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Abstract

The mortality rate of hepatocellular carcinoma in all cancer mortality ranks second in

Taiwan. There are some common treatments against this disease such as surgical

resection, liver transplantation, embolization and chemotherapy. Although these

treatments have been carried out for many years, they still have limitations and side

effects. Therefore, exploration of effective chemotherapeutic agents from natural food is

urgently needed. Hypsizigus marmoreus is a low-calorie, low-fat and high protein

concent mushroom. A number of bioactive molecules including antitumor, antifungal

and antioxidant substances have been identified from this mushroom. In this research,

proteins in H. marmoreus were precipitated by 40~80% saturated ammonium sulfate.

DEAE-Sepharose CL-6B ion exchange chromatography was used subsequently, and

eluted by 0~1 M NacCl continuous or stepwise gradient. Fraction isolated by continuous

gradient named HM-3, and eluted by 0.2 or 0.4 M NaCl stepwise gradient named

fraction I or II. HM-3 at a concentration of 50 pug/ml strongly inhibited the growth

of HepG2 cells by 87.41% and 88.25% for 12 and 24 hr respectively. HM-3 inhibited

the growth of HepG2 cells in a concentration-dependent manner. Cells were incubated

with 50 pg/ml fraction I or II for 12 and 24 hr, and results showed that fraction I

inhibited the growth of HepG2 cells by 24.41% and 19.44%. Fraction II had no

obvious growth inhibition. Above results indicated that HM-3 had better growth

II



inhibition than others, so we chose HM-3 to investigate the mechanism of growth

inhibition. G| phase arrest was observed by flow cytometry when cells were incubated

with HM-3 for 24 hr. G; phase percentage ranged from 54.35% to 69.08% when

concentration increased to 200 pg/ml from 0 pg/ml, but no apoptosis was observed.

DNA ladder was not observed by agarose gel electrophoresis. Western blotting analysis

showed the expression of p53 and p21 increased in HepG2 cells with the increasing

concentration of HM-3. Obvious decrease in cyclin E1 was observed and no apparent

change in p27, cyclin A2, cyclin D1 and CDK2. According to these results, HM-3 might

induce growth inhibition by activating p53 and p21, then inactivating cyclin E1, causing

G phase cell cycle arrest in HepG2 cells.

keywords: hepatocellular carcinoma, Hypsizigus marmoreus, cell cycle arrest, apoptosis
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Womhd kEZ (HRAcd > 2009) o #hie oy %+ 4o Thalidomide ~ Bevacizumab >
Sorafenib £ Sunitinib % - @& * R Y E H @ T 2 R P w iR LR D

2 onRER G H R

() * %% @ & HepG2

¥ hA Rz k3 HepG2 ~ Hep3B 2 Huh-7 % » ig= " g inte
A E G 7 e chgE s s blde HepG2 5 & pS3 £ %] Hep3B 42 p53 A %> @
Huh-7 RIZ 4 2% ps3 AF% - 6487 ¢ % HepG2 5 @ % im% o HepG2
2 - £ 15 AERT e Fge oo dgsn @ p 5 e G 22 cell line ¥ #33
% o HepG2 40 % if & s A ST RAT 7 R *h Y sy FIH ety 25 247
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g5 % B R e i & 1Y o HepG2 T & © ﬁrr_’rﬁﬂ:—;;’;ig PRI A A R D
e i o 2 Hep3B 4ptt > HepG2 » EF ‘U ehdd B F & & e - UHT 5
Mg B ES%% »HepG2 £ 3 2% B> (¥ TH 5 - F 0T * chimiz fx

(Javitt, 1990) -
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fo
o

SFGOEAGES > T B MHFDRARE TR RERAE % @)

PR FREF IO PRREBAFT R RAE AR E
Bay g e sd=a702t (2 02009)° WSR-S RS FHEH 0 B
EfEGL TRy ehe R AP AREAGE TEFRIFZE, (2
1997) e &% 3G9 i FE R ARANP HFioFgE s L F o hich £ 30~40% > 3 3

FOARATR 2 18 iR 0 A H A A RS R O IR 2 dpept (lysine) 7

BHFuF FUANER - AP R RS NRE AR RFRGES RS
PHELESEE B UK NT = BES 0 75 H AR F R
ﬁ@n%wﬁﬁ%%ﬁwi’{§#”ﬁw%%niww_ﬁm%:«kﬁb’vwﬁ\ﬂq

E 3 ™ E % (matsutakeol) et A fi& ¥ fis (methyl cinnamate) @ 3f % p * & %enE
Fopt oty A iraier § Spe (lenthinic acid) # % = 4 4 (lenthionin)
Ko TRFRARIFEE L - A 24 0 T2 0 IFRMAFL A Lhgphor Flpt 4
G HmE 2R T -k REELSEI (2 02009) -

ITE RFT B ﬁ‘u%‘éﬁ“f TR BF ARSI EE S &J%’ W Rt g RF
St TMES S FALL B AN o B A AR S BEH kAR AED &
3¢ ~ = §B5E (triterpenoids) ~ 5 8% % (lectins) ~ 42 % #& i* fix (superoxide dismutase,

SOD)% » 3 # T8 & 3t 4y 4o

(1) #rd5s
BHAPMIVERT L ¢ o RS AR BETL G PRSI OF T LRG58
ML G RLRETE G RSN blhe S PR = B By T el RS o

MR IR E AR Y AT
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(a) &z (Ganoderma lucidum) *# it 2_ = §E3F it ;ﬁ d #r4] p38 mitogen-activated
kinase 2z 7% 1t & m Prd| A F5 K ok imie $k HT-29 2 4 & (Thyagarajan et al.,
2010) - FZEF B o 05N T L AP IR E G Frd S AR w2 R iy
SRR I R ¥ 5w - W 51]9;11 S FUSR s MR s WO e & (Mahajna
et al., 2009) «

(b) % £ E F#+ A (Basidiomycetes) 2 £NC fik & fig & B4 ¥ ORE LA B P
o hmre iz %Ay 4 (Toubi et al., 2009) -

(c) ¢ 2 ¥ &4 4 (Lyophyllum shimegji) it 31— 8370 ribonuclease & 7 74 4
O w2tk HepG2 % 5w MCF-7 2 £ 2. %1+ (Zhangetal., 2010) -

(d) & % # & (Pleurotus Ostreatus) 4 &t d! 0 lectin ¥ 3 »xFr 4|/ w? Sarcoma
S-180 % hepatoma H-22 # & (Wangetal., 2000) -

(e) %2 FTix; v 2% i (Pleurotusflorida) 2 Calocybe indica e fig % B~ 4
ERA G 35 2 36 ug/ml BF o T drd] T24 3k e ch 4 2 S e
&= (Selvietal,2011) -

() %5 (Phellinuslinteus) ¥ ek s & o fw e A5 2 A5 mie = > 2 7§

Y@ f s * (Zhu etal., 2008) o

FIFATARY O BFHEIFF L ARSI FE Y SR AL L R
EF AR LAD & E S F (Borchers et al.,, 1999; Ooi and Liu, 2000;
Reshetnikov et al., 2001; Tzianabos, 2000; Wasser and Weis, 1999) o &5 /& 2.4 & 2
Er gl tE B e o @ Lpd F I F AP ALK e (Wasser,
2002) » GlefIHE inte <ok ¢ fhinte T % B % 2 f ABL e % it
S AL LR R A S R L s R R A L
BA Lo FIRMGREER RN 4 B RGE LR 2 E RO
(Mizuno, 1995; Wasser and Weis, 1999) -
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(3) * & B % ¥ 5 %

R Ad AV e LAEE T B NBERRB Y o A EPE S W

a

FREF L FARIEL R LB BRA R ARHEEES SN

EHA Y o FRIA B E L L R G g eniEr o 4 BT

)

ELE IR 1) RS

(a) & 7 (Ganoderma lucidum) + & B o B ¥ Blehw BE K2 x k@ 9078 Fig ik
BT "% (Kabiretal., 1988) -

(b) % ¥ iF (Pleurotus ostreatus) =z fit 5 Bodr it ¢ B "L F iR % K 2 ¥ 2 "EFH
JER T % (Bobek etal., 1996) o

(c) ¥4 (Wlvariellavolvacea) + # #2 Fsif g8 5 F %ER > 7' Mk e ¥ 4

VETEIRR ~ SFHEY MEEAR Z K ¢ FAR2 kA (Cheung, 1998) °

(4) " o
B MR AR AFURS LAD ST RS 0 M

BHEARM AT T AT

() &=+ FME N2 5 (ganoderan B) P {4 i jp? % g 278 0 21 x
W2 21 (Hikino, 1989) -

(b) 2 42 (Auricularia auricula-judae) + F &4~ & GrRRHE F BELE F OF 5 ofEen
&1 (Yuan etal., 1998) °

(c) i (Agaricuscampestris) "k X4 fhmre 2 5 F 2% > ¢ REF L F F o b -

B g 2294 2 8% f % 4 4p w2 #4 (Gray and Flatt, 1998 ) -

ETARF i 4 B 5 T T3 M (Veliogluetal, 1998) « %475 5
i CpEE o 4oAz ¥ B0 fe o~ JP 4L (catalase, CAT) ~ %+ "xiF § it fi=
(glutathione peroxidase, GSHPX) % » + ‘FF’-“% pd Ao b HE DNA 3 - K
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T2 Fliore 130t #rig &2 K L % (Jayakumar et al., 2006) - 3 M SFag4oy i 4p M

o AeT

(a) &% (Ganoderma lucidum) 7% i 5 B~4r 2 -k 54 5§ b ahp o g
4 (Jones and Janardhanan, 2000) °

(b) ¢ #3F (Agaricus bisporus) ¥ i dieh tyrosinase £ § ¥ £ wfe ¢ DNA 7
3 itmigdpig2 a4 (Shietal.,2002) o

(c) Elmastas % 4 # /¥ 3y (Agaricus bisporus) ~ % # % (Pleurotus ostreatus) -
Polyporus squamosus ~ % = 4 & (Lepistanuda) ~ ~ ¢ & (Russuladelica) ~ #% %
# 2% (Boletusbadius)~ [fl4i4% 7] (Verpaconica) % &5#gih® fg 5 Bof B 5

v BHA % BHT { &2 3<% it it # (Elmastas etal., 2007) »

(6) L% tp

LR R R R TR R S

A
I
F_L
A4
¢r
oy
S
o
)
A4
¢

1951) o SF&adutic? AP AT T 4o

(a) %% (Lentinus edodes) &k 54 2 5 Frdlin TR hop & & % ) R 4
(Tsunoda and Ishida, 1970) -

(b) #3F (Agaricus bisporus) ¥ efR#FE AT ARG B IE G ORFE T B
(Vogel etal., 1974) -

(c) % ¥ % (Pleurotus ostreatus) ¥ £ 4-3i¢ (Flammulina velutipes) & it ) enj-v
T A iR Lp+ (human immunodeficiency virus, HIV) § #r#1]i
(Wang and Ng, 2000; Wang and Ng, 2001) °

(d) # &4 (Pleurotus eryngii) © M i diehj-d 5 fifr T 4R 4p +  (tobacco
mosaic virus, TMV) z_ i 4+ (Fuetal., 2003) -

(e) ¥+5'4 (Lactariusdeliciosus)~ & mip # f] (Sarcodonimbricatus) £ A 4 j&
(Tricholoma portentosum) s 58 5 B~ £ 5 e & fF * B 1 F 4 Bacillus
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cereus f- B. subtilis ¥ £ ] Candida albicans - Cryptococcus neoformans 2

