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Cloning and Functional Studies of Pro-Apoptotic MCL-1ES BH3M

Jae-Hong Kim®, Mira Park', Hye-Jeong Ha? Kangseok Lee®' and Jeehyeon Bae''

'Graduate School of Life Science and Biotechnology, Pochon CHA University School of Medicine,
Seongnam 463-836, Korea
’Dept. of Life Science, Chung-Ang University, Seoul 156-756, Korea

ABSTRACT : BCL-2 family members are essential protein for the regulation of cell death and survival consisting both anti-
apoptotic and pro-apoptotic proteins. In the present study, we designed and cloned a new apoptotic molecule MCL-1ES
BH3M coding a modified protein of MCL-1L. Compared to MCL-1L protein, MCL-1ES BH3M lacks the PEST motifs
known to be involved in MCL-1L protein degradation and has seven mutated residues in BH3 domain critical for
dimerization with BCL-2 family members. Overexpression of MCL-1ES BH3M induced death of different cells, and its cell
killing effect was not blocked by forced expression of the pro-survival protein MCL-1L. Expression of MCL-1ES BH3M
protein led to the activation of caspase 9 and caspase 3, suggesting apoptotic cell death, and confocal fluorescent microscopic
analyses showed that MCL-1ES BH3M was partially localized in mitochondria. In conclusion, we reported a new apoptotic
molecule and determined its cell death activity in cells.
Key words : Apoptosis, MCL-1L, MCL-1ES BH3M, BH3 domain, BCL-2 family.
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A= B-cell dxEH ¥ at(14, 18)F4A Az
(chromosomal translocation)®] =& HollAl =7] &2k
24 AT Tsujimoto, 1984). BCL-2 22 ¢z
& AZARE A9 FRe] F 7] ERE Uit Al
A =2 ol A (pro-apoptotic protein) £ BAX, BAK,
BIM, BID, HRK, NOXA©] Slom, AZAMEE Aeh=
8F-A| EAE Thil A anti-apoptotic protein) £ BCL-2, MCL-
1L, BCL-XL, BCL-W, Bfl-10] lom, HZApdo] HAA
HoZ AW &, A7HAY F3Hautoimmune diseases),
584 217 o]’ (neurodegenerative disorders), vho]2}2 7+
(viral infection) 59 2% Aglo] fatdt),

MNEAPE L sl A EIAPE ©hild e A FAPE guld
7re] Aeks FallM ™| Er BH3 &S vWi/lE AR
o]0 34 (heterodimerization) S FAJTo.ZH AL AJE
ks A}Uﬂ ZAs= A2 4EA JTHKim et al., 2006).
E-3] ] -A|EAPE BCL-2 #j¥e] gl dES MCL-1L3 2
/‘Pﬁ BCL-2 #jde] ddEn Agato] 342
S A (sequesten A0 ZH N EAPE S
HEATHWang et al., 2007). o], &-A|
] e g X-A|ZAFE BCL-2 #2e]
TS 02N A FAME S FrEdte T
541 ATKLabi F, 2008; Adams & Cory, 2007).
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A2 A E 9 tHKozopas et al., 1993). MCL-1L H“é‘-%
TH2 BCL-2 @& vl Ao WA= BH(BCL-2 homology)
S 21Q1 BH1, BH2, BH3¢} C-29] transmembrnae =
A(TM)S FA L 7HA1L gloH, b2 BCI-2 2%}
© 5o]3og N-ggd ZEY, SR Ald, EFed
Z717F & PEST AES 7HIh %3 MCL-1S(myeloid
cell leukemia-1 short)2 ©]23F MCL-1 gene<] alternative
splicing variante]™, MCL-1L3¥} H]wste] & of, C-Zee]
BH1, BH2, TM EH|¢lo] Zojglo] gl1, BH3 Ew2lvt 7}
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A A2
IAPE 79 V)5S 33ti(Bae et al.,
2000).

