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Abstract
RUNNING TITLE: APOPTOTIC EFFECT OF MYCOLACTONE IN SCC15 CELLS

Jae-Woo Kim, Jae-Chul Song, Hee-Kyung Lee, Tae-Yoon Lee*
Department of Dentistry, Department of Microbiology*, College of Medicine, Yeungnam Universiry

The effect of mycolactone, a recently reported apoptosis-inducing factor, was investigated in SCC15 oral squamous cell carcinoma
(0SCC) cell line. Mycolactone rapidly induced cell death in OSCC cells in 2days, which was similar to that found in apoptotic celt such
as detaching from culture plate and rounding-up of cells. Apoptotic cells were increased 4hrs after mycolactone treatment and more
than half of cells showed apoptosis after 72hrs. Caspase 3 activation, a biochemical evidence of apoptosis, was determined by Western
blotting. Caspase 3 activation was started at Zhrs that lasted until 8hrs after mycolactone treatment. The expression of bel-2 Family
genes was determined to explain the mechanism of apoptosis found in OSCC cells. The expressions of bad, bak, and bax (pro-apoptot-
ic genes) and bel-w and bel-2 genes (anti-apoptotic genes) were not changed by mycolactone treatment. The expression of bl was
decreased 8 hrs after mycolactone treatment. Mcl-1 expression was initially increased at 2 hrs which was decreased 8 hrs after mycolac-
tone treatment. The down-regulation of these two anti-apoptotic genes might explain the mycolactone-induced apoptosis in OSCC
cells.

In this study, mycolactone was revealed to induce cell death in OSCC cells via apoptosis and the apoptosis mechanism of OSCC cells
was shown 1o be down-regulation of anti-apoptotic genes, bel-x. and mcl-1. These results suggested the applicability of mycolactone
for the development of an anti-cancer drug candidate by inducing apoptosis of OSCC cancer cell.

Key words : Mycolactone, SCC15 oral squamous cell carcinoma
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o] & apoptosisE 1=
53 gen o= oy FFALE #AAY AR JHL
21t} Apoptosis (&2 programmed cell deathy= 24, #3134 =
e Mg A geat ol g} M EEG MAERE T
el 87 soME dojus AFH AX 71A (active
cellular mechanism)g 53 452 N XA A o|th.

ApoplosisE 288 FAAE T R AE0] bd-2elH

o9 frtet HrIMNE S AU KFAAEE bd-2 family 42}
2t F-2. Bd-2 familyol) &3} @ EE FA apoplosisE
o} 4] &)= anti-apoptotic proteinE # 2 318 apoplosisE FH 2 A 7]
pro-apoptotic proteing Z. st} c’]59— Ma7re] A5 zhe
58t apOptosisg— FaaAY F& AdAse 715 E FdsE
At o E E9, antiapoptotic (£, pro-survival) Bcl-Z g s
= ) 3¢ B2 mitochondriaE £ 3} apoptotic signalingel] #+
o] &= Apaf-l o] Pro<aspase 95 A9 + v FE2E W
331A] 28t T2 8M apoptosisE DA = 71%5E 8 @k
3 o213 Bdwa g anti-apopiotic fundions pro-apoptotic T
1 BIKel| 2|3t A},

Bcl-24 Belwadt 722 anti-apoptotic ¥l &2 #2330+
mitochondria 2 £ 8 2] cytochrome ¢ 2 & o 11] 80 24 apop-
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tosisg Waldte A0 YA glon o5 BE7 FHox
BH13} BH2 domain$ 87812 9lt}. 33, apopiosis& £ 7 5}
pro-apoptotic Bd-2 &< A Bd29 729 M Bax,
Bak, Bok o] E &%= Bax subfamily®} BH3 domain7He 7}&
BH3 family2 1} o}, BK# Z+-& BH3 domaing ZH= pro-apop-
totic T 52 Bcke} 7+ anti-apoptotic T 59] antagonistE
2482 2 4 apoptosisE F &8t =0 Btz gl

