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cell®] proteasome 97} A&l Al

7}, western blottingg& =% NF-kB 243} 801 Agg Adsio] 20

HlustaAr SIch Ml B4 e dil, 2 R FEES HepG2 cello]

=4g HOR ZRAoL, tFet AelEis AXE ZAES SSAIRTE (p£0.05)
A

Skt gtE "rlslr] Qs DPPH, ABTS, CAA assayS 0]|&6H0] =H56h

fl

21}, A7 foFor T w2 SHhtetss HAUTE (p€0.05) CE assay 2
CPIA assayE O]&dll proteasome 97} 9xlg (PIA) & &ATH &1}, CE
assayol A= FEQ #@EE0] 100ug/mL =LoA S84 =& PIAE
H3L, CPIA assayollAlE tHEQF AZIERZE 100pg/mL SEOIA FOlGHA
2 PIAE HIUACEL (p€0.05) FFol ©Bo] SO0t YA Us
flavonoids®} triterpenoids& % &F AE5I0] CE assay ¥ CPIA assays
o|gdll PIAE ZHdT Zi}, CE assaydlile HIFES AIE7 52 PIAE

HAOLE, CPIA assayollAl=  flavonoids®OIA]  baicaleind} hispidulin©],

Hi
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GO/G17IoA  Rolgt RolE HIOH, (p0.05 AT dWEHIES sub-
G1710lAl Folst RFolE HAATE (p€0.05) Apoptosis B4 21}, EE
controlo] HIa apoptosisZ7t S7lsk= dge HUJOLH ROAFQ RO|=
QAT =9t Mzjel, A5, HEE9 NF-xB &43tE golst 2y}, tifs
leg/mLe AEFe W, A%F= 10, 100ug/mLe MBS 1
100ng/mLE ATHES Wl NF-kBQ &4o] {84 &
AelHlE 2 skolA |FOAQ1 XOJE HOJR] FAT.
et Rt Agle, A%, dE3e JAX proteasome AHAZAS] &&
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1. Al

i

ERE AAROR ol MHishs AE E9 SR, SuUslld: D
xR0 55 4HGI JEE £ 94, 59 59 ABg vELH AgHw
=

79

i

Urk. 1] FRE BHEn A% 2 45 ouEn Heng AZsks

g, [21 Ed fE B SoiA gt Mdmlgdo Ege FE
phytochemicalsE T} Estatal QT [1, 2] 20108RE 201587 LELiet

ARGS9 A= S/E F=Rols T, AU, &5 @)o] A4, [3] 20144

O|2RYH ¢ JE & dE30] =& FUEsS HAUT [4]

HFe S=0lu fEuet 5 OrAore] RIYojA AHHfE o] F5, Ezut &0
HMEZFQ AlZo| 0]2E0jgtOM, phytic acid, triterpenes, flavonoids, lignan
S0] o] Ao [5] gt 8L, SCSE ol e, Add e oyt 59
SIE 7HNAL QAT [5, 6] B39l Mol HeAel A AfelEigtal Fsh=t,
angiotensin converting enzyme (ACE) Ao &1}, ¢, S

LAZ B4 A g2t
S0l Tt [6, 7] AFE =5 oot AR, e AR
His9 orgrt e ol MEEE ARREACH, S ddt, g, gk,
Hs g 52 7Ka Utk [8, 9] HEZo= EtestE, ©HE) AojHR,
HIEMI T} Augto] E56HA S04, [10] phytosterols, squalene, tocopherols,
saponins, flavonoids, tannins, phytic acid, oligosaccharides@t Z< Az|Ey
=20| O SOt A AeH, g8k, eitst, gt v, gt g1t
s2 7Hal Ut [10, 11]

Phytochemicalse Y, A, =F S0 SoAes SEEAZ,
A=C25H A28 Hss] fldf Hsolle 28 tAktEs 8=t [12]
Olg2 og v FJd9 flgse E0Fes A dHo] Lo E

T30l Atk A Atk [12, 13] o] & FRol=  flavonoids®?t



triterpenoids’} o] K& 0] QUT}. [14, 15]

Flavonoids® phenolicsE DiEst= E2%, 1Y, x4

hla

. St A SolA
o] 379l B4 (C

ring) & YZAY0IQE diphenylpropanes 7% (Cs-Cs-Ce) S 7FKI1 UL} [16,

’

SEAE = QT 7|EAOE 2709 aromatic ring (A, B ring

~

17] O] C ring %9 Xx}olo] we} flavonoids= flavonols, flavanols, flavones,
isoflavones SO& & 4 AUrh (Figure. 1, 2, 3, 4) HEFHOZE AHA &=
flavonoids® 7|s& €9 o, =559 A, HHEs giF S0 At [17]
Triterpenoids= isopentenyl pyrophosphate ZTAIQ] THAMIER, 307] 0419
EFAE O|F0] A Q0] phytochemicals & 7V 2 EZ 0T}, [18] Triterpenoids®=
squalene®] 11zIgto]  9la AMSPEL =D, ring® g0l Wl tetracyclic
triterpenoids, pentacyclic triterpenoids® W=s 4 QC}. (Figure. 5, 6, 7) [18, 19]
Triterpenoidse= THYSt SFO] Wit OFx, siRFojA EA=E = ol TS

&), g9, g¢, gediida e HOth [20] O]E  flavonoids®t

rr
ok o
o

b}

0

triterpenoids HOZ 26S proteasome A SI7F QUi KW QACH



[Flavonoids]

Quercetin-3-8-D-glucoside Rutin (hydrate)

Flavonols

Fig. 1. Structure of flavonoids.
-Flavonols-
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Fig. 2. Structure of flavonoids.
-Flavanols-



Baicalin

Apigenin Luteolin

Flavones

Fig. 3. Structure of flavonoids.
-Flavones-



Genistin Daidzein

OCH, OCH,

Ononin

Formononetin

Isoflavones

Fig. 4. Structure of flavonoids.
-Isoflavones-



[Triterpenoids]

Ganoderic acid A Cucurbitacin |
(Hydrate)

HO CHa
CHgs

_\\CH3

Diosgenin Astragaloside ||

Tetracyclic triterpenoids

Fig. 5. Structure of triterpenoids.
-Tetracyclic triterpenoids-



Ursolic acid Oleanolic acid Betulinic acid

Lupeol Withaferin A

Pentacyclic triterpenoids (1)

Fig. 6. Structure of triterpenoids.
-Pentacyclic triterpenoids (1) -



Celastrol Pristimerin

Escin Platycodon D

Pentacyclic triterpenoids (2)

