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Objective  This study was designed to analyze the effects of bee venom and melittin on cell death in
neuroblastoma cell line.

Methods : MTT assay, morphologic method, DNA fragmenation, flow cytometry, immunocytochemistry analysis,
RT-PCR and Western blot were performed.

Results : The obtained results are summarized as follows :

1. The MTT assay demonstrated that neuroblastoma cell viability was significantly inhibitted dose—dependently
by treatment with bee venom and melittin in comparison with control.

2. Cell culture demonstrated that control group proliferlated highestly at the 5th day in comparison with the 4th
day in bee venom and melittin group. And in bee venom and melittin group cell proliferlation decreased 2.5 times
than control group.

3. The morphologic study demonstrated that neuroblastoma cell showed apoptosis after treatment with bee venom
and melittin for 6 hours using microscope.
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was related with stop of cell cycle in stage of Go/Gi.

ladder below 1 Kbp.

4, The Flow cytometry demonstrated that apoptosis of neuroblastoma cell treated with bee venom and melittin
5. DNA fragmenation demonstrated that neuroblastoma cell treated with bee venom and melittin showed DNA

6. Immunocytochemistry assay demonstrated that Fos and MAPK which are related with cancer were
down-regulated by treatment with bee venom and melittin.

7. RT-PCR analysis demonstrated that Fos and MAPK mRNA were transcripted. Fos was down—regulated from
treatment with 5 g/m} bee venom and MAPK was down-—regulated from 1zg/ml bee venom.

8. Western blot demonstrated that Fos was down-regulated from | pg/ml bee venom whereas MAPK was
expressed by 1 ug/ml bee venom but down-regulated by 10 gg/ml bee venom.

Conclusions : We found that some cancer related genes were down-regulated by treatment with bee venom and
melittin. Further study is needed for investigating the anti—cancer effect of bee venom and melittin.
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—tetrazolium bromide(MTT) assay SiEg &3
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1. %

1) 3

RPMI 1640 medium, fetal bovine serum(FBS,
Gibco BRL, USA), penicillin and streptomycin,
trypsin(Gibco BRL, USA), Ethanol (Merck, Ger-
many), 5—diphenyl—tetrazolium bromide(MTT,
Sigma, USA) Fol® 1z} &4 anti-rabbit IgG
Fos, anti—rabbit IgG MAPK, 23} A FITC,
Texas Red(Santa cruse, USA)e]x, 7)e} AJek
< B EF 9 gubAjekg AHEEoich

2) B
% (100mg) ¥ melittin(1mg) & Sigma(USA)
oA F3H o

3) BB
COz incubator (VS—9108 MS, vision scientific
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Co. Korea), light microscope (Olympus, Japan),
ELISA(enzyme~linked immunosorbent assay)
reader (Hyperson, Promega, USA), immunoflu-
roscence microscope(Bio-Rad, USA), FAC scan
(Becton Dickinson, CA, USA) $& Al&3}sit},

2. Ak

1) @Bl AN

= Kol AHEE B% ¥ melitting 334} FHF
E 20mg/mé7} HA vl zAEe] A¥A 1, 5, 10
% 15ug/mE A3t} A3,

2) WEHte] o8

© H##¥ (control group)

SK-N-SH cell lines®] neuroblastoma cell&
BjF3tAA obFA AA L 313 ekstrt.

@ EEBY (treatment group)

#9¥8t neuroblastoma cell®] %% 2 melittin

BgEWS 247 1, 5, 10, 15ug/mio g X3k

3) Hkarke] Wik

B RE AN WRFMRES Meddn
dETA T AEF Yo TRE Fore SK-
N-SH cell lines{! neuroblastoma® 10% RPMI
#iA] ¢l penicillin(10 units/me) /streptomycin{(10mg
/ml)-& 37¥8te] flaskel wioF3ldA] £ gl A
&3ttt

