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<Abstract>

Anti-oxidative, anti-inflammatory, and anti—cancer effects of Citrus Kombucha

fermented with 3 bacteria strains isolated from traditional Kombucha

Hye-Myoung Ko

Department of Food Science and Nutrition
Graduate School
Jeju National University

Supervised by Professor Sung-Soo Park

Dysregulation of the body's antioxidant defense system causes oxidative
stress, chronic inflammation, and various diseases such as diabetes and
cancer. Kombucha 1is slightly sweet and sour beverage that has strong
antioxidant capacity. It has been shown that Kombucha protects the liver
against oxidative stress and possesses anti-diabetic and anti—cancer effects.
Despite its benefits to public health, commercialization of kombucha has been
limited mainly due to non-defined nature of microbes used for fermentation.
In this study, we investigated Citrus Kombucha (CK) produced by
innoculating three different bacteria strains (Gluconoacetobacter xylinus,
Gluconoacetobacter  medellinensis,  Gluconobacter oxydans, named — as
CK-MOQOX) isolated from traditional Kombucha. Fermentation was performed
for 15 days with monitoring changes of physicochemical properties including
pH, acidity, and total and reducing sugar contents. During fermentation, pH
and total sugar content were gradually decreased while acidity was slightly
increased. Antioxidant capacity, measured by DPPH, ABTS, Folin—Denis, and
ORAC assays, markedly increased in post-fermented CK-MOX (Day 15)

compared to the pre-fermented CK-MOX (Day 0). However, the total



polyphenol content was slightly decreased after fermentation. Biological
properties including antioxidant and anti—cancer activities of CK-MOX were
also investigated for three different bladder cancer cell lines (EJ, T24, and
5637 cells). To investigate the anti-inflammatory effect of CK-MOX on
LPS-induced inflammatory RAW264.7 cells, nitric oxide (NO) production and
inflammatory cytokine (TNF-a and 11-1B) levels were measured. Treatment
of post-fermented CK-MOX (Dayl5) inhibited NO production and reduced
TNF-a and IL-18 mRNA expresstion in LPS-induced RAW?264.7 cells as
compared with pre-fermented CK-MOX (Day 0). In addition, post-fermented
CK-MOX (Day 15) markedly inhibited proliferation and migration of EJ, T24,
and 5637 cells (human bladder -carcinoma). Interestingly, treatment of
post—-fermented CK-MOX (Day 15) resulted in up-regulation of ERK. To
distinguish whether up-regulation of ERK 1s the cause or the effect, we
investigated the viability of cells in the presence of U0126, a MEKI1/2
inhibitor. Pre-treatment of UQ0126 significantly restored cell viability against
CK-MOX-induced cell death, which demonstrated that p~-ERK may be a key
regulator in the mechanism of CK-MOX-induced apoptosis of bladder cancer
cells (EJ, T24, and 5637 cells). In conclusion, CK-MOX, fermented with
defined composition of bacterial starters, showed antioxidant capacity,

anti-inflammatory effects, and anti—cancer activity on EJ, T24, and 5637

bladder cancer cells.

_Vi_



List of Abbreviations

Abbreviation Full name
ABTS 2,2"'—azino-bis-3-ethylvenzothiazoline-6-sulfonicacid
CK Citrus Kombucha
CK-MOX Citrus Kombucha fermented with 3 bacteria strains
CK-Ori Citrus Kombucha fermented traditional way
DMEM Dulbecco's modified Eagle's medium
DMSO Dimethyl sulfoxide
DPPH 1,1-diphenyl-2-picrylhydrazyl
ECL Enhanced Chemiluminescent
ERK Extracellular signal-regulated kinase
FACS Fluorescence activated cell sorter
FBS Fetal Bovine Serum
IL-1B Interleukin 1 beta
LPS Lipopolysaccharide
MAPK Mitogen activated protein kinase
3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
MTT
Bromide
NO Nitric oxide
ORAC Oxygen radical absorbance capacity
PCR Polymerase chain reaction
p~ERK,

phospho-ERK

Phosphorylated extracellular signal-regulated kinase

RPMI-1640 Roswell park memorial institute medium-1640
SD Standard deviation
TBS-T Tris buffered saline — tween 20
TNF-a Tumor necrosis factor alpha

