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Apoptotic Cell Death by Melittin through
Induction of Bax and Activation of Caspase
Proteases in Human Lung Carcinoma Cells
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Objective : To investigate the possible molecular mechanism (s) of melittin as a candidate of
anti-cancer drug, wee)mﬁneddleeffectsofﬂleconmmdmﬂlegrowﬂlofhunnnlmgcardnorm
cell line Ab49.
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Methods : Growth inhibitory study, flow cytometry analysis, SDS-polyacrylamide gel
electrophoresis and Western blot analysis, RT-PCR and in vitro caspases activity assay were
performed.

Results : Melittin treatment declined the cell viability of A549 cells in a concentration—dependent
manner, which was associated with induction of apoptotic cell death. Melittin treatment
down-regulated the levels of Bcl-XS/. mRNA and protein expression of A549 cells, an
anti-apoptotic gene, however, the those of Bax, a pro-apoptotic gene, were up-regulated Melittin
induced the proteolytic cleavage and activation of caspase-3 and caspase-9 protease in a
dose-dependent manner without alteration of inhibitor of apoptosis proteins family and Akt
expression. Western blot analysis and RT-PCR data revealed that the levels of tumor suppressor
pb3 and cyclin-dependent kinase inhibitor p21 were also remained unchanged.

Conclusions : Taken together, these findings suggest that melittin-induced inhibition of human
lung cancer cell growth is associated with the induction of apoptotic cell death via regulation of
several major growth regulatory gene products, and melittin may have therapeutic potential in
human lung cancer.
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A AR Taet B=o) A5y Eo)m
o] AAel mXE of2)zHg-g FAlo) o]4a}
T A5y dFo|rf. B5o Jre =7
peptide components, non peptide components,
enzymes 502 FAH Aof”. 23 peptide
components freeze-dried venom®] ¢ 50%
g TS lon, 8 FEoTE meittin,
apamin, mast cell degranulating peptide S-9|
PP, EEo] B AT 19900 o]
B @93 g glon ytades ¥y
3 O A 2 ok ZLd) BI 7)Ao
A2 AR Qo BEe xdE AR =
melittine 71 §AA FAHR oA 24709
amro add2 4¥ poypeptide®A] phosphdlipase
A2 3 D9 activatorg gz g3A g

o melittin®] FUHE 7FsAdo] WA
A FeolFAE? ANAolNEEY zZuz
AED, BT, AANEY S e
% 7HA in vitro M¥EFX melittine] %
HAE F49 AAlE= apoptosis L3} LY
g #Hol glgol Bud v oyt A
TAESH 7)) Bt o7 Aeta)
A €83 vk= gl weEly B dpoa=
APA70 os) Bam BEo TyyE
melittin®] P4 BF Bt g =g
713& ZARE7] 918k melittine] 2)3F Q14
HUAES] WEE Astel AT apoptosis
TRl #ASE 2 TN §AA AR uy
H3E 2SI

I 4348 9 9y

1. M Zui2E & AR X2
B A7l AR AM9 QA HFMEE F

TG F AT LA B o} AHE-319 o,
90%<] RPMI-1640 (Gibco BRL, Grand Island,
NY, USA)9ll 109 fetal bovine serum (FBS),
1969 penicillin % streptomycin  (Biofluids,
Rockville, MD, USA)o] %39 uj=& A}
33t Melittin® Sigma Chemical Co. (St.
Luis, MO, USA)JlA TFsl3tgled, 32 &
ol Mgt A8 Wd a9 Has
S THO

2. Hematocytometer® O|&35H M =g9|
x4

[=]

A

A Z %L 6 well plated o] 43} plate™
2<10'09] AS49 M TS HFstm U B
Qb ARl F, melitting FA LR 3A
ated A3 48X7F B9 melittine] X g)
¥ A|3EE phosphate-buffered saline (PBS) &
dog A F, trypan blue (Gibco BRL,
Gaithersberg, MA, USA)Z M3t} o]
hematocytometerd]l #31 ¥F A=A @An)3
(x200) stollA Aol AE $8 ZAs1y
HzTH vE B3k