4) MTT assay® o83 sulud:fE®R 447

#% 9 melittin BEES MRE JRE BE
&7] 918l 96 microplate®] 2t wellvnjc} A|ES
€ 22819 neuroblastoma A EE ¥F3% ok 24
A7k woksted Zt wellell 1, 5, 15 ug/méE A3 8o
AEAE E4350ch 2 KRl AR MTTH2
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Mosmanno] 7l 4E* & dygsie] AAssich
% 96 well plate?] 2 welle] 5x10° cells/100¢
E Y1 37TY CO: incubatoroflA] 24A13t vioket
F B% 9 melittin EHHREZ A2 2 welldl
5042 Wi 37CY COz incubatorel] 24A13t )
Fatict. Mddg AAF F dPBSY H4® MT
T4 9 (10mg/me) 20uE 2 wellel] H7}psta 37T
of 4417t AE WA§ & DMSO 50L& 7t
ate] Hhe-& AR F A EEO| F1 ALA
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readerd]Al 3% 570molA ZFSK LR

o &4xs} vlmale] #MEFR (nhibitory con-
cerntration 50, ICs0) & $H8BS] 50% T8 M
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BEX Y(%) 2 §Aatste] Attt

Y (%) = [{T-Co}/{C—Co} ] X100
ol

T=HE#] 4827t 3t3& & Hd MR (cells/ml)
C=HBE2] 48A1} % § HT MM (cells/ml)
Co=t% AZtA| HT HifEE (cells/me)

5) #HiFEe] FAEEHY R

#% U melittin EHHROZE SK~-N-SH cell
linesq! M MKES] MHEE AAskeA A
3}7] 993 5% RPMI medium, penicilin /strep—
tomycing 53 wWixlo) 10° MEE 60m culture
dish(Corning Incorporated, NY, USA) ¢ B33} 1
37Tl 2423 Woksl=d] R 9 melittin 45
% 10m/mE A7lel] W& BRItk A%}
ol (x200) 2.2 fil%E7 58 MiEE #F9s
o FFE5

6) DNA fragmentation 47

SK~N-SH cell linesql w3 fES 10°
AXFLE 6 welldl 5 st wigd o
®E melittin EHWS AEH, HHAZ DNA
fragmentation® fE3H= ATE Hotslr] s
AX {38 lysis buffer(10m Tris—HCl, pH
7.5, 1mm EDTA, 0.2% Triton X—100) 200uE
HA7Hs ¥ 3087 42 #X& = 15,000 rpmel
A 1087 R8s AaE A& 100%
&S 718 AAAA ©| & proteinase K(100ug
/mt) - RNase (50p/ml) 7} $+¥ dH:0 35uE 3
7bakat B4A1A 50TeAA 3083t S 7Hasich
o] §4L 2% agarose gel& AZd o ANFES
AN § thg DNA fragmentationd §5& ZA}S}

Ak

7) Flow cytometry& ©]43% Mol
o

SK—~N-SH cell linesq) i #ifuES 10° A
¥R 6 welle] £t a5y G O B
3 melittin SR (10 pe/ml) & 5A7 A& K
B3 HWEHS PBSE AASI trypsing A3}
At MEE 1.5m eppendorf tubed] W& T
1,000 rpmeflA 587 ddEste] FH9E AA
& & 100% EtOHE 1m #H71ste] nAsct. o)
1 propidium iodide 5rg/mi$t RNased E§slA
Fulstn A7 13E AEE dyEdste] 439
& AAT b PBSE 9 Ak FAlel 4
71 2739 A2 DNAY] G8AekE rtsbe] 37
TolA 3083 g2z 71222 & propidi-
um iodide® @¥stn FUo] WEE 4T B
#8}1L FAC scanl® FAE ZAEA (Flow cy-
tometry analysis) & QA &)

8) Fos 9 MAPK #t#liell v]xl= Rzeila(t
B o

101



Bee Venom 3 Melittin WEgR&O| sEHRMS MARY DA+ KR

BET melittin Bl SK-N-SH cell lines
Q) neuroblastoma®l*] Fos$} Mitogen—activated
Protein Kinase(MAPK) #@9 dAasE &
A 2AKEL A8 37 P Y8 § ¥
metanol& A¥ ¢jof Hoj=g 132X & PBS
2 AFE A8 1A} §ifRQ) Fosst MAPKE
FA 8t 4TAA 1A Ax ¥R, 23 Hifgd
FITC# Texas—RedE EA|dt U2 AF3te
ol 1At A% WAF thy o]§ FF AvlFelA
AAso gEES dugo] BEEHE YT BE
g3ict.