Fig. 7. Structure of triterpenoids.
-Pentacyclic triterpenoids (2) -



26S proteasomes non-lysosomal THEHE EHs S4 ESHAOITE [21] 26S
proteasome0]] Q]gt THHA  E3F|=  ybiquitin systemO] Qs FEZTCE
(Ubiquitin-Proteasome System, UPS) UPS9] 7]Z0] EHE& TtHiZe 3HI)
ubiquitylation cycle IEE  SdAl  polyubiquitylation  EOJOF  26S
proteasomeO] Ol QIAtal, THAS FE FXRE 0] AL peptideR
Faliotch. [22, 23] 26S proteasome ZISHAIZO] A|22ZA L SHojA] WAL =T,
NF-kBO] &4i} cell cycleS ZAGI apoptosis, WY 7|&, SHAAA]
E 2 FQ3t NE9 715S AT, [17, 22, 23] 26S proteasomeo]
ofsff Jete He= o VIFE of dbdliyt YRSt Hdo] Q.
NF-kB= AA} QIAFR, cytokinel} chemokine, growth factor Si} THE
RERE AL [21] NF-kBE p503t p652 OJFOIF  heterodimerof],
inhibitory subunit®! 1kB7} ZgE EfQIH], 26S proteasomeS A TLAQl
plOSOIAMRE  ps0s TEEH AREO QATh [18, 21] NF-kBe HHE
TR gde TASHHA] Tt HY v 95 vkgs TAst [24] ¢
LIO7} apoptosisE AAlstal Ml SAlat Al olsg {6k, o= Qlsf
S gdo £Q8t 9dgs stA Ert [21, 24, 25] NF-«kB= AMXZZo|A]l kB2
AgEo] Q7] miEo] & Qo= O]E3EHAl Kottt QR A=ol 2ol 1kBO
phosphorylation0] YOJLFH kB9 polyubiquitylationS ZFYAIA kB7F 26S
proteasome0l Q& EalE =0, Ol= NF-xkB7} & ¢log o]l=Esl= AS
EZAZIC [21, 26] IBEZ NF-B 7|59 xEFEe tgst 579 ge
opld 4 Qrh. ES NF-«xBe= ¢&5 A APHHIgES, #igdd 44,
HiolH g A4, HYAA Fof, AZdEld 2gh 8 Ad gt} #Eo] QT
Cell cycle &g Tdshk= A2 &9 @ds THske 5% ©AOTH &2
f=3}

=
MEZO B4 REHA Ze 88, s=8ez HAEY

1l

cell cycle A&

=PSEENESSPAEY

S o= 1o

rr
M,
=3}
i
s
~
Ra)
N

ZIC}.  [21] Cyclins®t cyclin-dependent
kinases (CDKs)

AoEEE 26S proteasomed] Q& RAELCE [21, 27] Y YA 7lsg 7

rr

cell cycleQ AABS FAGH=0, cyclinsyt CDKs? 75 W
=



cyclin-dependent kinase inhibitor (CKI) p270] 2]t CDK A= cyclins D2t
EQ &€& UALAZIAL GI/S7IZ9 Tde Aottt olm 26S proteasomes
p27€ Edlich=dl #ojch=dl, S-phase kinase protein 2 (Skp-2)& p27E
ubiquitylation Al# 26S proteasomeo] Ol& EaliE|== Sl 1o wet p279)
dolgo] F0150] cell cycle?] TAHO] X HWAOE OJOK|A HC} [23]
p279] LAEO] ZOEA HH FZIY, FE, W, thaY Ay, Ha
Lot 5 T¥sl 579 o] HAHE= E97F BT Cyclins A9 cyclins B2
26S proteasome®l] 95l AT =0, cyclins AQ}F cyclins B7F 26S proteasomeOi|
ol HalE™ AMZ7F FAREEES WAL THE cell cycled] ZYSHA HE=
o2 OJojATA Hh. [21]

o2 HIEYAY Mxo ZEHA Fe g8 et

D i S

1°

Sd& 7Hal =,
A

=X

—

g

2

I3 EE  apoptosiss= HIFAEQ MO AlES k. JEu
FRISZOIATE  apoptosis IPFO] ZEZON7F MA  apoptosis’t AAEE A7t
g 26S
proteasome0| 9l ZAELC} p53, Bax, NOXAQ} &€ pro-apoptotic QIAFS9]

OFS  26S proteasomeS YAIWS sojdrt [21] =St Bel-2Lb IAP

1B

mn: EIO

I 4= It} O] apoptosisE  ZEst=d Tolste FQ ARE

ok
rlo

(inhibitor of apoptosis)@t Z< anti-apoptotic AAXI=L 26S proteasomeS
ARS W Eelgol HOoXA EHe=dl, [23] OIAE  26S  proteasome
apoptosis& Al QAE7F AFHEEX] ZokA oto] HPOZ OJOJAIA St

26S proteasomeo] THSH 1717} gdls] ZRai=Eo] wel MG-132, bortezomib,
carfilzomib, CEP-18770 & T}Sl proteasome AXIKIZ} WHE A=, O] &=
0]=9] the Food and Drug Administration (FDA) 9] &Q1& B2 proteasome
AR A= bortezomib®@} ixazomib”} AL} [21, 23] Bortezomibe 7} & 7
proteasome A|AZ, proteasome® S5 (chymotrypsin-like)-, 81 (PGPH-
like)-subunit®] 715& AFFORE A& kBE QVESIAIAH NF-kB7F o
Cto®= OlssHRl KotAl ste 7lesg 7HAIAL QT [28]  Ixazomibi=  oral

proteasome AARERLE XHESOF  FDAQ Qg HFIFOMH, proteasomeltt

_11_



i,

25to] proteasomeO] Al 7lsg & & QA

=)
[

= 7lss 7HRA Atk [29]

S O] S proteasome AIAl= SRR EA A F0| AFEE L AT} [30]

ol

26S proteasome?| & 9Xl= A9 SWE HY & At & &+ ATt
SR ol RO £F0] WE 26S proteasome Q7 ASES HWs AFLS
Bol AL i ot mekk 2 AFoAs AlEY dF PRV =4
phytochemicalsO] T} SFREO0] Artal WA Ae FFr 452 g6t

ShAtelsa} proteasome 97F ASES U6, Lol THE NF-kB 43519}

i
cell cycle ¥ apoptosisOl] HIX= HeFS F0I510] proteasome inhibitorZA Q]

RO BI1E SIHEIR FHAC
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I. A48 g 5 2

L A9 A=

1.1. M 2 AJSF

rlo

QIZF R Tt AMIEQ HepG2 cell (hepatocarcinoma  cell)
StAZF2FOIA B drop Az Ago] AFESRRIE AxE Hiol] ALEH
MEM HiRl= HycloneolA] 5t al  fetal bovine serum (FBS)
WelgeneOll Al TYEFACE. no-phenol red MEM HJX|E=  GibcoOolA TGk

LA

rlo

AFESIR AT trypsin-EDTA  solutiond}  penicillin-streptomycin, phosphate -
buffered saline (PBS), dimethyl sulfoxide (DMSO) = Sigma-AldrichOllA]

ST

ME S8 A Mx 34 AgolAd AFE%  thiazolyl blue tetrazolium
bromide (MTT) + Sigma-AldrichOlA] Q531 isopropanoldl hydrochloric
acid (HCl) = DuksanollAl +Jcto] AFESIUTE.

T2 Shels =3 Ado Al8E 2.2-diphenyl-1-picrylhydrazyl
(DPPH) %} 2,2 -azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)
diammonium salt (ABTS), 2,2'-azobis (2-amidino-propane) dihydrochloride
(ABAP), 2',7-dichlorofluorescin diacetate (DCFH-DA), Hanks' Balanced Salt
Solution (HBSS), quercetine Sigma-AldrichOllA] TS 11 L-ascorbic acid=
DaejungOilAl F+ISIATY.

Proteasome 97} &8 Aok AFEE MG-1329 proteasome substrate I
(Suc-LLVY-AMC) = CalbiochemOAl F+eistlal, HHiE SEes Qo A&t
DC Protein assay kit 12 Bio-RadollA] 5tk

_13_



Cell cycle ¥ apoptosis &40l AFEE Propidium iodine (PI) solutionilt
Annexin V, Annexin V binding bufferi= Sony biotechnologyolAl F5tRal,
Triton X-1001 Ribonuclear A from bovine pancreas (RNase) = Sigma-
Aldricho] Al L]t

Western blot AFoA] AF2%E  Tumor necrosis factor-a (TNF-a) @}
Aprotinin bovine, Leupeptin hydrochloride, Pepstatin A, DL-Dithiothreitol
(DTT), Phenylmethane sulfonyl fluoride (PMSF), Igepal GA-630 (Igepal) &
ESHSE 0] Q9] Al9FES Sigma-Aldricholl Al FISHATE Immobilon-P transfer
membranes MilliporeOlA] TSI TS primary antibodyQ] NF-kB p65&
Santa cruz biotechnologyolAl T84, Anti-nucleolin®  Milliporeoi A]
TATIH O, secondary antibody®! Anti-mouse IgG (HRP-linked antibody) 2}
Anti-biotin (HRP-linked antibody) € Cell signalingollA] TI5tICt Western
blot detection kit®! ECL solution2 ELPIS-BiotecholAl TQI5t0] AMESHILE.

