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The Effect of Bee Venom & melittin Herbal acupuncture solution to
Apoptosis in NG pretreated neuroblastoma cell line
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Kyung-San University
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Objective : This study is designed to investigate the effects of bee venom and melittin on cell death
in neuroblastoma cell line afier pretreatment with NG(nerve growth inhibitory substance)

Methods : It was evaluated by using MTT assay, morphological method, DNA fragmenation, flow
cytometry, immunocytochemistry analysis, RT-PCR and Western blot.

Results : The MTT assay demonstrated that neuroblastoma cell viability was significantly inhibited
dose-dependently by treatment with bee venom and melittin after pretreatment with NG in comparison
with control. The morphological study and fow cytometry demonstrated that neuroblastoma cell showed
apoptosis. DNA fragmenation showed DNA ladder below | Kbp. Immunocytochemistry —assay
demonstrated that Fos and MAPK were down-regulated. RT-PCR analysis demonstrated that Fos and
MAPK was down-regulated. Western blot demonstrated that Fos and MAPK were down-regulated from 1
yg/ml bee venom in neuroblastoma cell pretreated with NG.
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Conclusion : These result suggests that bee venom and melittin afier NG treatment have significant
anti-cancer effect and further study is needed in vivo.
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BREEmS] TRA w@An a6 wal: EER
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€ 7Y F & 7187} Holpou AR FiE
ol F7hetn gu#Ae] AT gr e9gd
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GRANCE RS &M BE Wk K8 BE
WS, B R 3 Rl BT BCE BE,
TH, &, &8, E AT, BT 59 #EY% &
oz EPaT Yo, oje) U BEAES BB
Bo 2 FmpR, (LREE 59 Ml @Eg
R, Emigle 5o KkEHEEe] FFE olF2 4
E]—'4'5),

1 9 o JHX o] AdEm 8 AR
ANEgo] A&Hoz APy ed, 2 F 3kt
Q BEBHFFES WA AP FHET e A
Bk 29 sl

®Ee FAS IETH 20006739 o|HE 3}y
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A ol EIE FIAT R F9 2619 ol A
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7HA S BEHSOE HEE WER KE €A
F& FEsle Al Aoy HRM = i, 2
B, H% SR Y 0 ER 5 Mol e A
oz 4AA Ao’ 1990FR Lk BRIA BE
gl WS it @us) ETED o) wY,
', Y, REM BE'Y, S LB
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28 5¥, reverse transcription polymerase
chain reaction (RT-PCR)& ©]&% mRNA 247
% Western blot &€ B3l $EH 47 &4
o] lo] @W&d= vlolt},

II. A §

1. ##

1) A%

RPMI 1640 medium, fetal bovine serum
(FBS, Gibco BRL, USA), penicillin and strepto
—mycin, trypsin (Gibco BRL, USA), Ethanol
(Merck, Germany), 5—diphenyl-tetrazolium b -
romide (MTT, Sigma, USA) phosphate=~bu -
ffered saline (PBS)%°l® 13 A9l anti
—rabbit IgG Fos, anti-rabbit IgG MAPK, 2a}
& FITC, Texas Red(Santa cruse, USA)e|x
71et Aok BF B W dutA S AMEEiT

2) A
3 (100me/m) %
(USA) oA F4l8k3iet.

melittin (1mg/me) 2  Sigma

3) #&

COz incubator (VS—9108 MS, vision scie -
ntific Co. Korea), light microscope (Olympus,
ELISA reader
unosorbent assay) (Hyperson, Promega, USA),

Japan), {enzyme—linked imm

Imnunofluroscence microscope (Bio—Rad, USA),
FACscan (Becton Dickinson, CA, USA) ¥% A}
£3l5ith

2. hik
D) st A

¥ Ao ALY BE 9 melittin® 32 $&F
g 20mg/mtE vl At A¥A 1,5 10 ¢
15ug/me2 B A8t AMgatgct

2) BERRES 78

(1) ¥#E# (control group)

SK-N-SH cell lines®] mRFMME BiES
wjokatdA FEA wiPeAIRtE FF A 2
o},

(2) HE&H¥ (treatment group)

W FE HCFENE MAe] #% I melittin £
BHE 47 1, 5, 10 ¥ 15m/mE HAs1%ch

3) MRtk HE%

2 H¥d A-E WREMNE AEs AYRY S
SATAZRE BYUE @itk WEREWE
nogo-ANNG) & X% SK-N-SH cell linesq!
neuroblastomal&, 10% RPMI ®iz]¢] penicillin
(10units/md) #  streptomycin(10mg/n) & ¥ 7}8}o]
flaskel] #jstgict.