£ ¢hie 4 (Barros et al., 2007) -

(=) MEH
M E % (Hypsizigusmarmoreus): % p 23275 % &> EH kAR S F % a4

P A RPATELR O G2 - cMERN LSRG PRS2 F SRS

REAFTIP A TN A E2 0 O HEEFE ®2L A FERR A R
(5 B AR 1957) e L p @GP 51 AR e H 25 523 F ML 15-50

PR EemB 2 LAk L HE cMEF L - BUBE K
FEFFEB NG 0 PR 247% 0 RARKE Y 177% 0 ¥ 5
frERE LA - AL EESE#ET A% (Basidio-mycetes) ~ £ ] P
(Agaricales) ~ v B #L (Tricholomataceae) ~ 447 & *% (Lyophyleae) ~ &t 47 4
(Lyo-phyllum) » # #& % 3 shimeji ~ aggrehatum % aenau % (4 B fo 458> 1957) -

ML IEARM A EE R AT

(a) ¥ HEFRE P A AL § A o R ER L B-(1>3)-glucan 4252 3
f& > e 7 »xPr4] Sarcoma 180 a2 4 £ (Ikekawaetal., 1992) -

(b) WHBEGLkEFFEFHFFHK > F Prd R w% (Lewis lung carcinoma) i& #
i A TV kR ke b dh 2 75 % % #ic (Saitoh et al., 1997) -

(c) WHBERH 4C L X3 pama g™ m CT26 "% w2 Balb/kc | & >
200 mg/kg/day &£ T & G rd a2 K2 sn ko Prd S 5 38.7% (#02002)°

(d) BEHEHF LEAM T AP HM-02 kR 25 pg/ml $ 436 o g5 w5
U937 flgcpFdrd] 5 5 78.6% o rd2 24 | PF{s ¥ & P2 ik 8 5% 3% Go/G
B (35 + 2004) o

() ME & 40~80% Frphssiiks k& 5 600 pg/ml pF¥t-] B~ % wm?% CT26
53 67.75% it ind EpeqlE oo TF @ H e 3R Gy/M # (H
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2005)
(D) ML R PEK ~ A KR PRSI A R dad 4R A 0
$ g2 nF i 4 (Leeetal,2007) o
(g) ¢ ME P Wi N enFv F marmorin & F #rd| 4 #FK m e $k HepG2 %

U fpiore MCF-7 2 £ 2 504 > ¥ s #r4] HIV-1 reverse transcriptase 2. 7% %

(Wong et al., 2008) -

(h) #E g2 it e hypsiziprenol A9 & 3 #r4] HepG2 ‘¥z 4 £ iy 4 > ¥ {2
H fmre ix 8P ikt Gy ¥ (Changetal., 2004) -

(i) ¢ BEFFFHS I enF9 F hypsin £ 3 #r4] Mycosphaerella arachidicola,

Physalospora piricola, Fusariumoxysporum % Botrytiscinerea % 5 2 & it

4 (Lam and Ng, 2001) °
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22 ~

%= & ~ iz ik (Cell cycle)

(=) ikl

e R EIREEALT od - B o HBALS B o P B
PIFIAFAZNES - BRBRDOZFER > L o F o wmeF P R
A mow H o & w L Gi(Gap 1) ~ S (DNA synthesis) ~ G, (Gap 2) 2 M (Mitosis) ° i&
w B LA S A 1953 #£4d Swift #T2 & (Howard and Pelc, 1953) - 5 ¥
ApitFr o2 paut ko b 1983 EFHHF R cyclin v ’%%‘v} cyclin
E A ~EpL it 2 iR VALK B e ik chie (7 (Minshull et al., 1989) - 1992 =
Nurse % % 3 7 cyclin dependent kinases (CDKs) 7 * (Norbury and Nurse,
1992) » CDKs ¢ # cyclin /& i @ gife it fmie x 8 ¢ H s o T B o iz i34y &
2z 2R ‘%’K’ﬁ & % B (checkpoints) # f R Bk (restriction point) » j&- 2 m% &£_F it

AL N T - BB ek 1 R iR L %

(1) Gophase

St PEEP & FE senescence £ quiescence b & fwfe #F b H) o mrE W g HN A IR
REIREF AR o B A7 o TREGAAMGZG I 782 L > TR ERT A
Gy phase ° J* P chimie Z 5 d R a4 E TS S 0 4w AaE A s G ¥

(Ford and Pardee, 1999) -

(2) G; phase

el 4 £ F)F lgcis 8~ Giphaser & G S #FE 4 £ FF AP "ﬁ% v e &
i¥w 3| Gophase (Ford and Pardee, 1999) - - pEdp fm%e B 42 £ » 2 B 4odf @90 %
Z F-v FocyclinD gt pFEEp A & i v 0 € i8- HE 1Y CDK4 2 CDK6
(Sherr, 1995) o i it ¢1 cyclin D/CDK 4§ & %8 € 44 it retinoblastoma protein

(pRb) » & B 4 RO/E2F 4§ £ 48 ¢ B » ¥ @& 45 E2F H4L v % » 2% 5 A

¥
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¢4 DNA & =2 AF @ sm e~ S & ocyclin D/CDK 4f & #~ ¢ &1t
cyclin E/CDK2 % ¢ DNA & % (Gengetal,1999) fie » S H % g # & % 9
@ DNA L F X DALk > MiEFIBA (repair) 1 1% M L w2 ir 2 % - B

checkpoint °

(3) S phase
S ®dp synthesis 2. & » S IFE iz 2. DNA g2FAF R EF2 i & S
phase % # >cyclinD 2 cyclin E ¢ 4% ubiquitination @ *% j% > o F¥ cyclin A ¢

H4v > T CDK2 # Sphase # 4 i {7 (Ford and Pardee, 1999) -

(4) Gy phase

fnP¢ B Sphase L E) 2 BB G,phase " ERENE A TV AT B

-~

F_k

tbl‘?ﬁi%
THFE IR Tt et g AL I DNA AFHATE R S et

# 2% = i checkpoints  F¥# cyclin A % cyclinB #8 ¢ 3+ 2 ¢ cyclin B 4%

v

=3 Y

s A wmre o B Ap e cyclin e 2 ocyclin A » HEE > M H TR F R -
v ocyclin B ¢ {r CDK1 (CDC2) #)=4f &4 » g bmre p iniz g 5 M o
. Gyphase p*4F £ 8 =i F Y o 2 F A H PE A d e FTA T g

(Jackman and Pines, 1997) -

(5) M phase

M % 4p mitosis> ¥ §d — B2 e LA B3 wie o 2 AFURF DL M

R

gLp AT Fmiep o prlmie AR € F IS LR 0 e NI RLA - e
Mg EATRE A, S AR s wre b R E 2 L d HIESFE IR % (Ford and Pardee,
1999) - M phase * ¥ (w4 5 Prophase » Prometaphase ~ Metaphase ~ Anaphase ~
Telophase % Cytokinesis = -] #f » j%_ Metaphase i& » | Anaphase & _'m?z ¥ Hp 2
¥ = B checkpoint > ¥Rl 4 ¢ R LT 4R P P - E MocyclinA €+t cyclin
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B AL*f2 > @ cyclinB 7% j2 ¢ ¢ wn?z 42 M phase (Koepp et al., 1999) -
L P Y o § DNA X3 PF > 8 i &2 % checkpoint @ & #F (Cell

cycle arrest) > } pFim?e b €38 (7 DNA hig4g > - LB 2 4 €18~ T - pFg) o

FAFILG H 2 A R > i PIER A v B (apoptosis) M 45

4, @3 T - X (Smith and Fornace, 1996) °

(=) w2 iy
BEPAPY > et FESEE- Ak AR AL fl

e F AT (B 2-2) « i e B k-0 fL5 cycline B e ded o
3 015 f& 0 Wwmrex P cyclings 07 £ % 4B 2-3 o cyclin § i i cyclin
dependent kinases (CDKs) > B #v @ v 2 > 5 9 #& CDKs (Adrian and Edward,
2000) e cyclin ¢ &2 CDKs 2= — 4F &40 > p'4F E R NE = ~ iR L B2 2 € 3
F P hig 7 - CDKs ¢ % 3| cyclin kinase inhibitors (CKIs) fr] « CKIs # 4 &
B &F 0 — #F A INK4 family > 4 pl6™4 s p1s ™KL p1gNKde 2z h1g K4 i 0,
JUEF CKI cdrd| s & — o 44 4 5 cyclin D/CDK4/6 4 £ 48 - ¥ — & CKI
% Cip/Kip family » = B 3 p219°" ~ p27 P! 2 p575P2, et g g & - > 7
Pr4] % B cyclin/CDK 4f & 48 (Ford and Pardee, 1999) - Cip/Kip family it 3 #xdr ]
cyclin E/CDK2 % cyclin A/CDK2 z_ i®#* » g%} cyclin D/CDK » 3 frdla 4 2 i
-2 G E FEREEDI TS ocyclinD 22 CDK Z & p#f CKI e et 4 it
2488 { & (Sherr and Roberts, 1999) - CDK “f 7 F 8 cyclin B A& a AB I 2
by I NF0 AFAT L 42 A A (residues) 4 CDC2 % CDK2: B Z £ %
2_ cyclin-activation kinase (CAK) eni®#* g Hpgppeit > nE I = 25 anek
(Solomon et al., 1992; Connell-Crowley et al., 1993) -

“$ T bdenAs G20 plmr Y £ RIS+ F RboRb ¢ s
Fl+ E2F % & ot & € #rd] E2F> & # 7 25 Fl& 2 4 3L (Sherr, 1996) - cyclin
D/CDK4/6 % cyclin E/CDK2 ¢ gifici* Rb @& H 2 /& » ¥ d Rb-E2F 4§ & 48 ¢
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Haxod 4 SR s E2F ¥ i8{7 Sphase #7% A& Fl2 45k @ iz g )i ~
S phase » Rb ¢ a4Fgifis it e7)5% K 4% ™ ke S~ Gy, 2 Mphase°cRb £# i2
=@ e pl6™* s cyclin DI 4r Rb fffpim®z chd S5 7 £ & ¥ Hrkend & o
pl6™™* g b & @ cyclin DI & CDK4 & 4 L & Rb ¥ 3 B
(hyperphosphorylation) @ i& » DNA 4§ ®FFE > 3 & ¥ ehfme * £ AT ER B
JE o B AF S A aRE %’KEL%?»E'J cyclin D1 3 i & % 393k % (Ford and
Pardee, 1999; Sherr, 1996) -

B s D F w2 LAl B A Rt S B e 3 L4 &
~ R B 5 G4 checkpoint AffimPe ¥ #atdk 4 0 @ 3F 5 A Ak ¢
BFARFoF IR et PR T p53 S E G R¥ I pS3 & & Rb T
BTV s e g4 e (Ford and Pardee, 1999) » # iz~ F+ 44 R
ShF iy i R e F R ETIE T e BT SR AT A 2D 5 e B
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growth factors

Radiation
DNA damage
Chemicals

Ras, Raf, Myc,
Fos, Jun

B 2-2~ w2 Afpse S o
Figure 2-2. Schematic representation of the cell cycle showing pathways for various
cyclin-dependent kinases (cdks).