&, pro-apopiotic Bl-2 family ¢} anti-apoptotic Bcl-2 familye] 4
3l B2 family E-& 4 74| heterodimers & A4 3kl 4579
7155 G A AEAIE7 A 2EAZ FEeE AoE ¢
HA X Yt

ApoptosisE 23 = FLAZ = vulF Cell PathwayAl2)
Aptosyn 3 7| GentaAt2] Genasense 5] ¢t} Aptosyn<
¢GMP phosphodiesterase & 4| §.9. 2 4 apoptosisE & %13}
A 44 34 A1 Folth Genasenses TEIAA §17} 24
£ 53 apoptosisE A 3= ba-29) mRNA 34 € Al sk
apopiosis & SR 24 GA] A2t 34k Al Fe) A8 Fo Qi)
o2 apoptosis 2 LA EL HEV A AT P&
apoptosis 7| & AFFOEN SNEE APHAF|EE 7|29
Al o} vl ate} E40o] A3 WS FEE HA T Uek

T apoptosisE U3 AlF FA2A mycolactoneo] B3
F 21Tk, Mycolactone & Bunuli ulcerghs 98 g kA7) =
Mycobacterium ulcerans®] MEQAZA 11 2L w) & =2
AdA Aoz ByHATD MycohaoneZ 91, 7}, et
ubgel, digel ¥, 9EF, ARG 5 OUd 3 iy
HHEES APEAIZIM 1 7] AL apoplosis®] §2e) oo} &
#HA ok 28, mycolactoneo] 7ol A oW g & 1}
ER Ao Agt His AR Aol

ole] B AxfME 77 HB A EUE (oral squamous cell car-
cinoma) M X5 A mycolactone] M EAlE EE Ay
71 37 o] apoptosis -l g Z¢12) S ZAMEH mycolactone
ol F&& v A& FAAE F bak2 family FAAE L Wl
T THHCEN FHHGAEYE Y A2 AZYE A&
24 43S Y599

I.xz 3 gy

1. Mlz=slet

F7rR A 22 A X9 SCC-15 (ATCC, USAYE 10% -8 o}
A, 91U A (100univimD), 2 E 2 E o] 21(100ug/mD), hydrocor-
tisone (O4ug/mDe] §-fF Ham' s F12/Dulbecco’ s modified Eagle'
s (111, vol) A & AFE3l] 75cmee] ZEaf Ao A 5% COx, 37C
o] 2702 wjgata

2. Mycolactone2| 2] % ZH|

Mycolactone & A 8l Mycobacterium ulcerans 1615 455
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4 Mycolactone

4 Start point

Fig. 1. Preparative thin layer chromatography for purification
of mycolactone.

ATCC (USA)ZHE Tl 0.2% glycerol, 10% oleic acid, albu-
min, dextrose, ¥ catalase enrichment (OADC, Difco)?} A 715
Middlebrook 7H9 o A/ ¥f Al HE3tad 100 pmO & <7 E5W
A1 32C o A wjkatitt. @€ +3 st chloroforms} o gH2-o]
212 E8E S0l 2 4A 7 A2lste @ AA7S A AT 4=
oo 028 &3 FHFE 7HHA T} Organic phase2 A A st
T 3 ol Ao icecold acetoned 7}81] phospholipid
£ A A At} Chloroform, methanol @ =& 48 90:10:19) H]&
2 s 4viE AME 3o silica thin layer chromatography 2 z}
A B8S FeA0 Fig D 0239 Rf 32 2= 298 Fof
W] mycolactoneS #2] 3} 7 acetonedl] o] 4Cof B3 A}
439 th. mycolacioneS M ¥l #e2lE wols acetoned 2t
A1 F ethanolel] o A3}l