TE3H MCL-1L9] & (upregulation)> A|¥E2] B3
(immortalization)2} 4|3 7 2H(tumorigenic conversion)-<
B3 7= oIS § 131-5]_131 L3} 3FokA 9 LHAJ%\Q— HIV 7+
o, FrE24 B4 9 (rheumatoid arthritis)?} A5 o] 9l
0] B =i Warr & Shore, 2008; Hill et al., 2005). u}
ghA B A3E o]# 3 MCL-1L9] w3l okalal Amglo] Al
E*}E"‘é% frEshe A28 9929 MCL-1ES BH3M| o
TS 59 HH Aﬂ A %5 715 9k& MCL-1ES BH3M
Y sl AEE T
E Fysach

1. Eg]./\u]c ;q]x]— ol igu

MCL-1L9] Eef2r| =8 F3 07 19 pc Flag MCL-1L
ek zgho|w(5-AGTGGATCCATGGACTACAAAGA
CGACGACGACAAATTTGGCCTCAAAAGAAAC-3) ¢
MCL-1L BH3 7AA mutant &'} Ze}o|H(5-GAGCA
CCAACGCGACGTGACGACGACGACGACGACGACG
CCAGAGGTCGCGGAAGGACGA)E o]&3le] PCRS &
&3t PCR AHES A1, E82P|E pc MCL-1LE 32
Z 3] MCL-1L BH3 7AA mutant 33k Ze}o|H(5-GG
TCTCCAGCGCCTTCCTGCT)$} pc MCL-1L 9%¥3F =g}
o]H(5'-CTAGAATTCTTACAGTAAGGCTATCTT)S o|&
PCR<S F3)3to] PCR 2HES Agith Aofxl F 719 PCR
AHES A ZES PCR WS $335t4] pc Flag MCL-1L A%
& ze}o|w 9}t pc MCL-1L 93 Zeto]mE AHE- PCRd}
o] 2% PCR AHE-S itk pcDNA3(Invitrogen, Calsbad,
CA USA)9Y bz 224 F9& Algtas BamHI/EcoRl
o2 A th, dA dojF PCR AHES 22431 A
%3 Zgt2AuE pe Flag MCL-1L BH3ME &)t} o]%
Sanger S S8 HEEAS F33 2, AT ek~
1t = pc Flag MCL-1L BH3M @714 €< 2= DNAS ¥
gHelal S skt pe Flag MCL-1L BH3M<S] 2}
20 = DNAZ 539 2 pc Flag MCL-1L A3 Zejo]
9} MCL-1L APEST <3k EE}OM(S'-CCGGTGGCCAA
AAGTC)E A& PCR AHE-S 931 pc MCL-1L &% =
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gto]m o} MCL-1L ¥ 2}o]H(SGACTTTTGGCCACCGG)
£ A PCR 2HES o] 9]¢ MCL-1L BH3M Z&2vH =
A 2ol AHE-gE A3 PCR WS ©]-8 pcDNA3Y] ths &
2y B9o] BamHI/EcoRIY) AdEArz F2Ys4Th

2. AIET 2 A EHQF

£ Ao 17t vljol A ES] 293TS AHE-sFAT.
Al azuf ekl Dulbecco's Modified Eagle's Medium(Welgene,
Daegu, Korea)g AF23}%o™, 10% fetal bovine serum
(Welgene)S H7}sted 37°C 5% CO,9] 37 stollA] wjoka}
Act.

3. 19 % A4 (Immunofluorescence)

MCL-1ES BH3M7} Aol A o= $Jx|el] EA)st=A]
ohuy] AalN BLRFAALS AAGLT 24-well )%
HAAldl 2 wellvlt} cover slipS 23 Hxe] £2-5 93
0.1% poly-L-Lysin(Sigma, St, Louis, MO, U.S.A.) 300 £
Y 1587 ¥ 5 phosphate-buffered saline(PBS)E ©|
43to] 33 AFeAT o]F 203T AEZ 2.0x10" A=
T8t 37°C 5% CO,°| ¥4 stoll 4] ujFatsict. wieF &
Welfect-EX(Welgene) S ¢85t 100 ng®] pc Flag MCL-1ES
BH3M plasmid DNAZ gA7+4A At} 37C 5% CO,9
Z70 A 244]7F vk 3 4% paraformaldehydeS Wil A2
oA 1557+ 114 % PBSE 33] A|F % 0.2% triton-X100
£ %2 PBSOl| 15%7F ¥HgAIZ T o] % 2% FBS7L $H-E
PBSell 1At whg-atod W] Ho]A wh3-& AAstGit). Anti
Flag &A(Sigma)2} MitoTracker(Invitrogen)= 1:1002.2
PBS-Tween 20 &% ¢l| 3]43tef Ao X 147 ¥H3- 313
T PBS-Tween 20°.% 33] A|A3gk § 22} FA|Q) anti-
mouse 546 IgG(Invitrogen)2- 1:1,0000.2 3]4]5}te] 21-L.0]
A 3087t W3- 5 PBS-Tween 2022 321 A% 3 mount-
ing gel 2 &o|= Fgf2ol| 13} Zeiss LSM 510 META
conforcal fluorescence microscopy(Carl Zeiss, Gottingen,
Germany)E ©]&3to] AEZE ST

