 AA|SIFCE RAW264.7 MZEE 5x10% cells®! 12 well plate®| 2+ wello]| 2335t &
16A1Z7t St HiQFSE & THE 10 ug/meQ| =2 22|5t0] 24A|2F BIESIRICE MEE 435t = 1X binding bufferz 23| M5t
Ct. Annexin V-FITC 100 ©E &=2| La0M 3022t AT & propidium iodide (PI)-PE 200 ©E &7tstRALCH BAHE Annexin
V-FITCQ} Pl= FACS Canto Il system, BD Biosciences (San Diego, CA, USA)S 0|8510] MERIHAIF SE% ME= Annexin
V-FITCO|| FH2o2 sMoz HMe|n NEIADE REET PIO| Y42z HMoz JME|= 248 Flowlo 7.6 software, Tree Star
Inc (Ashland, OR, USA)E 2XMstRiCt

OEZ2E2|0F M8t M (Mitochondrial transmembrane potential, A¥m) 21| 23

OIEZ=2(0F MES A &

2|= DiOCs (Molecular Probes) SA4g 0| 2510 2M3tFCH RAW264.7 MEZS 5x107 cells#l 12 well
plate?| 2} wellofl 25t = 16A|7t St HIYSH & TS 10 gg/mee| =2 X 2|5t0] 24A|2H BiYSI0] MZE —’.‘—QOJ = PBSE 19-|
MZ5HRICE. 10 nM2| DIOCsE 4715t 22| 40|l 30=2F BHEAIZICE PBSE 33| M2{std PBS 300 U2 2R AlZI & SA|
FACS Canto Il system (BD Biosciences)S O|&35}0] O|EZ2CE2|0F MZES et £3|& =511 Flowlo 7.6 software (Tree Star
Inc)2 ZA15tUCt O|EZE2|0F MZL 12 2] £ 2 Whang s (20)2] E',F.:, | &510] AA|5HQICE

MIE L 24440 M £~22 Dichlorodihydrofluorescein diacetate (DCFH-DA) assay (Molecular Probes) A4S 0|25t0]
HSIUCEH RAW264.7 MEE 5x10* cells® 12 well plate@] 2 wellof] £33t = 16A|2H Bt & CHES 10 yg/m0] =2 22|
24A17H BIQEEHO] MIZEZ 1,500 rpmo.2 527t AAIEE| S PRS2 13| MZ5tD DCFH-DA 10 M2 AFR0{|A 308 SOt HAKGIACTH
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PBSZ 23| M|2{5t = PBS 300 w2 2R 5104 FACS Canto |l system (BD Biosciences)S O| &3l E4AtAT MME|= 28 2MSICT

QAR B EM(Western blot analysis)

S C}. Caspase, MAPKsS| & =2t DO|EZE2|0F T2 22| HotE &0l
}7| -,—|oH MZLCHEH =2 oHa A RISETT CHEHRl kS ek 5t & sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE)Z H7|¥=8 £Hs5IYCt HII9se=z —F.'_—El E| eSS Polyvinyl difluoride membrane (PVDF, Milipore
corporation, Billerica, MA, USA)O|| 1A|2F HAt(transfer)st¥ 2, 5% skim milk?t &= Tris-buffered saline tween (TBST; 20
mM tris, 137 mM sodium chloride, 0.1% Tween-20)22 1A|Zt SO A20)|M blockingStCtH 12} | BF22 Zk2to| &
ACOM 16A|2t BFSA|H 20 TBSTZ 102 53] M8t CH 2%}
anti-rabbit IgGEH|ZE 5% skim milk7} Z3HEl TBSTZ 2,000HH &|A510 AF20iA 1A|ZH EF2A|Z] & TBSTZ 1024 53] M25H
C}, CHEH2I BH5 BHEO| HZ22 chemiluminescence’s assay kit (ECL; Millipore corporation, Billerica, MA, USA)Z ZHARA|ZC}
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4| Bt22 Horseradish peroxidaseZt E2| €l anti-mouse IgG,