- Vil -



List of Tables

Table 1 Sequences Of primerS for realftime PCR ................................................. 21

Table 2. Changes in pH and total acidity of Citrus Kombucha during ferment

ng IS 00T 017515 0) 0 MERLEERLE LT T L P PP T P T PP PP P PPT PP PYIPPIIPPIPPRIPPROR: 28
Table 4. Al’ltiOXidant CapaCity of CK*OH ................................................................. 33
Table 5. Antioxidant Capacity Of CIK=IMO X, sererrerenecnrenstueetantuntniuniitiiiionianiiii. 33

- viii -



List of Figures

Figure 1. Schematic diagram of the TLR4 signaling pathway. =--sooeeeeeeeeeeeseeeens 8
Figure 2. Schematic diagram of the ERK signaling pathway. --oooeeeeeeeeeseeeeeseees 11
Figure 3. A flow diagram for Citrus Kombucha preparation. «««-«seeeeeeeeeeeee 14

Figure 4. Effect of CK-MOX on cell viability in LPS-induced RAW264.7 mac

rOphagES. .............................................................................................................................. 35

Figure 5. Effect of CK-MOX on NO production in LPS-induced RAW?264.7 m

acrophages. .......................................................................................................................... 3’7

Figure 6 Effect of CK-MOX on TNF-a mRNA production in LPS-induced R
AW2647 macrophages' .................................................................................................... 39

Figure 7. Effect of CK-MOX on IL-18 mRNA production in LPS-induced RA
W264’7 macrophages‘ ....................................................................................................... 39

Figure 8. Effect of CK-MOX (Day 15) on viability of RAW264.7 cells. = 41

Figure 9. Effect of CK-MOX (Day 15) on viability of bladder cancer cell (E]J,
T24’ 5637 Ceﬂ). .................................................................................................................. 43

Figure 10. Effect of CK-MOX on viability of bladder cancer cell (EJ, T24, an

A G637 CEILS). werersrrsrrsssssmssmssssssssssssiss sttt 45
Figure 11. Effects of CK-MOX treatment on the migration of EJ cells. - 47
Figure 12. Effects of CK-MOX treatment on the migration of T24 cells. - 48
Figure 13. Effects of CK-MOX treatment on the migration of 5637 cells. - 49

Figure 14. CK-MOX-induced apoptosis of bladder cancer cells as annexin V

Staining assay USing flOW Cytometry. ......................................................................... 51

_iX_



Figure 15. Effect of CK-MOX on phospholylation of ERK protein expression 1
n EJ’ T24, and 5637 CeHS. .............................................................................................. 53

Figure 16. Effect of CK-MOX and U0126 on viabiltiy of EJ cells. «=eeeeeeeeeess 55

Figure 17. Effect of CK-MOX and U0126 on phospholylation of ERK protein

eXDreSSiOH in EJ [0 <)} TR T P P T PP PP PP PP L PP P PR PP PRIPPROPRD 57



FHAE g G, Algle] Ue #E F852 do] HU/ ®H Fa FEH
acetic acid bacteria$} yeasts®] FATAE HEsF] oF 14 ¢ 2+ HFsH A&
ATHIL 7194 220 94 = v off si53 =85S =7 98 ARE
Zlo] Moz delA glon A2k AANA GA B maks dolZalg)
AA el A A2l HE ¥ FHRA s 771 3, RlERS 219
Zeldsol i Holdv RuHAu3]. dAA AFE T E2 € F5

i=]

o )

Sy

F-#o] Acetic acid bacteria ©1W[4], 21 5 Acetobacter xylinum
< FHA AT H “Tea fungusdt =]+ cellulose®ts JAste= TS g
I 4R QY5 6], FHA= E coli Sh sonnei, Sal typhimurium, Sal.
enteritidis, Cm. jejuni's B9 1+l g, Atetd 2EY 22 RE9 1

