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ABSTRACT

Regulation of Noxa—mediated cell
death by interaction between
Noxa and Mcl—1

Park, Sun—Young
Advisor: Prof. Kim, Tae—hyoung, Ph. D.
Department of Bio—material Engineering,

Graduate School of Chosun University

The Bcl-2 family proteins play critical roles ingelation of apoptosis, and
the interaction of pro- and anti-apoptotic memlteeinnportant to determine the
fate of cells. Noxa belong to a Bcl-2 homology 3H@-only member of pro-
apoptotic Bcl-2 family member. It has been origiyaldentified to be
upregulated by p53 in response to DNA damage. Taderstand the mechanism
by which Noxa-induced cell death is regulated, weesned the binding partner
using the yeast two hybrid screening. We found tal-1 binds to Noxa. The
binding of Noxa to Mcl-1 was confirmed by immunogi@tation with anti-Mcl-

1 in HCT 116 cells. Since Mcl-1 is known to inhibéell death through



interaction with anti-apoptotic Bcl-2 family memiseiwe investigated whether
Mcl-1 can inhibit the Noxa-induced cell death. Agected, Mcl-1 significantly
inhibits the Noxa-induced cell death in HCT 116 IgelTo find out the
mechanism, we investigated degradation of Mcl-INmxa. Mcl-1 degradation
was inhibited by z-VAD-fmk, a pan-caspase inhibitdhe results suggest that

Mcl-1 might be a necessary event in Noxa-inducdtdsath.
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A2, transmembrar® death receptof]
Ed awd gt=9 ZAggS 53+ extrinsic pathwayt th. tHE A2 death
receptopll = tumor necrosis factor receptor (TNFR, THIFt 3+ receptor), Fas receptor
(FasR, Fas-Ligard t]3F receptor), 22| 1 TNF-related apoptosis-inducing ligand
receptor (TRAILR, TRAIL] w3t receptor) 5-©] Att. FasR= FasUt 23 +,
adaptor T 291 Fas-assosiated death domain (FADP)pro-cysteinyl aspartate-
specific proteases (caspase}8% 7| death-inducing signaling complex (DISE) &4
slal, &4 3lE caspase-& effector caspase 43417 apoptosi& F+=3HCH (1).
Caspase 7|E o7 ¢F 20 kDa?] large subunitt ¢F 10 kD&l small subuni&
A Elo] 9l initiator caspases, effector caspasgs 1H o2 Uz 5 ATt (2).
initiator caspases death effetor domain (DED} caspase recruitment domain (CARD)
T4 49 large pro-domai® 7}* ™, caspase-2, -8, -9, -10, -11, gj20]o] Z3it},
Caspase-3, -6, o X &4 effector caspase 20-30l ©}v|=4Fe] short pro-domaif-
2 FA = 3th. CaspasE pro-domain ol $x3t= &4 ofv]=4kQl aspartate
ol  Adto] dojt F 2719 large subunigt 2712 small subunit} tetrame& ¥
dsto] &/d3t Hojxltt. Caspase] €4S 2 7HA ©ido] o5 zdHATH

Caspase-8& DISC3 4 @7 oA cellular-FLICE-inhibitory protein (c-FLIP)cH= 2 of



ol 1 EAJo] JA|F a1, caspase-3, -7, 9 inhibitor of apoptosis protein (IAP) 2]
A Al Fdol =HHET (3).
Apoptosi?] FHA 7122 2 mitochondrigt & E intrinsic pathwayl <1

Mitochondria= ©] 53 FX& ol oyAE Bistes AZ W Fa7]%0]

t}. Mitochondria= DNA damagé&} Z-& a¢ld afA 75 2o) 7 2t A @t
Pro-apoptotict+¥} 2 ¢l Baxe} Bak, anti-apoptoticet® @<l Bcl-2¢} Bel-xL3He] #
o o3| A mitochondri] permeabilization] 24 H T} (4). Mitochondrig] <] =}

of Bax¢} Bakel 2]3| permeability porgt A 7] Al =™ intermembrane spaekr] -

E] cytosol2 pro-apoptotic factsi! cytochrom c, second mitochondria-derived activator
of caspase (smac)/Direct inhibitor of apoptosisdinig protein with low pl (DIABLO),

apoptosis-inducing factor (AIF} W9t WEd @92 F 3142l cytochrome ¢

+ apoptotic protease-activating factor-1 (Apaf-1ypgaspase-9 =] 7717} 2o

apoptosom& FAJ3sti o= 23] &AdsE caspase-d E THE caspase-3, 9

S §x] YA AA caspasdl FHE 3Ll apoptosiE& U o 71T HEH
AIF= caspased] 9| &7 7]2to 24 DNA fragmentation] <] 3t apoptosi€& =3t