Ao AFSH 47K 70 WS (Glycine max (L.) Merrill, yellow soybean),
MBI el (Glycine max (L.) Merr., Seoritae soybean), D% (Vigna angularis), 9
B2 (Lens culinaris Medik) S 20168 11€0] A& ${AIF QXIS XY

HFEO|A] FLORGIATY.

_14_



RO FEES YV fEiA A" Aol "die Falsklth. [31] &R
26ge Fdol0] FEo1V] o Mo SF4 200mLol Bil WHFELOA ETCt
22 F2E 80% acetone (v/v) 200gdt A 5EZF blender®2 ZOIE =
homogenizer (Tops, THYBAH| A, Korea) &2 &7 SE0IA 382 #ASIAIZATH
o if ¥R WAE WXt Qs ice boxOlA AHEE WlstRrt. #AsHE

E A}E35}0]  filter paper
(Whatsman no. 2) = OJMAIZAI, 1 & & S9 &=7] (N-N Series, Evela,
Japan) £ AHE5I0] water bath®] 2E5 40-50CE [AIGIHAl thek 90% (5-
10mL) 7HR] SEIAA =
15-20mLO] HE= &

AR 8HS  aspirator (A-3S, Eyela, Japan)

FHe USACh OJFA TE sFd0 F R

TE FUIE] -80T freezerolA &% =9 HIch

[}2 52 AX7] (TFD Series, Ilshinbiobase, Korea) & AME5t0] ZH2t Of
=

2.22g, ATIEl 181g, AF 1.01g, #HEE 1.17g9 FEEES AUCL

1 0

FEES Ao AFE5H] BAZA] - 20T freezerol A HIASHALE
2.2. NI B

HepG2 cell& MEMO| 10% FBSQ} 1% antibiotics (penicillin-streptomycin)
g AUVt ’RIE AFESto] T25 T2 T75 flasko] £3F6lal, 37C, 5% CO,
incubator (371, Thermo, USA) Okl BIQSICE HiR= 3-4Y0] & HA

A SHACH
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23. AE 54 A9

ME 54 Agg #3857 QsiAl HepG2 cellE 55 x 10°cell/welld] sEZ
96-well plated] 100uL® EF5H0] 37T, 5% CO, incubatorOAl 24A]7t
ittt 24X =, HiXIE RASt 2429 AISE Free MEM HIRIE
ARESHO 0, 10, 30, 60, 100ug/mLO =sL= JASH Ths, well & 100ulX
AEstal 37C, 5% CO. incubatorolAl 24A17 HiYSILE 1 & HiXE
RASH] Free MEM HIRIE AlE35t0] 05mg/mLe =Lz 3SlAst MTT
solutiong well & 100uLA% A©lst Th= 37T, 5% CO, incubatoro Al 4A]7t
HIFSHATE 4417 &, MTT solutions A|ASHA] Z& AEfOlA MTT formazan
AFE =S0JU7] Y5l acid-isopropanol (0.04N HCI in isopropanol) & well &
100uL% H7}Vtal waving shaker (CWS-250, JEIO TECH, Korea) & AMESHO]
AL0|A 20A17F ST 20417t &, microplate reader (Spectramax plus
AHESHO] 590nmolA SEEE SEsIAIL

AT,

384, Molecular devices, USA)

=
dd S8k ¢ tha9l Aol tigstol Mx Sd& s At

A
ol

control absorbance — sample absorbance
x 100

Cell cytotoxicity (%) =
control absorbance
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24. HIZ 4] Ag

M B4 AEE 85t7] IaiA HepG2 cellg 4 x 10%cell/welld] &2
96-well plated] 100uL® EF5H0] 37T, 5% CO, incubatorOAl 24A]7t
ittt 24X =, HiXIE RASt 2429 AISE Free MEM HIRIE
ARESHO 0, 10, 30, 70, 100ug/mLe =sL= JASH Ths, well & 200uLX
Aelstal 37C, 5% CO. incubatorolAl 96AIZ HIYSIYLE 1 & HIXE
RASHL Free MEM HIRIE AlE35t0] 05mg/mLe =Lz 3SlAst MTT
solutiong well & 100uLA% A©lst Th= 37T, 5% CO, incubatoro Al 4A]7t
HIFSHATE 4417 &, MTT solutions A|ASHA] Z& AEfOlA MTT formazan
AFE =S0JU7] Y5l acid-isopropanol (0.04N HCI in isopropanol) & well &
100uL A7Felal waving shakerES AME3Et0] AL0(A 20417 WHEFSHICH
20A1ZF &, microplate readerE® AFESH0] 590nmollA] EELEE =HSIQC

dE 4% @2 tha9 Ao tigsto]l Mz SAES Adsil.

L)

B[}

sample absorbance 100

Cell proliferation (%) =
control absorbance
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25. gitsks &8 49

2.5.1. DPPH assay

DPPH radical& O|&835}0] vitamin C equivalent antioxidant capacity
(VCEAOE Sdsote dHe HddAFE Falsto] dloiirt. [32] 29
A58} standard EEZ AFEE L-ascorbic acide= 25 50% (v/v) methanolS
amz 30 1mg/mL solutionS AR5, 80% (v/v) methanolS £WE 510
100uM DPPH radical solutiong A|ZStACE &4 Al& 50uLE DPPH radical
solution 2.95mLol F7istal Z A = 429 oF oA 308Xt
B2 AIZACE Controle 50% methanol 50uLE DPPH radical solution 2.95mLoj
A7bst AE AMESIAAL blankE 50% methanols AMESIALE BISTE AIRE &
Ae = 200uLA 96-well plated] 4 microplate readerE AFE6H0]
520nmollA] SXEE =ESIYCE L-ascorbic acidE Ed e FFIAS

olgsto] 219 Alg FEE g4 mg vitamin C equivalent (VCE)E AM&E35IQICH

2.5.2. ABTS assay

ABTS radical& 0O]&36}0] vitamin C equivalent antioxidant capacity (VCEAC)
E Sdcke gHe JddAE Fasto] ASHITh [32] 4ol Alset
standard B22 AF2E L-ascorbic acide BF 50% (v/v) methanolS 012
5t0] 1mg/mL solutionS AFSI 1, PBSE €m=Z 3103 1mM ABAP, 2.5mM
ABTS solutiong AASIACE 1mM ABAP, 2.5mM ABTS solution® 68C water
bathof] Al £t FHA0] & w7t 7160l ABTS radical solutiong THER!
Ch. 58 A& 20uLE ABTS radical solution 980uLol E7ISal & 42 & 10
B o5 2ojA] YFSAIRLE Controle 50% methanol 20uLE ABTS radical

solution 980xLo] H7let HAES A5} 1 blank:= PBSE AMESIQIC) dh2st
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AZE 250ul® 96-well plated] 74 microplate readerE AFE3S}0] 750nmoll
A& L-ascorbic acidE Ed) g2 BEIAE o]g&st0] 2%

o] Alg =&E gd mg vitamin C equivalent (VCE)E AF=E3H9ITH

2.5.3. Cellular Antioxidant Activity (CAA) assay

NzZ W eitels &8 Age st o Ad d5o @ie FAIsHATE
[33, 34] HepG2 cell& 8 X 10%cell/well® =L=2 96-well plated] 100uLA
EFol0] 37C, 5% CO. incubatorollAl 24A1RF WHLSIATE. 24A1F =, HiAIE
RMAsStL Z1219] AIEZ Free MEM HIRIZS AMEslo] =% WHE 3As 012,
well B 1002 A2lot®al 25uM DCFH-DAE 84 &alsto] 37TC, 5% CO,
incubatoro A1 1AIZF  S¢t EFSAIZCE  Control2 querceting sk HE
glA&to] Z2I5tal blank:s HBSSE ARSSIQICE 1A1ZE =, 4TOIA 130 ref@
587t AMEEIS the HAIE MGl PBSE 193] AIESHL THAl 4ColA] 130
rcf2 587 YAIRZIE0] PBSS A AL HBSSE AMZ3H0] 600uME 3|45
ABAPE well B 100uL4 Z7ISH ZA] 31CE 252 AESH multiple
microplate reader (Spectramax M5/M5°, Molecular devices, USA)E A}FE35}0]
485nm excitation, 538nm emissionOA] 6087t 28 HAOE JBE FHHSIAUTH