4) MTT assayE ©| &8 MMEHFER O

96 microplate®] Z wellelt} NEX4+E g3t
of MHEHMNE MIEE £ ohE 24417 ok
8o 2z} wellel 1, 5, 15 pg/mE AAs HE =
AEE EA3th NG #dd NG ¢d wwa
A lysateE WSFMME fMio] XA &
3k & ®Eel A MTTHL Mosmanno)
M 0 ¢ WYste] Ak & 96 well
plate®) Z well®] 5x10%ells/100448 ¥ 37C
¢ CO: incubatoro|Al 24A17F wiodst ¥ #F o
melittin K FEHEE A28 7} wellol 504
A& ¥ 37T CO; incubatore] 24A]7F vjoka}
it wgde AAR ¥ dPBSOl 3HA4F MTTH
& (10mg/me) 2048 2 wellel A7kl 37°C 4
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"R} AT WA oS DMSO 508 A7isto] wh

£ AAANR F o7 £ T3 Aol 30%
75‘2]"]315}. I daEE g veksio] ELISA
readerlA FHET 570molA P oS HEH
o} F4=9} v wste M4 FE (Inhibitory con -
centrations, ICs0)> HERS] 50%+FE2E &
o] RES fHste A8 BE (/nd)ol
BEE YRR adste] Attt

Y(%) = [ {T-C0}/{C-CO0} 1x100

ol T = WEaBie] 481 1% ¥ M BHB (cells/nd)
C = HIERY 4847 %R & 37 A8 (cells/nt)
CO = 53] ARA HT B (cells/nd)

5) #fFES] MEgH BE

5% RPMI ®lA], penicilin® streptomycino| &
9 Wixe] 10° MEE 60m culture dish (Co -
rning Incorporated, NY, USA)e| #5381 37T
o A 24A13t viFshed] #ER melittin BHES
10pg/mbE H7Hetd wh3-& Bl Mt 8
£ At dnA(x2000 08 ML REE
g &dsto] 2ApIh

6) Flow cytometry& ©]-&% @ingHe 247

GE AA& SK-N-SH cell lines?l &L
H@ﬂ?ﬁ @IS 10°HZ452 6 welld] £33ty 8%
ghoujokst oS HEBHE BE 9 melittin BHER
(10pg/mt) & SN AAH FETE PBSE A3t
I trypsing A sto] AEE Ro} 1.5m epp-
endorf tubeol] ¥ol 1,000 rpmelld 587 44
gadt AFAe AAE ¥ 100% EtOHE 1md
H7yeto]l nAsg e olwl propidium iodide Spg/
m$} RNase® EFs|A Fvlsta 471 338 A
g dAEHs F¥NE AAT & PBSE

Th @ AEE SAo 139 ke DNAY @
WAk skl 37CAN 3087 FLzelA
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7}2AZA L2 propidium iodide® FGMF AT
FYe "E3to] 4Co] B3l FACscan (Be -
cton Dicknson, CA)& Flow cytometry analysis

€ AAlsiith

7) DNA fragmentation 747

NGZ AX & iFiiE MhE 10°4252
6 welld] ¥F3tn T WP o #EHY
melittin #HK S X3t DNA fragmentationg
fEshe AEE Fetar] s AXLALU lysis
buffer (10mM Tris—HC!, pH 7.5, ImM EDTA,
0.2% Triton X-100) 200uE H7et ¥ 3087t
A&l A% o2 15,000 rpmoiA 1087 94
#e3igich. AL s 100% AeEe 7
AAAA ol& proteinase K(100pg/ml) ¢} RNase
(50pe/m) 7} S8 dH0 3508 H7hete "1"'%"1
7 50TelA 3087 4& 7I8isith o] &L 2
agarose gele A3t HA/YFE AN E}%
DNA fragmentation® -5 ZAMSI%T