AE BE4E, 9 A% A5 B3 D FAEPS 2 A0 vherueHT-20L

Cigly

Rl
EY

o

7H= 5% hesperitin, naringenin, tangeretin, nobiletin ¢ ZgH o=
(flavonoids)®} B-carotein, B-cryptoxanthin, auraptene, v}¢, @ 2d 5 7]%
A Adate] o S HojJdon(21], TEFAAY &4 A, Zd~dHE AS)

AP 4G, P 4G, oA ALE, AP JAE 5 BFF e 7]

A

2

©

(reactive oxygen species) =, AL FTLE 3L} e 1 o]4d9]
AA g AAE 2 e AT HEZES 32l AdelA ddaka
superoxide anion®] FE 2 F=2 A3, nEZ=go} AxALE AA, A
FAANA o] FolA= i H3 A AE Wl diAbel] s AAd 33
AW Faksl o] Alzwle] o] FAATS G404 e Hlagihdoz FY
W

AR, Fas ol Azde BEd Ex %
3}

s

s

B>

protein kinases, ion channels® &433}¢} lipid peroxidation, DNA oxidations
doA AU #dE FUmYH, IS

= wb A3S ofy] A 71tH34].



o] B AL AFA WA WG @ FPANM Lel@ 3744

T Gluconoacetobacter xylinus, Gluconoacetobacter medellinensis,
Gluconobacter oxydanseg ©|-&sto] WaAAZ he Wa K| A3 5Pt 5

WAk AEFE], T24, 5637 AE)el gk &St 2
RAW264. 7 A Al ol gk &9 &3 @3 3l 71dd gk A5 Tt =

g Ve sREAMY Y Thede AV EaA sl

o,
J

o
)
=
)—U
w0
Ll
By
AC)
rol



1. = F5=F (Citrus Kombucha)

Z YRre bk &7 202 vy vt A=Ro= ‘tea fungus T E
E

THAE FE S, gAol 5Y SoA dAE A 58 He dEAE 3
A = ko] A®S H7F 3 F acetic acid bacteria®l yeastsell ©J@] dA4 H
S TAE JESk] oF 14 4 1 EEedE 4 7 Al FHRAE Al o
gro] = wj gy SIFFo] we == sk vhe] 7 BEow uyw, 4y 4

7} acetic, gluconic, glucuronic, citric, L-lactic, malic, tartaric, malonic, oxalic,
succinic, pyruvic, usnic %9 714t} sucrose, glucose, fructose®] ¥
vitamin By, By, B, Bis, C # oheh u]2e] opulicik, o g3} 2o 7|t B

o] FEvh welA o3,

H % A H7-20]. Sreeramulu 5[17] F/3¢] pHEZ1o A thermal denaturation
HWAS AR FHRAIY E. coli, Sh sonnei, Sal. typhimurium, Sal. enteritidis,

B ol e FEAS dekdva B splon, = uE
ATANAME FHA7F HdAd AdE ofye} antifungal®] &% ASS Hilst
A TH

Cm. jejuni %



Jayabalan 5[43]2 =zb, &2, #H7]|ES o83 we FHAe wa g
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AT A FHA9 TBHPE HA] A 2lgk Al¥o|A mitochondria dependent
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apoptotic signaling pathways& 9o} 4tst4d 2Ef 22 HE MAE BHEA8S
zb= Ao w ey
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gde] A e F8S s Huvl gom yade A1y dix vk
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F &= ez &g HA22, 60-62]. 7= W B-cryptoxanthin & male ICR

N

mice®]| N-butyl-N(4-hydroxybutyl)nitrosamine .2 % ¥ urinary bladder
carcinogenesis & A3 st Ao YElYTH I 9o Fuid, gEW FA%
RS Aslste o] drka dre X AdvH25, 31, 63].
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LPS¢e #<JE& LPS binding protein® w3 G (monocyte)tt A A E
(macrophage), %+ <% T(neutrophil® A xHe CD-14 (Cluster of
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Figure 1. Schematic diagram of the TLR4 signaling pathway. The activation