9) RT-PCR¥ ©|4-% Fos, MAPK ¥ 8-
actin mRNA B 747

W BEHRo] WRIFMES ¥ MK X
RE AN n)X e HES dolry] f8 AX
E 6 well plated] 10° AEF7} HA 2538 ¥ 4
3 #EEE RV HEF 1R oS AXE 1.5m
eppendorf tubeo] Eo}A 15,000 rpmelA] 5#3t
AR Es 4H4E AAT RNAzol §4&
200 E A71§ o chloroform 50u& 7h8kal
ZA 297 pippeting 3+ AEE lysisdte] o]F
15,000 rpm 4TolA 1583 F4EET F total
RNAE 3435t} th2 isopropanol %<& ¥1
4CoAM 1587 FAAA 75% EtOHZ &3 A3
3o} Z1zAZth RNase free dH,08 20 & ¥ 1L
60T oA 3087 7FE8te %<l th total RNA
5u9) 10mm dNTP 544, 25mm mgCly 648, 10x RNA
PCR buffer 5g£, RNase inhibitor 1pf, AMV-
Optimized Taq 1, AMV reverse Transcriptase
XL 1, 50 pM specific primer (sense/antisense)
148, RNase free dH:0 2648 748k 50T eA
2087t GAAL 4H-& AAELR, 94TolAM 283
& HAAAM PCRE HASHth olw yhgzxa
& 94T/1min, 55C/45sec, 70C/60secolA 35
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cycles® A&AIA 70CoN HFHozw 587
elongation ¥Hg-& AAst FE¢ F PCR A=
€ 1% agarose geld) loading3%} marker® 71&
o2 bandd #FE YAk Fos, MAPK ¥
B—actin mRNA H#g #Rldt HAL FEA
A aTE P33T

10) Western Blot& ©]§% Fos, MAPK
gl B-actin A Bl o

B HHE 10ug/mE Mg AIXE lysis buf-
ferg A28l 1 529 20ugs polyacrylamide
SDS gelso] €%% ¥ Immbilon—P membrane
(Amersham, USA)el &7 d@ide] ddg &
13}7] 98 enhanced chemilumenescence (ECL)
2 2aAA gldted Y32 Fos$ MAPK
% B -actin(Santa Cruz, 1:1,000 &4) 1K #i
f22 ¥A31 PBSE A& § thS bloking £4&
7480 kg8 AAST 2Kk 582 Horserad
ish Peroxidase (HRP) conjugates® EA|d}o &

SAEE Gsg.

11) HahER

RE A¥ge Bzt EF 2 A H(meantstanda-
rd error) 2 390X, #izt#BH S SAS(Statis-
tic Analysis System) program& ©]-&33icth. $#
W g HEE Student's t—teste] 2
& AEtg AAsgon, P<0.01% B9 BE
fro] Q= Ao BFEYL

Im. & #

1. MTT assay& 0| 8% REJ R4S
Rof| O[X|= KB
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Fig. 1. Effects of Bee Venom and melittin on
the SK—N-SH neuroblastoma cell lines.

* : Statistically significant value compared with con-
trol group(P<0.01).

#% 9 melittin $EHHC) HER BREIMH
v )= HEE 2 A3 ELISA readero)A] vel
4 95 FE HEN 10022 $U3HAS o
g 1, 5 15u/meolA 22t 23,5, 9.8 ¥
-205%2 HEHBEU ZE BEHIM GEH
(P<0.01) SIA #AEE MHEsch  Melitting 7
£ 1,5 % 15u/meelX 242+ 60.9, 13.8 % -39.1
%2 HEEET ZE melittinffold HEM(P<
0.01) A BEE MHstSt<Fig. 1.