CAA unite T3t ZO] AAMHATEH

CAA unit = 100 — ([ SA/[ CA) x 100

(f SA = sample area, [ CA= control area)

CAA unitE 0]&3 EC 50 #S +#otal (CompuSyn program, version 1.0), EC

50 e E3 Alm 100g Y9 umol quercetin equivalentS AHESHIICEH
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2.6. Proteasome 97} &3 AlH

2.6.1. Cellular extract (CE) assay

7129 WOl MxE FEES 0|8%t proteasome Y7} FFH AFE
S5l QoA Ad A9 WiHE ZHSHACE. [31] HepG2 cell& 8 x

10%cell/well®] SEZ  6-well plateo] 1mL¥ EZF3lo] 37C, 5% CO,
incubatorO Al 24A17F HRLSIQICE. 24A17F = HIRIE AASIL XPMS PBSE
28] MAESt C}2, ice box POIAl cell scraperE AFE5I0] MZE mojLfal
47COIA 130 rcf2 58I FAETISIACE Cell pelleto] A7H2 RIPA buffer
[50mM tris (pH 7.4), 1% IGEPAL, 150mM NaCl, ImM EDTA, ImM PMSF, ImM
Na3V04, 1mM NaF] 150uLE F7leto] AEHES UHELl ice boxO SEOMCH
vortexingstHAl 202t BRR|gt  CFg, 4Colx 12,000 ref=  15%7E
HARTGIALE 45N AE FEES WE HOtA AFo] AMESH] F7HA

- 80T freezero| Al HGICE

ME F=EEE DC-Protein assay kit 15 AME3SHo] ozl HZe £allsiy]
CHRAL 50pugsS 96-well black plated] EFstal 24219 A|SE reaction buffer
[20mM tris-HCl (pH 7.8), 0.5mM EDTA, 0.035% SDS]& AMESto] 0, 1, 10,
100ug/mLe w&=2 gASH 02, well H 5H0ul®  AHTISFACE  Positive
control2 MG-132& 10uM9 =L2 3|Aste] &AT]st Il negative controlS
DMSOE 1%9 sz 3JAsto] Z2lstltt. 1 & reaction bufferE AHESHO]
100uMZ 3]ASt proteasome substrate ME well B 150l IS ZA]
37CE L2 AZAS multiple microplate readerS AF25H0] 380nm excitation,

460nm emissionof| A 6087t 28 HA02 d&sS =H5I
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2.6.2 Cellular proteasome inhibitory activity (CPIA) assay

MIZ W proteasome 97 5F Afs $ASHY] oA Al Aol WHEES
FaIsHTE [35] HepG2 cell2 8 X 10%cell/well®] =sEZ 96-well plateof
100N BF6H0] 37T, 5% CO; incubatorol A 24A17F HiQFSIICE. 24417t
MRS RASL 2] AIEE Free MEM HIXIE ARESIO] 0, 1, 10,
100pug/mLe] sEZ FASH g, well Y 50ulA%  ZZISIACE.  Positive
control2 MG-132& 10uM9 =L=2 gAste] X Tst¥ Al negative controlS
DMSOE 1%9 sk2 S5t Aeleilth. Als Ael = 37C, 5% CO.
incubatorofl Al 1AIZE SO EFSAIZCE 1AIRE 2, 4TOo|A 130 rcf2 583F
FAERLSE T WAIE AAS PBSZ 13 AlESHl T =SSt RA0A]

!

=
QX2 G0 PBSE  AASIYCE no-phenol red MEM HIAIE  AMESEH0]
100uMZ  8]Ast proteasome substrate IIE well B 50ulA] FHIKet ZA
37CE 25 AFS multiple microplate readerE AFE3H0] 380nm excitation,

460nm emissionO|A] 60E7E 28 1A O0® & =HGIUL
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2.7. Cell cycle BA

HepG2 cell& 1 X 10° cell/well®] L% 6-well plated] 1mLA EZF6H0]
37C, 5% CO, incubatorolA] 24A17F WISIACE. 24A17F &, HIKIE AAGHL
PBSE 18] MASILE 1 £ 24219 AISE Free MEM HIAIE AFSotO] 0, 1,
10, 100pg/mLOl =EZ A T8, well E 1mlA ALsl @
well/treatment) 37°C, 5% CO. incubatorOflA] 48AI7tF BRESIRTE 48A17F &
trypsin-EDTA solutiong 0]&2d] AMZE wojulal 4ColA 130 rcfZ 5EZH
A EToto] cell pellets URICE AVH2 PBSZ cell pelletE 22] AlIA = 70%
ethanolo SHEAA fixation IEE -20COJAl  overnightseh ZISIATE.

Overnight & PBSZ 28 AI&SH Tl PBS 100uLol HERIHCE HEAZ]

gHofl 0.1% Triton X-100, 200ug/mL RNaseE R 7}l A&9]

o]
3087t HHSAIALE 3082 &, PI (0.5mg/mL) 10uLE F7ISHl o5&
H

SLOIA] ice
boxOf] ZOFFil 1587t AZAC} HFSA]Z] & PBSE 13] ARG, M=

o
cell pelleto] PBS 0.8mLE Yo dEAIZl T}S cell strainer (SPL) =
filteringg A% =, flow cytometry (LE-SH800ZE, Sony corporation, Japan)&

0]235t0] 488nm excitationOA] cell cycleE EASIATT.
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2.8. Apoptosis £A

HepG2 cell& 5.5 X 10° cell/well9] sL2 6-well plated] 1mLA EF5H0]
37C, 5% CO, incubatorolA]l 24A17¢ HQFSIAELCE 24417 &, HIRE RIASHL
PBSE 13| AAGIACE 1 = 229 AJRE Free MEM HIXIE AMESHY 0, 1,
10, 100pg/mLe w2 At Thg, well & 1mLA Aelstal 37C, 5% CO.
incubatorol A1 48A17F HISIYILE. Single staining control® AMZE sample2
65CE 1587 71E5I0] apoptosisE YO7|E= SIYCE 48A17F =, trypsin-
EDTA solutiong O]&dll AIZE WOl 4ColA 130 rcf2 523t ARt
0] cell pellete YLAC} X7 PBSE cell pelletS 13] AIE = Annexin V

ol

binding buffer 200uLE F7Iot6] FEAIZ]A, Annexin V 5uLe}t PI (0.5mg/mL)
10uLE A7FsE] o8& oA ice boxO ZZOFE11 15E7F BFSA|ZLE BFSA]
71 % PBS 0.6mLE €0l FENMIT] L} flow cytometryE O]83510] 405/488nm

excitationo|A] apoptosisE FEAIGHALT.
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2.9. Western blotting

