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Chapter 1

Cellular Proteasome Activity (CPA) Assay 7H%



LA &

26S proteasome> M|EZA¥} o] EAjoh= Thild Ho ai=mA, ExpFo]
2.0-2.5 MbDaol "= H98d HY Al oA EgAo [1-5]. 26S
proteasome~<> 20S core particle (CP)Z} 19S regulatory particle (RP)Z 4= o]
2t 20S CP= a —subunitsZ ©|F% @ -ring 2 7§} B —subunitsZ ©]Fo|%l
B-ring 2 N2 /4 H 4 7] FHo| AoQle ¥ Fxo] T FotAolH, of
700 KDa®] B2F2 Zh=tt [5, 6]. 20S CPO] vPZZ | QIX|5t= a -ringS a -
subunit 7 M(al-aNE FA=] 1o, ] &4 2k7] o=k ¥, 208
CP ¢t&ofl AISH= B -ringe a -ring Afolof]l MELR] meFo g EAstal, (-
subunit 7 ZH(B1-BNE FAAEO oW, B-subunit F A1, L2, BS
subunit> @A Fsf 445 Z=th f1, f2, #5 subunitZ 27 HoHE E5Y
g4 7HAE=Y, A1 subunit2 AF HV)E AHo7 HISH= caspase-like
activity’® 2=tk f2 subunit €714 o4t VS AR ESfste
trypsin—like activityE 7FA®, g5 subunite C-Edo] HfA4 IVE
- o 2 Eefot= chymotrypsin—like activitys 2=t [5, 7). 19S RP= 17
0e] subunite2 A H 2 7He] sub-complex! lide}t basez o]Folx itk
[8]. Lide= 8 7H9] subunito @2 o]Fojx Qi ubiquitin®] EoUE THHAS
Q145te] poly—ubiquitin chaing A2+ IS ot [5, 9]. Baser= 9 7H9
subunit©® o|Fo]x Q13 subunit & 6 7= ATPase® XE3$Iolal Ut ESH

basel Y Tzo BuEe EY PR WEC FI, o-ringd JHE



26S proteasome©] THE-ES Fofshi= A4S ubiquitin—proteasome  system

Ups) ez A9 4+ Qo UPSe #X

)

St £ dame ope)
2PN YL Bogo R AR }Ye WS )5S sl A%Eel 2 9

Wgeog dds Fefettt [10, 11]. A

rE
2

A= ubiquitin®] 3 714 &4

El (ubiquitin-activating enzyme), E2 (ubiquitin—conjugating enzyme), E3
(ubiquitin—protein ligase)—°ll ©|sll &/} H &, 7]Fo] Agsto] poly-ubiquitin
chaing @4t [11, 12]. & ¥4 DA= ubiquitino] A% ¥ @afdo] 26S
proteasome©f| °J3f HEfo|=g FoE 1, ubiquitin> TEEA Holx e}
Al 22 715E S [11, 13]. mEhA] UPSE] proteasome©] AR,

%7), N A, A4 IE, ALAAIETL BAE e Bojgoay
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jzoll FAA= A 5 U= TS proteasome A SHA|7F AN E A [18].
proteasome AdfAZ+= THEZAHOZ  bortezomib, MG-132, carfilzomib,

ok [16, 19]. bortezomib2 %%9] proteasome

marizomib, lactacystin®]

AN
AofA=2 JHEE L FDA 5912 wekem, 5 subunit (chymotrypsin-like) 2]
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o

24e 7tgde=z AHNFOREHN proteasome Ao GHE Z=rh T oA
=% (multiple myeloma), @]FAEZHIZE (mantle cell lymphoma)ol oIt 2=
a7t EREAY [20]. MG-132& APAA dste] 7HEHSE proteasome
AofAlelH, AEFEIGo]  lojAd  MEUYH=  HA  E°7t A5 subunit
(chymotrypsin—like)®] &4& 719402 AT =ZH proteasome®] 2§
AAIg  [21, 22].  Carfilzomib2 A5 subunit (chymotrypsin-like)<
H7bgA o=z Adfjste AsiAlelH, #HZFHA 07l wiwol ZFHA AHsiAQ]
bortezomibEtt © 7St proteasome A3l A4S zb=tt  [23]. Marizomib&
B1 (caspase-like), (2 (trypsin-like), [ 5(chymotrypsin-like)e] A4S HF
Asfist=  HIZF9H  proteasome  ASiAlolH,  FHAEZ T4 As{et
MEAZIAPES et B EIT [24, 25]. Lactacystin  Strepromyces
lactacysinacus®]  WAFEAOA LHE  HAA  proteasome A sfAlolH, Bl
(caspase-like), B2 (trypsin—like), B 5(chymotrypsin-like)?] ZH4& HEF
AsffsAler 53] p59] BAe FAISH Aot e=M proteasome A RIS
zh=t} [26, 27]. FH, &HZ proteasome A3A o] % (-)-Epigallocatechin
gallate (EGCG), resveratrol, apigenin, genistein, curcumin, quercetin 59
flavonoids®}t celastrol, withaferin A, pristimerin 52| triterpenoids =,
phytochemical®] proteasome A8l G377t Qo HIE QO™ proteasome

AHE Eof THE ZAL AAete Foradt wat ZHE ) [16, 19, 28],

=]
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r
] [¢]
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29,
%
FIF
Py
-,
v
AN

AR AFEEE proteasome F7F SAHWL A
Alzzo lysis bufferg 7Fste] Al FE2HS L1, Al FZHo|| ZItE o] =
proteasome®]] A& Al& @ proteasome ASA|E Yol FHFAZ] &, proteasome
substrate 1IIE 7}t HRSAlA JFHFAE 0|85l proteasome G71E

Attt [29]. ol=§t in wvitro proteasome H7t £ WHE g XolARh
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Sl pHeF 2koA 4B EA] ¢l proteasome ASiA|S] AA|0]-8E,

2]
g4 2 S TEshA srethe widel glnt (30 W, AlZ AW mue

=
oo
i
>,
)
o
)

= Al &1, proteasome ASAL] &4 L AE
Vo AEAel A 209 AR @8e AlES 4 ok 311 mEbA
AZ AB 9 phytochemicalo] A|ZEUle] ZFggozn Uehts YIS
2389 = & AE 7|9 proteasome A7F Y AL AE FERS
0143t proteasome7t AW FAAL AFoZN oz AZE AHHo|
EASH= proteasome ASIAE Elsh=t] =&o] & Aol
2 AFolM= HE 71 proteasome H7F S (cellular proteasome activity
assay; CPA assay)= 7IEstr] 9o 4% =4 &5 3 CPA assay®t 7]£9]

proteasome %7} SAHLS vl H 12} g},



I A9 A=z ¢ U

1. 49 A=
L1 AeF & 7]7]

A3 o] AFEH 2.00 mM L-Glutamine®} Earle’s balanced salts7} =] o]
2+ MEMHEiZ]+= Hyclone (Logan, Utah, USA)ollA G101l fetal bovine
serum (FBS)Z phenol red”7} Z3HE]Z] k2 MEM HiZ]+= Gibco (Rockville, MD,
USA)OllA skt Bix]ell 7Fet  penicillin—streptomycin, trypsin-EDTA
solution, dimethyl sulfoxide (DMSO)+= Sigma-—aldrich (St. Louis, MO, USA)©f| 4]
Tstcy.  CPA  assayoll AFSE  MG-132%2}  proteasome substrate 1II
(fluorogenic)+= Calbiochem (San Diego, CA, USA)oA FUstRal, A
AHEE flavonoid®} triterpenoid®l baicalein, baicalin, kaempferol, myricetin,
hispidulin, (-)-Epigallocatechin gallate (EGCG), betulinic acid, oleanolic acid,
ursolic acid 3 Adel AREH WiFES Ak Sigma-aldrichol| Al F9)5to]
A-&SHAT.