4. Western Blot

203T A ZE 1x10° A|3E] %o 2 60 mn BIFHA] ol 37°C
o] Al 2447t F<t vl k3 & pe Flag MCL-1ES BH3ME 3
ugS 278l pe Flag MCL-1L3} pc Flag MCL-1ES

Ho
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BH3MS ZH2} 1.5 g Welfect-EX(Welgene) S ©]-&-3}<d
FAZAANFT 37CAA 2447 5 v FSH 5 scrapers:
o]g3 MEE B U, ozl AXE 4C 5,000 rpm 3%
b AAEY $ PBSE AlHstth Bobxl AlEel 100 pl
NP-40 €3] ¢+5(50 mM Tris-HCl at pH 8.0, 0.15 M
NaCl, 1% NP-40; Sigma)2 ©]-&3}o] Tl d-S A 23319
t}. Bicinchoninic acid(BCA)™ protein assay(Pierce, Rock-
ford, IL, US.A)E o]&3t] 7t &S FEaiiet. T &
A& SDS sample buffer(Tris-Cl pH 6.8, 2% SDS, 50%
glycerol, 0.1% bromophenol blue, 14.4 mM 2-mercaptoethanol;
Sigma) 9} E3+ske] 100 C oA 1083t 29 ¥, SDS-PAGE
A7) 45s AAEAT

Z719% & gel= PVDF membrane(Amersham, Little
Chalfont, Buckinghamshire, U.K.)ol| 4] 100 V A&} s} A]
90%-7} transferE A A3} TE Transfer’} £ $ 5% Skim
milk PBS-Tween 2022 2A|7F blocking3}$it}. Blocking
% 3% Skim milk PBS-Tween 209] anti-Flag-M2 monoclonal
antibody(Sigma)E 1:1,000 ¥ &2 2] $ 4ColA 12417t
H-$- & PBS-Tween 2022 33] A& &}t 22} A2 anti-
goat-mouse 1gG-horseradish peroxidase(Santa Cruz Bio-
technology, Santa Cruz, CA, U.S.A)Z 6A|7} ¥-3- 3 PBS-
Tween 2022 33] 423+ & Luminescence image analyzer
(Fujifilm Life Science, Stamford, CT, U.S.A.)ol|A ©hild
HES A A

5. AEAEE AAL

293T A EFZ 35x10° A ZHo = 48-well HjFHA o
A 37Tl 24X7F &<t v F, pe Flag MCL-1ES
BH3MS @507 52 pc MCL-1L¥} &7, & DNAZ}
10, 30, 50 ¥ 100 nge] === Welfect-EX(Welgene)E A}
&sto] FAGAAZ ol 10 ng®] =433} & (green
fluorescent protein, GFP)s @ st= &2t2m| =(Clontech,
Mountain View, CA, US.A)E &7 FAZHAA 24717
T GFPE 2ddh= AT 71&EEe] AZo APEAES

=459,

6. T4 4 (Statistical Analysis)
A| 32 AYE-E(cell viability)e] Wsh= 7+ A FA] triplecate2
33] whE AAlste] gk 2 £F 2AE AXteTh 7 A
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oA BA S £ Student's t-testS Fa FA31GC
W, p-value 0.05 7|9 o} §-2)4o] Q= Aoz |45y
=3