8) MM LEE o4
#&3 melittin #HHK] NGE AHAF i@
fafE MM Fos® MAPK 289 9A&3E &
E8eA] 2AP] 48 metanol€ ME $of "o
=2 2PA ohE PBSE AHE 4A&A 13}
789 Fos$t MAPKE A3t 4ToA 1A%
Bhx| 3k 22} Hi##Q) FITCY Texas RedE
A AR AFE H o]E 1A Ax BA
& g B4 #uFdAM TAstd duge] Uy
e AEE g9 FEsl Bkt

9) RT-PCRE o| &% Fos, MAPK ¥ B—actin
mRNA 2288 547

NGE A2t WEFMIES] Mt s %
wigol AAeEAM v e S dotry] 43
HEZE 6 well platee] 10° AES7} HA £33
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¥ AY 4E FE7t HEE 8l HEE 1.5m
eppendorf tube®] Eob4 15,000rpmelld 5837+
fAaEdsAth A AE AAS T RNAzol £4¢
2002 7Het o2 chloroform 50E 7}8t1n
ZAAYA pippetingdlo] M¥EE lysisdtn o]&
15,000rpmellA 4T3l 15832 f4E 3o
total RNAE 3|43tk the isopropanol %8
S 4TolAM 15832 JAAA 75% EtOHRE §i
AHgto] AZA A} RNase free dH:08 2048
¥ 60T oA 3087 7tEste 59 kg total
RNA 5u¢l 10mM dNTP 54, 25mM MgCl 644,
10x RNA PCR buffer 5¢f, RNase inhibitor 1gt,
AMV-Optimized Taq 1gf, AMV reverse Tra -
nscriptase XL 1gf, 50 pM specific primer
(sense/ antisense) 1uf, RNase free dH.0 26
g 7kt 50TeA 2087 GAAl ¥Heg A
Alsta, 94CelA 283t uhe-& AAAAM PCRE
ANATE o o whg2AE 94T/1E, 55T/45
%, 70T/60%A 35 cycles® FABAIA 70T
A AEHOT 587 elongation WM AAE}
4% & PCR AHEE 1% agarose geldl loading
8] markerg 7]1F£2 2 band? g9

)

[l =R=1
mTTE

10) Western Blot& ©]£3 Fos, MAPK % B
—actin WA R o

HEMRY %% BEE 10x/miS X3 HE
£ lysis buffer®2 HR3 1 29 202
polyacrylamide SDS gelsel #2% % Imm-
obilon—P membrane (Amersham, USA)e] 74X
gAY wdE 8As7] 948 ehanced chem-
ilumenescence (ECL) 2 WA #lgh=t] Fos
¢} MAPK % B-actin(Santa Cruz, 1:1,000 #4)
9 U4z FAE BEAS2 PBSE AR o
bloking &9& A7t Fubg-& AAgm o)a}

8¢l Horseradish Peroxidase(HRP) con -

jugates FAE AT LUATE FUc

11) #ates

AY%S FA:EELA  (meantsta -
ndard error)2 3IHE, HMiIEE HHL SAS
(Statistic Analysis system) program& °©]&3}%
o geans el W EE Student’s t—test
of od FEAE BAIANLH, P<0.01Y A9l
ROl AER R et

h =g
BEE

II1. A 3}

1. MTT assayE O|8% #ilRs#ERo 0/X|
= &R

NGE A& WiIEMMES] #amEle] vX=
S HH% 27 ELISA readerd] Uehd &%
E FAE HER F$E 100%E A8 9
1 BEW lug/mis 22.8%, Sug/miE 2.6%, 15
pgmb= -9.8%2 U, AFEeAME HE#H
(PLO.ODYUE T4 948 BRItk melittin Sk
o AL lug/mt & 54.1%, Sug/mtE 19.2%, 15ug/

T -8.6%% JEI, HENETH 584 (P<0.01)
WA FAE AT (Fig. 1).

[+ 3 =1
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Fig. 1. Effects of Bee Venom and melittin herbal
acupuncture solution on the SK—N-SH neuroblastoma cell

lines pretreated with NG.
(Data represent meanstS.E(n=7). Analyzed for cell
proliferation as described in material and methods.)

* . Slatistically significant value{P<0.01) compared with
control group.
C : Control group.

2. #EMEIESl FARSRM B

#E melittin BFPHS NGE AH AT A Lo
727 10pg/mbE 6 welldl 10° cellF2 EF8}]
SR joRdl bR IEMRGEE Mol Holste] ¥n|
AoZ ik BEE ML FEEHE e
B 6A17F ¥ MIEEE FTote HMAREN B
1<l apoptic bodyE BZEY + St (Fig. 2).