Ao ARESE 7171 CO, incubator (371, Thermo, USA), multimode

microplate reader (SpectraMax M5/M5¢, Molecular devices, USA) o]t}
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2. 4

el

2.1. Hep G2 A= wj %

oI7F & 7+t AMlZEF9l Hep G2 cell (human hepatocarcinoma cell line)-2

-1

=AM EEF29Y (Seoul, Korea)oll A EoF ®hokot, viF 2742 MEM #iz]o] 10 %

FBS®t 1 % penicillin-streptomycine #7Fet 2| E A vfeFol] AR8-sEL,
ME= T 25 52 T 75 flaske]l #53Fe] 37 C, 5 % CO, 2704 agstalrt.

HiZ]= 3 — 4] g WA wekolgal, flaskoll AMEZ7F 70 - 80 % A=HA trypsin-—

1

EDTA solutiong Az#Jste] ALE wojE &, 1:30=2 Aty Hjfstait.



2.2. CPA assay =71 A%

M e AA A2 96-well plated] o172 & U= E3} A 55 F7]
Al FAsHAE. AE BEE Hep G2 cell& 1x10% 2x107, 4x10°, 8x10°%, 1x10°,
1.5x10° cell/well®] HE2 100 LA 96—-well plateo] £55t & 37 C, 5 % CO,
incubatoroll A 24A17F B Fstitt. 2447t & BiX]E A|Astal, PBSE 13] AlAgt
H, FBS®} phenol red7b ZgE 2] ¢5-2 MEM (no phenol red free MEM) HjZ]<]]
proteasome substrate [IIE 100 x MO FE=2 3]4sto] 23t FA] 380 nm
excitation, 460 nm emission®]|A] microplate reader® ¥FS 60E7F 27

Ao 2R,

—

714 s A AP MEZWO] proteasome©] proteasome substrate 112}
S22 e 4 e AAS B E 27| fJoiA sk AE vE A4
AY & 2A = HE 559 8x10* cell/well®] =2 96-well plateo] 100 x LA

G2 cell& BF3ta 37 C, 5 % CO, incubatorolA 2447t vjeFatadct.
24A7F Sof iz E A|ASIA PBSZE 13] A|Z3F ¥ proteasome substrate IIIE 0,
50, 100, 150, 200, 400 x M®] X2 no phenol red free MEM Bl z]o] 3]4]5}oq
Azt T 96-well platee] 7122 ¥ A 380 nm excitation, 460 nm

emission®| A 6057 28 7tA o7 S =AstAc}.



doltt. mehA MG-132 5%
=

2.2.3. MG-132 5= ¥
ol7] 9lall positive control2 AT A
d2 proteasome G7HE H= A &
ated]] 8x10" cell/well®] sk
?l_

WS A7 4%
MG-132& &2% proteasome AS|A|ZA], CPA assayoll4] proteasome <7}
AU

pl
stal 37 C, 5 % CO, incubatorol|A] 24A]7F
L
1AIZE, 2A1%t &

i B = B !
254 Atk Hep G2 cell® 96-well
100¢L% Hep G2 cell& EF
7t &, 8j2]E AAst FBSE H7FohA] &2 MEMBERA] (free
MEM)] 0, 1, 5, 10 MZ 3S|AHAIZ1 MG-1325 Z+ZF 30&, 4
Jotet. ’EgAgto]l A &, MG-1327}
A3t 3 no phenol red free MEM
96-well plated] Y-
AR JFFE

[ 71514, ThA] PBSZ 19] A

HiFot Tt 244
37 C, 5 % CO, incubatorof|4] Hj%Fs}A T}, HE
= A -]
71 proteasome substrate III
Al 380 nm excitation, 460 nm emission®|A 607t 2E

Solglt HjA
w e 100 xM2 51404

=l

A3} CPA assay9] v
I 2+t CPA assay ¥ ¥

49e 55
|£9] proteasome 97} Z4HI} CPA assay9l
olod flavonoid®] proteasome Adf A4S =
baicalein, baicalin, hispidulin, kaempferol
o] flavonoid&

_ll)l'
O.u

2.3. 71&9] proteasome %7}
FA CPA assay
| 29} B} A|Ee
proteasome 97} SAHE o]

d A
°0]-§5
Shaith.

. [32]9] 4+
myricetin, EGCG9] proteasome %7} Aol-&x CPA assay
10 #M, 100 M 2 QEGA|AH =43t proteasome &7} A& H|L

Zheng et al
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Fig. 1. Proposed mechanism of cellular proteasome activity (CPA) assay.
PI; proteasome inhibitor, Suc—LLVY-AMC; proteasome substrate III
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Seed Hep G2 cells on 96-well plate

| 24n

Remove the MEM medium

}

Treat with MG-132 (10 x M)

or phytochemicals

| 1n

Wash with PBS

}

Treat with 100 # M proteasome substrate III

}

Read fluorescence every 2 min for 60 min

(excitation 380 nm, emission 460 nm)

Fig. 2. Method of cellular proteasome activity (CPA) assay.
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2.4, A A=

= Ade Ay= Aok 3§ HHEste] HJIFFHAR UEUWAL, AF
A= SPSS software version 22 (IBM, Armonk, NY, USA) T2 7308 0]-85}o]
Aufz] BEAMEA (one-way ANOVA)S AAgo=zn Ay djxat 71

Zrolell ot FAIA foidE #elstlal, p<0.05 4<FolA Duncan’s multiple

=
j=)
(0]
(@]
3
l
o
fo
o
£
>,
e
Mo
1
filo
>
o
ol
3
)
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1. CPA assay ¥4¥ ¢

CPA assay " H= 9ol CPA assayoll Ads Alx Tk, 714 Bk,
proteasome AofAIl MG-1329] ®hg AtH FEE Aok AFES
ottt Fig. 394 yakel area under curve value®= A|ZWe] proteasome©|
7143t 9Egsto] UEhbe S 1AXE B¢ 28 (Ao R S Al AR
(U2 9rlst™, Hep G2 cellE FEH=E EFsi¥S of WA Frol
o, whebA 8x10°

cell/well®] skollq WA gro] @utsizls 24 F=37]] CPA assayo| A

_,4
ﬁoL
ot

AR e 7F 96-well plateo]] Este= AZ4E 71
LT E 8x10%cell/well2 A5}

Fig. 4= proteasome¥t ¥Hg3S o @FS UEH= =2 proteasome
substrate 1l (7]2)9] FLE ZAAS ZAitolr, ANiE s ZAAF} npiriz=
proteasome substrate 15 SEEZ A5t W proteasomed} WH-5}o]
Uett= 39 HHo] tsfz]= A|7|& substrate 1119 EZ3} sz HITH
wabA substrate 119 =7} 100 MY W& 7|Hozr I=mjxrst atsz]7]

AlZFetE 2 CPA assay?] substrate Il ‘=5 100 ¢« M2 Aottt

Fig. 5= CPA assay°llA] control (Con)2 A3 proteasome AafIA] MG-

1329] 5k 9 HbgA7RS AARE A Aytolt, MG-1325 0, 1, 5, 10 #M9]
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sE2 ZZF 308, 1ARE 2A%F APsila, MG-1328 10pM=2 1ARE
HSA1Z= © proteasome H7F7F 7 @A U kA CPA  assayf)

Con® & AHEE MG-1329] 5=t ¥HEAIZRE 104 M, 1AI7Fe 2 A5yt
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area under curve value

600000 —

400000 - N
200000 |
0 I I I I I I
2x104 4x10* 8x104 1x105 1.5x105

cell concentration (cell/well)

Fig. 3. Determination of cell concentration.
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area under curve value

1000000 —

800000 —

600000 —

400000 —

200000 —

\ \ \ \
200 400 600 800

substrate Il concentration (uM)

Fig. 4. Determination of proteasome substrate III concentration.