3. Mycolactone M2| % M|ZALY BHaH

AEFE 1XIPLE Gwell plateol] 2 %3184 mycolactone &
lugml FE2 A F 247H 4A17F 8AL7E, 1247 2 24A] 7 5)
AEAPEE A F o2 ARG

4. Apoptosis 4

Mycolactoneol] 2] 3} apoptosist= FACSe] 9}3+ DNA oFe] w3}
3 apoptosisA] ] TH &2 Q1 A 3}8H4 w39l caspase 3 (CPP32)2)
A 318 Westem biotting 1 2 2 #4319t

FACS 24 & & A E£E& 60mm dish (Corning Costar
Corporation, Cambridge, MA)S| SX 105 8] M| £S5 H3A17] &
12A17F Fob v &3ttt SefolE Yo gl Wil A 24417 wj
¥ F mycohconed AIZHEZ X3 Z HEE A
THY HAELE AMNGFZHOZ A HE 4504 9 A &
of 2 A=A o7 1mle] 70% ethanolS # uh-g ¥ o
Y F ATl 3087 e 1 F MRS 945 A4
4% WelZ imle} FACS $39 (10ug/ml RNase [Sigma, St
Louis, MOJ and 50g/ml propidium iodide [Sigma, St Louis, MO in



PBS)el 2 Hgstgich AX HEAE 37CA X 3087 AR
3. FACS (Beckton-Dickinson Immunocytometry Systems)& 2] 3}
=g

Westem bloting 2 }-& 3 7ro] Alaatgith 4 1X10° =9
A FE AHLsle A ERA g g Fajaich 4 S8
o 9= vl X2 A A8tT cold PBSE A 7He F scraper® M EE
FAEAT 1027 A A5AE WP F 40049 cold
buffer A (10mM Hepes-KOH [pH7.9], 1.5mM MgClz, 10mM KCl,
0.5mM DTT, 0.2mM PMSF, 0.1% NP<40)ol| 2 etsta] G-gol|A
308-7F WA ok 308 F 1027 vonexd § A3 3o 5o
S Hote] dAY FEE 4T T 70CH A BATHEA AL
289t 7H N EF) T 40ueE Wb SDS-polyacrylamide gel
o] A Tris-glycine buffer2 77|94 % sttt A71%950] B¢ gel
< %73l Westem blotting apparatus (BioRad)el] 4 281 ¢] ¢}, of
7]el transfer buffer (12mM Tris, 9%6mM Glycine, 20% methanol, pH
8T A3, S0VE 2417+ ol F membraned 213k 30
7} blocking solution (5% non-fat milk, (.02% sodium azide in PBS)
© & blocking 8 ¥ CPP32¢l] T3t - (Oncogene, USA)YE 3 7}
dted 1417+ 59+ ¥H5A|Zth. Membrane PBSE $F ¥, PBS]
0.02% Tween202 H7h3 PBSTE &+ ¥ AA3Y wpA o R
PBSE & ¥ A& st} T2 2.2 membraned blocking solution
(5% non-fat milk in PBS)S 2 & scaking@t ¥ ¢ 7)o} horseradish
peroxidase (HRP) %.3= alkaline phosphatase?} conjugate® & 1+
anti-mouse immunoglobin G antibody % antirabbit immunoglo-
bin G antbody2 #7tste] 3087 WA HTE el Mgk 7ol
PBS, PBSTE u}2o] 7} A A membranes A3 3+ thg membrane
o] ECL 24 x| 9F-& H7}3te] WhgA1 7] - Xeray filmef] 274 AJ7H

T eETAAS

5. Mycolactone M2|A|2] bel-2 family RHAHES] &

= d
& 24

SCC15 Al X o] mycolactone2: A 2} 8153-& wf] 2] 8l apoptosis
o) 71A & A7) 218l apoprosisE A 715 S THAE
bcl-2 family 479 mRNA ¥ d & multi-probe RPA system
(Pharmingen, USA) kitE A}28}<] ribonudease protection assay
(RPA) Y & 2 th3-3} 7ho] EA &t Th