of TLR4 signals through MyD88-dependent is triggered by MyD88
recruitment of TRAF6 and IRAKs and TRAF6 complex results activation of
phosphorylates Ik and NF-kB. NF-xB translocates to the nucleus to
promote the transcription of pro-inflammatory genes such as IL-13,IL-6, and
TNF-a.; LPS: Lipopolysaccharide, TLR4: Toll-like receptord, TRIF:
Toll/interleukin-1 receptor(TRI) domain-containing adaptor protein inducing
interferon beta, IRAK: Interleukin-1 receptor—-associated kinase, TRAF: Tumor
necrosis factor(TNF) receptor associated factors, MAPK: Mitogen—activated

protein kinase, NF-xB:Nuclear factor kappa-light-chain-enhancer of activated

B cells
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o[ THT8L WAre ThE ok wlmste] ghxgo] e Woluh ulwH b w)

e AN HFEe] AS 0% @ 52 AREC] mou, o] F 10715%
T 2HEd gEdez Ay wo] HAS oz #ejrp 2 srH35].
Zo}ot S 2 B B (htp://www.nce.re.kr/main.ncc?uri=-manage02_1) A5l ¢34
wageke] 5d AUAEES Yy dA 765%2 HaFEow, Wbyl 783%, o
A7k 69.2% & VFER T

AAZEA S gagere] AR Hl
Sol Jown, Aeojay A JtEE EE AW E I A HAAE
371%NA BAl= 41%7HA gk Al Eo] FUkske Ao ® UERITHTIL B
o dlAE A Ao A wAe] HHES °F 10% $HFHI[80],
vitamin A¢F E¢] AFH = WY @ IHER #d e AR Uy
[81]. 2H(TF7) o] AH ARAFNA =28 AH = Wdddel e nsagans ze
Ao 2 YERET3T7].

2) MAP kinase pathway
Mitogen—activated protein kinases (MAPKs)+&= 9|59 A3 &5 o g Huds=
o 93 93-S 3 serine-threonine protein kinaseso]®, A X9 4] 4

A, £, 24

—~

, AlE AE B AMES diFEe] AR VeS I8

g

MAPKsT= ERKs (Extracellular signal-related kinases), JNKs (c—jun
NH2-terminal kinases), p38¢] MAPK3¥} MAPK kinase (MAP2K), MAPK
kinase kinase (MAP3K)®Z T4 ¥ t}HR3]. MAPKs+ mitogens, osmotic stress,
d, 454 AtelETRRD Tl o8] FZ15 W, MAPK/ERK 7 24 Ras= Rafs



245 21713 MAP2KSF MAPK & ##(RAS/RAF/MEK/ERK)Z @438 A7)
oH84].

Vagar Mustafa Adhami 5[46]9] W=W =xteo] Zeldls A4 Fo47F w2
ARd 2l Agdge] w4 9w JIPgS dgAsH,  p-ERKI1/A2,
phosphatidylinositol 3'-kinase, p~AKT2] =717} ol¢} ## Quts 23S wHa
steom, =2 e 7leAd B2 4y 48z EGCGE F9% Apcmin/+
mice Z@DA A8t © ERK1/29 79 Astes % 4 AA

S 2 YEETH50].
MAPkinase signaling pathway+< Figure 2 o] e AT}

b= 2

o

1) Apcmin/+ mice : A3+ & BLS FHHoR Hubst A8 FE(mouse)



Extracellular stimuli
H,0,{Oxidation), UV
Chemopreventive agents, etc.

e @ -~ OO
= R

-~ AOOOCRRAAALI O
B .\“/ 2\(,8\"" T"w TC'L l /'m I_Jl E& m E LT Membrane (7 )Q\T\/‘\‘
A Y XA e S b;