Substrate III; proteasome substrate III.
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area under curve value

- 0.5h
1800000 i, = 1h
4 2h
1400000
{
1000000 —
0 \ \ \ \ \
0 2 4 6 8 10

MG-132 concentration (uM)

Fig. 5. Determination of MG-132 concentration and reaction time,
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2. 7]%‘9’] proteasome 0—17]' —%—Zé“ﬂ:ﬂ]' CPA assay—%— O]_g-'(:j“ %;S]ﬁ;l-
flavonoid proteasome 97} As|& Hlw D triterpenoid 2

proteasome %7} #3& &2l

7129] proteasome H7} ZH (CE assay)& ©]-85t flavonoid 200 x M 2]
proteasome 97} A& ST AoAE= EGCG (45.21 %), kaempferol
(68.29 %), baicalin (78.47 %), MG—132 (79.66 %, 100 M), hispidulin (82.06 %),

baicalein (84.03 %), myricetin (84.50 %)<=CS 2 proteasome Ao TS

o

Bystgom, Fig. 69 CE assay A3= MG-1329] proteasome Adf &4
100 %2 gHitote] el gl

HHE, CPA assayE ©l8ste] 547t Ayte CE assay®] 2o} o B

Olt
filo

UEATE (Fig. 6). CPA assayg ©]8oto] =43t flavonoid (10 # M, 100 x M) 9]
proteasome 97} A& baicalin (17.4+4.0 %, 21.2+7.6 %), hispidulin
(19.7+ 1.1 %, 22.7%£3.2 %), baicalein (13.1+2.5 %, 28.1+2.5 %), kaempferol
(17.6+4.0 %, 31.3+4.0 %), myricetin (36.4+8.8 %, 46.3+9.7 %), EGCG
(50.4%3.7 %, 68.4+3.8 %) w22 ¥/ Uebdth.

CE assay®}t H|wsto] CPA assay ©llA flavonoid®] proteasome 7} #df-&©]
o Wolx|AY el vEA Uit olf= 27HXE Ads) & & Sk %Al
CE assayollAle= Ao ARESH flavonoid®] =7 200 # M2 CPA assay©ll A
243 10 M, 100 MET o 7] w2 CPA assayollA9] proteasome
A7F Asf&ol o @A dehd Aoz A7 4 Qlrh. ERF CE assayet CPA

assay®] proteasome A7} As&2] AFFo] ti2A yehd olfE flavonoid7}

AEutyt AszgsteE B3 EAoR AYWd £+ Qo & /A9
flavonoid+ QIA|A R FAEO] Q= MZEuF ¢to g Z1FA ZolZd 4 7] w&o

_18_



Alzets Faeto=A Ao o] AlEdo] EASh= proteasome®] THiA
woff &4 AstAd 4 low, flavonoid wfth AlZ F3Hd F proteasome
Aq7F Asflgol 27| wwol AlZ FiHde 2Rt CPA assayot AlZ FiHd=
AUHsHA] b= CEassay® 54 2371 24 Uetda= & 5 Sl 331
kA myricetin?t EGCGE Al EAY tiAE 112]gE CPA assay=®
proteasome 975 SA5t9-2 |, & flavonoid Al=°f| B[Sl proteasome &7}
Aoflgol FostA =A Uetsten (p<0.05), °l& &dll myricetin?t EGCGE=

roteasome A|ofl &/do] 2t flavonoid & ERIsHIT
p

Triterpenoid (10 #M, 100 xM)2] proteasome 97} Asf& 3t CPA assay=
ZA5F9 11, ursolic acid (25.9+8.8 %, 26.9+8.9 %), oleanolic acid (7.2+8.5 %,
29.2+4.9 %), betulinic acid (25.7+15.7 %, 56.4+3.8 %) &S 2 proteasome
A7 Adf&o]l =4 YERFSeH, betulinic acideE Y TE  triterpenoid 2}
H| 1w 5ko] proteasome 97} A sf&o] F-ofskA & (p<0.05) (Fig. 7).

w2t CPA assayE ©]-8s5te] =A% flavonoid®t triterpenoid®] proteasome

q7t Aol A AIE F5l, proteasome AHD|AZA] flavonoid E triterpenoid ]
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120 [ CE assay (200uM)?
Il CPA assay (10uM)

] A Il CPA assay (100uM)
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40 -| de

ef

fg

20 —

0 T T T T T
Con Baicalein Baicalin Hispidulin Kaempferol Myricetin EGCG

Fig. 6. Proteasome inhibition activities of selected flavonoids.

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPA; cellular
proteasome activity, Con; control, EGCG; (-)-epigallocatechin gallate. Bars with
different letters indicate significant differences (p<0.05).

D Proteasome inhibition activity of flavonoids using the existing cell extract proteasome

activity assay [32]
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120 a [ ] MG-132 (10uM)

] CPA assay (10pM)
% Il CPA assay (100uM)

100

80

60 —

PIA (%)

40 -

b
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N d' mi m
™
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Fig. 7. Proteasome inhibition acitivities of selected triterpenoids.
PIA; proteasome inhibition activity, CPA; cellular proteasome activity, Con; control, OA;

oleanolic acid, UA; ursolic acid, BA; betulinic acid. Bars with different letters indicate

significant differences (p<0.05)
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IV

ruhL
r}m

2 AZE S35 st ME )9 proteasome H7F =HF (CPA assay)=
7|&£9] M FEHOR proteasome H7HE ST WHHTE AYAC] A

2% gARE e 2ATeEN AE AR AxE £, F4 2 diAE

TS CPA assayE o AlF £l EASt= proteasome ASHAIE Bl A

st A3 d o2, JFAHA proteasome AfA WA Em2 E Aol
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Chapter 2

Proteasome 97} A= o]&SH



LA &

MIEZFEZ] (cell cycle)= Axo] A3 9 FA, &4 DNA 3

I
ol
fllo
Ex
ma
_O|L
il

g4 e 9ulstH, AlEzF7]= Gl, S, G2, M7IQl 47| HEHoh
G17]= DNAS] §4d= FH|sh= Al7]o]al, S7]i= DNAE Hdsh= Al7]olE=
2n—4n Ae]9] DNA & Zheth G271 S719F M7] Afolof EAstal £E<&
FHoh= AlZ]olH, M7= AlZ7F BAIEZ 2 JHE A4S Ssl EEste
AlZ]olth, ERF GO7]& MEZEo] dofubA] o= FA1719] Ax

35]. MZF7]= cyclin—dependent kinases (CDKs)@} cyclins T o] EgHA| o]
ol =AW, 7t dAo] Be =2 = CDK-cyclin &A= th2t} (Fig. 8). 2
dAlel Za3t CDK-cyclin HZgA7F S0l © o= ubiquitin-proteasome
system (UPS)ll oJsfi cyclin @¥ido] Fofjwo] thg A= AM2EF77F ¥
T AEE oot (28, 35, 36]. SEAIYE, proteasome?] &/do] SA|Eo] o]Hgt
cyclin g o] Z&o] dojud MEF7|= FHEH AE FAo] o]Fojx]Z]
oF7] wjRo] ME7F ApESH} [19]. wEbA], proteasome A= A|EFI|E