(Adrian and Edward, 2000)
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Mitogen stimulation

p27

‘t.k
Gyp-M
Bl 2-3~ w9k ¢ cyclins fo p27" P! g o
Figure 2-3. Fluctuations of cyclins and p27 Kipl during the cell cycle.
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s

b &~ w2 k= (Apoptosis)

w4 e - B4 B g A= 25N, &R e B HEk A g
BRI W e e k2 AR Flmte ) AR Fl R0 2 e bk T
(apoptotic factors) AF f&ifp 3 17 % 2 gy o TPt o dmie F = X fLG 4 IR b ke

’z 7+ = (physiological cell death) 2 & 4% & |+ % 5* = (programmed cell death,
PCD)» .4 fwre p A REDWFTES > AA L IR FERE LR LS
(Zakeri and Lockshin, 1994) - PR mde R - B M LR A % (autoimmune
disease) ~ #¢ (Fi¥ it {5 J (neurodegenerative diseases) ° A2 ARV G o "

Blore k- 5 F A EARAE DD S FEME % (Elmore, 2007) ©

(-) Hir s mg

i = ARG P2 B X T ALEHEIA o pwe F &
Yo fmre g R~ IR wPe S| e (membrane blebbing) fwim®s @45 (cell shrinkage)
FRG o e popr A F R 45 (chromatin condensation) fr m ¥ Bk 5
(cytoplasm condensation) 3 2 jwfe Wo1m f4F 2 B S F 7 8Ly o e P g B e
A fE o e o fam Bdnre JfE e 5 btz k= o] 48 (apoptotic bodies) ¢ fim e
A= BART A W E 5 (lysosome) % lmiE MLehphdR o FR A € alAeE L F R
IR REs o ek o] 4§ HE e (macrophage) FRE A AL B o B2 i
o mre k= g B S blde e e SO B gk & fe (phosphatidylserine, PS)
g e il s DNA %74 ~ i 3 #& 1 (depolarization) ~ ‘w%e ¥ 2t fiZ
3 (cytoskeletal dissociation) > & {¢ DNA % f% 5 180~200 bp = -] % B (DNA
fragmentation) (Wyllie, 1980) o ‘m?z &%= 427 > o TR e R fEfsdodov fr 2
PafFeni®® > R4 BRI > T REBwed wp A= o Fpt o e k-
B Mm%z 7 (necrosis) TR R ePELIK R IT R A AR e ) dmfe 3 H - fd e ik
Borv= 20 F Fllere X DI BRE A B E ralAe s HE g P i cnlere BER 0 T
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e- HERwEEEA C FAEP F A8 LRk (B 2-4) GE 0 2009) -

| o )
Il ai-‘%\\\\\{: ?Z//' P 'r:'?."'é:"_.-.v]

Necrosis | | & '~ e ol :.-’:g. Apoptosis
—_— bedies —=® | !

Bl 2-4~ mre B imie B A2 L B o
Figure 2-4. Morphology of necrosis and apoptosis.

(Ramzi et al., 1999)
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(Z) fmre k= 21541
ARk ARG A fERE (B 2-5) - BAHRERS RS 2

v =

82 j5 (extrinsic death-receptor pathway) > b & j& e/E 14 453t 5 = e fl

Wa

(death ligands) e = X %8 (death receptor) eh% & o & 5 A i Avesy = X 4 Fas
(CD95) % #7537 F]+ % §8-1 (tumour necrosis factor receptor 1, TNF-R1 ) > H 7=
fedl » % % Fasligand (FasL) 2 TNF o 7~ fedifr >~ XML L5 €5 - B
o @ T H-v 4o Fas 4P R 7~ % F-9 (Fas-associated death domain protein) %
TNF-R1 Ap R 7* = % # 3¢ (TNF-RI associated death domain protein) 2 & + 3 >
A5 & — i ligand-receptor-adaptor protein 4F & % > fL 5~ = F E LA & W
(death-inducing signaling complex, DISC) - DISC { ¥ procaspase-8 4 + % & » &
@ i 1§ caspase-8 % v o caspase-8 & dmiE k- ¢ mﬁiﬁpiﬁ e I = &
TFRH s a3y 7 -9 fF (Hengartner, 2000) ©

S ST TR AT G R F F PR A p TaET ER S
PEF R ¥ — R AR AR S 0 §5 % 0 Bel-2 ®2% 39 4- Bax {r Bak %
fx#s o Bel-2 family protein e im?e = A IriEALY FAA S £ R hd d 0 - H

1

-9 B ¥ A L pro-apoptotic % anti-apoptotic © = #f o Pro-apoptotic F-v i 7| &

Al
Ral3

7 : Bax ~ Bak ~ Bad ~ Bid ~ Bcl-xs » Bok ~ Diva ~ Bik ~ Bim ~ Hrk ~ Nip3 ~ Nix
% %9 ;anti-apoptotic F~v & 7| ¢ 3£ F Bcl-2~Bel-xL~Bel-w~>Mcl-1~Nrl13~A1/Bfl-1
% (Adams and Cory, 1998) o & Fiim® %= it # 2 Bcel-2 #2% v > RBlit * 4
pro-apoptotic F-v > j¥m i wre £33 _F = 2 B (Cosulich etal., 1999) - Bel-2
FIE v AELE > R R A 4 R & (8% (oligomerisation) v @ 3R AEY
FAFNAD o - LRAMHM N AA > FEE- F]F 4o cytochrome ¢ (cytc) % %
SRR AT Py Ged fRgc F /MR TR Prdl e ERE L B
(second mitochondria derived activator of caspases / direct inhibitor of apoptosis
binding protein with low PI, SMAC/DIABLO) ¢ 5d # 8 p Wi AL 2 1 w¥e
B oecytc &&= 39 fais it F]+ -1 (apoptotic protease activating factor-1, Apaf-1)
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s & > f & procaspase-9 A g & 0 i@ & (¥ caspase-9 FuFE it o - AT H

s 34 {7 39 frde caspase-3,-6,-7 @ sldefmre &= (GE > 2009; Hengartner, 2000) °

B 25 sfftdtrimie b= 25 f80 & BJT o
Figure 2-5. The roads to ruin: two major apoptotic pathways in mammalian cells.

(Hengartner, 2000)
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d 3R LT KRABESFIZ 52 2 HRAZEE L - % 0 4t
P e otk d B AR Y o TR E 2 R FH okl dn

ek o MEGLMAE MR FERPEF T G PR E A mER

=l

LRGSR RSP RS FRAMET RS « AFE UMEELHAE
# 3 e 4tk 2 DEAE-Sepharose MR+ 2 piad B¢ ogpd 2 4 fis
feng-d B R E H A SR % HepG2 2o 4 L rdid] e f 2 R* 1 > &)

LTS ERATFRE L PRER S Rt R A ML £ 8

\\\?{r

¥ o
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Sri RRFHE

Hypsizigus marmoreus

y

40~80% ammonium sulfate precipitates (crude extract)

A 4

DEAE-Sepharose CL-6B ion exchange (continuous or stepwise gradient)

y

treat human liver cancer cell HepG2

\ 4

A 4 A 4

A 4

Growth inhibition
by MTT assay

Flow cytometry DNA fragmentation

assay
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Western blotting
p53, p21, p27, CDK2,
cyclin A2, cyclin D1,

cyclin E1




FIF HHEES 2

R BEGHD CANEFEH SEGELP A HEARTLE -

(=) 7 5% imre

AR e HepG2 o KRG 8 %1 £ EFT 470
(Z) ®52 EA

95% &% Fp FIES @ 0 tRT R o )

a3 Jm e ki (FACS Flow, Becton Dickinson, USA)
Acetic acid (J. T. Baker, Phillipsburg, NJ, USA)
Acrylamide/ Bis 40% solution (J. T. Baker, Phillipsburg, NJ, USA)
Ammonium sulfate (Merck, Darmstadt, Germany)
Anti-CDK2 antibody (Gene Tex, Irvine, CA, USA)
Anti-cyclin A2 antibody (Gene Tex, Irvine, CA, USA)
Anti-cyclin D1 antibody (Gene Tex, Irvine, CA, USA)
Anti-cyclin E1 antibody (Gene Tex, Irvine, CA, USA)
Anti-GAPDH antibody (Gene Tex, Irvine, CA, USA)
Anti-p53 antibody (Gene Tex, Irvine, CA, USA)
Anti-p21 antibody (Gene Tex, Irvine, CA, USA)
Anti-p27 antibody (Gene Tex, Irvine, CA, USA)
Ammonium persulfate (APS) (Sigma, MO, USA)

Bio-Rad protein assay dye reagent (Richmond, VA, USA)
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Bovine serum albumin (BSA) (Sigma, MO, USA)

3- (4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) (Sigma, MO,
USA)

Diethylaminoethyl (DEAE) Sepharose CL-6B (GE Healthcare, Uppsala, Sweden)
Dimethyl sulfoxide (DMSO) (Merck, Darmstadt, Germany)

Dulbecco's Modified Eagle Medium (DMEM) (Gibco, Gaitherburg, MD, USA)
ECL (Millipore, Billerica, MA, USA)

Ethylene diaminetetraacetic acid (EDTA) (FLUKA, Switzerland)

Fetal Bovine Serum (FBS) (Biowest, Miami, FL)

Glycine (Sigma, MO, USA)

Hydrochloride (HCl) (Merck, Darmstadt, Germany)

Methanol ($ F i* 1 » 5 4)

Pen Strep (Gibco, Gaitherburg, MD, USA)

Potassium acetate (CH3COOK) (4f 3 > p %)

Potassium chloride (KCl) (Sigma, MO, USA)

Potassium dihydrogen phosphate (KH,PO4) (Sigma, MO, USA)

Propidium Iodide (PI) (Sigma, MO, USA)

Sodium carbonate (NaHCO3) (Sigma, MO, USA)

Sodium chloride (NaCl) (Merck, Darmstadt, Germany)

Sodium dodecyl sulfate (SDS) (J.T.Baker, Phillipsburg, NJ, USA)

Sodium hydroxide (NaOH) (Sigma, MO, USA)

Sodium phosphate dibasic (Na,HPO4) (Sigma, MO, USA)

Sephacryl S-200 (GE Healthcare, Uppsala, Sweden)

Sephacryl S-300 (GE Healthcare, Uppsala, Sweden)

N, N, N, N’-Tetramethyl-eyhylenediamine (TEMED) (GE Healthcare, Uppsala,

Sweden)
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Tris (Sigma, MO, USA)
Trypsin (Biowest, Miami, FL)

Tween-20 (Merck, Darmstadt, Germany)

() F&pY
(1) Pz %

DMEM (Dulbecco's Modified Eagle Medium) :

DMEM medium “r » 3.7 gNaHCO; {¢4 6 NHCI 3## pH 1 7.2 & 1 1000
ml o & * 512 450 ml medium 4 » 45 ml FBS % 5 ml Pen Strep (7 10000 units
penicillin/ml % 10000 pg streptomycin/ml) ¥ % 500 ml DMEM/10% FBS 2 3%
iR o

PBS (Phosphate-Buffered Saline) :

8 g NaCl, 1.15 g Na,HPOy, 0.2 g KH,PO4, 0.2 g KCI %t 1000 ml 2 &+ -k o

(2) F A iR

50 mM pH 8.0 Tris-HCI (10x) -

60.57 g Tris 4c ~ % 800ml 4 &3 -k >12 6NHCI # pH % 8.0 5% £ 3 1000
mle & % B 100ml 4c 72 s B NaCl» ¥ 22 g3 -k £ 3 1000 ml -

50 mM pH 7.5 Tris-HCI (10x) :

M NaCl 750 mM pH 7.5 Tris-HCl

(3) R34 fei=T % (SDS-PAGE)

A % : Acrylamide/ Bis 40% solution
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Bk (A YR8 k) ¢

18.2 g Tris/ 0.36 ml TEMED 4t 4 &3 -k 60ml /%> 2 HCl @ pH I 8.8 1 -
de-k 3 100ml > 82753 4C

Cig (EEDHErr):

6.0 g Tris/ 0.4 ml TEMED “4c 4 35 -k 40 ml ;3 %> 2 HCI 3 pH & 6.8 {8 » 4’k I
100 ml » # %% 4 -