Western blot analysis& 0|&ct0] FF FEE0| WE NF-«B 243t AR
SE =357 96 HepG2 celle 1 X 10° cell/well®] L2 6-well plateo]
1mLA BZF35H0] 37C, 5% CO, incubatorol A 24A1ZF HRQESIATE 24A17F &,
HiKIE AASH PBSZ 18] AMIZSIYLE 11 & 2429 A|§E Free MEM HIX|E
ARESHO] 0, 1, 10, 100pg/mLY SEZE S|4 ThS, well © 1mLA A2Iskal (2
well/treatment) 37°C, 5% CO, incubatorOllA 24A17F HILSIQICE HIY = HIKIE
AMASI PBS= 12 MAstal 10ng/mLe sZ= SAet TNF-aE 050
IAIZEEQE 37T, 5% CO: incubatoroAl BFSAIZCE HESAIZl &= AMEE

3]4310] cytoplasm extract@} nuclear extract® AL}

MEZE X7} PBS 1mLA 23] ARSI ice box YOIA cell scraperE
AHEEI0] MEZE HOIUAL 4TOIA] 130 ref2 587 AAEE]SIRAT. Cell pelleto
AH7F2 hypotonic buffer [10mM Hepes-KOH (pH 7.8), 10mM KCI, 2mM MgCl2,
0.1mM EDTA, 0.2mM NaF, 0.2mM Na3V04, 0.4mM PMSF, 1mM DTT, 1ug/mL
aprotinin, 1lpg/mL leupeptin, 1pg/mL pepstatin] 400uLE F7}slo] SEMNS
THEQL ice boxOl 15687 &R T 10% Igepale A7ISo] 15657 AoHA
vortexingstRATh 1 THS 4°CollAl 12,000 g2 327 FAlEEsto] de Ad359e
cytoplasm extract®, T2 O -80T freezerol Al HISIATE
AENS AAGL He pellete PBSEZ 18] AAG A2 high-salt
extraction buffer [A0mM Hepes-KOH (pH 7.8), 50mM KCl, 300mM NaCl,
0.1mM EDTA, 10% (v/v) glycerol, 0.2mM NaF, 0.2mM Na3V04, 0.4mM PMSF,
1mM DTT, 1lupg/mL aprotinin, 1ug/mL leupeptin, 1ug/mL pepstatin] 50uLE
A7Vsto] 4ColA waving shakerZ 3027 wHlsto] siutg 7 &, 4°COIA]

A o

12,000 g= 30E dalidlst &g35ds ARl o o439
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Nuclear extract= B A& £ A|S59 BHlE &g sYstA £&6H0] 2X
sample buffer®t 1:12 A0} ARTEIYCE. AREE AIRES 10% (w/v) SDS-
PAGE (Sodium dodecyl sulfate-polyacrylamide gel electrophoresis)=
A71¥ S8t = PVDF transfer membraneC=Z tHHAS O|SAIZALE Transfer’}
2 membrane2 blocking solution (5% skim milk in 0.1% PBST)O=%
A2olAl 1A B9t WEISHY  blocking®t ¥, NF-kB p65 (1:250), anti-
nucleolin (1:10000)& 4COolAl overnights?t WHFSIO] primary antibodyS
ZOIFRACE 1 F 0.1% PBSTZ 584 33| A&EGIA Al secondary antibody?!
Anti-mouse IgG (1:2000), Anti-biotin (1:200002 AF20IA 2A17F S¢F
WEHSIATE THAl 0.1% PBSTE 584 33] A&, 0.1% TBSTZ 1084 13| AIF

ECL solutiong A Tl5l0o] NF-kB2} nucleolin bandE o] AL

o o

210l JHel =EE nucleolind] W30l RFSIR O S Image Lab (Bio-

ad, USA) T2 & 0|23

e

2.8. EAAT

I
o~

ASol Aite Hojke 3H HHEcle] HE+RFEAE LERARIL, AF
Ail= SPSS software version 22 TR 1EH =2

=
one-way ANOVA)ES AAIStOZH] Al thEE 7H9] xHolof] tist SAA

—~

o

A

L

29

>~

S 015911, p<0.05 $ZF0IA Duncan’s multiple range testS 0]&35}0]
j2

O
leRMg ST,
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m Ag 23 ® 1@

F50] WE NAEZ 54 (Cell cytotoxicity)
ANEStIA SHe AIRE sk B2 MEo| 24A17 AZlside o, Az 540
10% oldolH F4 S4& HOIth IFSIGlth wetd Az 5488 Kol
Ze AR Fd =skE Qs fal Afle D[St Az 54 AF
A}, 5, Ao, A%, dEd FEEE 0-100ug/mLe sEE HepG2 cellof
Aeletdle W BE skolA Az 5880l 10% nTez SIFRACE (Figure
8a) O] AWME Jal WF, AZlE, A% I Az 34 58 A9

OxA LeS S0I5t9 T 0-100ug/mL W9 oA AFdS A=z

i
0%
ol
3%
Aw)

50| e AlZ E4] (Cell proliferation)

AlglstalAl she AIRE sk B2 AZo] 96AIE ATt

Algo] wEt AMES SAE Helrh A=Al eletr] flsl dde TSI

Off

MZ B4 Agl 23, AF, dE83 FES9 UL skolke Az 340
OFRH S 7|XA] LooLt, E, AEElolAE controlol HISH AlE
SAEO] RYFoz 4 SRR (p£0.05) (Figure 8b)
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Fig. 8. Effects of soybeans, black beans, adzuki beans, lentils extracts on cytotoxicity
(a) and cell proliferation (b) in HepG2 cells. SE; soybeans extract, BE; black beans
extract, AE; adzuki beans extract, LE; lentils extract. An asterisk (*) indicates
significant difference in cell proliferation compared to the control (p<0.05).
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5, Alglel, A%, d839 gitetse Brlelr] ol 371A Age +3#ot
L} (Figure 9a, b, ¢) DPPH assay® 4}, A%7F 17198 + 7.07 mg VCE/g
extract2 71 =2 ZHistss HAoH, dHEYZ (10853 + 6.96 mg VCE/g
extract), AM2JE] (40.42 + 3.77 mg VCE/g extract), % (11.12 + 7.45 mg VCE
/ extract) o= ShtetsE HATH (p€0.05) ABTS assayll AoAL A&7t
168.04 t 275 mg VCE/g extract® 7} &2 Shtslsg HYonm, dEZ
(79.35 + 3.44 mg VCE/g extract), AJ2]E] (51.98 + 2.43 mg VCE/g extract), T}
T (44.18 + 8.04 mg VCE/g extract) £Q & 2MIekss HATH (p€0.05) FEot
NIZ WollA 9] ghitstss eolah 4= QU= CAA assayQ Ao &%} 91.74
+ 39.94 ymole quercetin/100g legumeC 2 7}& =& Shiltelsgs HYlon, dE
= (7156 + 18.04 pmole quercetin/100g legume), AZIE} (32.15 + 1.82 umole
quercetin/100g legume), W% (17.2 + 2.64 pmole quercetin/100g legume) <
oz gMiekse HATH (p£0.05)
7RO Al At BRoA sst dete Holal e, 7 =2 ditsts

HOl&=  AFole  radical £AS0]  FHoH  ghistRlE dET
proanthocyanidinsy} ZE& polyphenolsO] ZFE3}A E0|QC} [36] dEE FEH
tocopherols & polyphenolsQ] st2fo] =Cl1 A AOmH, [37] AlTEls A4
F1|E 7HXA A0l HFEHEDE anthocyanin $H2F0] =TH SeA QU [14] O]
phytochemicalsE2 &40 S AANSEAL AASHE 80| FHOLE g4t
st SIE HOle ZACE HiAlEL Q7] Wiz, ol59 o] =2 AF, dEF,

