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Fig. 1. Composition of 26S proteasome. The 26S proteasome consists
of a 20S core particle composed of two a-rings and two [B-rings, and a
19S regulatory particle composed of lid and base subcomplexes. In

particular, the [B1, B2, and B5 subunits of the B-ring have proteolytic
activity in eukaryotes[5].
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Fig. 2. Overview of the ubiquitin proteasome system. Ubiquitin is
polyubiquitinated through repeated ubiquitination cycles by El1, E2, and
E3, which constitute the UPS. Then, substrate proteins are degraded by

the 26S proteasome. DUBs remove ubiquitin from substrate proteins[10].
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Fig. 3. The schematic diagram showing the regulation NF-kB
functions by the 26S proteasome. NFkB is separated from IkB by
external stimuli such as ionizing and ultraviolet irradiation, pathogens,
stress, free radicals, and cytokines. As a result, NFxB translocates to the

nucleus, which is associated with the occurrence of cancer[3].
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1. 438 A=

DAE 2 AR

FE= Az AHEH 57FA o] ARSI} A A (Brassica oleracea)= 2021
d 8Y 25¥9 ‘st Yl F (Brassica oleracea L. var. capitata), 2
Sul == (Brassica oleracea L. var. capitata { rubra), Y (Brassica
oleracea L. var. acephala DCO)2 FUl4t3 FFdoA FRstF L, m2F
2] (Brassica oleracea L. var. Italica Plenck)= 173X FU3HA
W Z W] (Brassica oleracea L. var. gongylodes)~ XAl Ao 3}
Attt Proteasome A =4 #A4& 9 FEE 2 EdE Axdd AEd
AL (Brassica oleracea L. var. acephala DC)S 2022 119 16¥ dnlE
T sk

Ao AFgE A7 7k M EF< HepG2 Al ¥ (human hapatocarcinoma

cell line)E =AM EF23 (Seoul, Korea)oll A ¥ Fnukgktt.

2) Ak & 717

FEo] Ag¥ &<l ethyl alcohol® DAEJUNG (Daejung Chemicals &
Metals Co. Ltd, Korea)°l A AotATt. FFo AFEH £vjel n-hexane,
chloroform, ethyl acetate, n-butanol= DAEJUNG (Daejung Chemicals &
Metals Co. Ltd, Korea)olA T3ttt AX wjde] AFE8%¥ minimum
essential media (MEM)+ Hyclone (Logan, Utah, USA)olA 333,

fetal bovine serum (FBS)< Welgene (Gyeongsan, Korea)oll A + 3+

_'I'I_



No-phenol red MEM< Gibco (Rockville, MD, USA)°lA F+Y3A

Penicillin-streptomycin, trypsin—-EDTA solution, phosphate-buffered saline
(PBS), dimethyl sulfoxide (DMSO)+= Sigma-Aldrich (St. Louis, MO,
USA)o A Fdstdt. Ax 54 9 524 Add A8% thiazolyl blue
tetrazolium bromide (MTT)+= Sigma-Aldrich (St. Louis, MO, USA)dl| 4
TdstAT. FAitsts 54 Aol AFEE L-ascorbic acid (Vitamin C)&
DAEJUNG (Daejung Chemicals & Metals Co. Ltd, Korea)oll A T3t
a1, 2,2-Diphenyl-1-picrylhydrazyl (DPPH)<2 Alfa Aesar (Ward Hill, MA,
USA)ol A Fh438kath. 2,2 -Azino-bis (3-ethylbenzothiazoline—6-sulfonic
acid) diammonium salt (ABTS), 2,2'-Azobis (2-methylpropionamidine)
dihydrochloride (AAPH), quercetin, 2’,7-Dichlorofluorescin diacetate
(DCFH-DA), Hanks' Balanced Salt Solution (HBSS) Sigma-Aldrich
(St. Louis, MO, USA)°ll A F-Astitt. kst A g 54 Ao A}
4%  gallic acid, catechin, Folin & Ciocalteu’s phenol reagente=
Sigma-Aldrich (St. Louis, MO, USA)ol A T3kl Sodium carbonate
(NasCoz)= TEDIA (Fairfield, OH, USA)olA 3% 3L, sodium nitrite
(NaNO»)+= Junsei Chemical Co. Ltd. (Tokyo, Japan)olA <43+

Aluminium chloride (AlICl;) % sodium hydroxide (NaOH):= DAEJUNG
(Daejung Chemicals & Metals Co. Ltd, Korea)dld 33t}
Proteasome <7} 374 Ad A8%  proteasome substrate I
(Suc-LLVY-AMC)+= Calbiochem (San Diego, CA, USA)dlA 3% 1L,
MG-132 (Z-Leu-Leu-Leu-al), genistein, genistin< Sigma-aldrich (St.
Louis, MO, USA)d A F+43tA o™, 6“-O-Malonyl genistin Carbosynth
(Compton, Berkshire, UK), 6”-O-Acetyl genistin Nagara Science Co.,
Ltd. (Gifu, Japan)elA —SistAvt. @@z Ao AR&¥ DC Protein
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assay kit I 2 Bio-Rad (Hercules, CA, USA)A F+Y3A ). Western
blot 2o A& ¥ tumor necrosis factor-a (TNF-a)¥ Sigma-aldrich (St.
Louis, MO, USA)dl A F+U43tA 3, Nuclear Extract Kiti= Active Motif
(Carlsbad, CA, USA)A A F438FAth. Immobilon-P transfer membrane-<
Millipore (Billerica, MA, USA)olA Y43t primary antibody$!
NF-xB p65% Santa cruz biotechnology (Dallas, TX, USA)ol A T3S
1, anti-nucleolin® Millipore (Billerica, MA, USA)lA T3t}
secondary  antibody$! anti-mouse IgG  (HRP-linked antibody)%}
anti-biotin (HRP-linked antibody)< Cell Signaling Technology (Danvers,
MA, USA)°lA F+43ststl. Western blot detection kit¢! ECL solution<
ELPIS-Biotech (Daejeon, Korea)oll Al T L3ttt 240 AFgH Sujol
formic acid®} methyl alcohol2 DAEJUNG (Daejung Chemicals & Metals
Co. Ltd, Korea)°ll A A8t A AL, acetonitrile Honeywell Burdick &
Jackson (Muskegon, MI, USA)ol| A <3} t}.