T}. Mitochondrig®] permeabilizatiol= ©] ¢] o &= inositol 1, 4, 5-triphospate (P &
AA 7= A= 98] A7]3 (5), Bax} Bake = 13 A endoplasmic reticulum
(ER)ZH-E] mitochondrigz °]%5® Cca&™9 Z7lZ <& Yeldrl= g}, Bel-2,
Bax, Bak® Al XU %23 secondary messangdr C& el A& 1el ERHIE 93
&3 9lal, mitochondrigt A a4 A& ojx ca'ol HEHAS
mitochonria-ER connectiofi 2|3 4 mitochondrig}l A olEd & At o] 73
% Bcl-2 == Bcl-xL2] overexpressiofl 1} Baxe} Bake] &A= ER Wl A=

Cad'Y =22 72aAZ ®ut olugk ERIA] mitochondridg o] 5% = C&™9 ¢



7HA A AA apoptosi€ JAT = ATt (6).
Ao B 4 2ol Bel-2 family protein> mitochondria ¥ 7t o}y 2} ERe| ##
2% apoptosis 7] 2ol A Fod TS FEa 9tk Bel-2 family protein

Bcl-2 homology (BH) regionll 2]3}o] 371 typeS. & Uz <+ ATt BH region>

o

Bcl-2 family proteirgt2] protein-protein’ & 280 o dla1, apoptosisZ=d ol
3 oS 3}, Bel-xL, Bel-w, Bel-2, Mcl-12 T2 8" A ZALE JAstes Ao

2 3-47§9] BH region, BH1-BHE X33l 1, MEAIE X3 o

i
e

Bax¢} Bak®] 7% BH1-BH3, 312 BH regione A4y i t} vixeto 2 BH3
region ¥+ ¥ 33}l 9lE= BH3-only proteing £ F t}h. o] @l A= Bid,
Bad, Bik, Puma, Noxa, Bmf, Hrk'} <131, BH3 regiorp] anti-apoptotic proteirg Z g+
< B3 o5& EEA4SA7IAY Baxt Bak ©¥ A ] oligomerizatiors ¥ oA
apoptosi€ =W 3atta <A At (7). o] 3 Bcel-2 family protein ol 4] Baxet
Bak< mitochondrig} 714 s = G A=, Baxe cytosoP|Y mitochondria
o] o]t Jl7tolo| $ X &}al, Bake mitochondrig] ¢ % ol ¢ % 3+t}. Caspase-8
of °]g Asp5%¥IA1°] cleavagee Z/d3t€ BH3 only proteirtl Bid®} Bim
cytosobll A mitochondria X o 2 o] 53t & Bax®}l Bake] oligomerizatiors %=
3l3l o]o]A] outer membran®d permeabilization] €ojUA i cytochrome &}
72 pro-apoptotic facteg©] H=5©] apoptosi®& ©]¥t}. Noxa protein & A
mitochondri@l ] cytosol2 cytochrome & W&A]7]3l caspase & TX 3 A]HA
apoptosi€ F+=3A| %t Bak® oligomerizatior> 2 Q% 9=t} 53] Noxad
BH3 domair¥} mitochondrial targeting domain cytochorome c=°l 2420 A

o2 dHAH (8).



FHZoE 994 @Al p539] Bel-xLolt Bcl-22] DNA-binding domair]

B3A42 P43 5, mitochondria®] 2] permeabilizatio: 2 3 4 o2

o

=
FEotta HuFEAY (9). T3 ps3 @A HAIA 24, DNA damage,
hypoxia 5 #Z2 ME 2Ed 2ol 93] AdAste o] @A levelo] F71sHA
™ BH3-only proteirt! Noxa, puma, Bins 2| pro-apoptotic gend HAIS &4 314
7131 Bcl-2, IAP?] HAALES A AA L O ZM apoptosis] TolEth (10, 11, 12).