=

AEJElZE o =T

fjo
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Fig. 9. DPPH (a), ABTS (b) scavenging activity and CAA value (c) of soybeans, black
beans, adzuki beans, lentils extracts. SE; soybeans extract, BE; black beans extract,
AE; adzuki beans extract, LE; lentils extract. Bars with different letters indicate
significant differences (p<0.05).
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4. 20| WE proteasome 7} Alg &F

4.1. F59 CE & CPIA assay A&

S, Aglel, A%, HEZ9 proteasome 97} AHES Hristy] Y&l CE
assay (in vitro), CPIA assay (in vivo)Q 271K AFolAl AIZE 100ug/mLe| =
T2 &Aoot e H|WSHALE (Figure 10) CE, CPIA assay®Z 579 PIAE
Z-st 21 i, AP B, JE3oA AR e dgs ATt (p€0.05)
%, A2Ef= CE assay? ZilolAE proteasomeS AF|eHs @S HOIA] &
AOLF CPIA assayQ ZIOJAl= proteasome A SE HYCE dHHO| A%,
HEES CE assayQ Zit0A= proteasomeS AAsHE SE HFIOLF CPIA
assay9] ZIo|A= proteasome YA GIE HOIA] LJACH ol= 249 F77F

O Hol7| i

SFt1l Q= phytochemicalsO] C}211, AZHNS =1t of

{
-

1_4

P
20| proteasome &7} AF€0] TIEA UEL= Aolglal =

Cell proliferation AE9] &, thFeF ATEfoA] Al

e I
0k
o
=)

OlF& O|&A"E YAI=l proteasomeO] cell growth@ #HE pathwayol

27 BRolt £ 4 Atk

4.2. S flavonoids®@} triterpenoids® CE & CPIA assay A&

T flavonoids@} triterpenoids?7t BO] BHREO] U= THEAQ AlFOICH
Z A flavonoids@} triterpenoidsE % 7IA] AESH0] X2 EHE BERS510
O]£9] proteasome Al Aaies Briet7] Q6 CE, CPIA assay B S 0] &4
ABE 100uM9 =2 Aot 25 H|wskALt (Figure 11, 12, 13, 14, 15,
16, 17)

26S proteasome 97} AoE =F Zil, flavonoidsFOlAlE=  baicaleini}
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hispidulin, triterpenoidsiFollAl= celastrol, escin, platycodon D7} CPIA valueZt
=/ SEEHQUCE HEE AIS7F CE assay?] ZitollAl= controlo] Hlsi 2%
o7 =2 giE HYOL}, CPIA assay? Z1OIAE controld}t HIS=GEAL 1K
C} DolRlE $XAIE HACE (p€0.05) OJAE CE value?t CPIA valueollA] zto]7}
L= A2 AlgHT Mzete Sitels =7 tO27] fiZ2oletal 58 4= Ut}
Fot CE valuekTH CPIA valueZt YA SEE A2 A7 AlZzHE Atz &

3IA] 2510] proteasomel] S WA Rgt AOR Z=FT 4 ).

=

Flavonols#9] quercetind} 19] HIEAIQ] quercetin-3-B-D-glucosided] A]
CE, CPIA assay ZiQ| xto|7F HAgl=t], ol= Higale] &<, hydroxyl group
ol 7 ¢ Bor ANxHe sdf & S5HAl oty WEoltt. [38] NI E
CHE flavonoidsFOIAE hydroxyl groupO] H B2 &

HTE Eot OHYI7F ¥ HA B9 AAEOJUSTe AE7t AllZH

g =1t
= gof gske 7138 4= Ark oly flavonoids® proteasome AR EIE AFSH

=E0AE C-4'0] OHZ|7F Y12 0]YUE flavonesO| proteasomeS A|GH= O
of ¥gks niFThal HIiskACE [39] HERZHAIZ Flavones 2| CE, CPIA assay
ZAAoME C-4'0] OHZ17F HEAE 0] Q= hispidulinO] &€ proteasome SRS
.

I8 BAS HAT + AL
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Fig. 10. Proteasome inhibition activity of soybeans, black beans, adzuki beans,
lentils extracts.

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA;
cellular proteasome inhibition activity, SE; soybeans extract, BE; black beans
extract, AE; adzuki beans extract, LE; lentils extract. Bars with different letters
indicate significant differences (p<0.05).
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e
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(10uM)
Flavonols

Fig. 11. Proteasome inhibition activities of selected flavonoids; flavonols.

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA; cellular
proteasome inhibition activity, Q-3-8-D-G; quercetin-3-8-D-glucoside. Bars with
different letters indicate significant differences (p<0.05).
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120 - OCE value (100uM)
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Fig. 12. Proteasome inhibition activities of selected flavonoids; flavanols.

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA; cellular
proteasome inhibition activity, ECG; epicatechin gallate, EGC; epigallocatechin,
EGCG; epigallocatechin gallate. Bars with different letters indicate significant
differences (p€0.05).
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Fig. 13. Proteasome inhibition activities of selected flavonoids; flavones.

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA; cellular
proteasome inhibition activity. Bars with different letters indicate significant
differences (p€0.05).
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Fig. 14. Proteasome inhibition activities of selected flavonoids; isoflavones.

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA; cellular
proteasome inhibition activity. Bars with different letters indicate significant
differences (p€0.05).
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1207 , a O CE value (100uM)
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Fig. 15. Proteasome inhibition activities of selected triterpenoids; tetracyclic triterpenoids.
PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA; cellular
proteasome inhibition activity. Bars with different letters indicate significant
differences (p<0.05).
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Fig. 16. Proteasome inhibition activities of selected triterpenoids; pentacyclic
triterpenoids(1).

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA; cellular
proteasome inhibition activity, WA; withaferin A, UA; ursolic acid, OA; oleanolic
acid, BA; betulinic acid, Bars with different letters indicate significant differences
(p0.05).
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Fig. 17. Proteasome inhibition activities of selected triterpenoids; pentacyclic
triterpenoids(2)

PIA; proteasome inhibition activity, CE; cell extract proteasome activity, CPIA; cellular
proteasome inhibition activity, 18-8-GA; 18-3-glycyrrhetinic acid. Bars with
different letters indicate significant differences (p<0.05).
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=20 WE cell cycle £4]

F7 FEE0| cell cycled] HIX= Faks 2Qlaty] fldl, flow cytometryE AFES}
O] 48AIXFsQt SR 220 £F AISE A2ISt HepG2 cell9] cell cycleg £4]
olAL) (Figure. 18, 19, 20, 21, 22, 23, 24, 25) WHSE controly} HIWSHE o 1, 10,
100pg/mLe] SEolA] S719F G2/M717F Qo808 ZH4skaal, (p€0.05) 10, 1004
g/mLO| =LOA sub-G17)7} §9R 02 S7I6IHOH, (p€0.05) 1ug/mLe] =Lo]
A G0/G1717F @98 o2 Asshe AWE LERARILE (p€0.05) A2JEl:= controlit
HuSlE o 1, 10, 100pug/mLOA] SE-OEXORE sub-G1717F ORI C2 St
R4, (p£0.05) 101g/mLAIATE S7I7F RAAROZ 246t oM, (£€0.05) 10044g/mLoj
AT GO/GL7I7F R9FoR Zachs ke UEIARICE (p40.05) A% diEEe
controlt HIWHE m 1, 10, 1001g/mLAA] sub-G1717} RAXFOE S7HIASOLE,
(2€0.05) THE FLLHolAl= FAFQl XOJE HOA] LRUATH