24 3

1. MCL-1ES BH3M¢| =24

MCL-1ES BH3ME 2=243}l7] 9eiA Zeto|HE A2
atem, pc MCL-1L Zet&ves FE 08 ARSI
AEF o] Aztel| glojA] PEST =H|¢12 MCL-1L &
o] izl Fa3 A3k e, o5 A AT ZH MCL-
1ES BH3M Tl A e} QPgAS %14 stgint. %3t o
2 BCL-2 29} Agste THglez duix BH3ZH)
219] Leu-Arg-Arg-Val-Gly-Asp-Gly o}v]=iF 4 ES 77)
o] Ala obr]=At M EE Q19172 EAWolE frEste] thE
BCL-2 side] @eidae] Adses 248tz stoich
olg@A A|Ze Axg TulAel MCL-1ES BH3M= MCL-1L
7} Hlaste] PEST ZH|Qlo] F-24 02 A A o] 9loH A
%3 PCR W< B34 BH3 Er¢lo] 771¢] Ala 41w 0]
£ QA2 frxso] SltkFig. 1).

2. MCL-1L9} MCL-1ES BH3M¢| Caspase 9, 3 &4
gl

MCL-1ES BH3M<] Caspase 93} 39| &4S =43}7] ¢
34 MCL-1ES BH3MZ 293T Al| o] A F%%‘?éom;, o
£ Western blot AgWHe ARS31 Caspase 99 244
Caspase 39 A< 24319 th(Fig. 2). 48 A3} MCL-1ES
BH3ME WAl o)A A2 0= 25 KDadl 919l
A MCL-1ES BH3M @l do] Qg2 o7 Wdste 3s
3Hol 3 AtHFig. 2). MCL-1ES BH3MTH &A1 7] Al E 9A]

—_—, — —_—

mcLaL | | $top
PEST EHZ BH1 BHZ TMm
start 108(4) BEB(E)
MCL-1ES ]:
BH3M - 63 6% BH1 BH2 TM
BH3M

Fig. 1. Diagrammatic representation of the human MCL-1L
and MCL-1ES BH3M. In comparison with MCL-1L,
MCL-1ES BH3M lacks the PEST motifs and has seven
mutated residues to alanines in BH3 domain.
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IB : - Flag 325 -
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47.5 +— Pro-Caspase 9
IB : a-Caspase 9 e
| o— i
325 _" <« Cleaved

325 +— Pro-Caspase 3

IB : a-Caspase 3

25 +— Cleaved

IB : a- GAPDH

Fig. 2. MCL-1ES BH3M-induced activation of caspase 9 and 3.
293T cells (1.0x10%) were transfected with 1.5 pg of
plasmids coding Flag MCL-1ES BH3M, or Mcl-1L. The
cell lysates were prepared after 24 h of incubation. Acti-
vation of caspases was assessed by immunoblot analyses
with anti-caspase 9 and anti-caspase 3. Expression of
Flag-MCL-1L and Flag MCL-1ES BH3M proteins were
determined by Western blotting with anti-Flag antibody.

Caspase 97} Caspase 37} €443} € A& g<lstsion, MCL-
1L9} MCL-1ES BH3ME o] & A|7] AlE X% Caspase
99} Caspase 37} 243}t & RS FQIsFAH(Fig. 2). 3

A ZTAPE 9L 3k MCL-1L#} o] #H8 A MCL-1ES
BH3MTF 3oz wEd HEXRT 1] B2 MCL-1ES
BH3M T do] S 2 “8}9510‘31 Caspase 97}
Caspase 39| &4Jo M7} gle= 1833tk o] MCL-
119} &&o] MCL-1ES BH39] Caspase 97} Caspase 39| &

H~l

(o3
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o 3
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/\E“l

Aol JFE FA) 5311, o= MCL-1L9) A ALY g8
3} 8glo] MCI—lES BH3M7} A ZAMES S53s e
selatth. T3, MCL-1ES BH3MO| th3} Caspase®] &4
< AZ A} OP/‘ A EAPE (Apoptosis)S =5 Tl
s AT F AUk

3. 293T AXEF9l|A42] MCL-1ES BH3M<] $14] 8l
n| EZ=g]olg MCL-1ES BH3ME] A ZoA A5 &
at7] flsiA AlEZHREAN LS Pskgieh. MCL-1ES
BH3ME 293T Al Zel| A #Z-& 5193 confocal fluorescent
microscopyS Alg&-3tel MCL-1ES BH3M3} m|EZ =20}
o AE U gHE Lolugit) vEZCEol2 s 9
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Fig. 3. Intracellular localization of MCL-1ES BH3M in 293T
cells. 293T cells(1.5x10%) were transfected 100 ng of Flag-
MCL-1ES BH3M. After 24 h of incubation, the cell were
fixed, stained with anti-Flag antibody and MitoTractor,
and visualized using 488 goat anti-rabbit I1gG.