Oncoproteit! MDM2%E p539] transactivation domaifi Z23Hslo] AALZA S A

33 E3 ubiquitin ligas&*] p532] ubiquitination, degradatios =34 o] A
cytosolE2 Y7FAl gkt =, p539 transcriptional activityll 21314 MDM27} & g
3, +dEH MDM2el 9]& Al p530] AdAl =& negative feedback loop 2] 3 A

flo

p53 T A Al AN S ETH (13). B EANA Rast c-mycdt #
oncogene| A 7]™ p53°] &/33t¥ 7] Fol alternative reading frame, ARF ¢ d ¥
o}, P16INK4a&} 37 INK4a/ARF locusi Al ¢tastd @id F 3huel ARFE &
FAA AAZA B el A8k glrh. ARFE MDM29t Hi oz Ajtato]
MDM2¢] 2]3F p532] ubiquitination, degradatioh cytoso2 WEHE AL A3
t}. o] A3} p530] & Yo FZE o] cell cycle arrestt apoptosi€& F+E= F <
o (14).

Bcl-2 family proteirf] anti-apoptotic preteidt pro-apoptotic proteifte] w3 3} 4
% 28-S apoptosis] A % F 2.3}l anti-apoptotic proteig 3F1F] Myeloid cell
leukaemia-1 (Mcl-1g 1 42 £ 4 At} 35009 olrj=ste =z F4E Mcl-1
protein T}E anti-apoptotic proteinl @ BH1-3 regions *E 331X 1, BH4 region>

Slth. 28] 3 C-terminabll transmembrane (TM) regioh 21 ©] 53] mitochondrig]



ro

outo F== A A apoptosis tell €ofu= mitochondrig] W&o F o9k o

i)

< 3t} (15). Mcl-12 mitochondrig2 7] cytochrome & W &3l 27| @A 9
Aol AAISE] cell survivalr: Z313k=t], ©]= Bim, Bak} #-2 pro-apoptotic
protein?} 2] heterodime& P Ao Z M o] FojR ), T3k Mcl-12] BH1 regior]
Puma (p53 upregulated modulator of apopta8isBH3 regiot} Z &3 Mcl-12] <F
Aol F71E o] Pumal 23 =% & apoptosiE& JA|FTI HuE I Q)
(16). Mcl-12 3709] exonc® TFA = o] ATk alternative splicing forml Mcl-
1SIATM2 + WA exore] &4 %o BHL, 2, transmembrane regioh < 7] 3} 2] &
=t}. o] 23}, Mcl-1SIATM< pro-apoptotic Bcl-2 family proteid BH3-only protein
3} FARSE FZE 7FA A H o] anti-apoptotic proteitl] 4] pro-apoptotic proteif. £
7% o] vtHAA "k (17). Mcl-19] N-terminabll = 27§2] PEST (proline, glutamic
acid, serine, threonine) regién ¥ §3}™, o] regiorell A= F 7H<] aspartic acid
(Asp127, Aspl5®I A caspasdl 2]3F cleavagel F+2 Lojdrt. 53] Aspl2pi Al
o] cleavages <13l /¥ C-terminal W&ol @ A2 AE 9 apoptosiE =7
T},

o] A& apoptosis] A Bcl-2 family®] anti-apoptotic proteilt pro-apoptotic protein

o7 F & wlg Fa3ITh o] =EoAE I T p53Y EBZF FHAR] Noxed A
23l = Mcl-1< yeast two hybrid screenisy &3l zroli%li Mcl-10] Noxaoll <]
3 FE=%+ apoptosi€ A E AS AT 4 AAtk. 22 transfectios)
Ay B FUE AFE3t Noxael HdS FE3S u Mcl-1°] degradatiod] & 7 &
#zek 4= %13, pan-caspase inhibit®l z-VAD-fmkel] 9]3] JA == HOoFE H
o] caspase} “HHE 7|Zolgt BT
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1. Al %3 antibodies
Anti-Mcl-1 antibody?} anti-Noxa antibod{z ONCOGENE RESEARCH PRODUCTH
A1, anti-actin antibodz CHEMICON internationafl /1 Y3ttt YA djFEe

Al eFS SIGMAS A T+ 3FA T},

AAGMEL] HCT 116 M ZE 10 % fetal bovine serum (FBE) £ 3¥ McCoy5A
mediunll A 37T, 5 % CQ7l = A2 St wixE 2-380 FH