Protein activity

Figure 2. Schematic diagram of the ERK signaling pathway. MAPK/ERK
pathway 1is signaling pathway from the cell surface to the nucleus.
MAPK (Mitogen—-Activated Protein Kinase)s are proteins Serine/threonine
Kinases that are activated in response to  the extracellular stimuli and
mediate signal transduction. The signal starts when a extracellular stimuli
binds to the receptor. Ras activates RAF kinase. RAF kinase phosphorylates
and activates MEK1 and MEK2. MEK phosphorylates and activates ERKI

and ERK2 (extracellular signal-regulated kinase).
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B Ag o ARESE FEIF= WkolA BEYkste] Fwjeles AS AdEM
(www.aucton.co.kr) 0.2 F-ufjsto] A&ttt FHEA D g FHA Az =
| =25 A4 3, Seoul, Korea), DB (CJA L A, Seoul, Korea)E AF&-3}% 2

o @A AFAYAL TN A ol AHgSAT,

#E FRAE Figure 39 me} Az shglov], ABH PHoR W F
=

Ak 3% HFE olgake] M FHAL o]z T A
0

1) Original Citrus Kombucha.(CK-Ori)

g FHEAk JEekr] gk Ak A sjEEE A A o] F[87]¢] W w
g Az sy, gd FHEA Wolx~ 750 mLol AujF o 75 mL¥ Auld
pellicle 20 g& A% F 30C wjE7]oA 1697 @wastd oy, v 39 wio

2) Citrus Kombucha fermented with 3 strains(CK-MOX)
kol A8 © 3F T Gluconoacetobacter xylinus, Gluconoacetobacter

medellinensis, Gluconobacter oxydans = 3=n]AEREAE (KCCM)olA +H

O

kol o] &35kdth vl #] 30 mLol Z+Zte] 3+ single colonyE Y i, 48417t uj

O

2} ok 5, A EE] 7] (Aventi J-E, Beckman coulter, California, USA)E ©] &3}

of wjgAs A7 (18000 xg, 10 min)3+ #F5 & FH-AF #lo]l2 750 mLel

_12_



HFskant

30C wF7lelA 156 & 3+ Egegion, v 3 d vtk AEP &

THE 18000 xg= 107 A4 8 F F5AE FA17]1 8 EE

um, EMD Millipore Inc. Darmstadt, Germany) ©]-&

_13_
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Water 1500ml
+ Green tea(5pack)

v

Dissolve 150g of Sugar,
Add 60g of citrus extracts

h 4

Cool down below 30°C
Devide in half

Add 75mL of traditional Kombucha tea
broth and 20g of pellicle

< Brew tea,
100°C, 10min
Inoculum
preparation
h 4
Inoculation of | Ga. medellinensis, G. oxydans, Ga. Xylinus

Bacteria

volumetric ratio(1:1:1)

Fermentation under aerobic condition
for 15 days in 30°C incubator
(sampling every 3 days)

Figure 3. A flow diagram for Citrus Kombucha preparation.
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pHEZAS 50 mL #ZYUZ FEd w1 A# 20 mLE pH meter (FEP20,
Mettller Toledo, Schwerzenbach, Switzerland)S ©|&3}o] 2z} 3¥H yHE =43}

% WEgo R eh Ak

85l T3 4AME ol&ste] SAsH AR 1 mLe 108 34 g A

= Ry o
= 9 A= d=-34HH (Phenol-sulfuric acid) ¥ [86]2 $&3e] o]&3t%
o e FHA Y gak 5

v g Aol 1 mL¥} 5% ¥E 1 mLE Alg el
30

7+ W] gk}, microplate reader (Versa Max, Orleans,

(-
w
=
Ll
*

3to] 490 nmollA] FFE=E A5l glucose THCE ERHS

sk A ko= DNS (Dinitrosalicylic acid)®¥[87]1S o]-&3a9ith. -2 100+H
34 3 mL9 reagent A (NaOH 1 g, DNS 1 g, Na,SO; 0.05 g, phenol 0.2
mL, Ditilled water 100 mL) 3 mLE Al @¥e] ¥ 100C 270 A 151t
HES-A1 71 & reagent B (Rochelle salt 4 g, Distilled water 100 mL) 1 mLE 4%