Aol AFE3 7]7]= homogenizer (Tops, Daeillab service, Seoul,
Korea), aspirator (A-3S, Eyela, Japan), 3|4 3 %=7] (Hei-VAP ML
Adv/Pre, Heidolph, Germany % N-N series, Eyela, Tokyo, Japan), &2
A7) (FD&508, I1ShinBioBase Co., Ltd., Dongducheon, Korea), microplate
reader (Spectramax plus 384, Molecular devices, San Jose, CA, USA),
fluorescence microplate reader (SpectraMax Mb, Molecular Devices),
chemidoc (Bio-Rad Laboratories, Hercules, California, USA), LC-MS
(HP1100 / Agilent6130, Agilent Technologies, Palo Alto, CA, USA)©°]t}.
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2. 49 U9

D AR JaF FE2E A

A QaF FEE Axe A A5 Faste] 35 AH65] A
2~ 50g9d A7FE 70% ethanol (v/v) 400g¥ &7 blender®Z #Zol+ U
ice box°l A homogenizer® &3IAIZTH T A3tet §AS aspiratorg Ak
43}lo] filter paper (Whatman No. 2)Z o33 t}g oS 31d F

%715 Ab&ste] 45TolA 90% ol SHAIA FFsHAth 50 F
F4E H7ste H9E 20mLE 233 -80C deep freezeroll A/ €7 3]
A9 ¥ 54 Ax7E AREste] EEstetdth EEstete] A2 e vl
F 256g, A 247g, 4] 1.72g, P22 1.80g, AL 151gol R, 2
of Abgg wi7bA] -20C WE oA ®ased)

ofs

i

e

2) A FEE L 2FE Ax
A A AFE Faste] FdsArb5]. AY 100g=
2} 7}¢ 70% ethanol (v/v) 800g3} &7 blender® Zo}= thE ice boxol A

e,
als

FEE Az

homogenizer= wAIAZH Y. #2Es 8NS5 aspirators AFE3Fe] Afilter
paper (Whatman No. 2)2 o33t o5 oA AS 3d T 55
skl 35TColA 90% ol TEAA FFstAdth xR THRTE H7st
o] ByZ 20mLE w31 -80T deep freezerol Al £+A3 94 & =247
Z38le] 507g9 HES AU

S 282 A8 AFE Fase] FRGATG6] AL FEE 4gs 3
2k FHFFel 1110 (w/iv)e=Z A
acetate, n-butanol, 3z THFY A= 75t EIHES AJANG(Fig. 7).

gujd EIELS 7 v 2L 52 AZE39 n-hexane ¥ E 0.0337g,

3]s % n-hexane, chloroform, ethyl



chloroform # &% 0.0033g, ethyl acetate + %% 0.0053g, n-butanol + & &

04247g, 32 7T +9= 2.9509g= AUt

3) HepG2 A X v

HepG2 AEX= 10% FBS® 1% penicillin-streptomycing % 7}s+ MEM
WA 2 o] 3te] 37C, 5% CO, 2719 incubatord] Al jekate i, wjx| =

3-4<dol 3 A wA s
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Kale

l

70% EtOH extract
n—Hexane : H,0 (1:1)

l l

n—Hexane layer H,0 layer

‘ Chloroform : H,O (1:1)

l l

Chloroform layer H,0 layer

| Ethyl acetate : Hy,O (1:1)

l l

Ethyl acetate layer H,0 layer

| n—Butanol : H,O (1:1)

l l

n—Butanol layer H,0 layer

Fig. 4. Extraction and fraction procedure of kale.
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4) AIE 54 =4 (Cell cytotoxicity)

Alge] e AE 542 de A7E st S48 t57]. HepG2
AEE 96-well plated] 6x10* cell/well®] F==Z 100ulL? wF3FaL 37T,
5% CO. incubatorel Al 24413t &b wiFst Attt 24412k 5 WA & A As}
i, serum-free MEM WA & AF&-3te] 0, 10, 30, 50, 70, 100ug/mL -&
8| A3 AlRE welld 100ulL® A 2]3tal 37C, 5% CO, incubatoroll Al 24A]
sk wigEad. 1 % wiAE AASAL, 72 welldl 05mg/mL Fx=2
TT €9 100uLE AHelste] 37T, 5% CO, incubatoroll Al 4A]7F oF uj
Fakdth, MTT €98 A A% §, formazan 23S 3017] Y3 Z+ wellel
DMSO 100uL® Yo 30% &<t uwukstedth. 21 % microplate readers A}

g3kl 590nmelH FHEE SASA S4Y FHE Fe e Aol o

ol

=

O

I

. control absorbance — sample absorbance
cell cytotoxicity (%) = D < 100
control absorbance
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5) AI¥ &4 &3 (Cell proliferation)

Aae mE Ax S Al d7E Faste FAHEAT57]. HepG2
AEZ 96-well plateo]l 4x10* cell/well®] T== 100ulL® ¥F3Fx 37T,
5% CO. incubatorel Al 24413t &b wiFst Attt 24412k 5 WA & A As}
a1, serum-free MEM ®J A& A}-&3ko] 0, 10, 30, 50, 70, 100ug/mL &

ol

5
8| A3 AlRE welld 100ulL® *2]3tar 37C, 5% CO, incubatorol Al 96A]
sk wigEad. 1 % wiAE AASAL, 72 welldl 05mg/mL Fx=2

TT €9 100uLE AHelste] 37T, 5% CO, incubatoroll Al 4A]7F oF uj
Fel Atk MTT €98 A 73 & formazan A< Ho]7] Y&l ZF wellol
DMSO 100uL® Yo 30% &<t uwukstedth. 21 % microplate readers A}

g3kl 590nmelH FHEE SASA S4Y FHE Fe e Aol o

=

O

I

. . le absorb
cell proliferation (%) = SAMp’e absorvance .
control absorbance
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6) G35 573
D DPPH assay

DPPH radical® ©]&3F vitamin C equivalent antioxidant capacity
(VCEAC)= A dA7E Farste] SAskAti68]. 242be] A8 5 2589
© & A3} L-ascorbic acid (vitamin C)i 50% methanol (v/v)S &7
2 3to] Al z3sk 3z, 100uM DPPH radical solution< 80% methanol (v/v)
S g2 3dlo] A xsATE. =4 A® 15uL¢ DPPH radical solution
8R/uLE E3Fste] Ao Ao A] 3087 WSAIZl F 96-well plateol]
!

% th. L-ascorbic acidE E3 42 FF4A4S o] &3le] A®E ¢g¥ mg

&

B\
[ell

200uLA & 7] 3 microplate readerg AF-&3dlo] 520nmolA FHEE

1

vitamin C equivalent (VCE)E AF=3}3i o).