Ao At

3. Competent cefll FH]

E.coli DH50E AF&3lo] competent cet: THE2QITH LB 5mloll 4] DH50E 37T ol A]
15~ 7+ R EFej okt 3 LB ®lA] 200 mbll 10081 2 3] 3le] ¥ a1 600 nnvll 4] OD
0.35 - 0.5} € uwj7}x] A Euj<Fst}, 4T A 2700 rpme 2 78 FoF A&}
o AFAes s AASL DIl YolE CaCh &9 (60 mM CaCj, 15 %
Glycerol, 10 mM PIPES) 1 n& ©] &3l @&t & 50 mie] CaCh &4 thA| H
7tate] dgolA 30 B WA ST dAEA oA FTAS BT A A
i pellet Z7)¢ #33E %o CaCh €4S H7tsle] dE3 T 1.5 mltubel 100

WA BF3he] 70T oA BB}



4. Transformation

+H|¥" competent cell 100491 DNAS Y11 ZAl A7 4ojF o 294 30
B FoF FA 3t} 42To| 4 90% F<t heat shock & F ESolA 28 Hx F
21 gtk Tubedll LBHIA] 1 mie 3 718led 37T incubatorll A 45% <t wk-&-A] 71
ok, H %

HE A7l T ampiciline ©]Y kanamycing 7 7}3te] wHE LB a1 A H] #] o

ro

AEE ARSI 100 E A9 FF5AE EF AAS. HE

et

Z3ko] 37T incubatopl| A 15417 A= 7] &t}

5. Plasmid DNA ¥ 2]

37C oA A& Ss AZE 1.5 ml tubel Y1 FAEE S celle AAAR
9 AZ=HE 243 A A3} Pellet] solutionl (50 mM glucose, 25 mM Tris-Cl, 10
mM EDTA) 100 /& 78t dAEA|7]2 0.2 N NaOH<} 1 % SDSF =234

solution II 200 wtE Y1l 528 A2 HoJF1 48 5 oA W s)

Z| 2Tt 13000 rpmil A4 102 F < A EE A S AHE MEL wbell 28}
I A5 5= phenol : chloroforng Y3 vortexd] 93] Z AojF £ 4T,
13000 rpmell A 10% &<t ARt A5 ds Eeg. 45 29 volume
©] 100 % Ethanck ¥ il oA dAE3ste] DNAE HAAAH. dS5de A
3ta Ao H#E 70 % Ethanol 5004 E H7Me & AR FF5HS &
A3 AAsL A2 HAEAZ . Ethanob] =5 AAEH FgFd Zoly TE

buffer (10 mM Tris-Cl, 1 mM EDTA, pH 8.0) 5l E DNAE =2<lt}.



6. Expression plasmi) transfection

plasmid®] transfectior® effectene transfection reagent (Qiagen, Chats@#);2- A&
ato] 3319 Th HCT 116 cells (2.0-8.0 X pS transfectiol”] 31F Aol 24well
plate’] seedingtth. 1.5 ml eppendorf tulsd# 0.5:¢ Noxa (1-54) == Mcl-19] =22~

vl = ¢} EC buffer, enhanc& Y11 1% &< vortexs o] &3to] 4o]Fr}. A2

@
i

X

2-5%-7F HES-A 71

Effectene reage@® Y1 10x3} vortexingshil A=< A

_7'[5‘_
HES- Al T}, o] 719 McCoy 5A medium (10 % FBSESH) 350 & Y1 2

gy

o
L

-1

olo

5
H A X pipettinggt ¥ A EL mediumeE A E celld] YolFi 37C, 5 % CQ

incubatorl] A 2447+ F<F culturedr ) microscope (Leicad 53 ©#3}A T},

7. AEZE3

Celle] media& #|A3% ¥ 1 X phosphate buffered saline (PBS, NaCl, ,RBy,
NaH,PO,, KCI, pH7.42 X o]=t}. Protease inhibitor (Aprotinin, pepstatin A,
phenylmethylsulfonyl fluoride, PMSF} % 3¥ 1 X RIPA buffer (1 % NP-40, 0.5 %
Sodium Deoxycholic acid, 0.1 % SDS, 50 mM Tris-HTC50 mM NaClg ©] &3} 4T

of

=

Al 308 ZoF wFE Al AA lysisgk T 13000 rpntll A 158 FoF A E s A

ne

= [e]
SATS dojdl

#2l"d @ d -2 Bicinchoninic acid (BCA) protein assay reagent B, (PIERCE,
Rockford, IL}YE 50:1¢] H] &2 41& solutiore]l @] 37ColA 208 F<F w5 A7
% OD 540014 =#3le] A3k 3t} Protein standafd = bovine serum albunin

(BSA)= Ab-&-3kaltt.