2. MTT assay& O| &8t HfE5I #Rest
0| O|X= R

MTT assay €& 5% %% 3 melittin $EHK
o] JHirFI #ae] viX = BEE HWY 23 HEH
9] 734 wFdsrt 594NN 78.2%2 7HE Az
o] Teald R BFE U melittin $EHFHEHS 4YA
oA 24z} 29.7%, 20.5%% H1zo] £25At. A
¥ FARE B o FERHS WEHS vlaA o 25
Wl A ERe] B e A e UERt<Fig. 2.
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Fig. 2. Proliferation effects of Bee Venom and
melittin on the SK—N-SH neuroblastoma cell
lines.(Bee Venom and melittin was treated to SK
—N—-8H neuroblastoma cell lines. Analyzed for
cell proliferation as described in Material and Me-
thods. Statistically significant value compared wi-
th control group data by student's test.)

3. HREIES FRESRRY HER

#%E 9 melittin FEHEKE 242 10p/mE HA
6 wello] 10° cell=2 #F8to] s wlgdt SK
~N—-SH cell lines?! &l H71stod B
ooz v A M FAE FEY vl 64]
7H WS Ao MBS FEde WEEK %
1£Q) apoptic bodyE BZE + UST<Fig. D.

Fig. 3. Mophological pattern of apoptic body
from SK-N-SH cell lines neuroblastoma by Bee
Venom and melittin. {Arrows indicate apoptic body.)
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4. Flow cytometry& O| 88} #H:EA0
OlX|= oM

MEEINE flow cytometry @ ZAMSH 23} IR
79 A G/Gr AN E 53.7%, SSAE 15%
ojdeH, Gy/MEAE 21.3%2 Jehg=d ubs,
BE AT G/G dANME 69.5%, S
A= 4.5%0190H, G/MEAE 26%°]1 Tt

Melittin #HFBETAXE Go/G) GA M E 75.7
%, SEAE 3%0INeH, G/M BAE 20.3% A
E2 YebgticFig. 4.

5. DNA fragmentationOl B|X|&= R

6 wellel] v]2] wiFd FMEFMEEY BF 9
melittin EHK 10ug/mé 718 O MilE DNAE
E28te] DNA fragmentation® ZAls 2 d3)
RS ¢ 2% agarose gel? lane®] ladder7}

R -
L3
S

D A l Control
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o s

O LA
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>
DNA contents

Fig. 4. Cell cycle pattern of flow cytometry of
neuroblastoma cell with Bee Venom and melittin.

G : interphase & first gap phase(Gy/G))
S : synthesis phase(S)
M : second gap phase & mitosis(G:/M)
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Bolx] GXARl, BF EHEEHAA 7 23 lad-
der7t 1 Kbp o|3tel B33, melittin SEgFpREol
A% ladder?} 1 Kbp ©ol3lelA B Qr}cFig, 55.

6. Fos & MAPK #B80| 0O|X|= %A
ety Rl

Fos¢} MAPK #Eiel AAEdE B#2% vl MA
PK+ HE#tolA Texas Red? signalo] #slAl
Yebdi=d g, #& 3 melittin SHKE S 555t
A YERAY signald] AES Aage 4 £ 9
Att<Fig. 6>.

Bee Venom Melittin

Control 1 10 1 10

Fig. 5, DNA fragmentation pattern of neurob-
lastoma cell line by Bee Venom and melittin.

Fig. 6. Immunocytochemistry stainning for MA
PK in Control(left), Bee Venom(middie) and me-
littin (right). (Arrows denote staining of SK~N—SH
neuroblastoma cell.)
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Fig. 7. Immunocytochemistry stainning for Fos
in Controt{left), Bee Venom({middie) and melittin
(right). (Arrows denote staining of SK—-N—SH ne-
uroblastoma cell.)