SK~N-SH

Bee Venom Melittin

Fig 2. Mophological pattern of apoptic body of
SK—N-SH cell lines neuroblastoma pretreated with NG
following bee venom and melittin herbal acupunciure
solution (Arrows indicate apoptic body.)

3. Flow cytometryE 0| &3+ #RAE:ARACH 0|
e B8

o AS G/GiiAlE 55.7%, SWAE
13%, G/MBAE 21.3%2 Uehh=d s, ®%
W AN G/GEAE 66.8%, STHAlE 4.2%,
G/M&EAE  29%°|3ith. melittin  ZERHRE A
G/GiIHAE 71.7%, SEAE 6%, G/MAE
22.3%% JeRtTHFig. 3).
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! Melittin
]
GSM
DNA contents

Fig. 3. Cell cycle pattern of flow cytometry of neur -
oblastoma cells pretreated with NG following bee venom

and melittin herbal acupuncture solution.

G ! interphase & first gap phase(G0/G1)
S : synthesis phase(S)
M : second gap phase & mitosis{G2/M)

4. DNA fragmentation0f D|X|= 8

HIRE 2% 2% agarose gel® lanedl ladder
7b BolA A #F HEW 10ug/mi HAA
74 78 ladder”t 1 Kbpeldtold RAL, me -
littin #HE 10ug/mt A A% ladder’} 1 Kbp
ojsto A HHTHFig. 4).

Bee venom Melittin

Control 1 5 10 Control 1

5 10 (ug/me)

Fig. 4. DNA fragmentation pattern of neuroblastoma cell
line pretreated with NG following bee venom and melittin
herbal acupuncture solution.
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5. Fos 2t MAPK 3880l O[X|= Sfaimiait
L Yol 7

&} melittin $EHIC] NGE FHA G WEE
| filAIE AREClA Fos 9 MAPK o) o4l &8
#E§ 43 MAPK 9] 34 WS FITC
9 A9 signalel ZsA Uebdol, #E U
melittin  $HEHH-L A JeRIAY signal®)
A5t Axge 4 F ASUHFig. 5). Fos @
AL HEEA Texas Redd) W7hdo] 734 w
do| o W, BEF FFEHAME o] o
AR T, melittin FEFHBHANE 2F3lA LA
t}(Fig. 6).

MAPK

Bee Venom Melittin {10 /wt)

Control

Fig. 5. tmmunocytochemistry stain for MAPK in Control
(left}, bee venom{middie) and melittin{right} herbal acup -
uncture solution pretreated with NG. (Arow denotes stain
in the SK-N-SH neuroblastoma cell lines by NG tre-
atment.)

EQS

Bee Venom Malittin (10 /)

Contra)

Fig. 6. Immunocytochemistry stain for Fos in Control
(left), bee venom(middie) and melittin{right) herbal ac -
upuncture  solution pretreated with NG. (Arow denotes
stain in the SK-N-SH neuroblastoma cell lines by NG

treatment.)

6. RT-PCRZ O0|8% Fos, MAPK % B
—actin mRNAS| S8R0l 0|X|= 8@

#E T melittin FEHRO] NGE A X § 540
folE M4 mRNAC] vAE YL AR
& RT-PCRE AAI# A3 HEE#AM = Fossl
MAPK?| mRNA7} d8Ee ¢ ¢ AU Fosd
FHS BE BREHY A9 Lg/miolA E¥o]
Hi oY, 15ug/melx 3E S@GAs} eby
o9, melittin EHRFHANE BHS 329 FA
g 2 oHdE JEMATHFig. 7). MAPKS] 3¢
B REENS Lw/mFE a7 2de] A
AW, melittin BFHHFS  15ug/meof Ldo|
AA=gitt ¥ p-actin mRNAE RE BN
AR sHA GE=AR Fig. 7).