-4 1x10 AE9 4 EE AME-3lo] RNAeasy Mini kit (Qiagen
Inc., Chatsworth, Ca)& total RNAZS 2|33t WA 4 XS PBS
= M &332 fmercaptoethanole] 73 lysis bufferg & 7}3H &
AEE 2 Azt o182 A A F HEE 206 FAVIES
W ool AT & B 249 0% ol ehE S A7 v
z Eslaich £39 2 RNAeasy mini spin columne]] loadings}
o] 10,000rpmofl A 152 7F YA 3+ o8 washing buffer® 23] Al ¥
53, PRE bufferg 3 7}ate] Al #3199k Columne] F2Hx o9l
+ total RNAX= RNase-free water2 9-&38lo] -70C ol B #a}HA
AHE-BHATE

RPAS= in vitrod| A YAbg 91942 BA4E S0l 42 RNA

FHHBMELES MEF SCCISUIA Mycotactonedl] 2/ apoptosis T

probeE §H4l8le] 7F A Eoll A #2|g RNASH hybridization] 7]
3 RNaseE hybridization3}#] %2 single strand RNA % riboprobe
2 A AT o]2 WA polyacrylamide gelidel A 4 7]% 53t
autoradiography & Al 8 sle] 1 densityZ H] @ ¥ 2% mRNA
transcript®] & A e whgolch RPAE A 3AH L2 v
F =Y 1348 7estd o 2

1) Probe 44

In vitro transcription &34 (10 [a-=PIUTP, 1/ GACU pool, 2l
DITT, 4 5X transcription buffer, 144/ RPA template set, 144/ T7 poly-
merase)S 2 3 £ 37CoN A 147 Wh-3-8tef probeE T
3t of 7]o] 2] DNaseE A7hate] whEg AAAY o
phenol #2jate] YA & A5AL AaL FAst 50ue)
hybridization bufferel] 43} A1 Z t}.

2) RNA 4] & hybridization

ol E2 3 toal RNA (10204208 70C oA 1587 B &
% vacuum evaporatorell | @A AZA|Z T o 7]l 8l
bybridization bufferS: 8718 F vortextel 27 28 seleh 3x
10° cpm/pd BER BT probe 3 B7H3ko} B 4L F min-
eral ol € 3 7}8ted hybridizationS 4]3) 8194 ¢} A hybridization
EgAE NCAN dA 4A¢ F L2 56CE gt 12-
1621 7F 508 vhE A AT vlA 2o 7 37C oA 158 7F whg3he
hybridization2 £& 8l th

3) RNase #12], 31719 % % autoradiography

Hybridization £<§ el 100g/ ©] RNase cocktail® 3713t ¥ 30C
ol A 4587+ ¥HS-A1A hybridizationo] ¥ A §-2 F-1#2] RNAE
A 73t} o 7)o proteinase K cocktail £ -& A 713l6] RNase
digestiong £ 8 A17] th& phenolg A3 et AAE A
$ % A2 203 ARE 5 2 1 xloading buffere] 5
Q) T o0Coll A 387 7k St E&ol WA sk th Mg EHjE
A} polyacrylamide geloll loading} 22 bromophenol blue7} gel £
7R o5 YA A7 E T F UEEA Xnay iimd] = F

A A

1. Mycolactone X2[of| 2|8t M|ZAIEH | HEefsts aHE

SCC15 7 A A EUE QX FE A4S 2 mycolctone S *]
gt I A5 NEAEE A2 T 1R EH Al2tE o] 29
EEHE ol g5 8 A X7 APE st &, vl B A
#= ¢h X 5 o] mycolactone Aol ¢)&ted M E 2o e} 5
ZA 97, vlkEg o E (culture plate)ol A BoJ R WA M L7}
5 A8 41 apoptosis?] FAHE BTt o2 F2 myco-
lactone?] 2] A Zko] &2 0 2 Z7}3k Tk (Fig. 2).
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Flg. 2. Cell death of SCC15 oral squamous cell carcinoma(OSCC) cells by mycolactone.