Adgozs F42 oAstel F¢ wE tehd 4 9ok,

AAeIzelm, B3] NF-«B B4FS AEZ/1E 285k cyclin D B9 3
AEAZE o4 Tl Bel-29) Bel-xL Tl wrag Z7HA717] g

AZ Z4 371 D AZAZARE A o7 ¢ BT Aol 9tk [37-40

_24_



NF-«B2 (p52/p100))°] homodimer 2-2 heterodimer® ZEZ5tH, p65-p50
heterodimer?} 7F4 tEA Q1 NF-« B dimer (o]ZFA)olt}t [41, 42]. &7 A=o]
S W, NF-xBE IxB-a (inhibitor of NF-xB)Q} ZAgslo] EgdAgoz
Alzzde] EAIsHH, UPSel ofs &/de] zxdEHh [12]. HH2of, Hiol# X,
BSA AIEZRRL A% 1zf, A4, 4tet AERAE EISh= thfet A e
=2 IKK (I«B kinase)oll ©Jafl 1xB-a o] MtsHs fEotyl, d&xo=
[k B—a+= UPSo| sl FHIFAES}I= o] proteasomeo] sk

W& NF-«B= "olA uel slor Zoj7 &/4ddo] HHA
DNA®} Agste] cyclin D9} Bel-29F Z2 thafFet &

m2tA  proteasome?] A= [kB-aE  EFZA|

J-,Cz
Eol'
w
2

)

)

i

ral

filo

BN

1)

e

Ko

~

),

=
Z.
T
N o
o]
i
Y
kel
o)
=

Ao EASH FOoEMH IAEO] A EAFTIAF
cycle arrest) & dL7|7] "ol ot aHE HERd 4 Q)

2 AFNA= flavonoid 2 triterpenoid7t @ol ZgEo] Qodir Hre %l
ZH7-9] proteasome Adf S AFP|YSH F, proteasome A3l G &7

BE selstagt stk AR HE o

WA gYge ofmjiab of ®d H[EY A carotenoids, flavonoids,
triterpenoids7t FHSHA Eellem [44-47], FFTF aF [48], FAEt o
FaAE ayt [49], D st [46], FEAH] [50, 51], angiotensin—converting
enzyme Y DNA polymerase &4 Adll &3t [52, 53] 5& Z=rfl RIS

=2}= carotenoids, chlorophyll, cellulose, polysaccharides ¥ 714 @Wo] &%l
(-)—epigallocatechin gallate (EGCG)& 2Z3St catechins® kaempferol, quercetin,

myriceting EZZQF flavonols, caffeinedt 72 A Yeif+= ot
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polyphenolo] &oi3lem™ [54-56], 2§ [57], 4tst &4 [58], SH2HE
A5t [59], ek axt [60] ol it A7 B Sl

Eol= Ao]df4, ®d, alkaloids, chlorophyll, carotene, terpenoids,
phenolic compounds®] Ajg] &4 &=do] EgEo glor [61], &Y IFH

A4 Aot Gt [62-64], FHoldd B datst [62], dEAWe] [65], FA

i1, o,
&0 JEAH 9 st aHE EES ookt 7lsAd e dATE ol
Y= AT, proteasome Aol Bito] thet A4E= FHEA] S &

]

St
metA B Ao A= flavonoid ¥ triterpenoid7} FHSHA SHrEo] AR
proteasome Ao Axfo] digt AFr} HIEZR 4o AHE Aoz oA
Wt CPA assayoll &85t proteasome H7FE A3 2’ & proteasome
As ol w2 A 3F= AL, Fkol ©WE proteasome &7} A

ol ZRPA|Ee] FAl A, cell cycle @ NF-¢B Wz A= JFS

spQle] Bo2H ARe] Yo NS A7) B shc,
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Fig. 8. Cell cycle.
Progression through the cell cycle is regulated by different CDK—-cyclin complexes.
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I A9 A=z ¢ U

1. 44 A=

el

L1 A&

Proteasome 97} A4S $dll proteasome AHsfAZ L7 flavonoidet
triterpenoidZ} FHSHA Eole 6714 AHRE AASHAH. 67HA] AR A
(Diospyros kaki Thumb.), =2} (Camellia sinensis O. Kuntze), B}t (Mentha
arvensis var. piperascens), 5 (Morus alba 1.), &% (pinus densiflora Siebold
et Zucc.), AA2H (Perilla frutescens var. acuta)-2 20158 4€¥€ 74 M=

A5l A Bopel A PYUSAL, P F -20 Col myste Aol

AHgstact.

1.2. AoF & 7]7]

A3 oo AFEH 2.00 mM L-Glutamine®} Earle’s balanced salts7} =] o]
= MEMHEiZ]+= Hyclone (Logan, Utah, USA)ollA Fdot%al, fetal bovine
serum (FBS)Z} phenol red7F g% %] &2 MEM HiZ|+&= Gibco (Rockville, MD,
USA)olA skt vizle] 78t penicillin-streptomycind} trypsin-EDTA
solution @ MTT assay©oll A&t Thiazolyl blue tetrazolium bromide (MTT)

Aok sigma-aldrich (St. Louis, MO, USA)olA Fstgon, 2kl FZo
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AFESE Acetone2 Daejung (Gyeonggido, Korea)ollAl 5t AHgstith. CPA
assay©ll AH8-H MG-1322} proteasome substrate 11T (fluorogenic)+= Calbiochem
(San Diego, CA, USA)olA F45FAI, FACs 240 A8 ¥ Propidium iodide
solution (PI)= Sony biotechnology (Oak St., Champaign, USA)olA] U5},
Triton X-1003 Ribonuclease A from bovine pancreas (RNase)+= sigma-—
aldrichell Al 45ttt Western blote] AR&%F primary antibody®l NF-« B
p65+ Santa cruz biotechnology (Santa cruz, CA, USA)ollA S5t 1L, Anti—
Nucleolin® Millipore (Str. 250, Frankfurter, Germany)olA] %15},
secondary antibody®l Anti-mouse IgG (HRP-linked antibody)®t Anti—biotin
(HRP-linked antibody) Cell signaling (Danvers, MA, USA)olA F{i5}¢
AH&ot Tt western blot detection kitQl ECL solution2 Elpis—biotech (Taejeon,
Korea)ollAl dotal, ©wid Agko ARt DC Protein kit [ Bio—-Rad
(Hercules, CA, USA)°A FUstH 2™, Immobilon—-P transfer membrane2
Millipore (Billerica, MA, USA, PVDFE)olA Fdstdtt. E3F Tumor necrosis
factor—a (TNF-@a), Aprotinin bovine, Leupeptin hydrochloride, Pepstatin A,
DL-Dithiothreitol (DTT), Phenylmethane sulfonyl fluoride (PMSF), Igepal CA-
630 (Igepal), Phosphate Buffered Saline (PBS)S X3St o] 9]9] AJ2FE2 Sigma-
aldrichol| Al F+Jsto] Aelof AT

AFof AFESE 717]= homogenizer (Tops, tHE A H] 2, Korea), Aspirator (A-
3S, Eyela, Japan), 33 W 5%7] (N-N Series, Eyela, Japan), 2 7AX7]
(TFD Series, Ilshinbiobase, Korea), CO, incubator (371, Thermo, USA),
multimode microplate reader (SpectraMax M5/M5¢, Molecular devices, USA),
A2 7] (GZ-1312, Gyrozen, Korea), waving shaker (CWS-250, JEIO TECH,
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Korea), Flow cytometry (LE-SH800ZE, Sony corporation, Japan), %7]%9%% 4]