Bee venom m elittin

Controt 1 15 1 15 {m/my

o I
vark AR

B-actin

Fig. 7. RT—-PCR analysis of total RNA from the SK-
N-SH neuroblastoma cell lines pretreated with NG
following bee venom and melittin herbal acupunciure so -
lution. (Total RNA was isolated and analyzed by RT—PCR
using oligonucleotides specific for Fos and MAPK mRNA. B

—actin mRNA for standard transcript was used as control.}

7. Western Blot2 0|88 Fos, MAPK %
B-actin THUE BEEO| 0|X|= FE

#E FHkel NGE AT i FMaE &
el A Fossh MAPKS] 2d} aH8-& #X8p7] 9
& Western Blot& Al¥3 A3 Fos$t MAPKy
BE BE EEE luw/ntFE Sdo] ZsiA oA
S 28 ¢ 4 Y 3 ARd 2F uud
p—actine o]x}&H Y Horseradish Peroxidase
(HRP) conjugates 3| & EA|3y H4ATE
et A3 RE KEMNAAM YA HEEE ¥
F % th(Fig. 8).
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(g /mt )

Control 1 10

FOS

MAPK

Fig. 8. Influence of Bee Venom on Fos and MAPK ex -
pression in neuroblastoma cells pretreated with NG fo-
llowing bee venom herbal acupuncture solution. (All cells
were cultured in RPMI medium, lysate anlayzed for Fos,
MAPK and separated by 12% polyacrylamide SDS gels and
transferred to Immobilon—P membrane. For detection of
the protein they were stained with ECL into Horseradish
Peroxidase(HRP) conjugates.)

V. % %2

EEAN @Bl iE e Adud gl
BEel ek Yol Ager veptan' H
fole HEs Edo] TRHA Bl g
Aol AZHdm ¥ £ AFY  (HHAK)
WA RB, OB, L, MR, BRSO Edo]
g 3ol KR #&ﬁﬁ W, RS, M, BE
W, 8, 5 B 508 W7t gabEeA
doh3el 5@54 Trw A4 sk 9,

RS FERS  (EE) O @EmRLR> A
BRI AR SR, EEMHN, AKMNE e} st
FRY B2 4908 B HSEIAAE L
HTAE WREMEE TR EE SRTETL
BRMG WEZM ALK NEHE SHRIL £
Rk BENE BEZFED BEEL BEE
ILTRER ABBELY SHSAZEKETA TR
M2MER ) HM KAMBT e #Y=
WRE SRS WSS T TR MTER.
FOBWE st ERES HRAKE FPo ‘B
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ERBUZ ol N Lol dSiNE $e] dtha
Bk}

Ege AFYoRE LiphmEaR L ey
B, (LRYEE, B, RESALS §8
stol BaLk, BANE, KERE RO CE
20z A% BFS Amstn, 5L mmmEs
URRERE:, B0, UEREE, HEgREe
D4ato] FimE, RRER B0, BREE IR
Bl $o8 9% EHe asd mPe A&
e, waEn, Fndr BEEE, e firey
TRBR, BB B0, BRWE, RS
5o iR W kiEwol BFES mekE HkiER
Wikl 3742 BEEEE ik EmELe
#A Agehe ABL UL o F A,

WREMRES Rl £3) 2= R
o7 wEY hiEMCRES YIFd dgow
SAN T BT 32 e st B
EEoE FIEHECIY TRMREA HaE 5
I}, 50%74gko] B7yelM LAStT 25%7} EIY
BEAN 7181 20%7 ] Keggulel A e}
o AA Q) 75%7} 5Am|Eke) sielA BatsEle o)
2E A AT @t FAL [EHES,
MR, REFE, E, RREE 59 24k 9)

3 @AY o 10%0)4 AAXGHE APo] YTt

1)

f%%'r

HZ BOR AT UK A A# F B E
AAB T ghem o] BAK EI Frlstn e F
A2 olo] gt A&y AEL A S A
7Y TA Uz J4H 1 Y. A4 B BR
®o2 FRgolY BatRmE 2 (LERe] ¥
gato] gout o= Ax A TEET A2
+ ABYOE AANFHI Ue REERE] ogAls
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2 7198 dx 9o,

HIe FHd ARE EMEEY 3 2o
BEns, A 5O KEH HB AMESE & BE
Fiko] ER5EY WAAE AFEto] A2 o]

£ F/MUNT RaEAn”. BEEEe HE
ke SR RmEBRY deld 93t B9y
Flel Sol%c BE S FE8 7FAY E&
BAE A3 AWl FEE A6 BER 2 AR
o #7102 Poizl Mtk RIERL] FYsted HIGHK
2 9 BEe £1EN BRWEE FA o3
o, AA9 71¥& A3, HANEHE MAAA
AYE Agsty Polshe Ao HITE W
BAE TA TP, wHe 2do BB &
oAflE & 409 71A9] FEAECR 749 €3
2 BEY Hke 8 OF F BRI BRAAME
M, #E, Phw, HRRK, MM, MH A B,
R BB QN FUERR T Mol Aom iR,
fr, 2ABYE BRETK, WEE AR, (LRMES, &
me, FHEE, EWE, BE TEEG ol ol&d
2 9E ReE gy Y