2. FACS &4

Mycolactone g A2 8h & 4417+ & (1244%) 2 E sub-G17]¢)
apoptotic cellF 2] 7} F7}817] Al2hate] 4841 7F Eoll = 27.12%
% F7BIAL 72A 71 o] Foll & W oA} (51.34%)2) A2 E 0] A}
F 3k ot Fig. 3, 9.

3. Caspase 3 (CPP32) Western blotting

Apoptosis®] HF A A} F9] Shbe caspase?] B4 3}o|)
Caspaset= 1099 71 9] E/7} Qe A0E 4834 ded 1 59
A apoptosisAl ol @435 = NE A caspase $9 3117} cas-
pase 3 (CPP32)e|t}. Caspase 371 8498} € 7 2=# 17) iy
¢ dfo] gk B 7N E B4 3HE aspase 35 2143}
= FAE A3t Western bloting S A1 3 819t} 2L 4 3 myco-
lactone #] 2] F 2A]A 5-E] caspase3 @] deavage?} $HaE] o] 44)
ol 713 Bol BHE QAL 81 7H7kA] A= it (Fig. S).

4, Bel-2 family S8R9 wa Al

Mycolactone 2 2] A]¢] apoptosisE f @3} = pro-apoptotic bel-2

£

FAZZ 9 bad, bak, bax 5-& W3 kAt Ajo| & Hola] gt
t}. 3 apoptosisE ¢ Al 5}= anti-apoptotic bd-2 §2 2521 bd-
w, bd-a, mckl 3 bd-25 Fo) M bws WE kAt B3l ¢
UL b2 wf¢ mlu|d GHE Bon WA FoF
wahs gk 224 bkag] -9 mycolactone 4] £ 84]
ZHEE 2ol FASA T, md-19] A= 24708 A A
WHEIE B 5 8N L E = 7489 o} (Fig o).

.o %

AL HIEL 04 o Fo) WA Ee) FHO2 ]
NSl 6049 AN YAH FAZHE FRBT QYL
o FU} BRG] BE Faete] 7o A2E o) 90
W, o % 7h4 2919) e Eol] o8 Fere] Hehg L o 30
W) olgoz Zrhgcks, e £ AruHos 2 A
Suuzoe Y02y 10d F 197} FUICE o))
£ SR YA gtk 1 89 9Redent 2 AR
B BUY 0 AEde MEET BARdY 38 5 9
gl 77 o) SASE AP B9 Fol FelA Ut oE @
ool R Frgete] YA Bk 4Y R4 FAY
£ A9 FIE 42 T Y ThEe) Jow 77
By QP40 B HSE YA Atk ARTE volda
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PLHEAMELIE MEZ SCCI50)A Mycolactonel &[S+ apoptosis F 2
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Fig. 3. FACS analysis of mycolactone-treated SCC15 cells.
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Fig. 4. Time-sequence change of the FACS results of Fig. 5. Caspase 3 activation in mycolactone-treated SCC15
mysilactone-treated SCC15 cells. EtOH; ethanol. cell.
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Fig. 6. Dowr regulation mcl-1 genes in mycolactone-treated
SCC15 cell.