3. Flow cytometry £ 44

A% H melittine] g8 WX A4 o
AEES PBSEZ FA W AUy, nAd
(70% ethyl alcohol, 05% Tween 20)-& 37 st
o 4TAA AZNZ F, Aol Eojyozm
2%sl= d4EHY DNA intercalating dye
propidium iodide (PI, concentration, 50 ug/mé;
Sigma)9t 10 kunit®] RNase (Sigma)E =z
SHAL 4TAA 1AZHES A5k} o)1= ot
Al PBSE 5 ' Mold ¥ DNA flow
cytometry (Becton Dickinson, San Jose, CA,
USA)oll #-8A1A ¥gukeo] wrE histogram
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S ModiFit LT (Becton Dickinson) X217
o2 BA3Ig

4, CHEFle| F2| MI|Hs H Westem
blotting

A8 el F3teo] 4 2 melittine] Az
g RN 2F HNEES lysis bufferE &
e F, AT U ES BRI F
o] @S SDS-polyacrylamide gel #7143
Fou gelEign”. £2l8 YRS nitrocellilose
membrane (Schleicher and Schuell, Keene,
NH, USA)eE HoAxl ¥, §4 dhiid] o
& A9} 2o gk o]z}t A w2 AAIR
% enhanced chemiluminoesence (BCL) &<
(Amersham Life Science Corp, Arlington
Heights, II, USA)E A8A1Z] & X-ray film
o ZFAA dHde BEALE FA3A
o £ Agd A8d YA EL Santa Cruz
Biotechnology Inc. (Santa Cruz, CA, USA)
% Calbiochem (Cambridge, MA, USA)l A
TY8IAen, ojzxt A2 AREE horseradish

Table 1. Gene-specific primers for RT-PCR

peroxidase-labeled donkey anti-rabbit
immunoglobulin % peroxidase-labeled sheep
anti-mouse  immunoglobulin® Amersham Corp.
(Arlington Heights, IL, USA)olA FY43FHtt

5. Reverse transcriptase-polymerase chain
reaction =4

TYT 2N FHjd FAXE o=
RNAzol B(TEL-TEST, Inc., Texas, USAYE
o]83la] total RNAE *3uch €
RNAE A3 ¥, Choi et al'®9] Wgo) =
3} dligo dT primer} AMV reverse transcriptase
g o]&3lo] 2 g RNAYA ss cDNAS &
8tk ©] cDNAE template2 AH8-3le) &
Z 4 FAHAE polymerase chain reaction
(PCR) WHog FEL3rHTable 1). °ldf
housekeeping 42181 glyceraldehyde-3-phosphate
dehydrogenase (GAPDH)E internal control®
ARE-3I Y. 2 PCR A58 1% agarose gel
& olg3le] Ar|dEea ethidum bromide (BF,
Sigma)2 FAg F UV slollA] Slsct

Gene name Sequence

053 Sence 5 -GCT-CTG-ACT-GTA-CCA-CCA-TCC-3’
Antisence 5'-CTC-TCG-GAA-CAT-CTC-GAA-GCG-3'

1 Sence 5'-CTC-AGA-GGA-GGC-GCC-ATG-3’

B Antisence 5'-GGG-CGG-ATT-AGG-GCT-TCC-3’

Bax Sence 5 -ATG-GAC-GGG-TCC-GGG-GAG-3'
Antisence 5 -TGG-AAG-AAG-ATG-GGC-TGA-3'

Bal-XS/L Sence 5'-CAG-CTG-CAC-CTG-ACG-3'
Antisence 5'-GCT-GGG-TAG-GTG-CAT-3'

Bal-2 Sence 5'-CAG-CTG-CAC-CTG-ACG-3’
Antisence 5'-GCT-GGG-TAG-GTG-CAT-3'

GAPDH Sence 5'-CGG-AGT-CAA-CGG-ATT-TGG-TCG-TAT-3’
Antisence 5'-AGC-CTT-CTC-CAT-GGT-GGT-GAA-GAC-3'
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6. In vitro caspase-9 % caspas-3<9|
B2y £