SAetd 22

—/ T

DEASE E2Ho2 3H BHEsIgon, ASTS E5 Yo7 ZuE2 B U HEQA2 LEIYACH EAH Qo8 E2xZ21

=20 o= — o o
2H(GraphPad Prism Software, version 4.03; GraphPad Software, San Diego, CA)22 Tukey's multiple Y$#HE 0|23510 A=3}
QCt p 2£0] 0.050|5t &= 0.0010|5tE 7|22 2 SA1H Rold2 HSotULt.

RESULTS

IEOI'

RAW264.7 M0 Chdt Rv0753c SHYO| MERITHA} L& &1}

E. colioflM &aiEl Rv0753¢ A= EF CHEHAI2 Ni-NTA affinity chromatographyS O| 23510 ZA|5t% 1, SDS-PAGER} &t-His S| 2
YAE ERE HAITH Zot YAH|E THHRAS oF 53 5kDal]| 2 T BHE 2 22| QICHFig. 1a). FACS &4 Z1t Rv0753c7t # 2|

=2 2 o
RAW264.7 ME7t X2|%|2| ob2 MZELL B| W30 &< o220l HAO2 FOI5t MEAHALE RYSIRACHFig. 1b). Staurosporine
(STS)E &M R Z AHRE(QCt, O|ZHE|2|0f CRt T2 Zh2ist HY B84 S 712 antigen 85 complex (Ag85)E AtE
SIFOLE Q0|3 £F0| MERIYAIS SE51A| QT EFH DNA THESE 24 (DNA fragmentation assay) 23t Rv0753c7} 22|l
MZ7t 2|2 2| %2 MIZELE Ag857t M2|El M2t H| W3St RAW264.7 MZO|M |R2lSHH =2 +=&2| MEAZEAE RYSHRACE
(Fig. 10). MIZ AMH H2 S2| 5tLt2 D|EZ=2|0t0f |t M AtE 1} S caspase-9 L caspase-35 Z &St caspase?| &43}
off oJalf Al2t ElCh= 242 2 22{A QUCH (15). Rv0753c= RAW264.7 MIZZOIA ETHEl HEHO| caspase-3, caspase-9 It poly ADP
ribose polymerase (PARP)E |2|0|5tH S7tAIZACHFig. 1d). BFHO||l pan-caspase &AA|A| z-VAD-fmkE 0|8t dX2|0|M&
Rv0753c 5= DNA THHSIF HA5HA 2445t UCHFig. 1e). 01218t 22t Rv0753c7t RAW264.7 MZO|A caspase-9 2|24 M=
AIHALE RESICHE AS AIAFSHCE
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RVO753c 8t 22| & O|E2C2|0f OJ2A MEATAI S5 &0l
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O|E2C2|0t= O|EZ2C2|0F Q|23 MIEAIE ZZ29o| 8M3512 zelist= LA MZEAIE (Intrinsic apoptosis) 222 Z A3