® ABTS assay

ABTS radical® ©]83F vitamin C equivalent antioxidant capacity
(VCEAC)= ABA+E Faste] SAHsACIGS, 59]. 242+e] Alg 3 £+
GHo g AFE3F= L-ascorbic acid (vitamin C)¥ 50% methanol (v/v)<
fuj2 dto] A ZsA L, ABTS radical solutione PBSE &vuj=z &}o]
ImM AAPHS®} 25mM ABTSE &%3l3l 68C water batholl A Fw st &
S0l & 7= 7FEste] A xsAT. A4 AlE 20ulet ABTS radical
solution 980uLE E3tste] A9 44

plate®] 250uL? & 7]3L microplate readerE Al-§3te] 750nmolA FHFEE

oA 103 ®WEEAZ -, 96-well

=439 th. L-ascorbic acidE &3] €42 ZT=I44ES o83t Alm g9

=

mg vitamin C equivalent (VCE)E 2F=3} i t}.
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® Cellular Antioxidant Activity (CAA) assay
Ax o &dikst g4 d8 AFE Faste] S48 oH60, 61]. HepG2
ahle] 1

37C, 5% CO, incubatorol Al 24A]17F FoF w3ttt 2447 3 wix| = A
A38Fa, serum-free MEM WX 2 3]X 3 ¥ AlZE welld 100ul? #
A7 ske] 37C, 5% CO, incubatorel A 1A
4C, 130rcfoll A 323t 23t PBS®
eldte]l PBSE Al7sklth. HBSS®E 34
37C= AA3 microplate
7_31

MEE 96-well black plated] 8x10* cell/welle] FE=Z 100uL*
AA

217

43k ot 25uM DCFH-DAZ
SAZHTH 1A %

Ll
o FAA

3 E
A4
A7t

o

A s F

st 600uM ABAPE welld 100uL

readerS Al-83}¢] 485nm excitation, 538nm emission] Al 60%37F 2% %
AR

o2 gHF3S S50 v 2ol CAA units AARFsEAH

100 — (JSA / JCA) x 100

CAA unit
(J SA = sample area, / CA = control area)

T3 e (CompuSyn program,
umol quercetin equivalent

o] &3t EC 50 #H=
s

CAA units
version 1.0), EC 50 < %3] A4 100g

(QE)E 2t=3et3At.
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=

Gallic acide XZ+ =4= o|&% Zgds TS A5 FaLsto
ZAstAnH62]. FH/F 500ulel =4 Als 125ul9t  Folin-Ciocalteu
reagent 125uLE F7Fste] 6&3F RESAIZL % 7% NaxCOs& 9 (w/v)
1.25mLE #H7Fe S 7 ImLE H7bste] A9 gdoA 90& &<t
HES A tE 96-well plated] AlE ¥HgH-S 200ul® & 7131 microplate
readerE AF&3to] 750nmelA SHFEE A3k, gallic acidEs 3] 42

EERAL ol st 247e] A g

ofl

mg gallic acid equivalent (GAE)E&

@
&
@)

S
]

o
=5
N
i
iy
fr
o
ofo
o
i
)
f
b
o
i

ol

gge HPATE Fas
%9

of ZAsAH63]l. SFSF 300uLel =4 AE 50uLet 5% NaNO,
(w/v) 15uLE H7}ske] 5zt vbgAIZ1 % 10% AICl; &< (w/v) 30ulL&
A7betal 613F WS AIZ T IM NaOH €9 100ulLEs &3 F, 96-well
plated] A& WSNS 100uL® & 713 microplate readerE Al-& 3}
520nmel A FFEE 543t Cateching §3 42 ZT=FAHAS o] &3}

of 7t7}el

S

|% g3 mg catechin equivalent (CE)E AF&3}91t}.
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8) Proteasome 97} A3 & =A
D Cell Extract Proteasome Inhibitory Activity (CE) assay

Whole cell lysateE ©]&3F proteasome 97} A& Adq A4+=
sl =435 tH64]. HepG2 Al FES 6-well platee] 5x10°cell/well®] ¥ &=
ImLA #3531 37T, 5% CO, incubatoroll A 24A]3F &b vl st} 24
AIZE 5 WA & AIASEAL ice-cold PBS®E 23] AlH3 thg, da folA
cell scraperg Ab8-38te] MAEE wWolulal 4T, 130rcfoll A 583 LA &2 3
At} cell pellete] RIPA buffer (50mM tris (pH 7.4), 1% IGEPAL, 150mM
NaCl, ImM EDTA, ImM PMSF, ImM Na3VO, , ImM NaF) 150uLE #
7Fska, 20% EQF A fel FwWA 5EvTh vortexingstEt 4T,
12,000rcfoll A 158&:3F A4 5, A5 Ax FHES oA -80T

deep freezeroll A =33} t}.

AEX FE2E52 dd g T 96-well black plateo] wild 50ugel] 3%
3t 4SS BEF3 v Reaction buffer (20mM tris—HCl (pH 7.8), 0.5mM
EDTA, 0.035% SDS)E AF&3te] 343 Al&9 proteasome-specific
inhibitor®! MG-132 10uM (positive control) ¥ DMSO 0.1% (negative
controDE welld 50ul.®  FH7FstAth. Reaction buffer2 3|48 100uM
proteasome substrate ME welld 150ul? H7Fsta, 37C= A3
microplate readerE A}F£3Fo] 380nm excitation, 460nm emission®l| A 60+
b 2% bA o R HEs A5t Afte] WE fluorescence A1 o3k THA
< T3 proteasome H7F A& thE A& ol &3sto] At

negative control =41 0|3} M4 — Alg 244 o]s} HA

= . . _ ! x 1
PIA (%) negative control =21 ©]3} H4 — positive control =41 o]s} 4] o0
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@ Cellular Proteasome Inhibitory Activity (CPIA) assay

A3 W proteasome 97} A& A AFE Faste] ZA3FATH6E5].
HepG2 M XEZE 96-well black plateo] 8x10* cell/well® == 100ulL? &
F3atar 37C, 5% CO, incubatoroll A 2441 7F F<F v ksl cl. 2447 & )
A S AAs, serum-free MEM ®iA 2 3|43 A5 ¢} proteasome
-specific inhibitorQl MG-132 10uM (positive control) % DMSO 0.1%
(negative control)E& welld 50ul.® #H7}sle] 37T, 5% CO, incubatorel A
1A ZE &k dbS Al H T, 1A & 47T, 130refoll A 327 Y48 star PBS
2 AHT os wd 2dodA dARes . PBSE AR F
no-phenol red MEM HIA|& A}&3to] 100uM=Z 3243k proteasome
substrate & welld 50ulL® H7lstar, 37CE 443 microplate readers
Ab-g3}o] 380nm excitation, 460nm emission® A 607 2% tA o & F
o Asle] At w2 fluorescence HA  o]d WAES T

proteasome 97} As &L oS AS o] gdte] AT

AN

=

negative control 41 0|3} WA — Alg 244 o]} HA

PIA =
%) = negative control 211 o]3} A — positive control 341 ©]3} HZ]

_23_
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9) Western blot

Ade]l NF-kB €4 A a3+ A A& Faste] A s vh66]
HepG2 A ¥XZE 6-well plateo] 1x10%cell/well®] TEZE 2mL¥ ®EF31
37C, 5% CO, incubatorol Al 24A]17F FoF w3ttt 2447 3 wix| = A
A o2 PBS®E 13] Al#3&al, serum-free MEM HiA| & A}&-3to] 0, 1,
10, 100ug/mL =2 33 A5E welld ImL¥ H3 & 37C, 5%
CO; incubatorell A 2443 &<k wFstdvh. 2447 & wjAE A A S
PBS® 13] A H3s % 10ng/mLe %= 3As TNF-aE H7}ste] 37C,
5% CO, incubatorell A 30% &<F WA At