10



9. SDS-PAGE geld 7] %4 &

Acrylamide solution (Acrylamide, N,N -Methylenbicglamide), Tris buffer, SDS, APS
TEMED”} *x3%¥ 15 % SDS-PAGE gel protein marker (Bio-Rad, Hercules, CA%}
100C A 5% &< #<l protein sampl€ loadingslil, 1 X running buffer (Tris,

glycine, SDS, pH8.3% o] &3lo] A7]9 52 3t}

10. Western blotting

Aste= S ARtS A&7 95ke] western blottings k3t A7 F g
gels 4TCoA 0.2 AZ ¢F 1247 <t polyvinylidene difluoride (PVDF) membrane
(Bio-Radyl transfef} STt Membrane> 5 % skim milk’} £¢] 3l & 1X TBS-T buffef
(Tris, Nacl, 0.05 % Tween 20, pH7.&)}&3}o] 1A+ & <oF A 294 blockingrl 71

Al

1

anti-Mcl-1 antibody, anti-Noxa antibody, arli-actin antibodys-oll HF-&A] 71T},
7 3 1 X TBS-T buffe® 1084 3 A o]F31, secondary antibody anti-mouse
antibodyll 3 A7+ FoF Fr}. 1 X TBS-T buffe@ 1082 3H A& 5 ECL
(enhanced chemiluminescence) solution A (250 mM luminol, 90 mM P-coumaric acid,
1 M Tris-Cl, pH 8.5%} solution B (30 % HO,, 1M Tris-Cl, pH 8.5 AF-&3}o] filmel
Azt

11. Immunoprecipitation
1 X RIPA buffee] 9l&] Ezld @M AL anti-Mcl-1 antibody} 7] 4Tl A 3t
A7+ F<9F ¥k-3A]7] 31 protein A bead (PIERCE}Y % 713+ & 4T, rocking platfornsll

A3k A ZE RES AT dAEE ] & H4FHE A AL 1 X RIPA buffe®

11



8 % SDS, 0.4 % bromophenol blue, 40 % Glycerol, 2% ercaptoethancd 3 7} 35}
100C oA 583 #<lt} 15 % SDS-PAGE gel 771953 ¥ anti-Noxa antibody

9} anti-Mcl-1 antibodyg ©] &3}o] Mcl-13 Noxa’} 23t AL &2la ).

J
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1. Yeast two-hybrid screening

Bcl-2 family protein> Bcl-2, Bel-xL, Mcl-13} 72 anti-apoptotic proteidt BH1, 2, 3
2 A% pro-apoptotic protein, 2] 11 BH3 regioritS X331 ¢ & Bid, Noxa,
Puma} 2 pro-apoptotic BH3 only proteia 2 1= 4 2t} (Fig. 1). BH regior
Bcl-2 family protein 7+2] & 2go ##AE 31, 53] BH3 region> M XIALE =3
sle IS e Aoz d#F ot Bel-2 family protei?] anti-apoptotic proteir}

pro-apoptotic proteifl 32> apoptosiE& ZH3t=dl ¢ FR3F}F. o] =E oA

rr

pro-apoptotic proteid F14Q] Noxeol 23k MEALE oj@ A ZA3t=Ao &

e
2

JS 33t WA yeast two-hybrid syste@ =3 Noxael ZAgst:= 4=

et

zZhol B 9k} (Fig. 2). DNA-binding domain (BD$ XX 3$'3}3 NoxaE cloninggt
pGBT9 vectog} activation domain (ADJ} human liver cDNA librargg 7}#| = pACT2
vectorg A3kl Adg A3 Mcl-13 Alo] Noxaet Z¥sti Uoke s ¢

2ttt o] F o)A anti-apoptotic proteitl Mcl-13 Noxaste] Ao tha] Lo} w ket

13



|_Arti~apoptotic proteins |

Bel-2
Bol-xL w{{_BH = B3 Bl D~ BH2) L~
Mel-1 o @ BH3—J BH—{IBH2 LI~

| Pro-apoptotic proteins |

tUtidomaine

Bay & BH3 D BH1 ~-IBHZ)——LId~
Bak @ BH3 {1 BH] )= BH2 I~
Bok @ BH3»—{ BH1 ——{Bo2—{IL"

BH 3-only domain]

B CED
Nowa @ BH3[MID—~
ﬁuma_

Figure 1. Schematic representation of Bcl-2 family members.
Bcl-2 family proteins are composed with three suofifees. There are anti-poptotic

subfamily, pro-apoptotic multidomain and pro-apdm@®H3-only domain subfamily.