ol dgts 3f7| wf2of 0|EZE2|0te] ME 2 (Mitochondrial transmembrane potential, AWm) S| 2t2|= A0FQL
9| 7|12 7522 YA Ict (22). @2tM Rv0753c2| A=20| D|EZE2(0te] AWm &40 ofH YSHS 0|22 t
Rv0753cO]| I% RAW264.7 ME2| =2 Ag85E (2|l MZEL} O|3{2|El M|ZL0j| Hlo & Z=rt $A5| Zast= WS S
QY1 Ol= D|EZE2|0FC| AWm &A0| 27182 B0J&CH(Fig. 2a). 222 Rv0753c2| 2=20| 2EAIMZO||A cytochrome ¢
(Cyt ¢) &= 4 Bax AL|(translocation)of| &= 0|2 9,'\'—1| =108 ks I'OdEI' AAE 2 2N A Rv0753¢cE AH=El RAW264.7
MZo| D|EZE2|0 220 A Bax2| HHEiR £x|7 AAD, Cyt c &3 22 D|EZ 2|0 2E O
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a b
( ) M 1 M 2 ( )
(kDa) (kDa) MC Ag85 STS
= 203 1.42| (1.93 1.08| (1.78 30.3
75 75 e w 3 80
[ ” ~
-F & i e
63 63 T lott 5.47) 930 4.01) [21.0 46.9 > 3 60
L Rw753c Rv0753c  Rv0753c £ O 4
£ 1ug/ml 5 pg/ml 10 pg/ml X o
e 48 .E 1.49 252 |2.24 5.78| |2.52 8.50 g E 20
T = S,
M o = S5 A
35 35 O sl sl 196/ |6 214 B Rv0753¢c
Annexin V - FITC
(c) @ .5, 8a (e)
S 2 3¢5 6 c
g . caspase-3 =) m
S8 10 w8 —
8 - c
£S5 8 cleaved <3 6
g > 6 caspase-9 £ E 4
o8 4 cleaved g5 2
£ 52 PARP © 3
0
<z 0 << T _ ©
=z % cleaved E - g s :
=] < N N

Rv0753¢c

Fig. 1. Rv0753c induces caspase-dependent apoptosis of RAW264.7 cells. (a) The purified 10 ng/mL of RvO753c protein was
subjected to SDS-PAGE and western blot analysis using a mouse anti-His antibody. (b) The apoptosis of RAW264.7 cells
treated with Ag85 (10 ug/mL), STS (50 nM), and Rv0753c (1, 5, and 10 ug/mL), and the cells were harvested after 24 h. The
macrophage cells were then stained with annexin V/Pl. The percentage of cells in each quadrant is indicated. Data are
expressed as the mean £ SD of at least three experiments. *p < 0.05, **p < 0.01, ***p < 0.001 cells treated with media (MC,
medium control) compared to cells treated with antigens. n.s., no significant difference. (c) The DNA fragmentation of
RAW264.7 cells incubated with Ag85 (10 ug/mL), STS (50 nM), and Rv0753c (10 ug/mL) for 24 h were put to ELISA assay
using kits for determining the levels of DNA fragmentation. Data are expressed as the mean + SD of at least three
experiments. **p < 0.01, *x*p < 0.001 cells treated with media (MC, medium control) compared to cells treated with
antigens. (d) Immunoblotting analysis of caspase-3 and -9, and PARP in RAW264.7 cells treated with Ag85 (10 ug/mL), LPS
(100 ng/mL), Rv0753c (10 ug/mL), and STS (50 nM) for 24 h. The cell lysates were separated by SDS-PAGE, followed by
immunoblotting analysis using antibodies against caspase-3, caspase-9, PARP, and B-actin. (e) RAW264.7 cells were incubated
with Rv0753c (10 ug/mL) in the presence or absence of z-VAD-fmk (50 uM) for 24 h. The amounts of DNA fragmentation
were then measured by ELISA. The results are expressed as the mean + SD of three independent experiments. ***p < 0.001
cells incubated with Rv0753c¢ only compared to those incubated with Rv0753c¢ + z-VAD-fmk.

(a) (b)
6.69% 6.15% e
> Cyto Mito
< — Rv Rv
z 60 N MC 0753c MC 0753c
n | MC Ag85 o —
) = 40 Bax
< <
3 B o0 |ns. Cyte
O | 30.4% 41.2% 3 o '
2L 0 8 g a-tublin
8 = ‘i% 0
° < § VDAC
Rv0753c STS ° x
DiOC,