3|4 mEZE=gol m7¢l MitoTrackerE AHE-31%.0.H,
Flag MCL-1ES BH3M= 4317] $18A] Flag tag= AR
&%t} Confocal fluorescent microscopyS o8-8t 91|
£ golsj & A3 MCL-1ES BH3ME F-E#o 2 nEZS
glofel] A5t Y= Ao A JKFig. 3). wehA o

£ BCL-2 HUYET Zo| B AsE Tt AEAtd 4
32 HEZSgolo] J7EA R A A TAPES S 53}
T Aoz B,

o}
pi

4. 293T M| A4 ¢] MCL-1ES BH3MS] A|EAZE&
< ZA3)

293T A 394 MCL-1ES BH3M<] *ﬂ:ﬁ‘ﬂz%
7] 9114 MCL-1ES BH3M=2 codingsl= Zayi]
10, 30, 50, 100 ng F== dose- dependanto}ﬂl Ry
A AZAEES S 29 w57t SV E HP@%%
< AR Z%i’é}—t— ﬁ% B2 & QIAtKFig. 4). MCL-1 &

3 (isoform)Q! MCL-1L, MCL-1S<- 100

n94 F&o r—_} *8}04 MEAEES gRlsiE A3 MCL-1L
2 control¥} Hlwsle] S-HEAPE G35 110, A
FAPE Tl A9l MCL-1S& MCL-1ES BH3Me] A A=
&3 AR 2 % AS F AUATKFig. 4). E3H, MCL-1L
50 ngZ} Mcl1-ES BH3M=S- 0, 10, 30, 50 nge] == Z dose-
dependanta} 7 75‘01 e S W) AEYE L] Wik
MCL-1ES BH3M® &dstgls wo] AlxEE3t Hlas)
A Wsl7E glom, o= MCL-1L ﬂ-xﬂﬁ*}‘l‘ e} gl
o AFAME S fFETTE Ag BTk &g, dAaY A=

T2 SK-OV3|4] 22 W oz AEAES
Ad} 293T AEFY Aot firtet s &
not shown).

oxl ot
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=
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120 "1 p=0.05

= 100 — N L]
H g .
E * — . * *
g 80 S e SR
k] * = *
= 60
bl
= 40 —+—MCL-1ES EHI M
2 = MCL-1ES BEH3 M + MCL-1
-E +— MCL-15
Z 20 = MCL-1L
o
o

[]

0 10 30 50 100
Concentrations of coding plasmid (ng)

Fi

g. 4. Cell death activity of MCL-1ES BH3M. 293T cells (3.5x
10" were transfected with increasing amounts of plasmids
coding MCL-1ES BH3M (0, 10, 30, 50 and 100 ng)
MCL- 1L (100 ng) and MCL-1S (100 ng). GFP-positive
cells were counted under the fluorescence microscope
after adding Trypan blue. Three independent experiments
in triplicate were performed. Data are expressed as the
percentage (meantS.E.M) of viable cells relative to the
control transfected with 100 ng of pcDNA3 empty vector.
Asterisks represent statistical significance relative to the
control (p<0.05).

BCL-2 sjde] @ dS2 29 Aol Aostes a3
of whe} AEAES EAske BT HEAES olA8
o HEA)