WAL 4%% 7% (Ammonium persulfate, APS, 10%) :

B 0.1 gAPS 3% 1ml 2 83 -k > 2 35#my o

10% SDS 73 i# -

B~ 1gSDS %% 10ml % 43 -k -

T A% #%  (running buffer) (10x) -

30.285 g Tris/ 144.13 g Glycine/ 1% 10 ml SDS #4c & #+ -k 800 ml ;3 f#{s 3 pH

T 83 F &3 1000ml »

(4) Coomassie Brilliant Blue R (CBR) % ¢
4 ¢ % 1075 g CBR-250 ;3% 250ml H 45k + £ 4 » 250 ml methanol 2 50
ml acetic acid /& £353 » "L~ 3 /% CBR {55 R % -

% & 1 10% acetic acid/ 20% methanol 2_ 7R3 % o

(5) e R A AT

PI stain solution (1000 ul) = 10 pl PI, 50 pl RNase, 20 pl Triton X-100, 920 pl PBS -

PI:1mgPl # 23> Iml 2 33K o
RNase : 2mg /3> 1 mlPBS -

5 % Triton X-100 : 10 pl Triton X-100 ;% ** 190 ul PBS -
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(6) DNA T # ~ 47
STE buffer : 10 mM Tris-HCI (pH 8.0), 1 mM EDTA (pH 8.0), 0.1 M NacCl -

Cell lysis buffer : 10 mM Tris-HCI (pHS8.0), 1 mM EDTA (pH 8.0), 0.1% SDS -

Protein remove buffer : 3 M potassium acetate (pH 5.0)

TE buffer : 10 mM Tris-HCI (pH 8.0), | mM EDTA (pH 8.0)

TAE 7 A% @& (I1x) : 40 mM Tris-acetate, | mM EDTA, pH 8.0

(7) & > & Bhiz A 45

## B % #7%  (transfer buffer) (10x) :

30.3 g Tris/ 14.42 g Glycine » 4: 4 3 -k 800ml 3%t pH 1 83>

“
v
Ik
fon

1000 ml » & * —a‘;ﬁﬁ? 10 & 1 4e > 20% ¥ fiF o

PBS (Phosphate-Buffered Saline) (5x%) :

38 g NaCl/ 7.8 g NaH,POy4 > #c 4 3+ -k 800 ml ;3 f#{¢#» pH 2 7.0 £ =& 3

1000 ml > i * = ﬁrﬁ 5 &I 4~ 0.05% (v/v) Tween 20 > 9r 5 PBST -

(1) ®RERA

W 4 ;N P B Orbital Shaker (TS-500 - 7?3—:’]\ e 5

okl system % (Milli-Q ultrapure water system) (Milliproe, Bedford, MA, USA)
B B F 4% (Autoclave) (HL-341 » #/F - &4t > o)

B i 4. (Centrifugator) (Sorvall RC 5C, DuPONT, CT, USA)

£+ Alds 8 (Centrifugator) (KUBOTA 5100, Tokyo, Japan)

¥ % 45 (CO,incubator) (Model TC 2323, SHEL LAB, Tokyo, Japan)

2k 57 ¥ (Freeze dryer) (VD 400 F, TAITEC, Tokyo, Japan)

& A T 5 (Laminar flow) i & > 54 0 5 %)

7] = ;N B sl (Inverted microscope) (TE 300, Nikon, Tokyo, Japan)

Sop # B4 B (pipetting-aid) (Matrix, Thermo Fisher Scientific Inc., Waltham, MA,
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USA)

# % % % ~ 17 & (Precision microplate reader) (Bio tek, Epoch, Thermo Fisher
Scientific Inc., Vermont, USA)

a3 iz i (Flow cytometer) (FACScan, Becton Dickinson, USA)

% 47 % (Dialysis Tubing) (Spectrum, Laguna Hills, USA)

%47 % (Closures) (Spectrum, Laguna Hills, USA)

¥ &R & B (Amersham Bioscientist, Bukinghamshire, Egland)

&R qc B ® (Gilson, Villiers-le-Bel, France)

i in T A (gel electrophoresis unit, Bio-rad)

w243 B (gel caster, Bio-rad )

N

?

% % & & ¥ (electro-blotting unit, Scie-Plas, UK)
T R E K ®E (Hercules 200, Ezlan, Taipei, Taiwan)
PVDF #& & %- (Millippore, Billerica, MA, USA)
UVP 4 £ &% % % (Level, Cambridge, UK)

I LENE N *g BD Falcon (Becton Dickinson, USA)
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(- ) MBE L 40~80% 4ok Fifik ik e 5 42 8 &

RT#E S G R R IITIIIIOL 2 op > Bk 2 10 % NaCl 3w 1:2 e
Bl JI* BTG 30 §y o R AHIFTRE 4C A WEER IR
8000 rpm 4°C 2 if 3w 30 A48 P~H bR |k AI L4 foitik & (Dawson
et al., 1969) #ror chifidc & > 30 4C T E RS~ 40% AfeR AT F 2 B AR A
(226g/1L) » 7 B4 i 40% & fok o #4035 15 > £ 2 8000 rppm 7 4°C T
o 45 saaBE bR o bR G R ERAARITIKE 3 4T T E R A
80% #eqc i 7% 2 FfLFifkds (258g/1L) > & 4°C kfa? HALE & o B X 12 8000
pm 4°C e 50 Adafc ikt 0 M0 R FARBREINEKY BN ERR
(MW :3500kDa) ¢ »* 4C TH A k%4 2 X (24 56 & m40k) 20

C AR Sl it 1B RAT I mRBRETRESIF > 53 200 &% o

(=) MBE L 40~80% 4rfrk frfadeiiilkdr 5 F 2 g3 QM % A

P~ £ (% 300g) 2 DEAE Sepharose CL-6B 3 " » g 4 (2.6 x 40cm ) »
©2 Tris-HC1 (50 mM » pH 8.0 ) % 7% 7% T e P 18 > B~ 40~80% Arfhdsiniikfe 5
# 0.15g 3> 50 ml Tris-HC1 ( 50 mM, pH 8.0 ) % =% % » £ 12 0.45 um "6 g
feil » g 4p > * Tris-HCL (50 mM, pH 8.0) % 73 & =& /| BF 30 ml 2 Jiiid i
£ 600ml & > £ AR E R (gradient mixer) {7 0~1 M NaCl (73 * 50 mM,
pH 8.0 Tris-HCl) i F B &2 4> A Bl Blch > & Fcd 7ml> & 280 nm
AE Bk Bl R A1 i’éiﬁi/éi»%f{'ﬁ’?i (10000 kDa) <+ # > #-2 % &~ F 4 3¢
d LB~ {8 HM-3

Fetrtr BRI ¥ R EE A BfeE OM~02M~04M~0.6M~0.8M %
IM NaCl (7% ** 50 mM, pH 8.0 Tris-HCI) » & f&k & & jc & - & #4884 (9 180
ml) > BTk Bjcd o F g e Smlo iz 280 nm Sk BFRH E S (S 0 AR

35



W ja k45 (10000 kDa) 2 8 > B FAdfic o o MEE R RERZIEHH

i

(Z) MEREHEF IHEMTLF TR T
(1) B[ % fei=? A (SDS-PAGE)
LEWHE 12.5% 2~ 3948 (separation gel) » L » BB {5 0 95% FpE R

FHBFG g RS 0 L > 4% 2 E % 48 (stacking gel) 0 5 8 KR

arl

o4
TN

R

)
v

ViB

FIRAR Y B2 AR BB 10l A FER2Z HM-3 3% (5,

|

10, 20,40 pg/ml) 4 > 2.5ul 2 4x sample buffer> ;& 3 {52 100°C +4c#t 5 min »
MRS R Sl RO A R RENY oKX RIRE L 80

V #EgA 30mine £ T RAKL 120V Fho FAFEHRT2Z & 43

JFls

(10kDa) g8 3 % % cndb T 2 PRERH TR M B CBR %4 o

SDS-PAGE "} %873 7% (¥ = : ml)

/% B L £ &
10% 12.5% 4%
A 2.475 3.1125 0.495
B 2.5 2.5 -
C - - 1.24
10% SDS 0.1 0.1 0.05
H,0 4.875 4.237 3.115
APS 0.05 0.05 0.1
BAUAE 10 10 5.0
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(2) Coomassie Brilliant Blue R (CBR) % 4 ;2
FL,/\ ];—Lg/i 1 /;u7‘ CBR —4‘6 /p? ’ _%.‘&;quaig’—f 30m1n i E/iu —4‘$ o l;uJ:'

B iR FARGRS R DRGSR R LR R Y IR ES R

(B) MEGHEET LHA T A5 2 R K 4

P~if £ Sephacryl S-300 # S-200 2 "}48 > H et g4 (1.6 x 100cm) @ >
4 Tris-HC1 (50 mM > pH 7.5 > 0.15 M NaCl) % 73 % L ffrlicp o #1343 2 ¢
k47 2 T i e HM-3 A28 p k! ﬁﬁ 2 % g5t o B~ 5 mg 33 2 ml
Tris-HCI ( 50 mM » pH 7.5 » 0.15 M NaCl ) » 2 0.45 um %3 g {82 ~ Sephacryl
S-300 #S-200 ¥ frit (TR HERA T U E ) pF 30ml 2k F E i E 4

ml o % 280 nm %k BlF#-HE Foa o A ERESES B2 ki -

() A8 Rme HepG2 2 fa k&1 ~ B &8 %G

HepG2 ‘m®e 4k Fd REF B 249 9 2550 5-9ml /kingg %
R & 0 12 1000 rpm s 5 min o e {8 EHE L GRR 0 B 10 ml E 03 R RS
JREmis4d 10 om dish ik R H353 88 » 37C ~ 5% CO, &2 L in
BEZ A X 23 R RF- BAEE o

BAEAZPFLEETE R 2342 5 0 3~5ml PBS ’F e om0 ¥ PBS
BeAz g 4r » 1 ml %% F-v fF (trypsin) > *x » 37°C ¥ %45 5 min & w4 T R
Hr dish K FRede » 5~6ml 33 %R Hdmie 74h T (5% 0 15 ml Brs g o2 1000
rpm 5 min 2. @ # e o B S FHE iR 0 T4 r Sml AT e E =R
oo P~ 85ml B A RE 15ml w1 A0 10 cmdish ff fcds ke @ 2393 1
B 3TC5%CO, 2 i RAEZERH G 2~3 T EF- THBERE -

i W A R F RE A FE A AREIR AR A e 2 3~5ml

PBS (Phosphate-Buffered Saline) 7 m% # & » #- PBS wAz{s4c » 1ml % F-9¢
fis (trypsin)>*c > 37°C # & 8 Smin @ w4 T %A dish K04 » 5~6ml
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BAREFw A0 T 8% 00 50 ml g F 0 B * G 4 ml s R RS B dish
SR 5 ¥ o LA F o 12 1000 pm S min 2 6F i ARG o A 5 L
%o Ao~ i B 2 P52 n i (Fetal Bovine Serum, FBS) #74gim® » 4v » ¢ F LR
3 7 7% dimethyl sulfoxide (DMSO) =g & FBS > & (SR8 5 &4 5 ¢ &P
fleehE Ao » I FBREFANLEY CMBES Tmlo P e L #K
B2 ARPE ML F ) FE 80C AT SRR ORI LELN ) EHS

» 196 RAEF P 0 ket TR A Z A -

(=) MEFE 5% HepG2 2z # & Frilipl:

4 K Frd| F 02 3- (4,5-cimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide
(MTT) assay k¥timoe {7 p[3E o MTT 5§ ¢ (* &4 > ¥ (%% 30 E mbe s S gR 7
ced 3 4h s B PR T8 fA % & fF (succinate dehydrogenase, SDH) frim?e & 2 C it #
T tetrazolium IR B 4] 0 4 = F 4 o formazan B % o formazan & & 2 & F 2 E
G BP R o BRI IS AR AR S 1 x 10°cells/mL 0 & 96 well &
BAGYER well 4v » 200 pl himfe Bigie 24 PR AR ER O E 4 r
180 pl AZm e s 20Ul 2 PIRRZ RS G Rimie X g & 973
e AR @A FiR £ 4er 100l 27828 RR2E 250 6 MTT
%% (2mg/ mLinPBS) #kF & 3 /] BF > £ 4~ 100 ul 7 DMSO » 10~15 »

4158 570 nm Z_v% kB o

=

AR grlg oty o

Growth inhibition (%) = (1 - ODday2 treated well/ ODday2 control well) x 100%

(=) mNmee ke rimie 2 R FHp 2 B
mre T B o

BT 3 A RS 1 x 107 cells/mL 0 & 6 well EFR A% &
well 4c » 3ml ehmee fisie 24 P PFER AR E R L4 r 27ml X 7 & Fen

38



BERE 03ml 2 FERZES UV FRaCERFEETIFER BAFFLEL
uf‘gﬁ% SR I A g o0 2 ml PBS Fied o Jr R DA g o S r 0.5 ml
trypsin > *x > 37°C # % 48 5min f&#4p &% > 4v » 2 ml 5% FBS/PBS » iR & {5
e gpe g o 1mlPBS ks =t o e 2 g g o 2 600 g He 5Smin 2
EH FR o g ESdg e 4vr I mlPBS Aftime o RIPFETHER - 2 600 g 4
< Smin (8 EH D IR g R TR R - FEMF ~ 3ml4TC

70% FpE 03t -20C #EER (FRFHZ¥) e

L

600 g A Smin {5 EH L+ FUR 0 4er 2mIPBS Adtimte > R Y PEF
Beo 14 600 g A 5 min fo B R 0§ RS0 Ser 1 oml Rpe2 Pl
solution » M= 3 > »> 37C # %7 J& 30 min > 2 40 um nylon mesh i & 4 %
B & enimre > 12 FACscan 7% %2 R:E (74 15 > & 2 ModFIT m*e ¥ #p fic 48 &

e =/

(~) P T A% fal DNA ¥ it
(1) e jcf &4 ¢ 4 DNA 55~

e B o

BRI A RBE L 1x10°cellsymL» & 10cmdish ¢ 4 » 10ml 5

R 24 PR R AR ER L Oml A S FarERZE I ml o7
FRRZARE 2R L PR ETTHR  RAFTRELE R ERARD
o g o1 2mlPBS Gikd X o c I A F o ber Imltrypsin: 2 r 37C %
%48 Smin 44 AN 4o r 2ml5%FBS/PBS v i & {8 jc b T 4w o 1 2ml

V;\:é-%: o

PBS ik = e T4 f o 2 600 g s Smin {5 Y FR

ok
[l

fexr ImIPBS Aigim e R 3 R SRR G w3 M de F o0l 600
g #ro Smin (g Eexgpard ok ik o 3 20C g e
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24 4 DNA F B~

# g 4c» 50 pl STE buffer » + ™ 53 T {5 > 4 » 300 pl Cell Lysis
Buffer> } TR 353 15 5 60C szipth? F & 10mine » R F > 5 &
e 3min #3egg S0 F RSB RESEP K o & F 4~ 8 ul RNaseA » 8
oyt g 2% 0 B 37C 4t 10 min o & ¢ 4c » 100 pl Protein
Remove Buffer» = ¥ F T iR & 10sec ¢ > & 7kix Smine ™2 13000 rpm .o

Smin f5 0l B FRR DGR F P o AL FiR Y 4 r 0.9mL95% i

e

oy

R E £ A HRARAAM AT > B FE 25mine 2 13000 rpm

oo Smin (80 Bd L FR o RF UK o & 4er 0.5 mL 70% JFpE 0 b T e

~

& 50 11 13000 rpm Atew 3 min e Hres fhexd iR o R 0 70% G E
AR e - Fo R g BRI AT RM ML F F R BN R MY
FITHK A & §o % 18 > & B 4~ 50 pl TE buffer o #-dt.c ¥ ¥ 3t 60°C s ® 30

min > ¥ = fg 5-10 min M/ + dp 58 4p # B 0 112 DNA 3 f% o

(2) DNA k& & » 7
BB 4l DNA 73R 2 g Mg s g @ > 4 196 pl TE buffer » = 4~

R E3050sd 5 F £ 100 pl AR DNA 3% 2 4 » 234 96 well ¢ o il

% DNA j3/% % 260nm % 280nm 2z % ig - §|* Beer-Lambert i > 7 11
By kR -
2L g N\

Aggo=exbxC  Cx50 & sk & (ug/ml)

(e 3k il bik & C/ﬁfi)

(3) T a AR R T A2
1.5% agarose gel % :
F=8~ 0.6 g agarose #s & {$ » 4t » 40 ml 7 1x TAE buffer » " il g v %
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f%{s > 4r » 40 ul DNA safe reagent> # % 2 6353 8§ » 4 B¢ > 73+ 12 well

bt B2 D0 20min FHEEH -

# % DNA 5
EH LA DNA &5 8Spug» Gt & 133 pl & 6x B HIH R

& FARMAAT K o ME BRI E e~ PR L Sl

=H

’J‘ ‘\-‘;JIJ\—LEQHH/} )1‘l ‘:"hﬁ' TL ’ ;'Z"ns/j‘ 11‘\L _B'E"_'}l.\'ﬁ[‘/’j ’F% ¢ )‘ lx TAE buffer Ei/%/&
3‘_‘3583/;1 o #-% 1 DNA Jf};‘_,r;qég)\ﬁg;fgé ,;_—{__F ?diﬂ\’ﬁiéﬂg;{’u 50 V &
TR 45min 5 FEBCARES DR A2 - A BB T RIBROY S

r2 UV transilluminator box gL% ¢ & =% > 4p R T e

(1) 7% BBy FLim
(1) ‘% o B 21 3w JF 5 Be
e B o

AT mie IR RAE L 1 X 10° cells/mL> % 10 cmdish ® 4t » 10ml #h
MR RFR 24 M ARAER L Iml AZL G ARE 1ml 7
ik Rz R SR me R kA 24 hre 24 hr B ERARIGE o N
3~5 ml PBS ;ﬁF‘-i;‘a,fsm’?é Z % 0 # PBS ws4z4c T o ? o 4¢ » 1 mltrypsin % » 37
C B4 4 Smin & w4 T 5d dish K0 e 4 r 3~5ml %% &w% 747
#E fs o g 0 02 1000 g S min 2 B g o gt (5 EHEE iR 0 2 0.75 ml
PBS #r4cim®e » wAsic r e s 0 £ 02 0.75ml PBS % k- S F oo b
B g Y o 1000g4°C 2 0% s Smin o B ,g,c,\f iFite > 4ox 1ml

PBS /& 3 mr{s £ 12 1000g 4°C Smin & - = o JRo 8 8-F G g E547 -
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v FE B
#- 100~300 pl lysis buffer 4c » fm#z pellet » » BT Hcfyis B3kt bt £
AT ek drdh R 30min o 12 16200 g ¥ 4C T e 30 min v des )

BB b iR R R 0 R e iR 20 o

(2) v FERTE AT
#rn2 5 F F-d (bovine serum albumin, BSA) fe® & 0, 100, 200, 300, 400,
500 pg/ml #)EA - 5 Fod AR SR E95 F BRAP 10l 4] 96 well

(% = £47)c %39 ¥4 # (Bio-rad protein assay dye reagent) *v K = #1 F e

B O(4H ok =1:4) &% well 4cr 200 ul o »* k34 47 &K B E 595 nm & &
B0 @I B R S MR AR AR N SRR R R G

Tl En (5plR 595 nm R E > AP I FHEES M R R P E

PR TR -

(3) H [ Y fie*=7 A (SDS-PAGE)
BARE 10% 2 ~ 38 (separation gel) » 7 » ¥ 7 1511 95% JFpE RE
FHGE g R B~ 4% 2 & B (stacking gel) 0 GEF 1 4

PRERIITAMY o TAEER PR RS TR (40 pg/well) 4 i

it

¥ 4x sample buffer> 12 Z4g k-5 B % SRR B S - 0 3 802 100C

B Smin - MRS FRREE Spl G0 A BRI Y o KT

S

FoAN B0V £FTA 30min FETRAFEL 120V Fhd Trs R
2 Eo A+ E (10 kDa) 8832 % 2 BT S ERA TR - B PR F 0 T

Bro AR BBRRE BB HILAE (2)

(4) v FHe
£ #- PVDF %t 100% ° fRiEREcf)éb R¥»E SRy §% g3
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2R A AENEEEERY L TE o Bn 2§ A2 SDS-PAGE B ¥ x
AEEEERY THY Smin B+ & (Biorad)c #-53a M 3 M R
¥ ~PVDF membrane ~ % 5 ~ 3M g~ 53 RRRYH > T WL T F e
A4 s T @ge o piies oMt A rEERY YR f R
PVDF & §F I & » jﬁ%—i + dvh2 g e o WA RS E M o ) M B B 5 0

4°C ®12 400 mA 5 75 min -

(5) B2 % %4 % ¢ /2 (Immunoblotting)

#-f Br % = 2. PVDF membrane &3t 5% %t Pq4 (733 PBST ¢ ) % 28
blocking — -] FF> 1/ [EET2E L — MR F o -2 miglH 15 0 2 PBST % 15 min
ZEts o e - mfkl (4 PBST #PRIEF 8 3) % 4C F R o IR = wlH
- BFUM{S (Fwfcit ® 35 %)> 12 PBST #% 15min = = » £ 4 » 2 PBST
et HRP 2 = sfibl 2t 3 B F fo- ) e ¥ st H 1 2 PBST if
# 15min = =t > {60 ECL # 38 % ¢ » 1% UVP 4 XR¥ LARB > v o
LR RS

- B PR 2 ER

- Bl B oY ;| N3 g
Anti-p21 (1:1000) Anti-rabbit (1:20000) 18
Anti-p27 (1:1000) Anti-rabbit (1:20000) 22
Anti-cyclin D1 (1:1000) Anti-rabbit (1:20000) 34
Anti-CDK2 (1:1000) Anti-rabbit (1:20000) 34
Anti-GAPDH (1:20000) Anti-rabbit (1:20000) 36
Anti-p53 (1:1000) Anti-rabbit (1:20000) 44
Anti-cyclin E1 (1:1000) Anti-rabbit (1:20000) 47
Anti-cyclin A2 (1:1000) Anti-rabbit (1:20000) 49
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(L) A

F %K% 2 SASv 9.0 5= (SAS Institute Inc, Cary, NC, USA) #c#8#4 {7 si3t 4
17 > 12 one-way ANOVA >z 3 & £ B> £ U< 37 5 %3¢ P|%Z (Duncan’s
New Multiple Range Test) &3 @ 2. FF & F 3 BF L8 > 1 p<005 3275 ¥

AR ARRE > T oa~d &7 o
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FAR BRBHH