(1658004, Bio—Rad, USA) ot}

ztel EAfskE & s FESH
[68]. ZtSlo] RAE 25 g A =, nlg] YZAAIAET 200 g9
ZF blender2 ZobFE TS homogenizerg Abgoto] 3EZF #A3 ST 1
Sk, folzl
ElE it

aspiratorg ©]85t9 No. 2 whatman A2 HF o=t

537}
__'%_
ATl S FU BF71E Agste] 45 ColA ok 90 %
5592 WEUt. 5N 80 CoA 2447 $AA F, 53 Axstel o
228 go] A FF RPUL HESYW, PUS AT wbd -0 Cof
gkt

_30_



2.2. Hep G2 Al X Hj%

At f2 Tt AMlEZFQ] Hep G2 cell (human hepatocarcinoma cell line)

A=A 229 (Seoul, Korea)oll A EoF ®hokot, viQF 2742 MEM #iz]o] 10 %
!

|t

[¢]

FBS®t 1 % penicillin-streptomycine F71et i E A vfeFol] AR8-sEL,
A= T 25 &2 T 75 flaskell #5510 37 C, 5 % CO, oA Higstaitt.
HiZ]= 3 - 4o g WA weolal, flaskell AMEZ7F 70 - 80 % A=FA trypsin-—

1—

EDTA solutiong #2Jste] AZE wojE &, 1:30% At wjefstint.

2.3. CPA assay &

2ol Aad, 7Y WA Ed-od de 2

g

10ug/mL, 100xg/mLe] FE= vh= &, JBES CPA assayS 285}
proteasome 7} AaES stelel A ~3ede SRt T, A
4% & proteasome 7} AHsf&o] A Uehd Ael 3F2 AAsSt] 0, 1, 10,
50, 100 zg/mL ¢ sE=2 Hep G2 cello]l A2l o2 Fro] mZ proteasome

A7} WE7} Uehb=A S gelstalrt

_31_



2.4. Cytotoxicity

Az 54 48 4

-

o2

HAFE Falste] MTT assayE 3stleh [69]. Hep
G2 cell:Z& 96-well plateo]] 6x10* cell/well®] F==2 100 LA EF3513 37 C, 5%
CO, incubatorol| Al 2417t HjoFstdict. 24A17F &, vjx]E ®g 1l PBSE 13]

AFeta, A Aw

i

Z¥zy 0, 1, 10, 30, 50, 70, 100 xg/mLe] FEZ free
MEM Hijzlo] 3]Asto] A2t & oAl 24A%F Bt 37 C, 5 % CO,

incubatoroll A HFStAT. HiYF & HiAE A|ASEL PBSE 193] AAStAL welld

-

._]

0.5 mg/mL9 == AFS MTT &4 gof 447k B¢t 37 C, 5 % CO,

(A

o

incubatoroll Al HjFStHA mEFZEZ|ote] Shhg-S FIESHATH 4AF &
nEZEgjote] gt o2 A HebH o] formazan B2 851417171 {6l

acid—isopropanol (0.04 N HCl in isopropanol) &2 AZsto] 7+ wello] Eol&

T 20/%F BF A2o)A waving shaker® FA1S] WRESIGTE 20A17F Fofl=
microplate readerE ©J]&sto] WA HLEE 590 nmoA SAsHAL SAH
3= (absorbance) #h2 th&9] Aol Hdlst] Ax ZAHES F5IA.
o control absorbance — sample absorbance
cytotoxicity (%) = x 100

control absorbance
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2.5. Cell proliferation

Az 24 APe As AF= Fuste] MTT assays $3sttt [69, 70].
Hep G2 cell& 96-well plateo] 4x10* cell/well®] HEZ 200 ¢ L% EF5kaL
37 C, 5 % CO, incubatorol|4] 24A17F vjeFolSict. 24417 &, wix]& w1l
PBSZ 13] Aldstal, Alg AlwE Z+z+ 0, 1, 10, 30, 50, 70, 100 pg/mLe]
SE® free MEM HjZ]of] 3]A4sto] A2t & 96417 &<t 37 C, 5 % CO,
incubatorofl Al HiFStHT. 9641 & HIAE A|AStal PBSE 13 AlAshal
welld 0.5 mg/mLo] FE=2 At MTT &8-S Yof 4A17F 501 37 C, 5 %
CO, incubatoro A HjFstHA nmEFZElote] ghdl-a-2 fstait. 447 &

HEZEgfoto] gheldh-gog AHE HepM ol formazan A2 &3lA17]7] 150
acid—isopropanol (0.04 N HCl in isopropanol) &2 AZsto] 7+ wello] Eol&

20A17F &}F A2oA waving shaker® XA45] wHESHYTE. 20A17F Fof=

o

microplate readerE ©J]&sto] WA HLEE 590 nmoA SAsHAL SAH

8% (absorbance) &2 ©=2] Aol tdst] Ax F4&E& FokAH.

sample absorbance

x 100
control absorbance

cell proliferation (%) =
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2.6. Cell cycle analysis

FAIEZ 247] (flow cytometry)E ©]-80t] cell cycleg EAoh= WH-2 cell
cycle analysis protocol& alste] astct [71]. Hep G2 cell& 6-well
plateol] 1x10° cell/well (2 wells/treatment)®] FE2 1 mLA 25513 37 C, 5 %
CO, incubatorol|A] 24A|7F &<t viFstSiTt. 24417 & 8iZ]E w23l PBSZ 13]
A A5 free MEM HiA]O] 0, 25, 50, 100 xg/mLe] s =2 3|43t AlFdAlR (2
wells/treatment) & 1 mLA Y& & 37 C, 5 % CO, incubatoro|A] 24A|7t
B FoFATh. 24413 Fofl HESAIRD cell& AlmEE Hot 130 g, 4 CollA 4=t
A Bt cell pellet& 93l PRBSZ 23] Al & 70 % ethanolz2 -20 C
oM Aol 2417t o] MAAIZH. AAHAR cell& PBSE 28] AlHstal, PBS
0.1 mLe]l resuspensionA]Z] & 0.1 % Triton X-100, 200 zg/mL RNase& 4 °]
o2 Ao 3027 RESAIZ . ¥ &, PI (0.5 mg/mL) 8945 H7Fshalal
ice boxollAl H& zpdsto] 157%F HFEAIXI & PBSE 13] AHStY] flow

cytometry S ©]-835}o] 488 nm excitation®| A cell cycle2 EA5FT.
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2.7. Western blot

74l E=x1e) £99 NF-xB #©Ha=F 94| §3= western bloto 2 &HeIs}H7]
#sll TNF-a —induced NF-« B activation model& AHgstATH [43]. Hep G2
cell& 6-well plateo] 1x10° cell/well (2 wells/treatment)®] FEZ 1 mLA
B2ste]l 37 C, 5 % CO, incubatoroll Al 24A17F F<F vjoFstaict. ik &
HiZ[E AlAstaL PBS= 23] A|AHSELL free MEM HijZ|o] AA=E 0, 1, 10,
100 ng/mLe] sL2 3S|Asto] AHlstRal, 2443 B9+ 37 C, 5 % CO,
incubatorof|l A HFStH T, 24Xt & H|AE A|ASti PBSE 13] AATE & 10
ng/mLe L2 343t TNF-oE YolFol 3083 37 C, 5 % CO,
incubatorofl Al WFgAIZIEE. 302 Fof WA cellE= 2ot AlEA
FEEN ¥ FEES v P2 AYAFE Jaste] saskA [72-741.