#Ee] Moe o8 ZHAZE QAT peptide
components, non peptide components, enzymes
o2 FEeo] tt'® Enzyme? phspholipase
Az, hyaluronidase, acid phosphomonoesterase,
aD-glucosidase ¥ lysophspholip— ases 2 & T
A 5lo] 9I peptide componentst freeze—dried
venom? ¢ 50%& TAEE Slow, FAES
MCD peptide, pep -
tide401, secapin, tertiapin, protase inhibitorE
FAElo] 9o non peptide componentE his -
tamine, dopamine ¥ noradrenaline®.& 459
g 528

71 %o melittin peptide component® 3k}
2, 3% 3 40~50%F ARk JROZA 267)
o] amino acid® T4 € #EH peptideo|™ HiMfE

2¥  apamin, melittin,

e #RfEAE 3 I BofRdAME
phospholipase A28} ¥53 oz 2439 A2
548 /A Fo BREADIME H3keA
gt HAYAAAE AFse]  catecholamined
cortisone #H[E FZAZh ZT#  phospho-
lipase A28 MEge] oidt HHA EHzgoz
AXUFo] AgE E4E FF8Y Eold mast
cellelA histaming WEAA KEmEFS] ¥FE
F7H71H A4 EE $Ale A8 =oE
t} 22)32 i&HE peptide® AAAE 7243 AHEA
Z-go] 9lo] €% 71§ odeE BEF 4Y +
= AAHE #a 9oerg g gxoe] sy
E 9 EanS H3gE A4 Qlth 2 gl
#&S melittine] E7] AF] ZHARTHEY
Ca"* &9} arachidonic acid #&¢& F7MN 7t
8921, melittin®] human monocytic leukemia
celld) AE&sagelA A4 phospholipase D
9 {H&g FAgdn 3. £§ nhafzt @
& mE (05x107°-0.5%107""g/m) & blood
viscosity® ZAA7I, & wWE  (05x107°
-0.5x107°g/nt) &2 blood viscosityE Z7}Al7]
FRE Huid3 EMor 9% & QlEd o=
M BER EBl U A5d =49 Mm-S
AAtste dlolw kK a&#MEES] olFE ZdtA dAsd
I lysosome MEEHE QMIAIA KEE Al
1)

2 A¥dMe NGE AMAE 2S¢ BE ¥
melittin @Ko MPFEE QA7 E=R2G 4 &
Az 4dE gAY 71eE AdE GH=XE ¢
ofe7| f& WMEIFMMIES NGE WA RESS
o NGZF A3 A8 E Haiete A2 FEmER
non—neuronal glial cells°]\Y} oligodendrocytes
183 astrocytesold Schwabg©] dorsal root
ganglion neurons®.2 HE 1 7FsA& 2
o NG reticulon family 43¢ sigsh=
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A2, myelin—associated proteins®lI proteo -
glycans&.2 ® AAE7] AZY A 715E 7HA
o myelin-associated & G ©#HA AFoE
Nogo—A, Nogo—B, Nogo-C 3%%#9 isoform2
2 745 P =& oligodendrocytesolAl
AT myeling H7HA AFHoE AFEI}
EAgcn ¢8A sles B4 QIS HEEweS
A 4A7)1 5 A,

MTT assay WS B3 #& 2 melittin 5
#ol NGE AX @ AFMEF] FAGA - o]
e 9eks BA% #3} ELISA readerolA e
W EGT FAEH HBRS H9E 100%2 84
39S o, % lug/ml B 22.8%, Sug/md AF-
2.6%, 15pg/mt 734 -9.8%%Z HIRMHT EF A
FEAME o3t F4& GASSIT melittindf
o A% lug/mt BE 54.1%, Sue/mt BT 19.2%,
15ug/ml 3% —-8.6%% HWHEHET Fo8tA F4
& AdAEGT 93714 melittin $FRS BE EHR
Rt FAGA Ao dojRed ol o 7}
2} JROE o|Fold $hES HFgo] AR
9 melittin2t} Holgg on|dhe Zlojzt &t
fifsE7t FREE MRS B 6AZ
Wiyt Ao AXALE fEshe ¥E wEY
F 9t o] AYE B of #HT melittin FEHK
ol s EES HEERs dEEe] gHHEdY
Ax Aoz Mzheh