Fig. 2. Rv0753c induces AW¥,, collapse of RAW264.7 cells. (a) RAW264.7 cells were incubated with Ag85 (10 ug/mL), STS (50
nM), and Rv0753c (10 ng/mL) for 24 h. The macrophage cells were then stained with DiIOCs (10 nM). A loss of A¥m was
assessed by flow cytometry and the percentage of positive cells is shown in each panel. The data are shown as the mean + SD
of three independent experiments. *p < 0.05, and **p < 0.01 media control (MC) cells compared to cells treated with
antigens. n.s., no significant difference. (b) RAW264.7 cells were treated with or without Rv0753c (10 ug/mL) for 24 h. The
levels of Bax and cytochrome ¢ (Cyt ¢) in the cytosolic (Cyto) and mitochondrial (Mito) fractions were measured by
immunoblotting. The expression of VDAC and a-tubulin were used as the loading controls of the mitochondrial and cytosolic
fractions. The results are representative of three independent experiments.
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(a)
Ag85 Rv0753c H,0,
55.8 61.0 76.0 77.8 - g 100
=] 80
(]
2 <=
c a Y 60
=] ™ o
8 41.5 41.9 42.7 46.3 O 9 40
0o A2
< = 20
z »
2 o
Q NAC ~ NAC  NAC  NAC
DCFDA fluorescence MC Ag85 Rv0753c H,0,
(b) (c)
— MC Ag85 Rv0753c H,0, < ok
~ 287 1.98 [6.99 3.38 . 222 |6.76 51.5 Qo —~ Jekk
o 28 sk
P @ S°e
=) = Zi g 5 6
'8 sg\'r*;e 208] [s737] 237 £ E 4
E 4.72 2.10| [4.44 2.78 g’j_-, 2
3 Q <8
° Z <
2 Z < g 9 naogf]
O |of 1.67 shz 247 a T RVO753c
4 Rv0753c
o Annexin V - FITC

Fig. 3. Rv0753c induces apoptosis through ROS production. (a) RAW264.7 cells were treated with Rv0753¢ (10 ug/mL), Ag85
(10 ug/mL), and H202 (500 nM) in the presence or absence of NAC (10 mM) for 24 h. The ROS levels were measured by flow
cytometry after DCFDA (10 um) treatment. The percentage of proliferating cells is shown in each panel. The data are shown
as the mean + SD of three independent experiments. **p < 0.01 MC compared to cells treated with antigens, ##p < 0.01 and
###p < 0.001 compared each antigen to the NAC pre-treated cells. n.s., no significant difference. (b) The apoptosis of
RAW?264.7 cells treated with the antigens in the presence or absence of NAC (10 mM) was measured by flow cytometry using
Annexin V/PI staining. The macrophage cells were then stained with annexin V/PI. The percentage of cells in each quadrant is
indicated. (c) RAW264.7 cells were pre-treated with NAC (5, 10, and 20 mM) for 1 h prior to incubation with Rv0753c (10
ug/mL) for 24 h. The quantity of DNA fragmentation were then measured by ELISA. Data are presented as the mean + SD of
three experiments. ***p < 0.001 compared to Rv0753c alone with each NAC pre-treated cells.
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SHEAAL SRLAINZO| NMEAITAIO|A 225 ASHS BT} (23, 24). Rv0753c0l Qo REE RAW264.7 MEo| M2t AL0)| &
HAATE ZA(0] QUEXR| EQIS5H| Q5 DCFH-DA &2 A WS ALESH0] Egita it I8 TIISIAICE Rv0753¢2] 2132
0|22 MZoj| H|sH RAW264.7 MZO|AX DCFH-DAS| {ol0|5t 2712 RE5IYCH EAA AJHHIZ{(scavengen 2 ZF 2242
N-acetylcysteine (NAC)S 0|83t 22{2|= Ag85, H,0,, 12|31 Rv0753-07H B AtAo| AMARS S 2|51 AR|5HUCHFig. 3a). O
LIOF7t NACS 0|85t RAW264.7 MIE2| M 2{2|= Rv0753c0| 23 K=& MZEABALS ZA A|Z D (Fig. 3b), E5t Rv0753c 017K
DNA THHEIZ 31251 ZAA|ZCHFig. 3¢). 0213t H|0|E{= Rv0753c7} BHdAtAO| MALS E5| RAW264.7 MEO| NZEAIEAIS
RESICHE HE AIAFSICE