Corrod 1 & 15 (sel)

Fig. 8. RT—PCR analysis of total RNA from in
the SK—N—SH neuroblastoma cell lines. (Subcon-
fluent neuroblastoma cells were cultured in RPMI
medium fetal bovine serum for 24 h. Total RNA
was isolated and analyzed by RT—PCR using oli-
gonucleotides specific for Fos and MAPK mRNA.
B —actin mRNA for standard transcript was used
as control.)

Fost YWHHolA FITCY green signalo] 73}
A ddo] Hdeu e, BE EEREHANE &
ol AAHAIL melittin BRI = 53314
WA= Y Fig. 7.

7. RT-PCRE& O| &%t Fos, MAPK % B
—actin mRNAS| 80l DIX|= Rl

Wi BERo] WS et Mt A3
& AAFENA VA BEE dotny) fsy

10 {(xofm2)

Fig. 9. Infiuence of Bee Venom on Fos and M
APK expression in neuroblastoma cells. (All cells
were cultured in RPMI medium, lysate anlayzed
for Fos, MAPK and separated by 12% polyacry-
lamide SDS gels and transferred to Immobilon—
P membrane. For detection of the protein they
were stained with ECL into Horseradish Peroxida-
se(HRP) conjugates.)

RT-PCRE A& @3 HEKEAA Fosst MAPK
2] mRNA7Z} @@=k E3%] Fosd A% lug/me
olxe ddol HYou, Sug/miE wHo] A
AAS AT MAPKS] 29 1pg/miie HEshA &
ol A=A 28 f-actin mRNAE EE
ToAAM dAaA LEHUT<Fig. 8>.

8. Western Blot& 0|88t Fos, MAPK
% B-—actin T A WHEH DIX|= W@

B el AXy auo) ugsl 2 o
A= GEe #4317 98 Western BlotS A%t
A% Fosv lug/mNe Tdo]l MatA A=)
olo] W&l MAPKE 1lug/meelXE @do] Hx 10
pg/meel A F¥ol JAHAYG. T2 B —actin
BE BEBRAN A8 2R ATFig .

V. %5 £

BhS BEtte 71 MR BET HEoE E
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%50, Mo R JETEHNQ Mo B% 8
Mo qalel WEME, HmME L B4, HWE
% 5ol FFEF AR MRshs EEoIO,
BB 9 REASEN BiRd ddlod RitEHT
EpEgor TR EHEES V43 KE
B3 BEE BERCE F9 IENMSE pgEsty
R 7 BT ik U HBE oA BREs}
o] ol2A s Kame FmoE Ywdog
Egolakald g BHEB Me F80P. o)F
SEAIES SR E3) SAsE NS
2 N3y hiEERIER, 959 dgoE uy
NE7}l 0 2 RN SsE BHES
07 FIFEECIY AR EeA BT 4 k.
50% 7hgo] B7doA HAstT 25%7} HIREEE
A 7183 20% 7Hgo] KEEelA B A
o] 75%7} 54 vlgtel JRelN BREHW Pz &
Ao ST BT}, FAL WERE, L,
ARNE, i, BRI S0 F40] a1 829
ok 10%914 A A5 Fgo] AP,
HEeme s BEe Bt 7, Y0, pE o,
{}‘(%4)~6)‘9)'10), ﬁ%S)J%B),U)ﬂG), %EM%).Q).U).IB)%
9 Wgle] E8AA Aol EES AT KA 2
Aty B FES <@l I AR, LiEn
#2) WE, eakEs B, BORES) FRHELS
2 AHE”. BB Mgl dste Fmp?,
TR, KERED, RITSEAHE RV
Bt I MRS RN, EERRMMm, EinkE,
BEMEsRs KIS HAME, RREE TR
R, EIMCH, BEHASSHs s 2 S7E 9
$3h= KRS 37142 SMEte EAET o
P, EREENE e BAERTE BREN BR,
AR mESY EBR, aEEm BT 59 ANKET
S} fLEy BHEWE, B, ESHE vlolgs 5o
HHRFE WrD ewl T wEAECE FH
Wk, ROHEREE, (LB, ERY, BETRE
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ol AT Fig) {Lamy:, BaHRREdE 24
o @AY EARE] Uk