& g5 A Hed H-AE

A EQX} cytochrome co] FZo) Bojdto ZH Apaf-1
E3AIE FA8t MEAMES st HaL, A FEANE
247 B E §&& Yol AZAPE S e 98-S 3t
(Cozzolino et al., 2006). ©]# 3+ BCL-2 2] vz
HEH BHEH S 7HA1 9loH, BHI, BH2, BH3

il
rlo

BH4

Z Aol5o] g}, o] F BHI1, BH2 £H|Q1S A FAFES o
Ash= 71%5S 819, BH3 Q& AZAPES fEdle @
LR %}aq A ATH(Klein et al., 2004). BH3 TH|21S 713
WHASe ATARS FESE 9F A5E W 59 A
o} (amphipathic)?] BH3 ETw|¢le] th2 BCL-2 g
gAY a4y F9l¢ AtetAl "ok BH3-only &

o] A|3ZojA] BCL-2 s de]} Agst=rtol| we} BAX T
BAKS] @43} #1Ao] 271A 2 LEETh A MAZ o]5 o
98o] BAX B BAKO] A& dAlskaL e JA-AZA
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AES BCL-2 e dHAS JAFo=Zn BAXS
BAKO] AHraAl 243 2 5 UEE ke A (de-
repression)FJr T HAZ BAX & BAKo] il ds} 244

2 Agste] BAX £ BAKo|] il F o] nEZEgo} o]
%g Z28}= FA(direct activation)©] A TH(Kuwana et al.,
2005). °o]#§F BCL-2 2 ej o] Agtefdol wet 243} |
BAXS} BAKS A XA W2 nEZ=2]o} 9] cytochrome
cE EH|3}ko] Caspase 93} 35 43} Al7|H o] HEH O
2 AZAME S frEsh "ok

BCL-2 32| % 3k}l MCL-1-2 alternative splicing®l]
e} MCL-1L# MCL-1S9] 5 7HA] o] A Jefjz s
ok MCL-1LS A E A2 (cell survival)g Z24)7] A9+ MCL-
1SE HEAPES fFEstth F 714 o] 4241 S 7k MCL-1
FAAE A2 e 15 T gl olg nigos
MCL-IL @i de] Azee 53 AFALS fEshe 4
2& AT B2S BEONIA SR A2F PCR W
S 2 MCL-1L @i e} wizt7]o] #ofsh= PEST =W QS
A AT} S Ao Ao Q YA S S
n, th2 BCL-2 #d el e} Agsle TrQle s 4#x BH3
=m919] Leu-Arg-Arg-Val-Gly-Asp-Gly o]t A Foj
AA4H o2 7719 Ala 7H7] EHH0lE &3}, BCL-2 I
W53 AgA eoelen oddElE AFAY Buds
frmshe A7E Wetol= wuAS F2Ysgc.

AT-E F3A MCL-1ES BH3IME A oA 3Hg 7]
baste] HEADS FE B, T A-HEA}
w43 Agsel ATAS mo}%—zw AN
N4 9&-& 5= MCL-1LS] 2 }B-"]' Fagle] AE

l

4

oh T3 AlEAbde] FAAQ] 98-S @dshe Caspase 9

=328 @}0}04 NEAPE S frEdte As g8tk
A A ZAEA R dH] Al =S (cisp
A5} e AR

latin)o|u} 7+
Ty 1(camptothecm)L o} A B
2o g 2ole PUAY Fe FAF FAEE HolFe
Jej 2 dAEA 5ol A8 i Damsma et al., 2007).
Ty o2 AE XN EAE FAES} DA AEE F
wolA Xt e AEo] &4E FH GAE7F i8S
SeA FoE2M SAE A5 ofeleS 7HA AT AlE

= o>~ rr

g - ol - wjAd

PRERR

Al AdE Rl SAE M54 FEEAQ ABT-7372 Y
TE GH A HosiA ddst= BCL-29F A§sle] 3-
HEAPE 288 AA|ste] 7]E9) A= 2] 34 2
5/ 98y BA| E(blast) S HIF3) Z5A 2 (progenitor cell),
AR 0] Z7] 4 E(stem cell)7HA] gt A 7 0 EH X F A ZA
o] A2 HAFATHDelft et al., 2006). o2 A HZ A
X AFA A= BCL-2 ALY 45 Al #ojsh=
BH3 domain®ll th2} agoniste} antagonist 7Hate] 548 F
3 9JoH, FAE EolH AN EZ ABAE Adstazt st
Atk

B 9304 ¢ MCL-1ES-BH3M2] BH3 Zr¢lo] &

o|5 fr=stion, PEST domaing A|Ast Alqfgt Al
AbE A S FEYSEGT o]y g Alatgk e EQl MCL-
1ES BH3ME 293THZ E& YA ToA kg oz
NEANES frEdlgon, a-A2AbE gl g9l MCL-1L
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