() HBE G 40~80% tefch mipessimikde 5 5 2 i

Zhao % % f 2003 Ed FriciFe A it D E 4 Fedliig A Ko 4 duR
B3 (lectin)» A5 2T HEBR 3202 A9 %225 AFF (o 2010)° Mz
FLdsimt ki e B 40~80% #rfr (vl E Farphdstkfe o B F B 1 kg 37
gL 55 40~80% A fe R pipiisukc £ K B2 B2 ficie o 7 7 100 mg
FEY o FEFY 001% & Z v e Fai 5 AR > BT R Fl S HR

}g§ _;Elall}»—ﬂ-,kﬁ,%}l'—{liﬂg iifEFF”"Lr;K"

(=) MEF 40~80% & frR mipbdeiiikd 2 @ F AP R ILPT LA T A
#-0.15 g B E G 40~80% 4 fr Rk FrfEdeitikge 54 0 14 50 ml Tris-HCI
(50 mM, pH 8.0) w3 s > i~ DEAE K@+ 23 &7 % 4L (2.6 x 40 cm) - 14
Tris-HCI (50 mM, pH 8.0) % =3 ;% = -] B 30 ml 2 jniEie %) 600 ml f& » £ 4
BB & B (gradiet mixer) (7 O0~1 M NaCl & F B R34 > A B o Bz
Bo&F ek TmleB6-1 5MEL 40~80% 4r{r i fnfik 4&iTik 4 12 30 o B 4
BN kTR & 280nm A& xR BE P > 12 Tris-HCI (50 mM, pH
8.0) B frp iR ik ehifiy » VRS B F-0 FaE > AuIRASR 1428 F (i
A AE 98~196ml) 112 & 29~56 F (i EAE 203~392ml)e iR R & Bk (F
O~IMNaCl 2 F AR ZHPEF > TFBERAM S FIFRHERL T2 30 > &5
ARE MG A BAET ko B 280nm A RS KRR o FEI S B0 FLE
AN A S 128~188 F (896~1316ml) 12 B iS#ER A K L 7 1 MNaCl ¢
Tris-HCI ( 50 mM, pH 8.0) & ¢h% 214~219 ¥ (1498~1533 ml) = #-% 73 i 33 &
5% 1 M NaCl & Mmep v i & - ez BEG2 EFRe i Tt 3
ook B 0 F P BRI A L & A280 3 0.1 T e fad
FH R TE2L S 128~183 FApv £+ v FIRERPRFH RIS 2R EEF

45



- H A GREREFEL AEREYRLE LR A L d 2T
HM-3 o k5267 7 Smg A4 > BB FEGEST Fkirm e 015g 5 4p0 >

TALF G 333% 2 d FTEAET G RIE > wizF R 5 0.00033%
P

(Z) BEHHEHRF LB EL 2T AR T

ME G4tk 400 DEAE B3I R M SRR AE S AR A
{s#r® 2. HM-3 12 12.5% SDS-PAGE £ #F % /A#% % > £ 7 CBR % ¢ &}y
FAFEATHY > RAGFERBMI AT A RFF2L 24 - ¥ ol
kR A E A 510,20 2 40 pg/mlc F B S~ 10ul 2 & TR B4
BRAcH 62°HM-3 1 & = BEAS A o 43 E 484 10~15,15-25,25~35
kDa » e &g d # cha 3 £ 120 35 kDa o %k T g2 B¢ 20 B 3 5 R
ehd A 5 Jepl 7] HM-3 © 2t > B4 3% 53 s o HM-3 JER 5 10, 20,
40 pg/ml ehd F @ A > Spg/ml FLER K d F R FE

ARG AT o ME R 100% & fcR ATk 1 DEAE 4T 2
FeR SRR A EA T EFL HM-0.1 2 HM-02 > &7 ¢ ic ¥k 2
HM-0.1 # 45~66 kDa § # B 40§ 00 B¢ F > @ HM-02 e ¥ 3
B¢ 5% 20~30kDa 2 B (3% 2 2004) c & At T 0 A F H ¥ HM-0.2 kg% fe i

B 2AIRERS Fe Far+ £ ¥ 30kDa -

(2) BERERF LHMEFLAFZDHE AT

IR 2 HeE AT A BT e HM-3 SR k2 B2 hacts B 5
mg %> 2ml Tris-HCI (50 mM » pH 7.5 > 0.15 M NaCl) » j* » Sephacryl S-300 &
(1.6 x 100 cm) & {7 48ER A 17 > & L PFF 30ml 2 g el o & F el 4
ml o B 6-3 5 I3 2 Ty F o4 4r 2 S-300 B E ALK ATH] 0 & 280 nm =k
Ble#™ > R85 - B > HWES 21~50 F (84~200 ml) - 12 blue dextran ]
Erfgdz Voi 80 mlo Ve 2 190 ml> A% B aE Vo 2 Ve 2/ >
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80~190ml > F B2 E A RP LML E -

% S-300 £.4% SDS-PAGE ¢ i
FjE¥ CBR %6 %% 2 2§32 AT (Mo 2010) 0 # 3 a vt F s
PRI EFN HM3 £ A3 A AN R e % P TE 4
AR o SB P SRS EE R - B o B Vo i8R I > g
WiRAFERCZPF AN RN REHPR O HM3 5 A3 £+ g 7o

S-300 4 #d-d T Bl 5 1x10° ~1.5%10° Da > & kzeiE * S-200 - A &
B % 5%x10°~2.5%10° Da > # LA IR L 7 ko A RC] i S200 %
¥ HM-3 ¢ A5 B#0) chden FA S k> F%iEE Y& S300 40k o B 6-4 5
LT LM R A H 2 S-200 R K 1R 0 & 280 nm Tk T 0 4
IR & h¥ 17~44 F (68~176 ml) > nF Shdc=i (s o & * gt A fER
TRATR A ) A R AR L A A A Ak o B AR WA (T

G e 2 T o fERT B R AL G Moo FIMMERE AT LR
2/ 3rcs o %t H_{ #t DEAE-Sepharose IA8f+ 23 gk @A > 54 0 #
RERHRCRLIFPRFRE  BREFLE A ARG OF9 FreFedpdia

3o

() HBE G 40~80% tefrB Fpessimkd 2 [F 1 B4 R IS8T L HH T A
#-0.15 g 9B E 5§ 40~80% 47 fr R FrpidsitdkAe 0 2 50 ml Tris-HCI
(50 mM > pH 8.0) %3 {5 » 71 » DEAE FatF 238 K474 $L (2.6 x 40 cm) o
Tris-HC1 (50 mM > pH 8.0) % =3 % & -] pF 30ml 2 /niE 2 600ml f& - % & *
HRRLBEF O~ MNaCl @ BH- R A3 7 £AYFEE S 0220406
0.8~ 1.0 M NaCl 2 Tris-HCI (50 mM > pH 8.0) » & — SRk B # | i ey & i
- BE A (9 180ml) o FFd BIER S U E R RA KT R FARR §
T2h0 FEH TR T UAREES Bk Smle B 6-5 A& 40~80%
e R EIRRACTURY RS R R N2 e L A 1TR o & 280 nm A &
Wk Bl ¢ > 12 Tris-HCL (50 mM, pH 8.0) % (773 % im i ehdf (2 18 (7 fm e F S 15 »
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F R4 HepG2 T & P B end L Frd I d o it enif A 13 B jch 2 ivE> &
BRI FE P BRI, 2Rk o d B 6-5 PERINI A FRERZ ¥R
FREE S VEIP RSO B > AR5 F 1553 F (75~265 ml) ~ ¥ 54~90
¥ (270~450 ml) ~ ¥ 91~126 ¥ (455~630 ml) 12 2 % 127~166 ¥ (635~830
m)> &25%AF I ~I -1 2 Ve i A I ~I~~1 2 IV Au[i*3
02+0.4-0.6 2 0.8 M NaCl = Tris-HCI (50 mM, pH 8.0) *7;3 &>z 1 M NaCl
Tris-HCl #7133l Q13 P& o /e A pr IV SR ERIK > ¥ 7 X F S5 5D
AR FRELERRIPAEGEE  JERT A FE -T2 EEGS £
MBEAEET AR a ERPRG D TP AER N FAFE T 0T %R o MR A S
I ~0 11 A28k ﬂﬂﬂzﬁl%w BB R RN RSP I gEcis

SRR RAY IS PR FNERERLY I I BEFSF w5 o

() BE N 40~80% 4 frR ALL4ITAY & IS ALF LA % 4 2 4 HepG2 2
4 & el SRR
(1) 40~80% 4& fc & Frfis 4ok 3~ ¥ HepG2 2. 4 K |

ARk B2 E I 40~80% 4v o B BRI IR R B 4 81 A ST O b e
HepG2 3 % 24hr #3872 £ drf|FRIHE > B % 4R 6-6° 12 0100 ~ 200 ~ 400
% 800 ug/ml e % 4~k B % HepG2 AJZ 24 hro ik & 5 100 ug/ml P& ciagirs]
» 4.14% > 200 pg/ml oprd|F 5 8.02% ° § Tk R E &% 3 400 ug/ml - 2 &
FrflFa JA T 43.65% 0 @ 2 800 pg/ml AT 24 hr fs 4 R ek A3
85.96% SR PN 4E2 - B B E F 40~80% 4o B AR ARk AR ¥ 4 % HepG2
L7 kB (ICs) 5 460.03pug/mled B 6-6 P BRI F AL EREEE »
fechd Rl e F M PR % o e E 5 HepG2 hdrd] L 5 k&R R 2Tk
(concentration-dependent manner) o £ % < /I?ea‘;] o I g 40~80% 4 fr R Frfihds
kAR F P 600 ug/ml £ K& B pmie (CT26) 23z % 24 hr 4> 24 Efr
F1F L 67.75% > m & 48 2 72 hr 5 0 B4 EfedlF e nvid 90.3% %
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92.81% (# »2005) « F]~F %k AE{TEAE & 600 pg/ml 2 £ prd]5pld o w

MENFZEFEFER S 600 ug/ml FFodrd 35 64.8% 22 A (i % ApiT o

(2) 3T L HM R FH AR F A4S HM-3 $ HepG2 2 2 & Frd|

# DEAE-Sepharose M 4t+ 2 # k1 F L+ 2 FAHF R TETF L %L F
HM-3 > 127 kR 2 HepG2 324 12 % 24 hr {822 Edrd|F 4B 6-7 - % k
B G 25ug/ml P EJ2 12hr 03 EdrdlF L 7.02% 0 24hr Bl 9.25% ¢ B R
» 375ug/ml pFo g2 12hr £ @t 24hr § o 2 2 Kdrdls o wH Frl 5 S
3437% > 164 5 11.67% - #-kR®F 0 3 F HLIENE | - 1 50 pg/ml gL 12
2 24hr (885 LEdrdlF o n i 8741% % 88.25% - 12 100 ug/ml A2 12
2 24hr end EFrd|F Rl A w S 9242% 2 91.08%-° d MM FEEE V EF I
HM-3 % HepG2 AT 12 2 24 hr i5¢h ICs A 5] 5 412 pg/ml % 43.76
pg/mle®§ ¥ HM-3 a2k & 2 2 > w2 cd & frd)| 54 3 3 4 chIh %o HM-3
HepG2 chfrl £ 3 Jh B i 3/l « 52 40~80% 4 fc B A1k 4RI AR 5 4 2 2 &
At > HM-3 % HepG2 #rs]2. ICsy "% 5 L o 2. —» Boq - Heandh it i