BHREHES RGERS] FRd oJslo B8 &
o Soile BEL Miltisto, mTHAY =& #
#e A goRel AERE Afr, BER & faxl)
B2 Pold MUERIER EASY RHRER
3 g3ty qaE o] 8§ Aojg,

®BEe vke W, ¥ T, AR, BERAME
HUE, s, 5, BUE G B 9 HIERAR §9
o] Y& Aoz g AT,

%S WS AA peptide components, non
peptide components, enzymes®2.Z HE ol 2
®. Peptide componentst freeze—dried ve-
nom? # 50%E BEEIY lon, FERSCRE
apamin, MCD peptide, melittin Eo] Jt}*®-37,

Melittin® 2671¢] amino acid® HHE HH:
peptide® WMIEATY BRIFAS sz Y. &
Y289 phospholipase Azt B5HoE &4
gto] N2 FAHE FVMA T BdFLlA
£ Al FAHAAAE A58 catecho-
lamine} cortisone #H|E FAA|h. Melittin
phospholipase Ap8] AE=to] tfigh H44 R
€207 AXYFe Agd £4& 3%} 59 &
o]8 mast celll*] histaming WEAA YxEH
o] 7E 7N SA4ES Al FE
€ TolEth T3 84 peptideE AAANY 23 A
H g aEo] Ax Boluv 715 B A F e
A3Mde Zu JorE & Axue dsirx =
o] B3 E HEAE LR 9l

BEEEE ] IR &7 Wol HusHIE 3l
o}, EIER MMMk E o] 88 ATRIE u¢ &
E Wo|BE, o]o] FEE B% 4 melittin BHKS
54 WFCSEMinE M) SK-N-SH cell linel
X HEE MTT assays F3 MEsExR o
¥, kA $i%, DNA fragmentation 24T, flow
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cytometryE o)4-% MluEHS 2%, et
B 4#, RT-PCRE °]4%# mRNA ## %
Western Blot& %3¢ d7# 23 &3 g

MTT assay W& 58 %% % melittin %
o] HRFMMES wREMEY vXE BEE
i@ 243} ELISA readerold Yehd 4% X
= gz29] ALE 100%2 $aHeg S o, BEg
B 1pg/mt B$E 23.5%, 5 pe/m] 735 9.8%,
15ug/md A$E -20.5%% WEHET BT AFE
AHE FstA F4& JASATE Melittin®] 7
2 1pg/mt A= 60.9%, Spg/m) 3% 13.8%, 15
p/mASE -39.1%%2 HEERG A 54
€ ATk o714 melittin® BRRT F2Y
Al Ao] "ol ol oA ARLOE o]F
oA W] Btz go] A melittinBrh H
ol Akl Aol &l

3% 9 melittin ZEHIEC) PHEZFMRRIES) 387l
U= @S MTT assay WS B3 4% 2
o HERS Ae WEdst 5UACA 78.2%E
W Anzo] ELDEAAT #% 9 melittin FEH
BRES 49 A9 2 29.7%, 205%% Hizxel =
gaigth AX FAEE B o HBHS Bk
B A o 2.58) A% o] WA AEE e
Uglch ol gl SRt Y AR Z¥ A
T FA94 FYo] AFE AT

$%% Y melittin EHAE 4 10u/mE A,
6 wellel 10° cell $2 EF8l0] 3%y v SK
—~N-SH cell lines?! Wi diE Mol H7lst
of ujAo® v Mg F3E TES
6AIZE EjQFE 7390 KSR FrEste HMEREN
WIS BEY £ gl o] Az £ u %E %
melittin B GAX F43 AEEEE 94
3= AEE0) FREY] Sl ALE Btk