Fluorometric assay®ll 93t caspase-3 %
caspase-99] in vitro 84 AL 95l A%
¥ kit CLONTECH Lab. (Palo Alto, CA,
USA) ® R&D Systerrs (Wiesbaden-Nordenstadt,
Germany)ollX ZbZF FQlsigth 84 A&
A3t B 2 melittin®] A2@ wixloA 72
Al g GHEE EolAM ice-cold PBSE
23] FAsl FH|E buffers ©]-83kd lysis
€ AlA 10000 mpmo.2 30837 9Al%e AR
ot 27 9 melittino] A2)® AP A
e Ro} djrel ¥o AHFgsln FHS
fluorogenic peptide 7]do] ##% extraction
bufferdl  EsIAH?. olw) Alg® s
caspase-39] A9$+= u-Val-Asp (DEVD)-
p-nitroaniline (pNA)©|™, caspase-99] 73$-=
Leu-Glu-His-Asp (LEHD)-pNASt} SH|g
plateg 37Col|A 2A]7F5<t incubation 217
% VERSAmax tunable microplate readerE
°o]-838td 405 nme] FHEE o] &3l wg
A=E SAsIA

m. 2 3

1. eMlzZel Y=of o|x|= melittingl
=R

FH)8 melitting APFE2 H4alod 44
7 Bt AP F Aol A 48 A
atod melittine] A=A g NEZT ¥l
@ A= Fig 1A dehd ko) 2o, 23
o4 & & %ol AW melitting] BEI}

FT7HETE XY HELELE BE JEHO
2 ZA3e & AJE, 15 p/mt X FE
o] A4 izl usle oF 0% o] A=
AEE At BEHIeH, 25 po/ml AE)F
oldol A AellE MEE 20% v|gte e}
pie=g

2. Melittin X 2jofl 2|38t apoptosis =

o] 9] melittin Xglo] wWE MEe] F4
A& o] apoptosis FLI} Aol YEx
£ ZAIP] 93t flow cytometry 24490 2
& AXF7)Y sub-Gl7)ol AGsHes HETELS
AFH o2 A3k Fig. 1Bo Ao 1}
Bl As® M2 05 2 1.0 pg/md)ol
A& apoptosisel]l €3k ¢tAEY APEE o)
&= sub-Gl7lell sidsh= ME7F 10% w3
oo}, 20 ¥ 25 pg/mt HBFFAHE =
T(28%)° Hdtd 108) o] F7k=o] sub-
G719 #3shs AEFY ¥%7} melittin &
2 FE JEHoE u$ PSS ¢ F
AATH

3. Bd-2 family2| wWeiol|l ojxl= mditinel
e

AN AFHENAN & F IdFo] melittino]
HrE iAol 2 HLMES] A o=
apoptosis 37 DRI dBAo] YL &
F ARt A meittin®] o] Qjh
apoptosis el #TAsh= FHARe gAL
A8t WA Bel-2 familydl &3 2 7k¥
AR Lo $F& RT-PCR ¥ Western
blot analysis }do& FAMSIGTE Fig 24
mRNA FAFE RT-PCRYCE ARG A
T2A, apoptosis & A9 Bejsh= Bal-2
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memberdl] 3= Bel-Xs1.8] 2 melittin
o] Xgel wet Hx A o™, apoptosis
Fxo #A3= Baxel WL melittin X2
T YEHoE FRIESES ¢ F AL
T3 Fig. 2Bol YERd whild @ge] Ao
A= RT-PCRe Aot FAR FEAHE
BAFg o) Ba-2 9@ #ae Y 4
AAch & melittinel]l ¢ % apoptosis®] -]
£ apoptosis®] f&el #eJsh= Bax f3Ae
UdLe FUFFI AT apoptosis ' A
#oshs RS $EL uHes A
HASE & 5 Aok