308 3 wAE A AL ice-cold PBSE 23] A H3 v}, A& oA
cell scraperg Ab&3to] MEZE wolya 4T, 12,000rcfoll A 5&3F G4
stttk MEAF 3 FELS Active Motif Nuclear Extract KitE o] &3}

o5 Zo] FaAstdt. WA, dAEgste] EE cell pelletl 1X
Hypotonic buffer 250uLE %3 1543 oo FAth Detergent 12.5uL%

Y 10x7 AlA vortexingdtal 4T, 14,000rcf, 287 AR 3 & A=

0
ru{o
2
Y

ol
ol

¢l AEXd FEHES -80T deep freezerol X H st A=A
i @F2 pellet Complete lysis buffer 25ul& il

4
rocking shaker® xWsk & 30%7F M Al vortexingstal 4T, 14,000rcfol A

3l FEELS M AS AHstal 2X sample buffere} 1:12 43 0] 95T ol A
ZFEEe, dwE AZe 10% (w/v) SDS-PAGE (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis) % PVDF (polyvinylidene
fluoride) membrane®. 2 YW A3 o] 5 A H T}, Transfer’t Y% membrane

< 5% skim milk in 0.1% PBSTZ A2l 1A &<t uykslo]
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blocking¥t %, primary antibody%l NF-xB p65 (1:250), anti-nucleolin
(1:10000)= 4TlAl overnight &<t &5tk 0.1% PBST=Z 54 33
A 23 ¥ secondary antibody¢l anti-mouse IgG (1:2000), anti-biotin
(1:2000)= 7=l A 2A3F & FA9FAT. 0.1% PBSTE 534 33 A%
stal 0.1% TBST=Z 1024 13] Al#H3g % ECL solutions #1234

nucleolin band& 7|+ 2= NF-xB band& A %3I%
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10) LC-MSZE 9] £ 3 proteasome A 22 &4

Proteasome A3 =2 4S5 9 AEZS Img/mlL =7 %= 0.1%

formic acid® 3|4 3% & 02um syringe filter= o] 3}3}3L Table 1, 2, 3, 49

m

e 20% Aol AL FPSG AY FEE L 2Py 2ye

¢

proteasome A & 37} Atk & ¥ 2 phenolic coumpounds®}t terpenoids

v4= #8 [67], [68], [691= Faste] FAskadar, 2 gl

flo

i
=

e

=
T

T

proteasome A &37F Avha &l X anthocyanin 4S5 913 [70]1S #F

make] Z4 et
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Table 1. LC-MS analysis conditions of kale extract and fractions.

Parameters Conditions
Instrument HP1100, Agilent6130
NUCLEODUR C18 Pyramid
Column
(2.0 x 150 mm, 3.0 um)
Tonization ESI negative
Detector UV 320nm, 450nm

A : 0.1% Formic acid/ ACN
Mobile phase

B : 0.1% Formic acid/ Water

Time A (%) B (%)

0.0 5 95

5.0 10 90
Gradient 35.0 40 60

60.0 90 10

70.0 100 0

80.0 100 0
Flow rate 0.3mL / min

Injection volume 10uL
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Table 2. LC-MS analysis conditions of lutein in kale.

Parameters Conditions
Instrument HP1100, Agilent6130
NUCLEODUR C18 Pyramid
Column
(2.0 x 150 mm, 3.0 um)
Tonization ESI positive
Detector UV 450nm

Mobile phase

Gradient

Flow rate

Injection volume

A : 0.1% Formic acid/MeOH
B : 0.1% Formic acid/ Water

Time A (%) B (%)
0.0 80 20
10.0 100 0
20.0 100 0

0.3mL / min
50uLl
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Table 3. LC-MS analysis conditions of phenolic compounds in kale.

Parameters Conditions
Instrument HP1100, Agilent6130
NUCLEODUR C18 Pyramid
Column
(2.0 x 150 mm, 3.0 um)
Tonization ESI negative
Detector UV 320nm

A : 0.1% Formic acid/ ACN
Mobile phase

B : 0.1% Formic acid/ Water

Time A (%) B (%)
0.0 5 95
Gradient 50.0 30 70
55.0 70 30
60.0 100 0
Flow rate 0.3mL / min
Injection volume 10uL
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Table 4. LC-MS analysis

cabbage extract.

conditions

of anthocyanins

Parameters Conditions
Instrument HP1100, Agilent6130
NUCLEODUR C18 Pyramid
Column
(2.0x 150 mm, 3.0 ym)
Tonization ESI positive
Detector UV 520nm

Mobile phase

Gradient

Flow rate

Injection volume

A : 6% Formic acid/ ACN
B : 6% Formic acid/ Water

Time A (%) B (%)
0.0 3 97
11.0 5 95
22.0 9 91
44.0 13 87
66.0 15 85
77.0 17 83
80.0 90 10

0.3mL / min
5uL
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11) 3AAH

w979 Aste 38 Bl WErEFAAE UHhiRa, [BM SPSS

Statistics 256 ZZ2 138 o] &3t dYnfjx] EAHEA (one-way ANOVA)
S AAFoRN AP gixzae zold g FAAH FoAds AT

S|
o

Rz
o

, p<0.05 =l A Duncan’s multiple range testZ ©o|&3d}lo] AZE

_574
Fa5e
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s s FulF, A, S, REEy, Ad FEES
0-100ug/mLe] F%= HepG2 Aol 24A17F A st% s

AE 5480 10% wroz ey th(Fig. 5). wpahs
Zehd], BeEy, AdS Axd 54 S48 vAA Feva & 5 e
H, AlE 54

B
qe AA AT

iV}
0%
=
o
Y
o2
=
ﬁN'

o] 10% vvto & Fol® 0-100ug/mLel F% HolA A

2. 423 AA9 AIE F24] (Cell proliferation)

FEES wrEE AXol 9647 AU W, Axe) F4 o4 @
of Vet FEEY 9 /5AL HAT & vk mebd AT 54S

_—

eI A 2 FEE = 99 oA Axe S48 WEE s

Atk FulF, Al Zepv], n2Fe, Ad
S 0-100ug/mLe] H%=& HepG2 A XEol 96417 Ada4<S W, Fig. 59
2e FAEe Wy vepgth SelSE 10, 30, 50, 70ug/mLe] & & ol A]
control (Qug/mL)¥ Huste] FoHom ME FAEFo FAsAdL
(p<0.05), AFuF+= 30, 50, 70, 100ug/mLe] &= A control¥} W]l &}o]
FoHog AT STAE A3 Hp<0.05). F&r = 10, 30, 70ug/mLe

o
i

=
=
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5o A control® Hlusle] felHom AXE F24S A sl (p<0.05),