Mol HuEHe APA 7HE T8 HA]
U Az BRAS £49 Hisy 5 A8E

et} 4-E S¥s "ot olgd AEY £
FNo= MKsAENZE AT, @iEENE DNAYES
NFEo 8 FE8A == Gofi(interphase), Giifi
(first gap phase), S#fi(synthesis phase), Goiff
(second gap phase)?] i} mitosis(Mi] &
Ao 2 gEd Gole MY F4e #F
A Y Aol Giffie AEJ A F4
g} HE9 F7171 FdiEE AVt S Ml
AHE 3 DNAS §Hgo] o]Foj|= Al7leld,
Goifie AXEAS A F4HE Al7)olx, Mile
#HA7 NEARGE AZAA}E UrolRle Al
710118 % 9 melittin BEHEC) AXAE &
EHUE AE 4o 9% FEE AEFI) F
oW Al J&L nXEx £487] A flow
cytometry2 ZAbste] & A HEEY 4¢ G/
G, ©ANNE 53.7%, S DA 15%°192H Gy
M @AE 21.3%2 Uehded sl gERex s
Go/G; ©AIME 69.5%, S BAE 4.5%°1%2H
Go/M A= 26%°1 Tk melittinB ol £ Go/Gi
dAME 75.7%, S @AE 3%°I1ReH G/M
$AE 20.3% A= Jebgch weEd gE 9
melittin Kol MWCFMMEAA Mk 49
& Go/Gy @AY MY 8ol AAEHA7] HE
ojgti A€t

## U melittin FKol MKEEE FETT
AE G A7tEAe <3 200~400 E7)
% (bp : base pair)7} #¥s=XE 4T et
olt}. DNA fragmentations A&3le] & A3 ¥
RS 7$ 2% agarose gel®] lane] ladder’t
Bolz okkAvt ¥ 10py/miA] 71 78 ladder
7} 1 Kbp ©l3le] BT melittin ZEHH 10ug/m
)M E ladder”} 1Kbp ol3telA B}t ol= &
# 9 melittin $EHKo) WIRFMMRES] MRS
FEFEE FYshs Aol

A = sk RETEET c—jun,
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c-myc, c—fos, cyclin D1, CDK4, cdc—2, p53,
p21, RBI, p16 §ol A},

olF MRS BHES RS RETOA EEM
19 $4& E8k 202 & 48 AL c—fos
BTl

& ORE TS BEE 98 AsAGAAE Ras,
Raf-1, Mek, Erkl/22 FAsH, ojgjst dA]
NFAGHAE MAPK pathwayehn @t} ol @
AdH ) AsALAA N HMEe] e Ras @Y
Ao] growth factortd cytokine 9 A3ZALS
on—off Al71¥ molecular switch&# 23 4%
& 993tz 9tk e} Ras geneo] Wol7t dAE
of AAe GTPase §Aol AAHAY GAPY
Zgo] waukA o GTP7} ZE% Ras @¥d
o] njAA o2 FI8tA HW growth signal®]
ojao] A ko wAsA FoPY 0.

#% 9 melittin o] SK-N~SH neuro—
blastoma cell linesel*] Fos$ MAPK Z¥9] 9
AEAHE FTdeA AR A8 arefiats
# e A F A AAM BEE b &
AE F49 A d¥2 MAPKY ¢+ #E
FtolA Texas Red® B AAb signalo] ZstA
Vel whel % 9 melittin $EHEHS o3t
A YERAY signald] A5 #4EE ¢+ A
At AAliteldA AR Fos B A9 %
AL FITCY =A44-& vehld X9 AAE
ZAshe=d Wi HEatA 2ol Hed W
3, BRBHEERANE A Lol HA YR,
melittin #HEFANE F73HA THEAG. w2
A % P melittin BHKS Fosst MAPK @4
Ao wEe dAEEE F F4E A
AztEct.