14



(B)

pGE T Moxa

pACTE vector

pACT2 vector sequences

[mmmmrmmmmnmmmmmmms e

ceg|

GEG ATC
GCT GAC
TAC CGC
ARG GAC
CTG CGG
CTT CGa

CGEA ATT

CGC GGC
CTG CccC
CTG GAG
CCT CIG
GGC GAC
GAC ATT

CEC GIC
TCC ACG
ATC ATC
GEC GAG
G6C GTG
AAA AAC

Figure 2. Yeast two-hybrid screening

GIT ARG
GAA GAC

AGC TCC
GAC GAG
ACG GGC
CTG GAG
CAG GGC
COA GTG
CTT ATT
TGO ATC
TTG QTIT

ACC

Mcl-1 sequences

(A) Full-length of Noxa has been used as a baid, @NA library from human liver

were screened in Yeast.

(B) Plasmid DNA from a positive clone was sequenced

15



2. Noxa2} Mcl-19] 273+

Mammalian ce#l = Noxa?t Mcl-10] ZA¢s= AE  Folsr] Y3
immunoprecipitation 2 &S A3}ttt HCT 116 celWl GFP-Noxa plasmi&
transfectiorst & anti-Mcl-1 antibodyg ©] 83} immunoprecipitatiod 3} 91 t}.
Anti-Noxa antibody} anti-Mcl-1 antibodyll &+ western blottinge 3+ Z 2} Noxa2}

Mo-10] ZFate AL #e + AT (Fig. 3).

16



pEGFP Cl1-MNoxa
P (RO

By =|gH
35— < [Moxa
=—|gL
Bl =|gH
35— = Mcl-1

(gl

Lyvsate  FP:Mcl-1 protein &
beads

Figure 3. Mcl-1 interactswith Noxa

HCT 116 cells in 100 mm dish (2.0 X %@ells) were transfected with pEGFP C1-
Noxa by Effectene transfection kit. Cell lysatesravémmunoprecipitated with anti-

Mcl-1 antibody and protein A beads. Protein sampiese analysed by 15 % SDS-

PAGE, and then detected Noxa by western blottingrif-Noxa antibody.

17



3. Nox&ll 93l =%+ apoptosi€ & A|3t= Mcl-1
Mcl-13} Noxa®] ZAF o] cellel] olw g JaFs v AE=AE LolE A HCT 116
cellol Mcl-13} NoxaZ co-transfection] Z1Th (Fig. 4A). Noxa&tS transfectiorgt cell

2 pEGFP C1 vectott2 transfection cetfl H]3&] Zo] & #HE& <1549 11, Noxa

m

o} Mcl-1& #ol] transfectiofl e - olde MEe 71 wWol F7kst A&
E F Ak v A F laned| A &= E THE anti-apoptotic proteifl Bcl-xL-S Noxa2}t
st celloll transfectiodt 23} Mcl-13} H] 52314 apoptosigt & o] %k t}. Noxaell 2]

3l =%+ apoptosigt Mcl-1°] o3 JAldtt= e AFAst7] A3 A7

FE9 Noxaet thde Hx9 Mcl-1& co-transfectiof} Sl < wf Aol <l A ZAL
Hl &S #Fsodth (Fig. 4B). = A7 Noxael wlg Mcl-19 s=7F S7H24%

A EZAL H[ o] Eoj=E A& & F AT Fig. 4C1A4 & Noxa, Mcl-12 37|
renilla luciferase reporter vectdr pRL-CMV vector} pGL2 promotoE& transfectior
luciferaseg ©]-& 3+ promoter assay I3t 97| = Yo Ay & A
7F vgkth 9 AFEES T3 Mcl-10] Noxedll 93] =%+ apoptosi& & A

o PN
< ¢ T AAT

ok
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SN
i
E 4NN
=
= 300
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Iz 2
E
=
=
= 100
pEGFP-C1
pEGFP-C1-Mowa
pcOM&aI-Mcl-1

pcOM&E-Bel-xL
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B0

b0 4

40 1

30 1

el

Relative cell death ratio (%)

Figure 4. Mcl-1 inhibits Noxa-induced apoptosisin HCT 116 cells

(A) HCT 116 cells were transfected with control ta¢ pEGFP vector containing Noxa,
Mcl-1, or Bcl-xL. After 30 hours of transfectionyvival cells that expressed EGFP
were counted.