5 ek R R -

(3) KdF 2 A A FAY 1 ~ 11 $ HepG2 2 4 & Fri| %
DEAE-Sepharose 43+ 2 # A 47 F L P RAHFRATEZ F A& 1 #
HepG2 2 £ Frd|F 4o@ 6-8°11 25 ug/ml 4 HepG2 EJZ 12 hr pF ¥ @ P &g eh
Frdlac 4 oo A EFIFETF 1.26% 0 AI2 24 hr 44| FH B I 133% - kA S
37.5ug/ml P24 12 % 24hr en2 %407 > Pl F A W 5 17.63% 2 17.69% o
PEREER D S0ug/ml pFrESE 12 hr ok it o FredlF L 24.41% 5 ASE 24
hr ehgrd| F Bl 5 19.44% o fi< kB (25 pg/ml) PFri&d2 24 hr ok it o jk
B pF (50 pg/ml) BIASE 12 hr docsk ks > RREERRE 0 2 £ gl F 0
Wi g o Tod I BHEHRE- FEFFTHRPFEIFINoE LdrdlF 5 4 &
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2R EERTR ¥ HepG2 ¥ &P dgendrdla 3 - A4 d I HIHASE A 5%
in¥e HepG2 PFetgdrlic 4 » 2 3 1A &% A5 [ 0l & #4r4] HepG2 4
£ F LG R IT* (synergistic effect) > #-H B2 w25 [ MAple vt HIR & {53847

2 gl il -

(4) sFE |
¥ HM3 %A 12 B f Tfell 2R &4 4 W3 ik A ¥ HepG2 /&2
12 2 24 hr» B2 4 EFrd|F4cB 6-9 22F 6-10- 0 B 6-9 7 BT » 1%
Ptk ¥ HepG2 17 12hr 234 > § k&A% 5 25375 2 50 pg/ml p* -
pofakET Y HM-3 ddrd|d G > B %45 1 R IfcIRES
$ HepG2 x i #rdlicd > 2 £ drd|F A f @ kRE 375 2 50 pg/ml pFyt
CREESE T HEEMLR o AJEFER S 24hr o d Bl 6-10 ¥ RERIER 5 25
2 375ug/ml pFo F A p I endrdlic 4 3L B i85 Jﬁ" FeokBR#EBI S0ug/ml i o
HM-3 enfrd] & g B RS EFRHEFELR  FEN RS TRA
FIfeRAP TR g2 ehk Dy v EjpR* Zofr 1k 3 fFTRERIT

oo gt = AR A¥ HepG2 17 12 2 24 hr 2 B & (B Fend £ Frgl 5 ¥ 11

s

M-3 it o daipld SIAHE S LM R A BRIk T L T REEARA
FTREMZUILEY I - RS FIP TR AEARIFFRYAGERY B
TSR LS R g R R A A LR L T plIRa @ R S

FIA 4 RL (3502004)0 FIt B 08 G A E R H eI 0 HMS3 S R &

(=) BEFERF LM E A 4 HepG2 2w k¥ A i
iﬁ@%%ﬂ’%%§4%%%ﬁﬁ@%ﬁ%g%+ﬂ%%&@ﬁ(ﬂ%)
4 & ®F* Gy/M phase ™ % 34 sub Gy 2 & (f§ > 2005) o X g A v
PCP3A ¥ A H 4 459 oofsiwmie (U937) Mwie ¥ 8 /¥ S phase 2 lw¥ i/} =
(Ft > 2010) o d 2 420p1Ag & A4+ 2 4% % A 4 HM-3 $ HepG2 24 £ #r
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FIT i G A AR Y RF L B RT o AR RS RN e R
ka7 5t S IL e HepG2 e sk it o g L AR 2 R Prd|F ek k> 1
0-25+375 %2 50 ug/ml 7 HM-3 ¢ HepG2 # % 12 % 24 hr» LR H wmie i}
gt > BEAoR 6-11 ZH 6-12° 2 12 2 24 hr {8 > BHARRI| G P &
2 sub Gy Pl e ¥ A 4 = o HM-3 7 FERGEIE Az 4 12 2 24
hr 15 #0237 Sphase § TR g o HM-3 e kd 0 =3 50 ug/ml>
B2 12 hr éhim?e B S phase t b)d 29.19% T '8 3 21.87%; k2 24 hr ihimE
Pld 32.41% T 3 27.18% - G, phase ' &% i i fm — a8 F o A Gy phase
R o 2 12 hr f5 0 Bt blF AT RS A endB g o e P A atg R RC) o
Bte 2.9% FkAd 0 223 S0pug/ml 2 HM-3 AT 24 hr ¢ HepG2 im
¢ Gy phase ' bd 53.53% A3 61.12% > # AT 7.59% < d 11 HM-3
72 24 hr 7 HepG2 ‘42 @@ 12 hr F # i P 88 G phase 3 4v cigh % » F]yLiE
# 24hr ppERFEL > T RRIEk R D BN 4 0 R4FE 2T F Gy phase ot
BB F I G o

# HM-3 ek B2 RS 02255075100 % 200 pg/ml» ¥ % HepG2 32
% 24 hr SR H we R > 2% 4cB 6-130d B 6-13 ¥ REERIERK
2 200 pg/ml {¢ & & BRI A sub Gy F 2 > HM-3 * A3 Fiwre k= g
4o FRRID 0 FB L 200 pg/mb> Gy phase vt bid  52.67% H4r 5 69.37%:
S % Gy phase ' bt Pl E - TPARE o EAFZ AP RS KBS FIE L F
6-14> 5 k&4 0 #%F T 200 ug/ml - G phase ' 5]d 54.35% #i+c 5 69.08% >
R T 4 K ®AF & G phase eI % (G cell cycle arrest)>S phase 7t i
BERKZBL TSpgml 6o TRl i HFLRE AR FHEEREF AT
' 1484 » Gy phase 't GIMEE R N LA BFE o
AREY e Arimie k- AR RGP mre o it 2 mie s 2 T T 50
PN O E SN ERL IS TRLE R L f-1 X8 S8
5144 St (Kerretal., 1972)° 2% Sk 0% 4 i 4 £ X3 510 75 fotm % 13 =
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H_P R o %18 2. — (Hengartner, 2000) - £ % < [;J%#F, o BT e R
B~4 hypsiziprenol A9 £ F #r#] HepG2 ‘w2 £ cfaig 4 > ¥ ¢ 513 8 wmie ik iz
7 & Gy phase ° % 24 hr #&J2is » § hypsiziprenol A9 kA d fdlekF 3 1
ug/ml > Gy phase ' &4 65% # B 3 81% (Chang et al., 2004) » 3 4c 7 16% ° 1
25 pg/ml M E 5 100% FifAeivik 2 4 2 R 4 A B HM-0.2 g A o
O :}?*‘r,‘ém’f'f? & (U937) 24 hr 1 » G; phase ** i]d 47.96% & % 1 80.07% > 3 4
T 32.11% (35 0 2004) - AP % ¢ HepG2 e &7 HM-3 AJT 24hr 14+ & kA d
0 ¥ % 1 200 pg/ml > Gy phase ‘' »d 54.35% +F = 5 69.08% > 3 4c 7 14.73% -
FEESEm A gt R BTN BT S ESEEE AIE S A e

oAk o

() BT ARl DNA 2 B %

DNA % Eiv 5 fmre = addficz. — > fwre ¥ ch DNA ¢ 4lf2 5 180~200 bp
“l e R B (Wyllie, 1980) « & % % % HepG2 12 025375 2 50 pg/ml &
HM=3 324 12 2 24 hr f% » 65 im%e @ 2. DNA ¥ 17 1.5% 3 "5 4% % &8
(agarose gel) &7 T A LR G AEIL (S mPe ¥ DNA 4 -8 6-15 217 1.5% 3§
PR AEE T R AR DNA YRt % > M 5 100 bp 1 DNA 4 3 & 1%

d BP PRBIAIE 12 hr pF> 4 HM-3 R #% % > DNA # & (smear) 7
By e e @ m R DNA PR e %k o v 0 2 25 ug/ml HM-3 &J2 24 hr
fE P B DNA G574 - 427 &0 £ A5 4 » & PF 7 975t o HREP B
Fendidm ;Ao 375 2 50 pg/ml A&JZ 24 hr 16 HepG2 2. DNA =~ 3L smear
IR G RS FARBT] DNA B Bt o a1 iR % > fap HM-3 ¥ 7 i
% HepG2 % # P2 /¥~ o DNA smear IR0 ¢ Jt 17 # B~2. DNA ‘w2 -
S BT I RIS PR A 4 0 ek (necrosis) (Kerr and Harmon, 1991)° < [ﬁ%;}ﬁ
Moo dmre g4 k= PR A - € IR DNA B EGC P ¥ 2 5 caspase K i (T
(Galluzi et al., 2007) » Fg* 3 b PFpic & 2 @ 48> X 0 AEiin e 53 4b -
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(1) &= BBk A 45w A M 3oy £

,

!

A

A1 iF el

1.

d p

Prsi
i

SR R AT R AR A S HMS3 iR A SR
‘m*e HepG2 ehmPe ik ¥ ®F>% Gy phase > & ¥ & LRI w% k= L % o 5 4F
3 HM-3 Z 3 P a4 HepG2 S22 & Fri| % e ¥ 2% 3 G phase »
AP B G R B R PmE ik P Gy phase 4P R 39 p53 -~ p2l -~ p27 ~ cyclin

A2 ~cyclinDI1 ~ cyclin E1 2 CDK2 2. % 3R -

(1) p33

#-A g e HepG2 14 0~25~50~100 %2 200 pg/ml =7 HM-3 32 % 24
hr 5 40 Boimee ¥ 2 Jod i (7 R ARORT A (40 pgiwell) s £ 116 S % Bk A
Yo T AP 39 2o B 6-16 5 HM-3 AJZ 24 hr % HepG2 ¢ p53 4 7L
B2 RGHNT pS3 AR LI ERER G W oS -2 HM-3 k
B L 0 ug/ml hfdle4pt > 17 200 pg/ml B pET @ p53 4 g+ 2
86.13% » MMM A T AEH F AR AP T A AFREL X AR o d b
% 4iip] HM-3 7 4t g3 % HepG2 ¥ DNA £4F 0 £3 i&— # &1 pS3- # ¥ it
A i » Sphase w7 p £ DNA 24f 01 iF o

% ez @ DNA X 3ppF > € @ ‘w22 ik ¥ % & checkpoint 1238 {7 B 4F > ¥ 445
Al LB e o F A ARSI e § RT RE L LA % - o G phase
checkpoint £ ¥]& 35 p53 - &2 im¥e k= £/~ F “THE % (Reed, 1999 ) & # A g%
e p53 € E T Wik wre k= 4 0 Bax 2 %] (O’ Connor, 1997) - p53 % *if
#r4l7 F] (tumor suppressor genes) * . DNA & 4FPF € 3 4 > #7514 p21 o p2]1 ¢
Fr4| cyclin/CDK 4F & %8 eni®® » & w2 ¥ 3 4 G phase BF I g » 17
DNA g4 ot 7 p2l ¢ > p53 7 ¢ i@t Gadd 45> 4 £ DNA i34 40 b 2

#-v (Ford and Pardee, 1999) -
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(2) p21

p2l % p53 e T ATy p2l AAECET EET] G/S lmie b inF aIn
% (Eastham et al., 1995)- @] 6-17 5 HM-3 mJ2Z 24 hr ¥ HepG2 * p2l1 # 3R E
2 R p2l ARE T AITERKEB A H A > 1 200 pg/ml L ITPF
p2l MBS P Ant £ 4 MEHLE (p<005)-d i % p HM-3 s
T g et HepG2 ¥ e p53 @ it- H st p2l o iea i mEH BF A G

phase °

(3) p27

Bl 6-18 5 HM-3 A2 24 hr % HepG2 ¢ p27 2B 2 B8 SAILS i
fe Y p27 A REFAlefpr TR F AR > fp HM-3 @ 2w I BF
LEWEE Y p27 A o p27 & p2l B A CKI ¢ Cip/Kip family » & #r+41] %
® cyclin/CDK #f & %8> 4c cyclin D/CDK 2 cyclin E/CDK2 % - & p27 % cyclin
E/CDK2 ehrd]sc% # cyclin D/CDK if © % 7% it & 73 cyclin D/CDK ¥ &c 3 ®
Wkl e p21 & p27 0 Flim e T i At sk cnd @R T A F 4 CAK
(cyclin-activation kinase) #t#r#4] (Koff et al., 1993; Kato et al., 1994) - & ‘m*e 4 £ Jiw
WEAREF 2T iz £ B Bkl p27 hE ¢ T % (Katoetal,
1994) > A F 5 p27 = AR Y 5§ A Zndk B R T E LT