Fos$ MAPK® mRNA 8¢ BEgEHKel vl
AE FEE 1) 98 RT-PCRE AA#® A7 #
Erol M= Fos$ MAPKS mRNAZF WEEE ¢
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F 3ith. E3] Fos A% lug/meolA] ddo] =
2 You, Hug/mRE o] FwatA JAHE A
o2 Yeygth MAPKY 79 lu/miYE #sHA
dgo] A} ¥ g —actin mRNAE E&
BolA dAsHA 2EHS ol& ¥&o] Fos$t
MAPK®] XA 238 AAEEAA 98E 1A
7] 4EQ Ao, A¥Y FEdude: YL
F2 g Aog Aztdr,

Bl AXY aude wdd L
n)XE FEE HH87] 918 Western Blotg Al
% A Fost lug/myF-E HHo] A A E
E 28 ¢ F AUtk ol vl3s MAPKE 1ug/mé
o)A o}d o] Hi 10pg/melA Wdo] oA H
E oz yeiyt. 8 A ZFd9d g-
actin® BE KA dAsHA wdges ¢ 5
A

0]$} o] Fos$t MARKSY o] sisEpmol
n)XE FEE dotdr] H3te) RT-PCRE 23
Fos: 5ug/ml5El, MAPKE 1ug/mi%E HelA 2
o] JA=It. Western BlotolA Fos7} 1ug/mé
Fe wdo] A dAHUALHY MAPKE 1ug/me
oA o} wio] Hi 10ug/melA HHo] 4A-
A& & F 9t ol olwkk MAPKSY 734 &
AR 9% AZHGHRE AR o] I¥H
3 YE AoE d&HojAr),

kol A= dx gl & KEaHY A
Aol HEHS ARGEES JdATCR B BE
& WHsE WAl ASE AAleHE Rolv, BE
& WRFAIGE MRS AREIA mEete bif
e 44¢ 4 ez A 28 & 4%
& %ol 99 B¢ oyt U EQ melittin®]
MNE % EiEEE e JET A8E §UAA
F4r.

olel taiME FF Kol EFMM) "AE
ey gy 389 9E BET uXE ZR
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£ dotiy] A% F7HAA K W A% MW
o7 o]fojxo} & Aoz Bz,

V. % @

%% 2 melittin $EHHKe] MFCFMaE 7
E WEE MTT assay & 58 MlLEHER o
i, RBEMY B2, flow cytometryE o] &3 Ml
BIAS] 247, DNA fragmentation 547, #REAil
L84 #7, RT-PCRE |43 mRNA ¥ ¥
Western Blot& 3 ©ild ¥ S #d o ¢
23 22 HHE A

1. MTT assay 9& 55 HE e mia
&) dhepiolA #E U melittin BHEEH ZF
BRI Z AEM A WEsHch

2. MTT assay W& B3 WA wbiar sl
Be) gl WS WYdsrt 5YA, ¥
# U melittin $EHFEHS 494 Huxe 93t
Aqon, KEHS HWEML umA o 258 A=
spgo] M= ik

3. #ERRIES) MHBEY B{L) apotic bodyE M:
) melittin SEHEBEBENA 6412 vl F BIR
T}

b B

30w

4, Flow cytometry® #MECAME o4s 243
%% 2 melittin FHIE FolAM Y Mt G/G
Ao A Adgo] AxE A} Bl U

Age A3 Bk 9
ladder”?} 1 Kbp ©}3}

5. DNA fragmentationg
melittin IR B5F

o4 vebst

6. ML S A Fos® MAPKY ¥
He #F 9 melittin ool g3 =5 K=
At

7. RT-PCR 2% Fos¥ MAPK mRNAY %
d2 247 Sug/ml, 1ps/meHFE WA AAHUT

8. Western Blotel]l &3 @983 Wy g 548
A3 Fost lug/mFEl Z8HA JAE o,
MAPKE 1ug/meollA o}3] w&o] Hi 10ue/méel
A wEo] oAA
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