[z

2Z2¥ = 10, 30, 50, 100ug/mLe] FXEolA control?} H]iLdle] 2% o
2 AX A4S AaAsIHp<0.05). AL 70, 100ug/mLe =
control¥ HlaLste] fFeo]Aow AE FAEo] A S (p<0.05), F=
oEHoR NE FAE Adste AT Bk weba] e, A,
Og A

F= vAH, ol T3 A
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(A)

(B)

Cytotoxicity (%)

Cytotoxicity (%)

120 120
-& Cytotoxicity
—— Proliferation
1004 100
80— - 80
60— - 60
40 - 40
20 -20
o/“‘{'\jL\}_____; o
-20 --20
T T T T T
0 20 40 60 80 100
Cabbage extracts (ng/mL)
120 120
-B Cytotoxicity
—— Proliferation
-100
- 80
- 60
40 - 40
20 - 20
0 -0
-20- - -20
T T T T T
0 20 40 60 80 100

Red Cabbage extracts (ug/mL)
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(©)

(D)

Cytotoxicity (%)

Cytotoxicity (%)

120 120
-& Cytotoxicity
—+— Proliferation
100 -100
* *
804 % 80
60— - 60
40 - 40
20 - 20
] |
-20 --20
T T T T T
0 20 40 60 80 100
Kohlrabi extracts (ng/mL)
120 120
- Cytotoxicity
=+~ Proliferation
-100
- 80
- 60
40 - 40
20 - 20
-0
- -20

0 20 40 60 80 100

Broccoli extracts (ug/mL)
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(E)

120 120
T -& Cytotoxicity
—4— Proliferation
100 - 100
41 * *
80 - 80
< 604 60 ~—
> c
= (]
8 =
g 404 40 3
[e) =
k.~ []
> =4
O 20- L2 &
05——-/'\;\5\* F
-20 - -20
T T T T T
0 20 40 60 80 100
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Fig. 5. Effects of cabbage extracts (A), red cabbage extracts (B),
kohlrabi extracts (C), broccoli extracts (D), kale extracts (E) on
cytotoxicity and proliferation in HepG2 cells. An asterisk (*) indicates

significant difference in cell proliferation compared to the control (p<0.05).
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3. AAs T AL FAste

1) DPPH &Y Z &A%

DPPH+= #std oz A% free radicalS 7MAal = 84 A=,
gatst &Ado] v EA¥ vud HAAE UFHA goZde] AEE F
< Hepdo] QoA = EAS ZHITL, 7210 FwlF, A e, Feke], B
=29, A4 F=E9 DPPH #@vz ~7%9 A& Fig. 6A9 b A
Sl F= 64.04 £ 097 mg VCE/g extract® 714 =2 gz &4 A&

7, AY 50.14 £ 093 mg VCE/g extract, =ghH] 1372 + 051 mg
VCE/g extract, B23¢] 11.27 + 433 mg VCE/g extract, ¥¥|5F 361 +
1.02 mg VCE/g extract £ 2. 2 &z 27 A4S B YtHp<0.05).

A

5
O

2) ABTS 9z &A%
ABTS+E potassium persulfate®} wWH3-3to] ABTS ghuZto] A H=H|,
kst 223 WEEStH ol o] A HE Mol @MHEAT 72, 73]. ¥

o,

>

w5, A, =], BrEd, Ad FE89 ABTS sy £275 9
A3+ Fig. 6B9F 2t} DPPH assay®t & YL3A ABTS assayol A= A%
=7} 76.87 + 3.01 mg VCE/g extract® 7}% =2 gozd 4A7 848 5
A, AL 70.36 £5.21 mg VCE/g extract, =2}H] 2042 £ 3.89 mg VCE/g

extract, 2232 1940 + 050 mg VCE/g extract, ¥+ 12.26 + 1.11 mg
VCE/g extract 2.2 &z 27 A4S B9 (p<0.05).

3) Ax W Fists (CAA)

CAAE W4, Wel2d 2% HPowm AEve Siste] Hird



ol 4 ME W esteraseol 93] B FFEHA DCFH=E 7teisidtt. &4
g =4 Alel DCFHE Atghs o] d3& w= DCF=E Asdu(72]. &
v 5= A ke, Fen], BRI, AY FEEY AE Wl datsteel &
ZA¥+= Fig. 6C¢+ #th. DPPH assay, ABTS assay®t 5934 CAA

o

assayoll A= A gl =71 77.07 £ 14.28 umole quercetin/100g vegetable= 7}
T =2 ROS &4 @48 B3, AY 5888 +8.12 umole quercetin/100g
vegetable, Z&}H] 18.14 + 4.72 umole quercetin/100g vegetable, H 23
11.12 + 3.01 wpmole quercetin/100g vegetable, vl 10.19 + 5.23 pmole
quercetin/100g vegetable =22 ROS A7 4L ® I tH(p<0.05).

A A7t b =kan FulErE JRE sheka74] A, B
gl Edhy], enur| g e FE5=29 ABTS sy

she vl Ao Adel 7HE =2 FAbstes BATTB] i, A

N
o
ea
ofo

_?ﬁ
off

i

>

sol ZHE wku76]. A= e st 5
FESHA|[77], 15714 o] A9 etE Aol IS SFF3tal o™, cyanidin-3, y
5-diglucoside®} cyanidin-3-sophoroside-5-glucoside”} 2 FulF2] 2 A
oy FrAoltHT78l. AL I3t 44 UEWE JtEE ol
o] wom[78 79], L2 J}EE|:xo]=+ lutein, [-carotene, violaxanthin,
neoxanthin® 2 &4 AH[79]. whebs A Gl Fof Ade] FufF, 2],
BREFHETY & Jisss Hole Ao=m Az,
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]
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CBE RCE KRE BCE KLE

Fig. 6. DPPH (A), ABTS (B) scavenging activity and cellular
antioxidant activity value (C) of cabbage, red cabbage, kohlrabi,
broccoli, kale extracts. CBE,; cabbage extract, RCE; red cabbage extract,
KRE; kohlrabi extract, BCE; broccoli extract, KLE; kale extract. Bars with
different letters indicate significant differences (p<0.05).
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4. AAST Ao FA} AR FF

Az e Hd 2 GAF gF o A= A=A 2%

A 7} H
Folin—Ciocalteu Al¢Fo] FE&&F2 Zgdls 3= 93] dgHo =B

23, Ad FEEY T EYds §F 54 2= Fig. 7A% 2o Ad
2 6251 £ 0.30 mg GAE/g extract® 7}d =& %S B, Hdu+
61.99 + 0.42 mg GAE/g extract, 2232 26.30 + 0.05 mg GAE/g extract,
Zgv] 1383 + 0.05 mg GAE/g extract, ¥¥lF 4.89 + 0.05 mg GAE/g
extract £ o2 F ZYdHE HS HAH(p<0.05).