T

4. Caspase®2l gMo|| o|x|=
melittine| &k

a2 AF7HA €8X caspase protease
% 3¥-29] apoptosis7t FE AXTAAM E
HAHEE HAFE caspase-3 2L caspase-99)
o] vxl= melittin®] F3FS ZABIACL
Fig. 39] AN & & glxo| melittin®] X
ol o3t E8AHQ] pro-caspase-3 @A
o] B e melittin 8] % JEHoE i
Huew, E443 caspase-39] LHELS 15 1
g/ml AMAT7HA FdHeE FrtEAct o)y
# AdE caspase-9M = FAMG AFE
Ho Fou 59 4389 g 4y
F7HE ¥ E AMETA TFIIE o
o}, welr o]E Western blottingll 2% 2
HE AGAs7] A3HA in vitro £ &
caspase®] 84 FZE HAH AL o
g 939 AN €L melittino] X2E ==l
A BAIZE HlgE GAHEANA TEE FF
iz # 3l fluorogenic peptide 7] 3}
W3-8 AZth Fig. 49 ZddA & = U=
o] melittine] M AHXANE A 7%
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o]EH O &2 caspase-3 2 caspase-99 ¥4
o] BF F/EHAUSE ¢ F UMt &
melittin®] Ao 23 H YA E2] apoptosis
T2 Bel-2 familye] @@ ®stel ddd
caspase®| &/4d3tel Y #Ho| QUSE ¢
T AT

5. |AP family, A, p53 X pRIWAFI/CIP12]
2ol ofx|l= melittine] &

T2 caspase®] 4 ZZH<AAQ inhibitor
of apoptosis (IAP) family % X¥ A#e] Al
3 AgAA F83 survival factorZ 2 &
HA e Akte] @3 vx)= melittin®] 3
TS AL Fig. 50 YeRhd uiel o]
ZAME ¥ 7HA IAP family % cIAP-2 o]
IFE AN v FAaFHUSE B
cIAP-1, Akt ® 1451 Akt (p-Akt)<] &d
e 2 93] gtk T melittin X2l
o3 HYAM XS] FA A B2 FFAA K
Ax e AEF7] 28 dARES] 4 W
ste} FaAAol A9 ARE ZAB] A
o AR R FFIA FHA 2 Cdk
inhibitor & 7V B A7} olFolFon,
AEF7] kel dA ule 83 AR 9
&2 &= o3 2 pRIWAFLCIP1Y) #AF 2
HAFFoHe] -8 RT-PCR ¥ Western
blotting 2.2 AT Fig. 69 ZFolA &
T Axo] melittin Aol ©E GME %
Ao F FHAY A R MY FFE BT
A ETE zoldo] BAHXR] gt webA
melittin 2ol & apoptosis FLFA =
IAP family, Akt, p53 R p21 F9 ¥ ws}
o= FaE A AT old 3 AHI3 7)A
qMele o B d77F 8 d Aoz Az}
.
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Fig. 1. (A) Inhibition of cell viability by melittin in A549 human lung carcinoma cells. Cells
were seeded as described in materials and methods, and the viable cells were counted after
melittin treatment for 48 h. Results are expressed as average from two separate experiments.
(B) Increased sub—G1 population by melittin treatment in A549 human lung carcinoma cells.
Cells were incubated with melittin for 48 h and then analyzed by flow cytometry as described in
materials and methods. Results are expressed as average from two separate experiments.
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Fig. 2. Down-regulation of Bcl-XS/L and induction of Bax expression by melittin in A549
human lung carcinoma cells. (A) Cells were incubated with melittin for 48 h and total RNAs
were isolated and RT-PCR was performed using Bax, Bcl-XS/L and Bcl-2 primers described in
materials and methods. GAPDH was used as a house-keeping control gene. (B) Total cellular
proteins were isolated after treatment with melittin for 48 h and were separated by 12 %
SDS-polyacrylamide gels and transferred onto nitrocellulose membranes. The membranes were
probed with indicated antibodies. Proteins were visualized using ECL detection system. Actin
was used as a loading control.
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Fig. 3. Proteolytic degradation of caspase-3
and caspase-9 by melittin in A549 human
lung carcinoma cells. Cells were incubated
with melittin for 48 h, lysed and cellular
proteins were separated by 12 %
SDS-polyacrylamide gels and transferred onto
nitrocellulose  membranes. The membranes
were probed with the anti-caspase-3 and
anti-caspase-9 antibodies. Proteins  were
visualized using ECL detection system.
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Fig. 4. Activation of caspase-3 and
caspase-9 by melittin in A549 human lung
carcinoma cells. Cells were treated with
indicated concentrations of melittin for 48 h,
colected and then lysed. Aliquots were
incubated with DEVD-pNA (A) and LEHD-pNA
(B) for caspase-3 and caspase-9 activity,
respectively, at 37C for 1 h. The released

fluorescent products were measured. Data
represent the mean of two independent
experiments.