(human papilloma virus, HPV)9] 2H& o)1} p353 § 2ol zte] Eois
oloh AL ety ol Y o] Qi B el
9\1];].14‘5:“

FRLS PR N E WOE Z42 Hol %T A 2
WS W 20 S ol 72 o sl o
o 27 A old 74 QAL w7lo] A%} sl 3]
LB R Aol A3 ol12 52 87

f [}
B} ojmf = °§ZJ§ H Ao o]
s &to] Q)ghe] |

o] A& e

Apoptosist= M Z7F Q2 7FR 2 9dE N TAME JHo g A W
A, a2 A FANY ol e Mg 2 ulel A 7
d &2 FuA A 5ol Helge 2AFIAE dojute
FHAAXEGF S TF LT AZAPE 7[Holn 7| Fd 4Y
Aol g Reof Hal Aol g o3 FEAN M EALE
necrosis UHE £/7-2] H EAME 71 o))

ApoprosisAl ©] Al W) A58t A W sl At A7) L g
3] o] Folx ¥ A}t 1 F A WHE Z WAL Cuenorhabditis ele-
gansol| M o) A BT €. elegans ] A3 F Lol h= apopio-
sis A= ced-3, ced-4 L ced9 5o $ARTo| Hosy
eper ol & & ced-3 ¥ ced-43= killer gene?ld| {Hato ced-9
- 32 3 apoptosisA] o] A X
ofelr o] & §-A 45 2] homologE o] mammualian cellof] 4 &= ¥}
1A=, ced-3 homolog= apoptosisAlol] 843 815 = ookt
protease= ¢l caspases ©| 1, ced-4 homologs= mitochondria®i] 4}
cvtochrome C releasee]] 2] 8le] BA13HElo] TUE caspase 52 &
A8 A 7)ol Fo] &= Apaflo] ™, ced-9 homologs apoptosis S
AAsls Ao Z ¢8 A ha-20)t Ced3 homolog®E A apopto-
sis 2t Foll Y9 thFe prowaseg o] BAdstge] dEA T
o]E2 /12 UWe EA asparate #71 5 deave SRZ caspase
2 BEEHAE, caspuses L AdET 71 = 2| peptide
sequencedl] uhel 37) 2] subfamily 2 57 F U+, (1) ICE-dke pro-
teases: caspases 1, 4, 5, 13 2 14, (2) CED-3 subfamily: caspases 3, 6,
7,8,9 2 10 2 (3) 7] &} caspase: caspase 2

survivale] o 8= survival gene

ApoptosisE A7 9F AFEL A7 death receptorE
Aftele A3 292 && 7og ydk B4 ligand7}h
death receptord]] 4 @3t apoptosisE F9H3t= 7 29] death
receptorE Z+ Fas/CD95/Apo-1, TNFRI, TRAIL, TRAMP 9 NGF
(nerve growth factor) 5-¢] 912 W% death receptorg 7-8-517]
& ASFEEE UV, madiaton, heat shock, ceramide, aHebA],
B 44 (reactive oxygen species), BRo] 8] 2 74 o ’H el 2}
o] A Feo] gl O]E]r” * o] 8} 7] apoptosisS 5 5HE 9
F A5 A W, 28438 AH Y proforme 2 Exj3 1 2
9 initiator caspases %2}2# S 2 C-guhe) AL suhunit?} A A F
Il aurocatalytic activityol] 2]8 S48 caspase7t Pebr o] 8} 7
o] 43 initiator caspase= TFE caspase S ) proteolytic cleay-
ages FE 82 2M proteolvic cascaded A 2halA| 537, 223
S8 M EAge| B985t effecor caspaseS 0] B35 o] thok
3H Al ZAME 7)1 (cell death substrate)E-of) 2830 24 apopto-
sis®] AH A FE) Wz ¢ 538y datso] futE
ApoptosisA] @) Al 52 nuclear chromatin condensation, mem-
2] W3k DNA
fragmentation 5 2] §4 &<l W E Ho)m Abd g7 g
Death receptorZ 4 %81 ZAZ ol A= death recepiordl] 82
Aol AL el FADDS 7-8 adaptor moleculeo] 2] 3}ed
pro-caspase 82 2 H B o] caspase- 8¢ B4 31471 7 o] &= death
substrated]] 3}36}@] cell deatholl Z 3 Bl effector caspase
S48l A A ZAPHe] fuE )
Death receptorE 4 #817] ¢5= AHSE (ionizing imadiation 2
cytotoxic drugS )2 A mitochondriad] 223} mitochondria ]
inner membrane spaced] £ 84 cytochrome ¢ release S &9k