Z1t}. microplate reader (Versa Max, Orleans, USA)E ©] &3} 575

nmoll A F3 =S =A38to] glucose FHOE LERY AT

_15_



bl
Lo
~N
olf
)
J|m
oX,

3. Al

=z
otk
e
ot
I\
o2l

(1) DPPH &Y% 2A%5 &4
DPPH radical scavenging assay[88]= W21 7tdslA A5 datst 5

o

=x3 £ = WwWoe=z DPPH free radical form ¢l 1,1-diphenyl-2-
picrylhydraxyl = dimer & &7 3}#] &+ <+ 3+ organic nitrogen radical ©]™,
ethanol o] &3 o] g ®epAs At Radical F ] DPPH & +4& 395 0]
A= FAbst 243 £ EW RS 4 €2 =3 WS HA Hu, H7te
Ao g 3% 0o non-radical FEje] 3}3HE<Q 2 2-diphenyl-1-picryl hydrazine

o7 Agdcrk M WH3le Z7l= A 89 DPPH radical scavenging acitivity 7}

g FF2¢ DPPH StHZ &~7e S42 A9 S[89]¢] ¥Hs 8835
stk 108 sAE A& 200 ulell olEr&o] 3o AZEd 02 mM
1,1-diphenyl-2-picrylhydrazyl (DPPH, Sigma Aldrich, St. Louis, Missouri,
USA) &< 800 uLEs H7lste]l &3 F oM 2083 WA H
microplate reader (Versa Max, Orleans, USA)E A}&3}o] 517 nmolA &3 =

7S =438}l ascorbic acid B o2 e AT}

(2) ABTS =stHZ ~7s 54



hydrophilic %=+ lipophilic A1&¢] A oz 24 539
[90].
ABTS @tz 4&752 Roberta 59119 WS §&3to FA3 veEE

o] &<l 22'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (Sigma Aldrich,

N\
ol
i)
X
¥o,
o

St. Louis, Missouri, USA) 7.4 mM¥} potassium persulphate 2.6 mM< 1247t
ol el WA ABTS ¥oles 4 A F o &< 735 nmelA &
Fr ghel 14-157F U= S/FFE 34 109 314 A8 100 ul <F
ABTS &< 900 uLE #7bste] &g 5 haelA 3023t WA § microplate
reader (Versa Max, Orleans, USA)E A}-&3}] 735 nmol Al &4 3}o ascorbic

acid GZFo =z el gl

(3) Total polyphenol &% =%

e wgde ZEldE 352 Folin-Denis WH[92]& o] &3t FAAG
s vdd Ay Tsel deA dow, 53 2AMAEE A =
4 g ¥ ooty AFE Hikste] o7 w3t B AbstA 2E# o] 93 DNA &

e vy 28-S HATHI3, 94].

108 32X Alg 50 pul, =F4 450 pl, Folin&Ciocalteu's phenol reagent
(Sigma Aldrich, St. Louis, Missouri, USA) 20 uL, 25% sodium carbonate £ <}
480 pLE AY = Y, udk 3 5 i 1 AZF WX % 5 microplate
reader (Versa Max, Orleans, USA)E °]&3lo] 725 nmolA FEEE =4 3
At = PR wol= gHF BEAME tannic acid (Sigma Aldrich, St. Louis,

Missouri, USA)E °]&3lo] 2 302 kS AlLkssd ).

(4) ORAC(Oxygen radical absorbance capacity) assay
ORAC assay+< ,2,2'-Azobis (2-amidinopropane) dihydrochloride (AAPH)® 2]
3l A E free radicaloll thgh akst E49] 7 &7 THES AR dHxTt
°f fluorescent AYAIA A|ZF ool W& peroxy radical®] 43 2ES F3
el HAaess FHste WHom AF EA8k=  hydrophobic Ad<&%

hydrophilicd & E5Fol vb&at7] wiiol &8 We7F sus s 7L

s



tH95].