I 27k PBSZE 28] MolFi A3 flolA] scraperg ©]gste] AIEZE
goldl & 4 ToA] 130 g2 58I ARSI, dHEst] A2 cell
pellet-2 271 hypotonic buffer [10 mM Hepes—KOH (pH 7.8), 10 mM KCl, 2
mM MgCl,, 0.1 mM EDTA, 0.2 mM NaF, 0.2 mM Na;VO,, 0.4 mM PMSF, 1
mM DTT, 1xg/mL aprotinin, 1xzg/mL leupeptin, 1 xzg/mL pepstatin]¥} 41 o]
AgAS wgrEo] F 3o 1583 WA} & 10 % Igepale H7Fsho]
vortexer2 15&7F ZFobAl Aol o] dEHL 4 ToA 12,000 g&2 3&37F

Aol AEA FENL wE Holbd -80 Cofl sttt
RS AASIL F2 Y pelleto]] 2F7F2 high—salt extraction buffer [50 mM

Hepes—KOH (pH 7.8), 50 mM KCI, 300 mM NaCl, 0.1 mM EDTA, 10 % (v/v)

glycerol, 0.2 mM NaF, 0.2 mM Na;VO,, 0.4 mM PMSF, 1 mM DTT, 1 zg/mL
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aprotinin, 1xg/mL leupeptin, 1xg/mL pepstatin]& 23 4 ToA 3083t

waving shaker2 mglsle] dmbe 71 & 4 C, 12,000 g = 3083t
ezttt ddEE & d2 s 9 FEdomA oMAREN

FEH2 Bio-Rade] DC Protein Kit & ARgote] o AHFS
FgetRal, v A & AaFo lE oFS FUSH £Hste] 2X sample
buffere} 1:1= Alo] HAsth. A2 g AEES 10 % (w/v) SDS-
polyacrylamide geloll 71995 A1 & PVDF transfer membrane®= gel2]
G A transfer A|Z. Transfer”} %% membrane 3 % non-fat dry milk in
0.1 % PBST (PBS-Tween 20) (w/v)2& A-&o]A 1A]7F H<¢F waving shaker®
WSty blocking ¥F ¥, NF-«B p65 (1:250), anti—nucleolin (1:5000)&
4 ColA 24A7F 1WHESEY primary antibody & &%5%Ith. Primary antibody&
EolE & 0.1 % PBST=Z 58 7+Ao 2 33] A&}, secondary antibody?!
Anti-mouse IgG (1:1000)2} Anti-biotin (1:5000)= 204 2A7F 591
WHFSETH thA] 0.1 % PRST®E membranes 58 7HAS =2 43] AAst & ECL
&

H-& A=Fste] NF-« B} nucleolin bands o] A=stict.
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2.8. A Az

= Ade Ay= Aok 3§ HHEste] HAIFFHAR UEUWAL, AF
A= SPSS software version 22 (IBM, Armonk, NY, USA) T2 7308 0]-85}]
Aufz] BEAMEA (one-way ANOVA)S AAgo=zn Ay djxat 71

Zrolell ot FAIA foidE =elstlal, p<0.05 4<FolA Duncan’s multiple

=
j=)
(0]
(@]
3
l
o
fo
o
£
>,
e
Mo
1
filo
>
o
ol
3
)
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1. CPA assay A&
1.1. Z79] proteasome &7} A& 232

Proteasome A3l @37} okl &2lZ flavonoid®} triterpenoid7t ZFF-ol] @o

v}

ZARtHE AHLS Higo g2 671A] AR (ds)

HS,
ofg
HS,

L Axd, 2L =4

a i,

H

E%)E U5t proteasome HF7t AslES AT E|ESAL, Fig. 99 AFEd
w8 Ays dEhillt. 239d Ay, 6714 AR 55 100 #g/mLe]
skl A (39.5%3.1 %), =2 (34.3+6.7 %), £ (46.4%57 %)
proteasome 7} Aof-&o] TRHE Alme} Hlwste] FOStA =T (p<0.05).
mtebA proteasome H7F AdlEo]l = A UERE A9, HA6, &9ds A5t
5L WH3to] wWE proteasome Aol A QIS HIRCZRE proteasome Aol 7}

QAL Tl FFS AZATALL Eo| 1 28 712E oA ARl

odk
1%
kol
i)
i
e
=)
K
kil
)
SL
it
=
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[ ] MG-132 (10pM)
120 7 I CPA assay (10pg/mL)
a Il CPA assay (100ug/mL)
100 | %
80 |
S
<
E 60 b
40
ef de
20 9 fi
g g g
g g
1 T .
0 \ \ \ I \ T
Con PME MBE PFE PSE GTE PNE

Fig. 9. Proteasome inhibition activities screening of selected tea leaves extracts.

PIA; proteasome inhibition activity, CPA; cellular proteasome activity, Con; control, PME;
peppermint extract, MBE; mulberry leaves extract, PFE; perilla frutescens extract, PSE;
persimmon leaves extract, GTE; green tea leaves extract, PNE; pine needles extract.
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1.2. 9, 53¢, £99] 59 proteasome 97} A&

4, =239, 592 Hep G2 cellof 0, 1, 10 50, 100 zg/mLe] FE= * 2|5t
CPA assayS 35t (Fig. 10A, B, O), 3 7IA AF BT sE-oFxog
proteasome H7Hg AolotAtt (p<0.05). #A, =2, &4 proteasome
A7 Asfge]l =A YUEdt AL proteasome Ao BIF HIEQH

flavonoid®} triterpenoidel] 2JgF ZAo=w AzZtEh [32].

N

Aol EAsk=
kaempferol, myricetin, quercetin 2] flavonoid®} triterpenoid?] betulinic acid,
oleanolic acid, ursolic acid [44]7} proteasome <7} A 3fjo] 7] Zo|zt
AZYEIYE, =2p9le ojn] A A2l EGCGE  ZEdet ket polyphenol €]
Aol 98]  proteasome G7F AHsi7l UEbgty  AZEW, &9
proteasome Aol &¥7F HIH quercetindt kaempferol & TSt flavonoid&

orota 71l [75] olg AEo] &9l proteasome 97F Ao 7S
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A 120 1
a
100 | %
80
9
= b
< 60
o
40 | d c
20 - de
e
0 T T I T T T T T
MG-132 0 1 10 50 100
(10uM) PSE (ug/mL)
B 120 1
a
100 | =
80
9
< 60
o
b
40
C
20 € d
f
0 T 7 T T T T
MG-132 0 1 10 50 100
(10uM) GTE (ug/mL)
C 120
a
100 |
. 80 b
S
< 60
o
40 ¢
20 - d
e f
0 T —T
MG-132 0 10 50 100
(10uM) PNE (ug/mL)

Fig. 10. Proteasome inhibition activities of PSE (A), GTE (B), PNE (C).

PIA; proteasome inhibition activity, Con; control, PSE; persimmon leaves extract, GTE;
green tea leaves extract, PNE; pine needles extract. Bars with different letters indicate
significant differences (p<0.05).
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2. Cytotoxicity

Al 54E (cytotoxicity)> Ald ABE =R HZE] 244 A==
o A=7F Aol 54 54e YeleAE fste Agoazn Ax 4o
10 % °]3: Afele ¥4 54& yepdntar Eekrh whebA cytotoxicity AH
AWnE A or AZ F4S UEA d= sx H9 A AP s:E

Aok7] 9ol AES FHSHAL. Cytotoxicity AW AT 7Y, =4, £UL

S92 AlZel nRle =40l A9 vt & & jled, AlE =4o] YEhA|

3. Cell proliferation

Mz FSAE (cell proliferation)2 Ald A2E FLHE AlZZo] 96AI7F
Agste] AR

oAde Fd Bl JbE
A2 cytotoxicityo] A Axto] wet 4o e 2= w5 0, 1, 10,

30, 50, 70, 100 xg/mLe] =& Hep G2 cello] A&3std1, A9 Axt= Fig.