RvO753c &9 A=F0i| 2fst RAW264.7 MES| MAPK 2

EHARAO| ME L 522 MAPK 48 S5t MAPK= RAW264.7 MEL| MERHAIS SE5H=0| 2235 ATS 5t= A5 A
EI2tz LA UCH (15, 16). T2k Rv0753c7t 24 4t40| MAS Sdlf MAPK 43S R R ZAISIACE CHY

2 Rv0753c A= & RAW264.7 ME2| ERK1/2, p38 112|110 JNKQ| &35 £A45%Ct Rv0753¢E A= £ 1
P38 12|11 JNKQ| QI4tst7E 7+ 25| LIEHLh= ZE =Rl 4= ARACHFig. 4a). THR22 Rv0753c7t =8 MAPK 437t MIZ
U 2hdAbao] Ak A0 L2 HRISIAUCE NAC 22| RAW264.7 MEON E 2|24 WA =2 JNKO| Q4SS ZHaAl
ZA|2HERK1/2 2 p382| Qlitet= ZAA|7|2] EATHFig. 4b). ATt INK £ AAMA7F Rv0753c2 At=E RAW264.7 M|ZL0j|A
MNZAHALE 7“\M?I“ H ERK1/2 2 p38 £ XA = MZEAIHAIE AA|oHR| obe 20| EQIZ|RACHFig. 4¢). Ol2{5t Zut= &
HAAE Of7HEH INK A S Eo] 2445171 RAW264.7 MZO|A Rv0753c7t RE5HE MIERIEALR} L0 AUSS E0FCt
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Fig. 4. Rv0753c-mediated JNK activation is associated with ROS production and apoptosis. (a) For MAPKSs activation analysis,
RAW264.7 cells were treated with 10 ug/ml Rv0753c for the indicated times. The cell lysates were analysed using an
immunoblot analysis was performed using specific antibodies. The images show a representative example of three
independent experiments showing similar results. (b) RAW264.7 cells were pre-incubated with NAC (5, 10, and 20 mM) for 1
h and then treated with RvO753c (10 pg/ml) for 15 min. The cell lysates were analysed using an immunoblot analysis was
performed using specific antibodies. The images show a representative example of three independent experiments showing
similar results. (c) RAW264.7 cells were incubated with ERK inhibitor (U0126), p38 inhibitor (SB203580), and JNK inhibitor
(SP600125) 10 uM for 1 h prior to the treatment with Rv0753c¢ (10 ug/mL), or with UT (DMSO; vehicle control with Rv0753¢).
After 24 h, screening for the induction of apoptosis was performed using Annexin V/PI staining. Flow cytometric histograms
are represented as the mean + SD of three independent experiments. ***p < 0.001 Rv0753c alone compared to cells
incubated with Rv0753c¢ co-treated with MAPK inhibitors. n.s., no significant difference.
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Fig. 5. Rv0753c induces apoptosis through TLR4 in RAW264.7 cells. RAW264.7 cells were transfected with control siRNA (200
nM), TLR2 siRNA (200 nM), and TLR4 siRNA (200 nM) and incubated for 6 h. The transfected RAW264.7 cells stimulated with
Rv0753c (10 ug/mL) for 24 h. Apoptotic cells were assessed by flow cytometry and the percentage of annexin V/PI positive
cells is shown in each panel. Data are the mean = SD from three independent experiments. *p < 0.05 RvO753c alone
compared to cells incubated with Rv0753c, transfected siRNA TLR4 cells, and Rv0753c¢ with transfected siRNA TLR2 cells n.s.,
no significant difference.
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