e Hamme AyAel 7Hg % Aol
U AxY REAG BEE Hity 7Y 2&E &
dalo] A HAYPsHA ok ol HEY £4
ZAole MEENZE A2, MEENE DNARAE S
1202 FE3A =HiEu GOMfi(interphase), Gl
Hi(first gap phase), Sifi(synthesis phase), G2
#i(second gap phase)?l RS} mitosis (M =
E s dm E apgst Golie ARt $42
FAIL Y AdolT Gl Ay QA F
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A5e HES 37)7} FhiEE Al7]olth SHi= &
aHE $1% DNAS Aol ooz Al7]e]
o, G2iie AXAS ARt F4EE Al7lolxn, M
e ¥y AEAEdE AZZA7} wreir]
£ A7l P,

M HZURME dol DNAS #4do] Hest
o2 DNAS #9& #Misishd gAxe F2o] M
#=o] 718 A FiEaRIt dSe Yvidith £
DNASY #A4o] AFHE SHZ Yo7k ¥5&
Glffiel =524 8= RE& DNAY ¥4 mslst
of 7124 HEER A& RolZ2 DNA 4
MR SRS ES] 54 dAE 2AFL
EN FREHEE 8987 d8o flow oyt -
ometryE Flfizte] MMH2LEM e oS
AT

1 A HERe ¥ Go/GidA 55.7%, STA
13%, Go/MEA 21.3%2 VERdth ofe] Wt #
EME G/GidAl 66.8%, STA 4.2%, Go/M
A 29%o11, melittinFolM e Go/GidA
71.7%, SHAE 6% G/MPA 22.3%% Jebd
o}, whebd @& melittin SEEH A XAl HEFH
el A MfasEe] 4 Go/GiaAlolA MlEE
o] Ago] A7 wWEoletn 448 5 Qi

B&T melittin BHHol HREE S
AEY] Aol z7tase] s 200~400
7)% (base pair, bp)o| #¥3=XE £4% A9
7} 2lt}t. DNA fragmentationo] "lX& F8& &
Abatol B A3} HE#e 24 2% agarose gel
lanell ladder7} HolA| ¢FStA|ut #F #HFK 10
pg/mt AR 74 738 ladder”} 1Kbp ©l8be] B
A1 melittin BEHE 10pg/ml A% ladder 7}
1Kbp ol&toliA Bt ol #&T melittin FH
Wol mRFMMpES] MpEE FEEeE F9E
£ Aol

ME e s BEFEET c—jun,
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c—myc, c—fos, cyclin D1, CDK4, cdc-2, p53,
p21, RBL, pl6 5o AF?, o] FA c—fos=
ATFALS RS Mo mEme fEe &
ERoRA BEEMKEY F4E RiESTE c—fos
BEF] dis @AY = & RETY $de
st AFALA A= Ras, Raf-1, Mek, Erkl/2E
TS, ol2® d¥e AFALAHAE MAPK
(mitogen—activated protein kinase) pathway@}
1 gt YUY EREEMRAN AxHe Q=
Ras ©@#ao] growth factort} cytokine 59 Al
SHEE on—off Al7]&= molecular switch24 &
L3 JEL 9382 gl Ras @A) Ade
fos, jun, myc® ¥ transcription factord &
T FE3] AXY FA% 43 9 £38 4oy
A €. e Ras geneol Hol7t HAse] 2hA)9)
GTPase #4°] 24SAY GAPHY #go] W)
i 5o} GTP7} 2% % Ras ©lalel oko] vy
R F71eHA HH growth signald o]Abo]
AA oz dAsA Hed" B%7 melittin
kol NGE AAIF mEFEE @il Fos
9 MAPK @9 AAasg FEsh=r 2AME)
Ae WG "u|FelA BAE vl EEolAd HE
9 F49 A% @HAQ MAPK @Al A$ ¥
BRS FITCY =49 signalo] Z3HA Jeh=w|
Wl %E U melittin EHE BRES dA U
ERAY signald]l AE7F 228 €+ UdTh
AARIALIHA AR Fos @¥AL Ao
HAFE 5781 Texas Red BAA #744E |
EhileE BN ZetA gde] Holrh o]d
el gEelAE wHol AAHNL melittind¥ol
A st B AT deb BH D melittin
HHL Fos9t MAPKS] @] U@ S AAste
fzol S vty AzhEch