TR FEES AUSIUE W cell cycleo] WSZF M7 A FRFol E0i9E
flavonoids@} triterpenoidso] Q& ¥&FS ¥HO} cyclin D13} cyclin EQ] dH6lE o
3l0] GO/G1 phase arrestS @uret A0z MZIECE [40]. S7I9F G2/M7|7F Zh4dt
Ol GO/G17|0A] arrest’t EHESHAY] WEON cell cycleQ] TIgHo] Bl Zlo= &

o

248 4 QIrh E8 sub-G17l= DNAS] o] 267k BIR] gk ke dnjsted,

=
of Qe FHolEtl = T}
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Fig. 18. Flow cytometric DNA content analysis of HepG2 cells treated with soybeans extract.
HepG2 cells were treated with soybeans extract (0, 1, 10, 100g/mL) for 48h and stained

with PL
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Fig. 19. Cell population on cell cycle of HepG2 cells treated with soybeans extract. HepG2
cells were treated with soybeans extract (0, 1, 10, 100g/mL) for 48h and the cell cycle was
quantified. An asterisk (*) indicates significant differences in cell cycle compared to the
control (p€0.05).
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Fig. 20. Flow cytometric DNA content analysis of HepG2 cells treated with black beans
extract. HepG2 cells were treated with black beans extract (0, 1, 10, 100xg/mL) for 48h and
stained with PI.
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Fig. 21. Cell population on cell cycle of HepG2 cells treated with black beans extract. HepG2
cells were treated with black beans extract (0, 1, 10, 100g/mL) for 48h and the cell cycle
was quantified. An asterisk (*, *#*) indicates significant differences in cell cycle compared
to the control (£€0.05, p<0.001).
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Fig. 22. Flow cytometric DNA content analysis of HepG2 cells treated with adzuki beans
extract. HepG2 cells were treated with adzuki beans extract (0, 1, 10, 100ug/mL) for 48h
and stained with PIL.
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Fig. 23. Cell population on cell cycle of HepG2 cells treated with adzuki beans extract.
HepG2 cells were treated with adzuki beans extract (0, 1, 10, 1001.g/mL) for 48h and the
cell cycle was quantified. An asterisk (*) indicates significant differences in cell cycle

compared to the control (p0.05).
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Fig. 24. Flow cytometric DNA content analysis of HepG2 cells treated with lentils extract.
HepG2 cells were treated with lentils extract (0, 1, 10, 100g/mL) for 48h and stained with
PIL.
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Fig. 25 Cell population on cell cycle of HepG2 cells treated with lentils extract. HepG2 cells
were treated with lentils extract (0, 1, 10, 100xg/mL) for 48h and the cell cycle was
quantified. An asterisk (*) indicates significant differences in cell cycle compared to the
control (p€0.05).
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=20 W= apoptosis B4

T20] W cell cycle BAOA KOS HOl sub-G1717F AEF O R apoptosis
7h SEE o] LS ZURIXIE =0I6k] Qlsl, flow cytometryE AFESHO] 48A1KFsS
OF =rHg ZiZto] Z=2 A8E ZYS HepG2 cell®] apoptosis® EAIGI9CT
(Figure. 26, 27, 28, 29, 30, 31, 32, 33) Apoptosis &4 A1}, H= A|F0)A] controlo]
apoptosis’t &7loh= deke HUOL FOHQI XJOJE HOIX|= LUTE WA

cell cycle XA EEAE sub-G17]= apoptosisZ2 Q15F A7} opdS SOl
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Fig. 26. Flow cytometric apoptosis analysis of HepG2 cells treated with soybeans extract.
HepG2 cells were treated with soybeans extract (0, 1, 10, 100g/mL) for 48h and stained
with PI and Annexin V-FITC.
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Fig. 27. Cell population on apoptosis of apoptosis of HepG2 cells treated with soybeans
extract. HepG2 cells were treated with soybeans extract (0, 1, 10, 1001g/mL) for 48h and
the apoptosis was quantified.
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Fig. 28. Flow cytometric apoptosis analysis of HepG2 cells treated with black beans extract.
HepG2 cells were treated with black beans extract (0, 1, 10, 1001g/mL) for 48h and stained
with PI and Annexin V-FITC.
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Fig. 29. Cell population on apoptosis of apoptosis of HepG2 cells treated with black beans
extract. HepG2 cells were treated with black beans extract (0, 1, 10, 100.g/mL) for 48h and
the apoptosis was quantified.
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Fig. 30. Flow cytometric apoptosis analysis of HepG2 cells treated with adzuki beans extract.
HepG2 cells were treated with adzuki beans extract (0, 1, 10, 1001g/mL) for 48h and stained
with PI and Annexin V-FITC.
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Fig. 31. Cell population on apoptosis of apoptosis of HepG2 cells treated with adzuki beans
extract. HepG2 cells were treated with adzuki beans extract (0, 1, 10, 100ug/mL) for 48h
and the apoptosis was quantified.
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Fig. 32. Flow cytometric apoptosis analysis of HepG2 cells treated with lentils extract.
HepG2 cells were treated with lentils extract (0, 1, 10, 100xg/mL) for 48h and stained with
PI and Annexin V-FITC.
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Fig. 33. Cell population on apoptosis of apoptosis of HepG2 cells treated with lentils extract.
HepG2 cells were treated with lentils extract (0, 1, 10, 100xg/mL) for 48h and the apoptosis
was quantified.
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6. F50] WE NF-xB 843} H35}

TNF-a2 NF-kBE @dstAl7le HYES ARSSI0] HepG2 celloll THEQF ATZ]EH,
AL dEE FEES AUt = western blottinge &8 NF-xBO] 2H3E 20l
SHRICY. (Figure. 34, 35, 36, 37)

MElElE BE =504 positive control (Al& A2l X, TNF-a &2] 0)a} H] w3}
= M Folet XOIE HOIX] EUOLE, TiF+= positive controld} HIZS W 1u
g/mLo SEOAE ROFOF NF-kBQ] 4ol ZAAHUCL (X005 HF=
positive controld} H|WFE w 10, 100ug/mLe] SLojAl KOJHOZ NF-kBO &
o] AAERAA, (p£0.05) HEZL positive controldt HIuFS o 1, 10, 100.8/mL
o sEOA FOHOZ NF-kBQ E40] ZAE S (p0.05)

olst s Ed U5 A%, dE=EL 26S proteasomeS AAISH] cell cycle
arrestg& FHotal NF-xBO &4stE OAlcte S8 Hs & 4 ARUCH AE
L NF-kBQ &4 Ax| &115 2= QY OLY, 26S proteasomeS AR|GHL cell

B = =
cycle arrestS U1 TR B9 FIE SQIE 4 AU
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Fig. 34. Effect of soybeans extract on TNF-a-induced NF-kB activation.

HepG2 cells were incubated in medium with soybeans extract (1, 10, 100¢g/mL) for 24h
followed by TNF-« treatment (10ng/mL) for 1h. Nuclear extracts were assessed by western
blotting using antibody to NF-kB p65. SE; soybeans extract. Bars with different letters
indicate significant differences (£<0.05).
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Fig. 35. Effect of black beans extract on TNF-«a-induced NF-«B activation.

HepG2 cells were incubated in medium with black beans extract (1, 10, 100.g/mL) for 24h
followed by TNF-« treatment (10ng/mL) for 1h. Nuclear extracts were assessed by western
blotting using antibody to NF-kB p65. BE; black beans extract. Bars with different letters
indicate significant differences (£<0.05).
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Fig. 36. Effect of adzuki beans extract on TNF-a-induced NF-kB activation.

HepG2 cells were incubated in medium with adzuki beans extract (1, 10, 100g/mL) for 24h
followed by TNF-a treatment (10ng/mL) for 1h. Nuclear extracts were assessed by western
blotting using antibody to NF-«B p65. AE; adzuki beans extract. Bars with different letters
indicate significant differences (£<0.05).
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Fig. 37. Effect of lentils extract on TNF-a-induced NF-kB activation.