Aol oIt M2 T4 HistE ZRlste ddo=i, oAz

o|N
1=
S

d= &Qlst= HZ7F "ot Cell proliferation

11Bol uetilltt. Hep G2 celloll e, =3, &9 sxdz A3 o),
#AT E942 1, 10pg/mLe XA F7tete Fde Eolorh 30 ng/mLe

SEREH AZ FAE0] AAsHs AT UEon, UL S0ug/mLel B

oli
ook
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olAfol Al con (Opg/mL)T HWsl] KoJForg FASAT  (p<0.05),
100 pg/mL2] =g o AE FAEL 75.9451% 2 Hep G2 cell?] F4&

AfstAt. €92 50ug/mL, 100 xg/mLe sEollA condt HW3SI Al

LH:l

ZAE0] FosH FAastHom (p<0.05), 100 xzg/mL sZoA 60.5+8.6%2
AZ FAES et S3E 1pg/mLe sZolA AE FAEo] <t
S7Fstt7E 10 pg/mLe] sk o)dolAe FE-2EH 22 Hep G2 cell9] S41&
AsfotHom (p<0.05), 100 xg/mLe] skoA= A F2E0] 33.4+1.4 =2
Uebstth mebA cell proliferation A& §of 7, =28, £9°] Hep G2

celle] F4] AAof m|A= &}

% 9191
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ro
2
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Fig. 11. Effects of persimmon leaves, green tea leaves, and pine needles extracts
on cytotoxicity (A) and cell proliferation (B) in Hep G2 cells. PSE; persimmon
leaves extract, GTE; green tea leaves extract, PNE; pine needles extract. An asterisk (*)
indicates significant difference in cell proliferation compared to the control (p<0.05).
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4. Cell cycle

FAIZ 247] (Flow cytometry)E ARE3E cell cycle =42 Aol EAfsh=
o] DNAE propidium iodide (PDZ @M3to] DNA ko] whet NEZF7|2
metet= Ageltt. wEkA DNA 7o) 2no sidste F$+= GO/Gl7|=
FE23511, DNAS 9H4d3H= A]7]oJA DNA o] 2n-4n Atolo] sgd A9=
S712 F&5tH, DNA Hd& &3t DNAEO] 4nol digst= F9=
G2/M71&2 F&shadh. E]F A|220] DNA o] 2no] HZA| = 9+ sub-
G712 FEsSI¥eH, sub-Gl7]= HMEAZ7IAFE  (apoptosis) 2 1% DNAS]
&4=2 DNA oFgo] 2no]l HZA ¢+ AY &+ J°om, apoptosis P F
2 5H= apoptotic bodies, 2R (chromatin)®] o, =2 Az 74x

A (chromosome)tt o & QIS 2no] HZ| 9= AlZ7F E24E 4 3
[71]. A sub-G17]17F WAEYE AL apoptosis®] 7FsAS e 2 4

A

a4, =234, £98 Hep G2 cello] 0, 25, 50, 100 xg/mLe] sE=2 24A|7F
HESAIA cell cycled EASIATE. 4 T Al o cell cycle 4 A3} (Fig.
12), sub=G17]9l4 7Y 100 pg/mLE Aot ™ con (0 xg/mL)¥ H]w 5t
FotAl F7Fskdar (p<0.05), G0/G1719] A9+ 50, 100 v g/mL-& A2 3= of
conoll H[s| fFOstAl FAsh= AAE UEHHh STloAE sxREE [T
ZpolE Yeh] getom, G2/M7lo|AE= 25, 50, 100 zg/mLe A3 o,
conTt HlWsSt]  {OsHA  Frlste AVE UEWH (p<0.05). o]
flavonoid®] cell cycle arrest?} TH A5 Ao WEW, myricetin?}

kaempferolo] Z}ZF Hep G2 cell (FF Al=)x HT-29 cell (THgeh AlE)ollA
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cyclin B1o] A& A5t G2/M phase arrests a3ty HAEQITh [76
771, 28R B Ao A= Ao EASH= myricetin®t  kaempferolS
Z3Foh= oSt flavonoid [44]0 9]8f]l proteasome©] A met cell cycle
arrest’t TA 52 flavonoid7} 24 cell cycle?t #HE whfa dhdof ¢S
FolA vehd Aipet AzbE mebs] gede st 7SS G2/M7] oA
cell cycle arrest® 9o, @AYol 57l =2 o sub-Gl7|E8 FoHo=z

Z7IA1%) AT 9 apoprosis FF 7FsAE HAT & 9k,

|

=29l A Fof cell cycle 24 AT} (Fig. 13), %24 100 £g/mLe AL
T sub-G1717} con¥t Hlwske] folstAl F7Fskaltt (p<0.05). GO/G1719] 7%
50, 100 zg/mL& HeE ©f, conell HI3| FolstA Hashs AMs ety
(p€0.05). S71%= condt HWStA] ZmApQle] FEe] wep FL-oEAom
¥ttt (p<0.05). G2/M71o|AE 50 pg/mLe] sZoATt con¥}t H|ws}o]
Frol8tAl STkt (p<0.05). F AT BEITEAR 5219] cell cycleo] FEE
A=At EASH= flavonoidell oJgt Adtetal AFZAEH, =32t TR
EGCGE SMMCT7721 cell (+ AIE), CL1-5 cell (#Y AE)oA S phases}

N

ro

G2/M phase arrestS -Gttty BuE b gt [78, 79]. wEbd Eaple

[ o

EGCGE =gslE= thFst flavonoidoll 2l S phase arrest® 5k -9o]&%

do7|H, $&7F =2 M apoptosiss B2 7HsAdol Aewe AT

e

A= Hep G2 cellol A2t %9 cell cycle &4 A (Fig. 14+
GO/G171°14 100 pg/mLa A= Fa woRt conoll Bls| #FoJ5kHA] HASHA

(p<0.05). S7]olA= 25, 50, 100 xg/mLe] ‘sZolA con¥} H|wslo] Fol5HA
7t ATE UEWou (p<0.05), FEERE {3t Aot yERA
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kgtom G2/M79A% 100xg/mLe] SZAT conoll HF §ol5H]
7Veh= A3 vEr T (p<0.05). ?HH, £94-2  quercetin®t  kaempferol©]

AEolgtal deA 9lew [75], quercetin LoVo cell (HFY MlxZ)3F MCF-7

o[N
Oll

N

cell (FH AMIE)oA S phase arrestg FEstal [80], Hela cell (AFa7dHe
Ma)olA= G2/M  phase arrestE FE3WC™  [81], kaempferol= HT-29
cellol Al G2/M phase arrestS Gty HIEJTH [77]. wabd &9 &9
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Fig. 12. Flow cytometric DNA content analysis of Hep G2 cells treated with PSE.
Hep G2 cells were treated with PSE (0, 25, 50, 100 zg/mL) for 24 h and stained with PI
(A). The cell cycle was quantified (B). PSE; persimmon leaves extract. An asterisk (*)
indicate significant differences in cell cycle compared to the control (p<0.05)
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Fig. 13. Flow cytometric DNA content analysis of Hep G2 cells treated with GTE.
Hep G2 cells were treated with GTE (0, 25, 50, 100 zg/mL) for 24 h and stained with PI
(A). The cell cycle was quantified (B). GTE; green tea leaves extract. An asterisk (*)
indicate significant differences in cell cycle compared to the control (p<0.05)
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Fig. 14. Flow cytometric DNA content analysis of Hep G2 cells treated with PNE.
Hep G2 cells were treated with PNE (0, 25, 50, 100 zg/mL) for 24 h and stained with PI
(A). The cell cycle was quantified (B). PNE; pine needles extract. An asterisk (*) indicate
significant differences in cell cycle compared to the control (p<0.05)
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5. NF- k B activation

Hep G2 cello] #Y, =2k, £9 A8 & TNF-aZ NF-¢B &4

mlo
H‘l
st

il

29e  olgste] western blord S NF-«Bo|] WAHe sl
FAsteo] o ZARES W AL F4 U AEATAEe] Polshs AR

NF- ¢ Be| @i dradsre dllof] EAjsh= Tl Ao AF<l nucleolin®] TAZF=

Hep G2 celloll #¥2 A23e o (Fig. 15), A =7t S7Fol wet NF-
kB o] AR E AFS BHouy, 100xg/mLe] FEoATE positive con
(A= A7 x, TNF-a A o)¥} Blste] FoJstA Fastalnt (p<0.05).