(B) HCT 116 cells were transiently transfected wiitb xg of pEGFP-Noxa and
increasing doses of Mcl-1 (0.2, 0.4, and Q8. After 30 hours of transfection,
relative cell death was counted as the ratio priopidiodide (Pl)-positive cells to

the EGFP expressing cells.
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4. Mcl-12] degradation

Mcl-17} Noxa’} A3ste] Noxeel o8] fFZ=e MEALE dAlstE 52 Mcl-1
7} Noxa proteit] W3stE <olH 7] 93] western blottingg <331 th. HCT 116
cellol A3 o Mcl-13 theFdt ko] Noxa plasmidg &7 transfectiorst 5
anti-Mcl-1 antibodyg ©] &3} western blottingg 333t 1% BAdA HE
A AL, Noxa’t S7FE+E Mcl-10] Eol=+ Z& & F AUt =, o 439
A= exogenous Mcl-1 proteil Noxad] & oz A3 AL gFad 5 g
t}. endogenous Mcld] ¥ 3E Zolxr 7] 93] HCT 116 wild type (WT¥ p53" cell
of Z}Zt 5-fluorouracil (5'FUE A Elst & Azt B2 #Zskqlt} (Fig. 5B,C). 5'FU
= DNA damagé& 42 # p539 levels F7FA1713 o] 2 <3 Noxaol AALE &
AATra E# A Ak WT celdl A& 5FU A8 & 3643 HFE Mcl-1
protei] #2231 d& FAsA o) ps3celle] B$E ofFdH wWEs #E

2] okt ZEHo =2 p5l| 9 FE=FE proteidl Noxedl <3 Mcl-12]
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Figure 5. Degradation of Mcl-1

(A) HCT 116 cells were co-transfected with increasdoses of Noxa (0, 0.2, 0.4, 0.6,
and 0.8 xg) and 0.5xg of Mcl-1 construct for 24 hours. Then, lysates ever
subjected to western blot analysis using anti-Melrtl anti-Noxa antibodies.

(B) After treated various times (0, 12, 24, 36 &®&dhours) of 5°"FU (200 ug/ml) in wild
type HCT 116 cells, the cells lysate were separated5 % SDS-PAGE. Proteins
blotted on PVDF membrane were detected with anti-Mantibody and ant-
actin antibody.

(C) HCT 116 p53 cells were treated with 20Qg/ml of 5°FU. Western blotting

analysis were carried out as mentioned in (B).

23



5. caspasdl 2]3 Mcl-12] degradation

Mcl-19] PEST regionll & Aspl27} Aspl57l Al caspasdl ©]3l cleavagel ¥

oty B o u}k, 22 A Noxast 23+ Mcl-19] degradatiof= caspase
o #HHE AQJE F<3dty] 9s caspase inhibitéd z-VAD-fmkE A g3}t

(Fig. 6). HCT 116 ceffl z-VAD-fmkE A& g % Mcl-1 0.5 zg=} 0.2 pg, 0.6 1g°l

hNoxaZ Z}7} transfectio®} 1t} (lane 5,6,7). z-VAD-fmEE &3t 2% g 3lA

%S 7 (lane 2,3,4) 4|3t Mcl-19] degradation] A= Ao =Z Ho Noxa

IS

#AAH Mcl-19 degradation] caspasdl 93+ 7]zto 2 A zZH)
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«— myc—tdc|-1
«endogenous MMcl-1

Figure 6. Degradation of Mcl-1 was inhibited by z-VAD-fmk
HCT 116 cells were transient transfected with @g of Mcl-1 and various dose of Noxa
(0.2, 0.6 ug) with or without z-VAD-fmk (100 uM). Lysate proteiwere analysed by

western blotting with anti-Mcl-1 antibody, anti-Na»antibody, and anfs-actin antibody.
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p53 target-+7d 2 Noxadh®] 22 Bcl-2 family proteins BH3 only proteir. =
mitochondrig¢] 7] %5 3ol S F2alA apoptosi& Yo7l FL3 JtS i},