(A)

MElittin (ugim)
I |
0 0510 15 20 25
<+— dAP1




The Journal of Korean Acupuncture & Moxibustion Society Vol. 21. No. 2. Apnl 2004

«— At

— pAt

 Adin

Fig. 5. Effects of melittin treatment on the
levels of IAP family (A) and Akt (B)
expression in A549 human lung carcinoma
cells. A549 cells were incubated with various
concentrations of melittin for 48 h, lysed and
cellular  proteins  were  separated by
SDS—polyacrylamide gels and transferred onto
nitrocellulose  membranes. The membranes
were probed with the indicated antibodies.
Proteins were visualized using ECL detection
system.
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Fig. 6. Effects of melittin treatment on the
levels of tumor suppressor p53 and Cdk
inhibitor p21 expression in A549 human lung
carcinoma cells. (A) Total RNAs were isolated
after melittin treatment for 48 h and RT-PCR
was performed using Bax, Bcl-XS/L and Bcl-2
primers. GAPDH was used as a
house—keeping control gene. (B) Cells were
incubated with melittin for 48 h, lysed and
cellular proteins were separated by 10 %
SDS-polyacrylamide gels and transferred onto
nitrocellulose  membranes. The membranes
were probed with the anti-p53 anti-p21
antibodies. Proteins were visualized using ECL
detection system. Actin was used as a loaing
control
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2 A7 g 559 melittine] $+d H#A|
oA gk AM9 A E AEES WA EA}
9tk Fig. 1A9] ARl & & Y=ol A
A wjRlol A A GAIEo] HIS melittin®]
g8 wiRA A=t GAEE melittin H7F
TE EHoZ AEEC] 7AYo, olx
MTT assayoll 3 A7 A8} wf¢-
FABIATHY. olg2 flow cytometry EAol
9]t apoptosis ¢ AlX T |BE= sub-
Gl7ld &3t MEEQ RE 9A] melittin
Ag] Tx oEHoz FUkEo] melittin X2
of W& GAEe F4 A= apoptosis &
7 A Aol S & F UJHFig.
1B).

-2 melittin®} 2 2]o] 9§ apoptosis
ol gddle kel |88 18k apoptosis
o ABANE THE P gEAZY FRA
Bcl-2 familydl| &= F3Ae] S@E AL
38t 1% Bcl-2 member: anti-apoptotic
BAEA apoptosis®] S JAE 75 S
729 Bax memberoll &3l AAEL pro-
apoptotic ¥#At2 apoptosis®] &3 #AAI}
QIEF P, o5 AIE ) 471% % mitochondria®
HE9] cytochrome c& FEAIA TFAA 7
AR pA3, cysteine-related proteased] caspase,
DNAS] ©Agtel A#E endonuclease 59
g4e 24P’ ?, o5 M dimere] 3
HE2 EAsh 289 2y a5 Wt =
B =H  apoptosis7t FEEHE ASE EBA
A, Fig. 2A% ThFE X melittin®]
i wiAeA HigE AEE gt
mRNA AAREES RT-PCREoZ ZARE 4
H2A, A A2 F Bd-XS/L mRNAE
melittin A FE YGEAHOE i o] 2t
250}, 184 Bax mRNAS] 9= melittin

50

gl we} dde] FVHEE & F UNeH,
ole} AR Axe did A FEAME
Az = JUHFig. 2B). F melittinel] &g+
A549 H A E ) apoptosis el apoptosis
g JABHE FAANY dde] HiEHE HH,
apoptosis el T KA ol
F7HEREE & & Uk ol2E S <
A S ZoA bee venome] €3} apoptosis
o] fut HAolN FEE B ol /AR
AT