=292 Hep G2 cello]l A== o (Fig. 16)9l= A= sX7F S7ketel wet
NF-« Bo] Wrasfo] Fase AFE B, positive conTt H WSS Hjoll+=

T W3k} AFmglo] NF-«B @de folstA Asfistat (p<0.05).

£9& Hep G2 cello]l AL o (Fig. 17)°l= A kol ga@glel NF-
kB Ao s FA g AR YEhth

olgigt ANE o #AT} H21Y-L proteasome] &7t AsE F3| Hep G2
celle] F41 AA, cell cycle arrest ¥ NF-¢Be] &d oA &3+ UL
&2 proteasome 7t AHS|E TS Hep G2 cell SA419] A D cell cycle

arrest= -GSt oW, NF-«Be o3 s an= gelst 4 gigich shxqt
Ao, =29, &9 BE proteasome F7F As| 9@ LAl FA] cell cycle

arrestS frRtthe 29 Tl I 71540l =

filo
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Fig. 15. Effect of PSE on TNF- @ —induced NF- « B activation.

Hep G2 cells were incubated in medium with persimmon leaves extracts (1, 10,
100 #g/mL) for 24 h followed by TNF-a treatment (10ng/mL) for 30 min. Nuclear
extracts were assessed by western blotting using antibody to NF-xB p65. PSE;

persimmon leaves extract. Bars with different letters indicate significant differences

(p<0.05).
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Fig. 16. Effect of GTE on TNF- a —induced NF- £ B activation.

Hep G2 cells were incubated in medium with green tea leaves extracts (1, 10, 100 ¢ g/mL)
for 24 h followed by TNF-a treatment (10ng/mL) for 30 min. Nuclear extracts were
assessed by western blotting using antibody to NF- x B p65. GTE; green tea leaves extract.
Bars with different letters indicate significant differences (p<0.05).
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Fig. 17. Effect of PNE on TNF- a —induced NF- £ B activation.

Hep G2 cells were incubated in medium with pine needles extracts (1, 10, 100 £ g/mL) for
24 h followed by TNF-a treatment (10ng/mL) for 30 min. Nuclear extracts were
assessed by western blotting using antibody to NF— x B p65. PNE; pine needles tea extract.
Bars with different letters indicate significant differences (p<0.05).
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IV.

i,
rh

CPA assaye ©ol8ot 6&FE A2 proteasome &7 A S
A32get A3 100 pg/mLe] FZoA T, =24, £99] proteasome H7F
Aoflgo] OE AREETH HWot] [FootA =A UERHL (p<0.05), T,

=2k, 95 FEEE AHESH proteasome A7 A3 LS St A

W

’

7FA] A= R5F proteasome G7ME FLE-oEHO R AHDfotAtt (p<0.05). °l&=
7, =219, &Yoo EAot= flavonoid®} triterpenoidel] s UErdt &ytz

A, 74, =39, £98 FF AAZH proteasome ASARA  F-go]

e, 572, £92 0-100 pg/mLe] vt == Hep G2 cellol] A5}
Az =4& AT 23, Alde B skolA A2 =4E8°] 10 % ez
et ol Al FFel Aol 100 xg/mL ool skolA Ao wx=
=70l A9 ot & 4 glew, of o A2 FA Al " avte F4

4o, =38, E9E A2 FAo] U] e s= Rl 0-100 zg/mLe]
ot sz At Az F4 dde F Ay, 'E UM mE AZ

SHE Ha Ade AT 5 AL, 59 100pg/mLe] FEolA control
(con)¥} Hlske] Q) (75.9£5.1 %), &9 (60.5£8.6 %), =2 (33.4+1.4 %)

wo2 AE FAES FASH A2AZH (p<0.05). ol Az, dA Al

_55_



o
=il
lo

QO] proteasome 97} Ao GME ERIFIoH=E M FA A
%3

fol
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rlr

Al

o|N

Al 243k I3 QM= proteasome Af|of <7t

[ %S A
g7y,
e, wxel, Yol AMEF/] mA: G BHF Fw, g

G2/M71E conell Hlsl FootAl F7HNHCEH AE F7] Ao (cell cycle

arrest) & AT (p0.05). =AAT £ SIS conoll H[S| oI5t

rr
AN
N
N
0,

S7HANRA O 2 M cell cycle arrestE st (p€0.05). ol2gt A}
=29, EA 9] proteasome 7F A Bt= IRt cell cycled} e whufg o]
=24 9 27 EAok= flavonoidoll &8l cell cycle arrest”} WYL, cell

cycle arrest= 45| Al F4] oA Ayt olojH-& Zolzt A Hh

4, =28, &0l NF-«B ddo nx= JFa Selt 2, A2
100 pg/mLe] koA condt BIWSt NF-«B @dAFS FolstA daAA
(p<0.05). =2tY4E conT H[WSt] L HASEel AfFglo] RF NF-« B
TAFS AN (p0.05), €92 NF-«B Fdol| 4 2 g 2oz

=210 NF-xB Wd A= proteasome &7} Adfo] <]t

Azt gzhect,
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ABSTRACT

Development of Cellular Proteasome Activity (CPA) Assay and

Anti—cancer Effects of Tea Leaves Extracts

Kim, Soyoung
Department of Food and Nutrition
Graduate school of

Sungshin University

Proteasome is an intracellular protease, which controls cellular processes by
degrading regulatory proteins associated with cell cycle, signal transduction, gene
expression, and apoptosis. Also, proteasome stimulates activation of NF—« B by
degrading ubiquitinated IxB—a. NF-xB regulates cell proliferation as a
transcription factor. Thus inhibition of proteasome activity can contribute to
prevention of cancer. The purposes of this study were to develop cellular
proteasome activity (CPA) assay, to evaluate the proteasome inhibition activities
(PIAs) of selected tea leaves extracts; green tea leaves extract (GTE), persimmon

leaves extract (PSE), and pine needles extract (PNE), to evaluate the effects on cell



proliferation, cell cycle, and activation of NF-« B on hepatocarcinoma cell, and
finally to suggest potential anti—cancer effect. PIAs of GTE, PSE, and PNE using
the CPA assay were significantly increased in a dose—dependent manner (p<0.05).
Also, GTE, PSE and PNE inhibited cell proliferation, as GTE (33.4+1.4 %)
significantly had the lowest cell proliferation rate (p<0.05), followed by PNE
(60.5£8.6 %), PSE (75.9+5.1 %) at 100 xg/mL. Also, GTE, PSE, and PNE
significantly induced S, G2/M, and S phase arrest, respectively (p<0.05). Also,
GTE (at the concentration of 1, 10, 100 xg/mL) and PSE (at the concentration of
100 pg/mL) significantly inhibited activation of NF-«B (p<0.05). Therefore,
GTE, PSE and PNE act as proteasome inhibitors and may have anti—cancer effects

by inhibition of cancer cell proliferation, cell cycle, and activation of NF- « B.
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