HepG2 cells were incubated in medium with lentils extract (1, 10, 100g/mL) for 24h
followed by TNF-a treatment (10ng/mL) for 1h. Nuclear extracts were assessed by western
blotting using antibody to NF-«B p65. LE; lentils extract. Bars with different letters
indicate significant differences (p<0.05).
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1. 7} 5% 222S HepG2 cello] 4 SHE HIRIA 29Itk

HepG2 cello] Tt AZIE], A%, dESE 100pg/mL OJU9] LT sk AT
Siig m, BE sEolN AE 40| 10% ez SlEe). ol vl 79
=

TR/t Alget sE0IM Mol 58 =de HOlAl gas Qnleith

2. BT, dE9F FEE2 HepG2 celld S2]0] e MXIR] RO}, T, A2
H FEE2 MX BAES SR

Nz =4 Ag 411E Sdl oIt 34 54 HOK &= sk WA tiF,
Al A%, dEZ3e Aot Az 54 Ageg olle o, A%t dE3S2 A=
Aol dekg 7IAIAl Z= e FoIstAAL thE, Al2lEl= controldt HIWGIAE Tl
NIEZE BAIEO] &5t Ag ERIsIRILE Oz AAIE proteasomeO] cell growthol]
At pathwayd] defe NIEY] mWiEolgtl F58 = JAoH, £5t F77 71X
A= lsksol ost a4 gkt =58 4= Qrt

AT

U, Aglel, &5, dE39] gatstss Brlstr] ?lal DPPH, ABTS, CAA assay2
Al 7HR Agle malst Al Y 71K AR SolA AR 1 =8 silelss |
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g & Utk 53] AR M =2 giist

#AQ1 EBAQ! proanthocyaniding] =2 &

4. U5, A2JElE CPIA assay Z1OIA] proteasome & SRIE B, BAF, dE
E 2 CE assay 210JA] proteasome &4 JAE BYCH

O, A2lel, A%, dEZ9] proteasome & YXIE B7ish7] a8l CE, CPIA
assayQ] & 7HA] Age mslist Aul, %, AElEl= CPIA assay® AEHE 0 100
1eg/mLe sLE0A controld} HnEH] SOFOE =4 LIERGIL (p0.05), %, &
Y32 CE assay= AFAE M 1001g/mLO] SE0MA] controlit HSH0] ROF S
= =A UEHATEH (0.05). =7 AlZoll wet CE, CPIA assayll Zakgtol ThEA &

HE o]{Ee 219 F:o EZetE flavonoids@} triterpenocids® £RFQF 1 0

5. THEE9] flavonoids®} triterpenocidss= CE assay ZAIOIA] proteasome &4 A
E HYOLY, CPIA assay Z2I0lAl= proteasome &4 RIS HOJK] LAUL}.

F2o] Bol TeEOJATIT LA flavonoids®} triterpenoids E ERE AEG
O] CE, CPIA assayE &oll proteasome &4 x| S Hrst A1l flavonoidsH
oAM=  baicaleind} hispidulin, triterpenoidsFOlAl=  celastrol, escin,
platycodon D7} controlyt HWS| ROAFOE =& CPIA valueE UERNQICH
(p€0.05). THEZO] AIZOIA CE assayOlAl= controlHt &2 FXIE UERIC
Lt CPIA assayOlAl= et deke HOIA ZRt=d, ols 2t giEnt #19

zHol7h Qo] NZEE Eilsie kvt tEr] uiEolgtl £SHC) CE assayol
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M= i1 HYIOL CPIA assayolAls= S HOIX] &2 RS2 FF0 Al
(@) O

xue O & sug 4+ AA SH0 bioavailabilitys ®=O0I=% F7}
A

i)

6. RE 5 FEEE HepG2 cello A cell cycle arrestE {EGHICE

0%, A2lEl, &%, dE3Z0] cell cycled] PR geks EAS o, HFE
HE FHOIA controlat folgt AFOIE HRALL, AElElE sub-G
S7101A controldlt RS ZOIE HYOHW, HFe HEZES sub-G17]0A]
controll} KOst xH0]1E HO] cell cycle arrest® SEsHE SQIGHATE (p<0.05).
Ol T3F0f &= flavonoids®} triterpenoidsd] 98l proteasome? &4J0] o

A= 0 wet cell cycle arrest? BHAGIRAS Zlolgtal MZHEITH

7. Cell cycle B4 Al f9¢t XI0IE€ HFHE sub-G17]= apoptosisZ Q15}10]
g9AE A2 oA

Cell cycle EA01A Folst XFOJE HAE sub-G17|7t apoptosisZ Qlal] EH-A

T AQIXK] SIGH7] dl apoptosisE BAZRE w, RE 5 FEEOA
controlo] H|sH apoptosis’} &S7loh= Ag2 HIOLE Rolst XJol= HOJA] &

AT} WA sub-G17]9] |9t XH0]&= apoptosisz Q18 s Z1& o

1T & AL

fl[o

8. U, 5, dEY32 NF-«BY 43E AL4AIFT

oi=eF Aelel, A%, dE230] NF-xBe &dstol mixl= ges olet 4t
F 1pg/mLe AlstAe W, A%+ 10, 100ng/mLe AlsiAs o, HES2
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1, 10, 100pg/mLE ATISIRE W positive controld} H]WEH FOROTE NF-k

BY| &dsl7t dae Zs =lsilth (p£0.05).

mebA, i, A2lE], A%, dlEl20] flavonoids®}t triterpenoidsol]l QJdl =0
U ShABlsS Holal, E5) 5 A%, HEZEE proteasome E4ES AA6H
cell cycle arrestE FEotal NF-kBQl &dstE A4AlZl A 2WE Sof g

=
S 2 SAE g9 =5 AW proteasome ARIEAIC] AFE TtsAHS O
O
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ABSTRACT

Effects of Legumes Extracts on Proteasome Inhibitory

Activities and Anti-cancer Effects, Anti-oxidant Effects

Min, Soo Yeong
Department of Food and Nutrition
Graduate school of

Sungshin University

26S proteasome is an enzyme in cytoplasm and nucleus of eukaryotic cell and it
has been reported that it regulates apoptosis, cell cycle and immune response. In
cancer cell, NF-kB activated by 26S proteasome enters into nucleus and inhibits
apoptosis, so it causes tumor cell proliferation and expansion. Thus inhibition of
proteasome activity can contribute to prevent cancer development. The purpose of
this study is to evaluate the 26S proteasome inhibition activities (PIAs) and anti-
cancer effects, anti-oxidant effects of selected legumes (soybeans, black beans,
adzuki beans and lentils) that are consumed frequently among most Koreans and
have lots of flavonoids and triterpenoids. For this study, many of experiments are

carried out including CE assay, CPIA assay, and cell proliferation assay, cell cycle
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analysis and apoptosis analysis using HepG2 cell, DPPH, ABTS and CAA assay, and
western blotting. In CE assay, adzuki beans and lentils significantly increased PIA
at concentration of 100xg/mL. In CPIA assay, soybeans and black beans
significantly increased PIA at concentration of 100xg/mL. Also, every beans
extracts significantly arrest cell cycle including sub-G1 phase and GO/G1 phase, S
phase, G2/M phase (p€0.05). In DPPH, ABTS and CAA assay, adzuki beans
significantly showed high anti-oxidant activity (€0.05). In western blotting,
soybeans, adzuki beans and lentils significantly suppress NF-«B activation (p€0.05).
Therefore, these results suggest that soybeans, black beans, adzuki beans and
lentils might have possibilities as natural proteasome inhibitors and especially
soybeans, adzuki beans and lentils suppress NF-kB activation, thus might have
anti-cancer effects. Also soybeans, black beans, adzuki beans and lentils have anti-
oxidant activities, especially adzuki beans, thus adzuki beans might have

possibilities as powerful anti-oxidants.
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