2) & EYExolE ¥F
TR ol=Es EYdsd &b AEoe®, 29 WIS ugs 29
gk 379 "ol Add X (C6-C3-CH)E 7|& =Ao=® stof 2+ & P

o Agrlel el PN BHS AT FeRwolm AaF, FAF,

¢

55, T el SRS SarEol dlew, dakstARe A ek
o, &9, I3, FLUEY], FEA SO G AL E YEd= Ao
2 g w80, 81] ZH ol FEge FetR o=t dEA

mg CE/g extract, B 2F2 9.60 + 057 mg CE/g extract, Z<}4] 3.04+0.10
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Fig. 7. Total phenolics (A) and flavonoid (B) contents of cabbage,
red cabbage, kohlrabi, broccoli, kale extracts. CBE; cabbage extract,
RCE; red cabbage extract, KRE; kohlrabi extract, BCE; broccoli extract,

KLE; kale extract. Bars
differences (p<0.05).
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5. A A3 A A9 proteasome G7F A&

1) A&A33 49 proteasome F7F A& 238y

ME FEES o83 CE assay (n vitro)t v HNEXE iAoz 3
CPIA assay (in vivo)E A &3t Ful5F, A& 5, S|, 2229, Ad
FE =9 proteasome 97} A &S v uwstHtH(Fig. 8). CE assay 23, 5
Aol A zrstat A4 Bl A proteasome oAl BIE Hol A &t W
M, CPIA assay ZA¥ oA+ 57FA1 9] AR sty 2l Ao A E5F proteasome
AA aHE BRI 53], AL 90.64 +6.09 %, AguF= 87.71+ 4.05 %
2 o Aiafol v =2 Afes B, Fehv] 69.34 £ 11.76 %, Sl

F 61.82+223%, B2F¢ 59.89 +3.84 %9 Adll&o] YEFETHp<0.05).

o]x & CE assay (in vitro)o| A= proteasome <A S35 HolX| ok
A vk CPIA assay (in vivo)oll Al = proteasome A & 3E Ho|= ofF+=
AAst R AiaF FEEC] AETE T4 0 4 FE=0 FHE =40
proteasome A TS Ye Y= EAR FER7F W o AE Yo #E
7] wiolgbar Az 4 gl

2ol H]d =S proteasome A3 &S HQ 9
e e #Zeol F5T 4 Ak WA AL FH3 polyphenols<f
glucosinolatesE #2413 Ao wWaw AL A= flavonol F=3 215
hydroxycinnamic acid %] 14, glucosinolates 7% °] #4 % on =
3] flavonol F=A o= td3 72 quercetin® kaempferol v E A 7} &
HaoH67]. 18] 31 quercetin®} kaempferol< o7 Ao 4] proteasome?]
chymotrypsin A &4 & oA gttt B uEQvh54, &5]. w3k, A3ty A
o  EA3F=  benzyl isothiocyanate®t  phenethyl isothiocyanatei=
proteasome®] chymotrypsin, trypsin, caspase A} &84S A sttt da A

AE49], ALL ol FARES Ffratal ATHEE, 871 AFFE &9
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DA S ostE o2 dE X anthocyanin®] $hraFe] =TH8R]. A Yl 52

i
%

anthocyaning & Ao mEH A Fol = 207F4 9] cyanidin ¥ & A
7F FX3Hd[70], anthocyanin® anthocyanidine] <¢17F =& A F o) A
proteasome®] chymotrypsin A} A4S At AdFo] w21 cyanidin?
cyanidin ¥l2A ¢l Cyanidin-3,5-diglucoside (cyanin), Cyanidin—3-glucoside
(kuromanin), Cyanidin—-3-galactoside (ideain), Cyanidin—-3-rutinoside
(keracyanin)e] &= JEld Aoz ®uw g2l webs AL-E flavonol
7} glucosinolate®] 7FE38] A A =<l isothiocyanate”} proteasome 2 Aol

43S vz o AYuFEE anthocyanin® anthocyanidin®] proteasome 2]

Aol G v Aew & 5 3
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Fig. 8. Proteasome inhibitory activities of cabbage, red cabbage,
kohlrabi, broccoli, kale extracts. (A): cell extract proteasome
inhibitory activity (CE assay), (B): cellular proteasome inhibitory
activity (CPIA assay). CBE; cabbage extract, RCE; red cabbage extract,
KRE; kohlrabi extract, BCE; broccoli extract, KLE; kale extract. Bars with
different letters indicate significant differences (p<0.05).
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2) A9 sX4 proteasome &7} A&
CPIA assay©l Al proteasome &7} A &o] 71 =& AR A4 17F
e MAS CPIA assay (n wivo)E 2 &ste] % W w&

e (Fig. 9). AL FE2=2 1, 10,

0

:gz}o

-

[

proteasome 97} A3 &S
100ug/mLe] SE2 AestdS o, lug/mLol A 30.00 + 16.32 %, 10ug/mL
ol 4 61.01 +1.12%, 100ug/mLelA 96.10 + 24.21 %] proteasome <7} A &

FTE oFH o % proteasome A ZIE

rlo
»

&S BHYorng AY FEE

et S & du(p<0.05). wEtM Ad FE=S SviEE 885
3}

filo
r o
rot
:{01
—
<
=
)
Mo
4%
o

CPIA assayES %3 proteasome 97} A& 3

A3ste] ALY £ proteasome A3 EZAS 2zt dhr),
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Fig. 9. Cellular proteasome inhibitory activity of kale extract. HepG2
cells were treated with kale extract (0, 1, 10, 100ug/mL) for 1h. KLE;
kale extract. Bars with different letters indicate significant differences
(p<0.05).
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6. Genistein ¥ 8] 3 A ¢ proteasome G 7} A3 &

Proteasome®] B1, B5 subunite JA 3t L2 flavonoid AlE &F
°] genistein[89]2} genistein ¥l @ A 2l genistin, 6“-O-Malonyl genistin,
6”-O-Acetyl genistin®] proteasome <7} A& =A< HFig. 10.).
CE assay (in vitro)°ll 4]+ genistein 35.14 + 0.73 %, genistin 28.20 = 3.19 %,
6”-O-Malonylgenistin 16.88 + 20.93 %, 6”-O-Acetylgenistin 0.11 £ 6.15 %]
A S-S BYom(p<0.05), CPIA assay (in vivo)ol A& genistein 21.13 +
4.20 %, genistin -1.95 * 4.44 %, 6"-O-Malonylgenistin -2.94 + 7.84 %,
6”-O-Acetylgenistin 54.99 + 7.34 %2 A3 &S B A H(p<0.05).