3 apoptosis & AR E ©E F8
ZHAAZE A8l ¥ 4 caspase protease
familyoll &3l B2 9iASL A XA 3
3} mitochondria®] <)gtel] Ex3lH, o]E9] &
A3k Bol-2 family 2de] Ao oEH 0]
52 o]22 proenzyme HEZ EAjEiTir}
apoptosis =8 EASAFI= AlZe 93|
#A3E proteaseR HFEHo] A - HFPo=
AE U A5k B2 ¥3 guze] Eajd
Fogiey. weps AF74] Eei3] caspase
27] apoptosis®] FEHAAA F83 &S
&= caspase-9% apoptosis7t SEHE A Xoj)
A ANH R & GYEE HAFE caspase-
39 Id =& A4 2 melittine] Az]d #j
Aol g AEZE YL E Bl AR
t} Fig. 32 immunoblotting®l] &3+ ZA3}=Z A,
caspase-3¢] 79 &/43td FuE #FHHH
B8 QA 32 kDad A Edo] £
EAY &489 17 2 19 kDa ¥A13E 714
= @iigo] HEEojok jitt & AHe A
AM & F Rl B4 AR ¢
< A FxoA tha F7he whA vj#A band
e argEollA mihg- ST Caspase- 9
7% v8AHY band®] AT TAEFL
ZHE 7 Ao 8AH band HEY A=

¢

1o o
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|

© melitin 2] & 9&FHoz ZFilEQe
& & 5 AUtk Western blot analysisol] ¢
3 caspase®] ¥ W39l AR caspased]
B9HEE A7) Y8t in vitro B2
< °]83td melittin Aol 28} caspases}
AAg &8} HAJeAE AL o)
st A L melittino] Al vix|o)A] Hy
G GALAN FxEd TP gL s}
o fluorogenic peptide 7]&# ¥H$-2 A)Zt}.
Fig. 49] AN & & d=o] melittino] 3
ZE HYAEAME A BE oEHow
caspase-3 % caspase-9 257} E4jo| Z7}5)
A & F AUk #H melittine] 9%
apoptosis & FH HAPAFNA poly(ADP-
ribose) polymerase, b-catenin 2 phospholipase
C-vl @94 5o &3] 4L ##% ul 9]
e, ol Sde FEHoE apoptosis
oA BA3te caspase A9 7)Aol A
Z0g ms) 2 o, melittino] 93 A549 A
XM 9] apoptosis F'&llE= Baxe] A<l
U F7bet B8 caspased] Ao 2a%
2H-E 3= Aoeg 248 4 A

T12]31 apoptosisell = A7 ARE
T A Y83 IAP familyd] £35= g &
A AEL ZEFMFA ulole] A zhdo)] o
& apoptosisE AAI3}7) 8 baculoviral T
2 TEEA R Az 9% ME W anti-
apoptotic 4& AIP*?, aglx o)z 2
2 71| IAPE caspases}te] HHAQA AYL
T3t 259 apoptotic BHL AAE 4 9
€ Ro2 WAAP®, 1=y Fig. 549 2
oAl & 4 ARo] melittine] Az HA)
EoM ZAlE 5 FF9 IAP wwa 2
cIAP-2 ®Wlo] 1¥% AHlwollM thi iy
At mEA melittin®] 2 2ol 2]% apoptosis

9 &L IAP family ¥]¢]&HQ caspase®]
0] A AARE o ATE soF & Be
7} J& Aoz Alg@rt EF serine/threonine
kinaseol &&= AktE AXE Ao AzAHG
AA F23% survival factor® & LA 9
7] wEel Ao % FME) apoptosis
T F8 BAJA} B £ dom® Akt
7b FEE AL FS g g Ao
A4 £ e Aoz By w Y. =3
apoptosis f2RUAIQ] Bade Aktel] 9]ste] o
AHE 4 3, 0|2 QI3 Bd-29)9) dimrerization
o] A7) wEo] HE PFL =AY
4 . Apoptosisdl Al Akte] 4sHe
caspase-9° oM T HAPHoz oAg &
2o, IAP familye] oljME zdsoz
cisplatini} 22 &<tAle] AElE IAP family
@] HE S AdAlsta Akte] HIE 2
AA apoptosisE FuHgth 2y oE &
L FA AEA GAFAAT e ok
A AgY AHEANME apoptosis7t YojriA|
@7] dEel FAA 2§ Akte] WH A
FEE caspase-99] 24 3l A7)= oA
¥¢] apoptosis S Yo 4 Y o
2hA melittin®] A2lol 2§ A9 HA e
apotposis & Akt AZAY A27} Bt
=AY ARE RARP] Y5t A 2
melittino] FF-8 wixA 2 AMEE o)
Foz Akt @l 9 AaslE Akt wE
(p-Akt)9] Hd H=E ZASYAT, melittin
8 A2l % apoptosis LT Akt
wadel wy W3 i #A3d 4 Yy
(Fig. 5B). 7] AFENM ¢ 5 U5o] melittin
ol AFE x| &gt UAHE 2] apoptosisol]
caspase protease®] €43l FAstA Yot
A%k IAP 2 Akt9] #o] AT wjokg Ao