AR R ibdp 0 T 2 #F )b 0 Gophase FTRR o

(4) cyclin A2
A ime ik ¥ G phase BL¥ ocyclin A #4 & 2 443 Gi-S phase 2z ¥ e 3% 40
¥ E& > F cyclin A AIrH|pF ¢ @ wre &2 8l » S phase (Girard et al.,

1991) c #F % ? E£#H# 7 cyclin A2 A8 K RIH LME » 2 B> cyclin Al ¥ 5

T

VB2 7E mfe (germcell) v cyclin A2 iy e iS5 g AR o B 6-19 & HM-3
Fd2 24 hr ¥ HepG2 # cyclinA2 £ ME 2 B 5 GrJ2is w2 ? cyclin A2
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FREAllepprt Y 2 F LR o HM3 ER KA T3 ¢ Bl mie ?
cyclinA2 % B E o § ‘wfzi& » S-phase & > cyclinE ¢ *#f% @ cyclinA 3
£ €7 g3 e enfA; (Sherr, 1996) o A F7 3 ¢ BLEF| T 0 HM-3 2 s 2
HepG2 137 Gjphase i®iF eI % > 48P w9 & R i& » Sphase’ & cyclin A
# BB T EH A o p2l & cyclin A/CDK2 9§ » A%+ 2 —> 5% F HM-3 e

ERRArm 2 MEHRSF 0 p2l > & A% cyclin A2 FILH Frg|sc sk

(5) cyclin D1

B6-20 7 HM-3 2 24 hr ¥ HepG2 ® cyclinDl % R & 2 25> 5 a2
fgsmre @ cyclin DI éhd Rdrdllejpr F 2 ¥ £ 2 > 42 HM-3 2 = G
phase &% 7 2L5 s #r4] cyclin D1 @ i = o D-type cyclin 7 D1 ~D2 %2 D3 %
Zf8 > Ewrex¥ P G phase & ¥ 33 FF]F o D-type cyclin flmfe FHp ¢ chd
T AR OR BE 0 RITERE Y LA 8- H S e AT
% 04 & (Sherr and Roberts, 1999) o 3% % £ gz @ o cyclin DI 7 i & £ R
(overexpression) 3R % (Sherr, 1996) - D2 ¥ D3 # & 23 & — & (tissue
specificity) » #o ¥ & T fwore 3] fi chd w3 IR B 8 0 Gldef R B R R0 &
X3 %I (Courjal etal., 1996) - cyclinD ¢ /& i* CDK4 {v CDK6 > I £ H 245
&4 > KA ¥ cyclin E/CDK2 =g {7 > ¢ fmP2 (28 4]d G, phase i& > S phase

(Ford and Pardee, 1999; Adrian and Edward, 2000) °

(6) cyclin El

pa e srin cyclinE 3 A &0 2 % 5 cyclinEl 2 E20 pt 4 'fgj& 2 Ap i en
Afpie* > @ cyclin E2 efp A= 7 #& > (Hwang and Clurman, 2005) » — 4§ 12
cyclin E % 45 cyclin E1 - §]6-21 % HM-3 &JZ 24 hr # HepG2 ¢ cyclin El
2B 2T MHEEAIZS cyclin E1 2 B8 AR #1105 & 5T % il
Pt 3 EEFTEOR G (p<0.05)° & Ao HM-3 ¥ SiEdri]
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cyclin E1 % {¢ 'm?s @& ;2 id i checkpoint > &/ % # G, phase ®F 2. R % o

(7) CDK2

CDK2 ¢ 2 cyclinE % cyclinA &> A3 dug A u f 342 G 2 S
phase> ¥| 7 S phase 8L¥F cyclinA x¥2 CDKI1(CDC2) % & f F S % Gphase
z_ B ehgg 3 (Sherr, 1996; Adrian and Edward, 2000) - 8] 6-22 3% HM-3 &2 24 hr
¥ HepG2 ¢ CDK2 #RE2Z > Km2ié CDK2 2R E&idlept ¥ &
BEEF LR o8 CDK2 ¥ ANEAJLER F B EFH L > d 2 EAJLE cyclin
El ch& ¥ T 4 > daiplm®e @ &5 th cyclin El ¥ it # cyclin E1/CDK2
A &R E » B0 @ 3142 Gy phase &% o CDK2 % G phase e d3 4 7 I
R 3 Cip/Kip F9 ##r4]% Rb EEadrilics i (Sherr and Roberts,
1999) e #pm 3 ¢ BLBET| p21 2 2ME F "EAITIRAEH o d b A DigF o e Fl A fa
Bl Rb EHE- oA iEE3 VR R E- B ABED CDK2 2R E TR % o

FAEE S LA RS FARZSE 0 HM-3 AJRis HepG2 e @ 22474
EAPEEEFB LB hEd b p2l 2 cyclinEl>p53 & B 4 HgH{ e e T i FHE
BLEX A REFLE  p27 - cyclin A2 ~ cyclin D1 ~ CDK2 RI% L1248 o
g bk dap] HM-3 i3 & e dE 8 2 v o a5 @51 pS3 2 H T AEA T
p21 o p21 - HFr4] cyclinEl > ¥ it ¢ cyclin E1/CDK2 4f & 88 ch#ic® g > >
‘wPz i % Gy phase & #"8{li& » S phase ™ :i&{7 DNA4F % > F]@ ¥ HepG2

CERSTEE R
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A280
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0.2 1
0.0
0 50 100 150 200

tube number

Bl 6-1 ~ & & 40~80% 4efck Frfkdsinik s 2.1 § -2 DEAE-Sepharose
T AT -
Figure 6-1. DEAE-Sepharose ion-exchange chromatogram of 40~80% ammonium

sulfate precipitate from H. marmoreus by NaCl continuous gradient.

Column: 2.6 x 40 cm

Elution buffer: 50 mM Tris-HCI, pH 8.0, followed by the same buffer containing 0~1
M NaCl continuous gradient.

Flow rate: 30 ml/hr

Collection volume: 7 ml/tube
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Figure 6-2. The 12.5% SDS-PAGE gel electrophoregrams of HM-3 from
DEAE-Sepharose ion exchange as visualized by CBR staining.

M: protein molecular weight marker
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Figure 6-3. Sephacryl S-300 gel filtration chromatogram of HM-3 from

DEAE-Sepharose ion exchange.

Column: 1.6 x 100 cm

Elution buffer: 50 mM Tris-HCl, pH 7.5, 0.15 M NaCl.
Flow rate: 30 ml/hr

Collection volume: 4 ml/tube
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Figure 6-4. Sephacryl S-200 gel filtration chromatogram of HM-3 from

DEAE-Sepharose ion exchange.

Column: 1.6 x 100 cm

Elution buffer: 50 mM Tris-HCl, pH 7.5, 0.15 M NaCl.

Flow rate: 30 ml/hr

Collection volume: 4 ml/tube
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Figure 6-5. DEAE Sepharose ion-exchange chromatogram of 40~80% ammonium

sulfate precipitate from H. marmoreus by NaCl stepwise gradient.

Column: 2.6 x 40 cm

Elution buffer: 50 mM Tris-HCI, pH 8.0, followed by the same buffer containing 0~1
M NaCl stepwise gradient.

Flow rate: 30 ml/hr

Collection volume: 5 ml/tube
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Figure 6-6. Effect of 40~80% ammonium sulfate precipitate crude extract from

H. marmoreus on the growth of HepG2 cells. Cells were incubated for 24 hr.

Cell growth inhibition was determined by MTT assay.
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Figure 6-7. Growth inhibition of DEAE-Sepharose continuous gradient fraction HM-3
in HepG2 cells. Cells were incubated with HM-3 for 12 and 24 hr. Cell

growth inhibition was determined by MTT assay.
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Figure 6-8. Growth inhibition of DEAE-Sepharose stepwise gradient fraction I in
HepG2 cells. Cells were incubated with fraction I for 12 and 24 hr. Cell

growth inhibition was determined by MTT assay.
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Figure 6-9. Effect of HM-3, fraction I and fraction I & II on the growth of HepG2
cells. Cells were incubated with various concentrations of these samples for

12 hr. Cell growth inhibition was determined by MTT assay.

a~c different letters in the same concentration indicate significant difference at 5%

confidence level.
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Figure 6-10. Effect of HM-3, fraction I and fraction I &II on the growth of HepG2

cells. Cells were incubated with various concentrations of these samples for

24 hr. Cell growth inhibition was determined by MTT assay.

a and b different letters in the same concentration indicate significant difference at 5%

confidence level.
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Figure 6-11. The cell cycle distribution of HepG2 cells after incubation with various

concentration of HM-3 for 12 hr.
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Figure 6-12. The cell cycle distribution of HepG2 cells after incubation with various

concentration of HM-3 for 24 hr.
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Figure 6-13. The cell cycle distribution of HepG2 cells after incubation with six

different concentration of HM-3 for 24 hr.

69



80

I apoptosis
Gl be cd d
I s b T al
G2 T
a T
60 -
a T
S
)
o)
g 40 -
5 a
o abc ab be
L be c
20 . b
a a
a a
a
a a a -|l' ﬂ
a a
0 =
0 25 50 75 100 200

concentration (ug/ml)

@] 6-14 ~ DEAE-Sepharose #+ % ##17:2 % # & % 5 HM-3 ¥ HepG2 1 %
24 o) pF2_lmre ¥ Hp I $§EE—’_ .
Figure 6-14. The cell cycle distribution of HepG2 cells after incubation with various

concentration of HM-3 for 24 hr.

a~d different letters in the same cell cycle phase indicate significant difference at 5%

confidence level.
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Figure 6-15. DNA fragmentation assay of HepG2 cells incubated with various
concentrations of HM-3 for 12 and 24 hr. DNA was extracted and analyzed

by agarose gel electrophoresis.
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Figure 6-16. Effect of HM-3 on the protein expression of p53 in HepG2 cells.

a indicates no significant difference at 5% confidence level with 0 pg/ml.
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Figure 6-17. Effect of HM-3 on the protein expression of p21 in HepG2 cells.

a and b indicates significant difference at 5% confidence level.
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Figure 6-18. Effect of HM-3 on the protein expression of p27 in HepG2 cells.

a indicates no significant difference at 5% confidence level with 0 pg/ml.
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Figure 6-19. Effect of HM-3 on the protein expression of cyclin A2 in HepG?2 cells.

a indicates no significant difference at 5% confidence level with 0 pg/ml.
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Figure 6-20. Effect of HM-3 on the protein expression of cyclin D1 in HepG2 cells.

a indicates no significant difference at 5% confidence level with 0 pg/ml.
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Figure 6-21. Effect of HM-3 on the protein expression of cyclin E1 in HepG2 cells.

a and b indicates significant difference at 5% confidence level.
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Figure 6-22. Effect of HM-3 on the protein expression of CDK2 in HepG2 cells.

a indicates no significant difference at 5% confidence level with 0 pg/ml.
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