=, CE assay©°ll A= genistein®} genistin®| proteasome & #| &35 e+
W a2 CPIA assayol A+ genistein® 6”-O-Acetylgenistin®] proteasome <
Al 2YE Yepdts 31S & F A ol e A3E F3] genistein®
proteasome A &A4dE g1 4 %o, CE assayoll Al proteasome <Al
S Holxl E3 67-0O-Acetylgenistin®] CPIA assayollA &= AlZ4S =
#3 wf Acetyl 7|7} AAEI  genistein FEIER A Ed] &3}

proteasome A& AAs Aoz B 4 9
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cell extract proteasome
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its
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Bars with different letters indicate significant differences (p<0.05).
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7. AL 93 NF-xB &4 W3

HepG2 Ao AU FEES 24413 AEstal TNF-az2 Axde &4
sl NF-kBE @4 3stAA & to 2 FE3gt & Western blotS &3l #Ald
FEE°] NF-xkB &4 WA= FFS SAsAH(Fig. 11). AL 1,
10ug/mLe] &XolA positive control (TNF-a +, KLE -)3 Hug-& uj
frol# el zto]E HolxA AWk 100ug/mLe] &=l A& positive control
3 fFolAHel zo]= HolumZ NF-kB A4S A3 vh(p<0.05).

oo} e A¥7F yEdt olf= Aded= NF-xB €45 AL B
1% flavonol A€ 9l quercetin®} kaempferol 2 carotenoid AIEe B
-carotene®] FH-3}7] witoleta Az 4 AvH53, 90, 91, 92]. HEgF
proteasome 97} A& =H Ao AYLL proteasome A &=

=
EF7] W&ol NF-xB &40l = oA &35 Bl AS & 5 v
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Fig. 11. Effect of kale extract on TNF-a-induced NF-xB
activation. HepG2 cells were treated with kale extract (0, 1, 10, 100u
g/mL) for 24h and NF-kB activation was induced by 10ng/mL TNF-a
for 30min. Nucleolin was used as loading control. KLE; kale extract.

Bars with different letters indicate significant differences (p<0.05).
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8. Proteasome A &3 &4

DAY FEE 2 29 &Y proteasome G7F Af & v

CPIA assay (in wvivo)E A &3te] AL 70% ethanol F% =¥ hexane,
chloroform, ethyl acetate, butanol, water & =2 proteasome 97} A3l &
S vastAth(Fig. 12). ZH2kel Adl &2 70% ethanol F&& 43.02 + 7.44
%, hexane 3% 37.03 £ 4.01 %, chloroform 3% 47.99 + 4.82 %, ethyl
acetate % & 44.88 £ 3.27 %, butanol # ¥ & 6.48 + 8.88 %, water +3 &=
8.46 + 3.74 %= YEFSTH(p<0.05). WEkA hexane, chloroform, ethyl acetate

=°] butanol¥} water ¥ 3EH Y} % proteasome A S HAT
= ¢ F Utk

w8 =l wel proteasome H7F A&l Aol7F Ue o= 4 2EE
He FEsHe AEEe ©27] wiolth. 53|, hexane w3 =+

carotenoids®} chlorophylls #<& A 84 Aol Eglxo] Jom[93 94],

HU:

A

rr

ethyl acetate 3 %o polyphenols?7} E3-3tA 22 E 95, 96]. wlehA]
AL = proteasome JA| BHE Hol= EHo] 3 FH{HIF old oy F

F7h EA@Ta B 5

_53_



PIA (%)

120

100

80

601

40

20

-20-

a
b
bc bec
c 1
1
d d
d Ijll
T
T T T T
MG-132 Control 70% n-Hexane Chloroform  Ethyl n-Butanol Water
(10uM) Ethanol fr. fr. acetate fr. fr.
extract fr.
(100ug/mL)

Fig. 12. Proteasome inhibitory activities of kale extract and solvent

fractions.
(p<0.05).

Bars with different letters
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E vEo® EEEY proteasomes AT AoR Hole EHS Yoln
7] #lal LC-MS #4415 38 th(Fig. 13, 14, 15, 16).

A&7 34 3
of #®]&l ethyl acetate & E2] peak W o] 7} AA YElyt. HE7]

94 450nmoll Al EA% A ZntE 2o A= hexaned} ethyl acetate &8 &

20nme A FAg AZuEIORgANE g2 S 2 EE

9] peak WAool =AA YEsIL, chloroform 3 &2 hexane¥ ethyl
acetate = ZolA YEIYUE peak’t FA|TE F Aol YERNTE & ethyl
e E3EHt) 320nmol A 2 peak WA o] =w thokdt

rlo

acetate &
peakE°] Hol=4], ©]# 3 peakE-> polyphenols®| il proteasome < Aol
7lole Aow AZATHES]. T3 hexane EIES = AR
450nmol A o] peak WA o] A tAddA YEU=dH, o3 peakE S

hexaneol 2 I+ #A84 &H<Ql carotenoids®t chlorophyllsell <3}

i
-I |

proteasome °1#] T3S Y Aoz AZHECH92, 93, 94].

Hexane %3 &S 450nm 2 2X3% A3 (Fig. 14-B)olA 7Hd &2
peak’} WEIRE ExEHS 568%, hexaned] FEEHE A LA AR
carotenoids®} chlorophyllsell &3+ &2 3 ¥ st S w luteinS 2 oA
Ak kA lutein B4 2oz S AP Ay, 15804 lutein
standard®} hexane & E A T EAFS Kol peak’t AZH UL
lutein® NF-xBZ A3tz Hu¥HQqom2[92] hexane 3= 9

proteasome A &35 YEY S22 luteine ® =

£ 4

W
Ethyl acetate 38 %< 320nm 3Foz B3 A3 (Fig. 13-D)¢} AL

o 3tf%¥ polyphenolsE #2413 AG[67]5 W sl W = 9599 &

dol HAHJT. WebA polyphenolsths A sts 2o w A& 18



A3}, polyphenols = o]t thed e peakGol A& g ow, 42014 959¢]
B 2%S 7}A = hydroxycinnamic acids A€ 9] trisinapoyl-diglucoside7}

A =] A HE7]. Ethyl acetate ¥ &2 trisinapoyl-diglucoside ¢]dl %= Tt}
1

(

¢

peakEo] B E o2 Z proteasome A T¥}E HEIYE EZHo] 3

=

-

ol =& Ao w Azt
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DADT A, Sig=320,60 Rel=oll [RALE70% ETHANOL D)

%] (A)

DADT A, Sig=320,60 Rel=olf (KALEIETHYL ACETATE D)