mRNAJ dgE Al A8 RT
-PCRE AAIsged BRI E Fosst MAPK

EE

¢ mRNAZH 2¥EE 4 4 AT Fos?) WS
BE/N AT lg/meelA Hdo] Hu gloy, 15
pg/mioN M 5 WEo] A s Ro] FalAl veht
o0, melittinffel M BERS) H¢9 fALE o
H e et MAPKS 34 seERolAM =
lug/meF 8 Z8tA o] A HQA 2, melittinkf
AME 15ug/miolA dde] A= ##E B
—actin mRNAE HER 2 BN 493
FAHT ol #Eo] Fos¥ MAPKS A EAl
Rol AAEEM FFE A7) PR Reg
dzter},

#&o] NG HAAMAY MEFEMES Fos9
MAPKY wda Z4& BA57] 98 Western
BlotZ Al#% A7, Fos9} MAPKE 25 1lug/m
FE $do| s dAEHE AE & F A%
H AXY EF G P-actin 2 olaFgA <l
HRP #A& ZA81 LHATE A 29 2
T RBMolx g3 deEe & + AQT o
Ag RT-PCR @ Fos: 15pg/mie) MdRroA
WEo] st AAEAT Western Blotd A 1
pg/meol A5l wdol ZatAl AU o] o}
ulE Fos? 44 e A2z B9 AsAgAR
AA BHo] AYHT Qe Ao o=Holn

Lol

oldel A HEF melittin Ko Hidl
9 AAtaely @Al AP E Al o
WS MKt Q] USE AARIE Aold,
WREFME kel dfME FEMAUA s
U ARl gy HAdols dFE XA o
ofM Moz il o desER il
el 34¢ 4 glege AzEnh

2 A¥olA #HET melittin BEHEKS THREM
il Mol MHERDEYESR NGE AAAPLAT
73l MIEE AANIA ST MM ME
AL 221 9l AR HEg A J)eE s L
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gEo] 49 B9 ofet U melittin
BEAME AXEY A9 58471 9SE 98
T AR oA7IM BE #EHC] melittin EHRK
B0 o 37} & olRE&- BE #HEK ddd:
melittin®%F okye} apamin, MCD peptide ¥ Al
EEY 9As b AEo] g U WE
o2 AZtdt. E# WEo] EEMMaY uXe B
B3, ey gd JE BETF] vXE HRE
dobr 7] A% F7HQ Wh o HE A&3L
Z o|Fojzo} & Aoz AztEr),

V.2 &

%% 9 melittin FEREE o] L3k WHEMEY
B NG HA & SK-N-SH neuroblastoma cell
linesel "Ae= EEE MTT assay ¥H& 5%
e R B MRS 8% DNA fr-
agmentation 747, flow cytometry® ©o]£3 i
BIS] o, fEMEEY o4 RT-PCRE o
4% mRNA 24 @ Western Blot $& B#§
o o33 2 #Re 4

1. MTT assayZ @l vxie BEges o
ek 2z EF Y melittin K BHRY 75 Y
jARE R T RekolEA o8 HEMIA JAsI)

2. ¥EY melittin EHERS AT Wi
S GAIL HE T M AoEHE MERE
#{t.Q apoptic body7} BiZ= 9t}

3. Flow cytometryE® MKEHHE o473 243

#% 9 melittin FEHHEFAMS MpEE G/G
dAelM o] A E A FHo] At
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4. DNA fragmentation 23 ##%3} melittin &
ol B%F ladder7} 1 KbpolstelA velgc.

5. Fos®} MAPKE Mt es s
A3 BHT melittin B 3 25 M=
.

6. RT-PCR 23 Fos mRNAY S ®E o
melittin $EHARES] 5 15ug/meoA] BRRC] 1)
=%t MAPK mRNAY BB % MW 1u/
me5E 7FEHA SEE QAT melittin EHEHS 15
pg/meo A gl = ATt

7. Western Blot& F& d¥3°] HHE 8%
3t 43 Fos® MAPKE EF ##% BEHE lug/nl
FE o] ZAstA =

¥
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