rl

brane blebbing, zlpoptonc by e 34| eytoskeletone

E¢l caspase-6 H caspase-3S

A Ak Release ¥ cytochrome c=
factor 1 (Apaf1)S 248} Al A [Apat-1/cytochrome ¢/pro-caspase 9]
52 A9 apoposomed FA A ¥ T, pro-caspase 90) A
stelch S48 H caspase 92 effector caspaseE ¢l caspase 3, cas-
pase 7 F caspase 6 5 84131 Al A apoprosisE &8 A Hoh
o] 2 & upoptosis§ 2 3l v © = apoplosisZ < A 6}—‘:

Bal-27) 717 A 2 H ok Bal-29h AR ofu] Ak
=l EL ok 15 227} 2R ElE o] 5 & Bd-2 f:lmllyﬂlu_ 2g

2= B2 familyE 2 470 2] Bd-2 homology domain (BH1 to
BHY) 7 5‘-40%_‘;2 3hhe] domaing 71R] L Q4 eh. Bel-2 family T
F apoptosisZ A 8L = anti-apoptotic proteinE 3 £ 8] ¢
apoptosisE Z 4 A7) = pro-apoptotic proteing 2 LpH ) o] 52
METHS A5 AEE Bty flpor)l()*i‘;E ksl Ay 22 ol
b= 715S sk Stk ol g B9, antiapoptotic B-2 th
Z 3£ 49l B mitochondriaE % %) apoptotic signalinge)
o shE Apaf-l @ o] Procaspase 93 Age = 9= F2E
HabalA] REA GO BM apoplosisE AAEHE 7L s
th 8 o] 23k Bd-w2] antiapoptotic functionS
T Ql BIKe 23t oA $l ot

Bcl-2y} Belwdt 22 anti-apoptotic T &
mitochondria 2 %8 2] cytochrome ¢ 3l 8] & <%

apoptotic protease-activating

ol

< i

pro-apoptotic

T TaYeEE
Ao 24 apop-



tosisg Wadts AoE 4A don o]F2 —‘:r } A=
BH1#} BH2 domaing #3812 Atk Apoptosisg 2318t pro-
apoprotic Bek-2 memberE-2 A A Bcl-2¢] #+39} fAHSt Bax, Bak,
Bok $9¢] ¥£%= & Bax subfamily®} BH3 domain®Hg- 712 BH3
family2 1k o}, BIK3} 70| BH3 domaing- 2H= pro-apopiotic T
WE2 Bl 2 anti-apopiotic THH 5] antagonist® 28§
S =M apoptosisE f¥sl=H B8l St =, pro-apoptotic
Bcl-2 family 9} anti-apoptotic Bdl-2 family®l] -8} Bcl-2 family &
W =2 A5 7H| heterodimerE 3 Al she] Aa7ke] 715 o3}

AA A EAPE7A S 2R 48 ALR dejA X o
3

0|8} 7}o] death receptorS A-8kA & apoptosis?] 249
T Bdl2 family v Eo| nf-¢ Fa§ A& @Feta vk 1
Z i death receptor-independent apoptosis9] 73 $- apoptotic sig-
nale) 9 ¥ AL B2 family $AAS)2T & 5 AL Ao
o}

M. wleerans’= slow-growing mycobacteriad] %3 HAFO R
AFao] A Buruli ulcerghe 35 # %& f3HA) 210} Buruli ulcer®]
HEZZ A A2 0= Rocky Mountain Laboratories] Kathleen
Geoxge':‘” 2 M. wleerans2 58 Z 9] lipid toxing #2, A4 3}
I FZE 19319 ]S mycolactoneo] 2t ¥ F M3 T
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