"4 (D)
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Fig. 13. Chromatograms of kale extract and fractions at detector wavelength
(B): Hexane fraction, (C): Chloroform faction, (D): Ethyl acetate fraction, (E): Butanol fraction, (F):

extract,

Water fraction.
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DAD1 B, Sig=450,80 Rel=oll [KALE70% ETHANDL D)
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Fig. 14. Chromatograms of kale extract and fractions at detector wavelength 450nm. (A): 70% Ethanol

extract,

Water fraction.
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(B): Hexane fraction, (C): Chloroform faction, (D): Ethyl acetate fraction, (E): Butanol fraction, (F):
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Fig. 15. Chromatograms of lutein standard and
(A): DAD chromatograms, (B): MS chromatograms
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DAD1 A, SIg=320,80 Ref=off (KALEVETHYL ACETATE-POLYPHENOL.D)

mAl E i‘!
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Fig. 16. Chromatograms of kale ethyl acetate fraction. The molecular

weight of 959 represents trisinapoyl-diglucoside, a component of kale.
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3) AguF FE2E2 LC-MS 4
g F FE20 A5t A EAEEAH E 23 proteasome A = A o]

ZAE Ao qiEes =4S dotry] fs LC-MS #45 s34t

2 Fu]+2] anthocyanins +4] AF[70]15 a3t
LC-MS=® #2413 A3} proteasome? chymotrypsin
1 B9 cyanidin-3-glucoside-5-glucoside[52]E *33&to] & 16714 ¢
cyanidin W& A 7} &A= 2 tH(Table 5). wWakA proteasome &7} A 3 &
4 A (n vivo)ollA AFuF7E &35 Yebd olfv= tddd Fie

cyanidin W97} F&S v 7] wjLoleta Azt = )

AN
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Fig.

17. Chromatograms of anthocyanins in red cabbage extract.

Table 5. Retention time and MS data of anthocyanins in red
cabbage extract.
Time Compounds (M)
(m/z)
14.45 Cyanidin-3-diglucoside-5-glucoside 773
17.29 Cyanidin-3-glucoside-5-glucoside 611
32.88 Cyanidin-3-(sinapoyl)-diglucoside-5-glucoside 979
38.83 Cyanidin-3-(caffeoyl) (p—coumaroyl)-diglucosides-5-glucoside 1081
40.20 Cyanidin-3-(feruloyl)-triglucosides-5-glucoside 1111
41.02 Cyanidin-3-(sinapoyl)-triglucoside-5-glucoside 1141
45.80 Cyanidin-3-(feruloyl) (feruloyl)-triglucoside-5-glucoside 1287
46.08 Cyanidin-3-(caffeoyl)-diglucoside-5-glucoside 935
47.90 Cyanidin—3-(feruloyl) (sinapoyl)-triglucoside-5-glucoside 1317
56.35 Cyanidin-3-(p-coumaroyl)-diglucoside-5-glucoside 919
57.81 Cyanidin-3-(feruloyl)-diglucoside-5-glucoside 949
57.81 Cyanidin-3-(sinapoyl)-diglucoside-5-glucoside 979
63.04 Cyanidin-3-(sinapoyl)-glucoside-5-glucoside 817
65.14 Cyanidin—3-(feruloyl) (feruloyl)-diglucoside-5-glucoside 1125
67.90 Cyanidin—-3-(feruloyl) (sinapoyl) -diglucoside-5-glucoside 1155
70.37 Cyanidin-3-(sinapoyl)(sinapoyl)-diglucoside-5-glucoside 1185
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ABSTRACT

Effects of Cruciferous Vegetables Extracts

on Proteasome Activities

Jeon Eun Young
Department of Next Generation Applied Sciences
Graduate School of

Sungshin University

The 26S proteasome is a major protease in eukaryotic cells. It maintains
intracellular proteins by regulating various cellular pathways and removing
damaged proteins that are prone to misfolding or aggregation. NF-xB
plays a crucial role in tumorigenesis by inhibiting apoptosis and inducing
angiogenesis, cell proliferation, and migration. The 26S proteasome induces
NF-xB, which is in an inactive state in the cytoplasm, to move into the
nucleus and become an activated state. Therefore, inhibition of the 26S
proteasome can play a pivotal role in preventing cancer by regulating the
function of NF-kB. In this study, cabbage, red cabbage, kohlrabi, broccoli,
and kale were selected among cruciferous vegetables consumed worldwide
and rich in phytochemicals. In order to confirm anticancer and antioxidant

effects, cell proliferation, antioxidant capacity and antioxidant component
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content, proteasome inhibitory effect, and NF-kB activation inhibitory effect
of vegetable extracts were evaluated in liver cancer cells. In addition, kale
and red cabbage, which had high proteasome inhibitory effects, were
analyzed by LC-MS. In the cell proliferation experiment using the MTT
assay, all five vegetable extracts significantly reduced the cell proliferation
rates (p<0.05). In the antioxidant activity measurement experiments using
DPPH, ABTS, and CAA assays, red cabbage and kale extracts showed
significantly high antioxidant activities (p<0.05). In the antioxidant
component content measurement experiments using the total polyphenol and
total flavonoid content measurement, the red cabbage and kale extracts
showed significantly high antioxidant component contents (p<0.05), same
as the results of the antioxidant activity measurement experiments. As a
result of the proteasome titer inhibition rate measurement experiment, all
five vegetable extracts did not show significant proteasome inhibitory
effects in the CE assay using cell extracts, but in the CPIA assay that
measures the intracellular proteasome titer inhibition rate, all five vegetable
extracts showed significant proteasome inhibitory effects. In particular,
kale extract showed the highest proteasome titer inhibition rate in a
dose-dependent manner (p<0.05). In addition, in the measurement of the
proteasome titer inhibition rate of genistein, which is known to have
proteasome inhibitory effect, and the glycosides genistin,
6“-O-Malonylgenistin, and 6 -O-Acetylgenistin, 6"-O-Acetylgenistin,
which had no effect in the CE assay, showed the highest proteasome
titer inhibition rate in the CPIA assay (p<0.05). As a result of

confirming the effect of kale extract on NF-xB activity through western
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blot experiment, NF-xkB activity was significantly inhibited at a
concentration of 100ug/mL (p<0.05). The kale extract, which had the
highest proteasome titer inhibition rate, was fractionated for each solvent,
and the proteasome titer inhibition rate measurement experiment was
conducted. As a result, the hexane, chloroform, and ethyl acetate
fractions showed significant proteasome inhibitory effects (p<0.05). As a
result of analyzing kale extracts and fractions by LC-MS, peaks with
larger area values than other fractions were analyzed in the ethyl acetate
fraction at a detector wavelength of 320nm and in the hexane and ethyl
acetate fractions at a detector wavelength of 450nm. In particular, lutein
of the carotenoid series was analyzed in the hexane fraction, and various
polyphenols including trisinapoyl-diglucoside of the hydroxycinnamic acid
series were analyzed in the ethyl acetate fraction. In the red cabbage
extract, 16 types of cyanidin glycosides were identified through LC-MS
analysis. Therefore, in this study, it was confirmed that cabbage, red
cabbage, kohlrabi, broccoli, and kale can be used as natural antioxidants
and proteasome inhibitors. In particular, it was confirmed that various
phytochemicals contained in kale can act as proteasome inhibitors, and
various cyanidin substances contained in red cabbage can act as

proteasome inhibitors.
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