J
rﬂ
=

o
Proapoptotic- proteitdl Noxa$} A& 27 9138 Yeast two hybrid <3
g Z3 Noxa?t Mcl-10] Z3gth= 21& Z<lskalth. Mcl-12 mitochondriall ¢
%]3F= Bcl-2 family protein®. 2 cytochrome cH=3 caspas&@X3E A 3o
apoptosi€ <} A3t} Bel-2 family proteir®] anti-apoptotic proteifl pro-apoptotic
protein?] @A = apoptosigl ¢ FL237] wFo Noxagt Mcl-12] #HAE
A3tk Noxa?t Mcl-12 co-transfectiont] 7] A4} 5°'FUE A ] 8F4] Noxao]
HS x5t Mcl-1g& ##3 A3 degradatiodl = AS #EE 5+ YA F
o Mcl-1 cleavagell tgh =Fo] Wo] WH =3 ¢t} TRAILCIY FAS ligandl <]
St apoptosisll 4] caspasd] ]3] Mcl-19] PEST regionll ¥ X3tx A& Aspl27t
Aspl5®]A] cleavagel += Lot} (18). 12|11 caspasdl 23 dTH Mcl-1
o] C-terminal regior> apoptosi& =3dl= ZAOZE 1 7|Fo] WA "o} 314
o] Aol A= Mcl-10] Noxa®t ZE3g F degradatio: dojukort 23]
Noxadl 28] X% +& apoptosi& JAS= Zozm Hozt. olgd:s g
Ultraviolet (UV)°l =55 % Mcl-1°] proteasomd] 2]3l4 W=7 degradatiod] I
o]Z <13 mitochondri@ll 4] cytochrome g} <= o] apoptosigt ¥oldtt (19).
a8 3 H AT 98 ARF binding proteig]l Mule (Mcl-1 ubiquitin ligase
E3)/ARF-BPX] Mcl-19] polyubiquitinations: +%3} apoptosi& Zd3sttta &

4 At} (20, 21). HCT 116 celll proteasome inhibitéd MG1325 # 2] 5}
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proteasome] Mcl-1 degradation] "X & &S #HZsuA %oy MGL327}
celloll toxicdle] o] & H7|7F oy ¥t} ATk caspase inhibited z-VAD-fmkE
A2l e wl Mcl-12] degradation] & AES <A Noxell <93 Mcl-19]

degradatiok> caspas& @ pathwaytil A ZHe ).
%K

s

%o ® Mcl-13} Noxart Zdste Ztzhe] &3t sites 3tollls 23S I

gjofgttt. 3§ Noxa?t Mule/ARF-BP10] S @A o 23 Mcl-12] degradationl
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Figure 7. Schematic diagram of death signaling pathways induced by mitochondria
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Bcl-2 family proteir®] anti-apoptotic proteil pro-apoptotic proteill 32 A EA}

E ZA3E d JdoAA w§ F8F JTFE srd. Pro-apoptotic Bcl-2 family
members- Bcl-2 homology 3 (BH 3) only proteffi <3} Noxa= DNA damagel =t

+ote p53°l o3 FEET Noxeel o3 Fes= AEAS 712s 47] 9

Yeast two hybrid screenify =3 Noxa®} anti-apoptotic proteil Mcl-10] Z &3ttt

= AL 2%ar, HCT 116 cellsl A 9] immunoprecipitatio®. & A 2215} th. Mcl-1

o] pro-apoptotic proteift2] A& 2& 07 A IEALS JA ST LA Q7] wWE

o Noxeell &3 AEALE AT & A& Adtl AT A4HE Mcl-19]

o8] Noxeodl 98] F=%e AEAZE JAFHE AL 225 th. Mammalian cells
of transfectiod} Y p53teS F =3 5FUS 2E35to] Noxad ZdS #

3 3 Mcl-12 ##E3 23 degradatioR]l A2S E 4 Atk Pan-caspase
inhibitor¢! z-VAD-fmkE 2] 31 w Mcl-1¢] degradation] A EH = Aoz =

o] caspasel @@ 7]zol2} AzkHr)
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