51



Bax¢) $@%7} % Caspased] ¥4& B8 354 Melitting®] AAHALHAE Apoptosis #+8o &3 AT

2 Algdn

ol&7 B AFNAE melittin®] Hzldl ¢
T HIA T AEE AP FFIA 2
T AEFV] 23 AdAREY EE ¥ske
FaAde] deAY q4RE FrHHoR AN
Aok o1& fstd Q7R LR FEAA
FAA F 7P 8% p33 2 AEFVIY Gl
7104 S71= Hold] Fa% H¥E 3= Cdk
inhibitor p21¢} L&l VA& melittin®] B3
< ZARIYH. Fig. 69 AN & F X
o] ;53 ¥ p2l F AR FEL melittin®]
Agd wE & ¥t U 53] Cdk
inhibitorQ] p21& pd38] W& F7tel 93t
AAL 20 28" F Jdon®T Az
%2 A, apoptosis B £33 Fxo F8%
q8g 3= AEFY] Al 43 M F8
& ZHJAARE oA melittin®] Aol 2%
el wspl #EEA ge FLe ulg 3
28 Adekn Alsddh ey A
A ZAA bee venom Aol &7 hME A%
AANA A7 F FHAe] wgo] wg- St
=tk A3 vas 2 o, B 479 a3
o2 melittinel] &% WA EY] MEFT]
wge # FHY FAT ANE F o,
AEF7] 49 #d FAAES 84 A
TS B9 FEHQ A7 JgHo o & A
o]t}

ole] AFA melittindll <7 AA H<t
Axe] AEE AT apoptosis 23 UH
& #™o] YA, apoptosis ol Bax
AR A 2 F7tel 23 caspase
o gAstet AHARI dddol UES #F
g 7 Uk B A7 Ao =2 melittin
9] FYgAE ARE AFHLR =3pr)de
uf-g- oJg7] wEel thgd F71HQA Adol
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X0z Fysolol ¥ Aol & AT
A3 g5 599 271 A9 9% M
A2 2 AN Be B Aoz A%
A,

v.d &

A2 YAPA2AY A FsAe] AN T
e 2o Fa AR Fol s melitting]
PAE Yol 718 MNP Asted A
WHE A5 AERE Doz FALe 2
she thet 2tk

1. Melittin®] Az F= oEHOE A9
HAAEY AELL AT FaHU
omn, o] apoptotis & Aol Sl
Rk

2. Melittin A2jol] 2Ja} apoptosis Aol
#93= Bel-2 family +24A Bcl-
Xs19] mRNA 2 ©uide] d{e 74
HRow, apoptosis &l B Bax
FARe] HEE AT FE EHOR
ZF7H=E ATt

3. Melittin *j2jol] &3 A549 H A xS
apoptosis 42 IAPse] 2d % Akt
Q1iksl H]9}EA]] caspase3 2 caspase-
9¢] @Astel A@Ao] YA

4. Melittin®] Azl &% AT F2
AA E= AEF7]) 244 F83% 9
g e YA F3A 53 2 Cdk
inhibitor p21¢] Tdole & JFE v]|H
2| ¥k
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olgel ATAN melittine] €JF HAL
AEE A apoptosis ZHo] F2E 47
Age] HuA 9l e F¢ apoptosis
U3} WPF o] YT, melittin® st
A WL Aol WS e BAFY Uz
X A% A7} Sl # Ao A4
ZgjoiAiny,
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