ORAC value= Ou w[96]°] W& &&3dto] vlu AU & A3 olA AL
43 A ge 554 % A2kS 75 mM phosphate buffer (pH 7.4)8& ol 3]
ate] A8kt 96- black well platee] 50Wl= 8]A41€ Als 25 pLe} 40 nM
fluorescein (A 3}, Gyeonggi-do, Korea) 120 uyLg &33sta =4 A 150
mM 2,2'-Azobis(2-amidinopropane) dihydrochloride (Sigma Aldrich, St. Louis,
Missouri, USA) 55 uLE #H7}sF v} fluorescence microplate reader (Spectra

Max i3, Molecular Devices, Sunnyvale, CA, USA)E o]&3lo] 37C oA

excitatione 485 nm, emission< 520 nmol A 28 HH o w2 F A7 ok =A
3t A3 ZF A 89 area under curve(AUC)E 73 & trolox® T &+

el thdste] wER AT

&
o
jal®H
Ay
o,

(1) Al wF
AFol A4 RAW264T HlAAEE A EFLANA Eopwol Agaig]
t}. DMEM (Sigma Aldrich, St. Louis, Missouri, USA) ®j#]¢] 10% FBS
(Sigma Aldrich, St. Louis, Missouri, USA)¥ 1% penicillin-streptomycin
(Capricorn, Ebsdorfergrund, Germany)S F7}8te] AF&3std o™ 37C, 5% CO»
234 v et

(2) A2 AEE Z4(Cell counting)

s’

g g Ao wE AE 54 oJFE gdstr] 918+ trypan blueZ 4

A3 AEe] = A= cell counting method[97]E o] &3] AE HEES

1

A

A3ttt Trypan bluex 92 &40 7 chromophore’} AlES £33 &

7] el E4EAY 2 Alxowt whgets dEE o &3 el tH96].

RAW264.7 HA A EZ 12-well plateo] 5x107 cells/well®] HE 2 B33 5 12

_18_



AIZE wleFskar, LPS (1 pg/mL)eF #ZaF5-2 28 7]+ (Day 0, 3, 6, 9, 12,
IHAEE 5 mg/mLe F== Agste] 24X3F mjgstdth AlEs 0.25%
trypsine  ©]83] harvest 3+ ¥ trypan blue (Sigma Aldrich, St. Louis,
Missouri, USA)E 1:49] H] &= &%3Fal hemocytometers ©]-83te] A 3k
¥l LPS9 CK EFE5 AgstA & FAYTY AE AEES 100%= ot &
th & ol A EABESE(cell viability)S AlAFse] e AT

2] -9 F o A ES (cells/mL)
=9 o A 5 (cells/mL)

Cellviability(% ) = x 100

(3) Nitric oxide (NO) A= =4

NO synthase®] ¢]ste] A ¥ = nitric oxide (NO)= nitrate (NO*)@} nitrite
(NO*)H= W@t g £ NO'/NO* o ZAHAE AE mjdo] U A3l <
3k NO A4 9 markerZ4 o]&& 4 3t} 12-well plated] RAW264.7 2] A&
& 5x10" cells/well®] FE=2 #F¢ 5 12A4%F wikstal, LPS (1 pg/mL)9t 7t
#H35A #g 7|1z [Day 0, 3, 6, 9, 12, IHAIEE 5 mg/mLe] sEZ At
o] 24A17F wiFEdTE 4L wlg S 100 plel Griess reagent (Sigma

Aldrich, St. Louis, Missouri, USA)= &% A g|slo] 153 oAl ¥bg A2

ofd

% microplate reader (Versa Max, Orleans, USA)E ©]8-3}¢] 540 nmolA &
T2 =A39th NO A EHS sodium nitrite (Hayashi, Osaka, Japan)& ©] &

g EE=Adel tidske] AlLtsit

6-well platee] RAW264.7 thA M ES 2x10° cells/well®] w2 EF3 5 12

AZE Wk, LPS (1 ug/mL)% CK-MOX W& H(Day 0% & F(Day 15
ABE 5 mg/mLel FEE Aeste] 2447 wjFsHen,
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L RNAF=, AA 2 A=
M 3E RNAE E-zol (PhileKorea, Daejeon, Korea)S ©o]&3to] F=3&9c}. 1
mL® E-zol & ¥ &3} 3 H 0.2 mLe chloroform= 473 18000xg% 24+
b 4Tl A Pde] ke chloroform & X-RNA Clean—up Kit (PhileKorea,
Daejeon, Korea)E o]&3ste] A=A  3dctt. RNA Aol Eppendorf

BioSpectrometer® basic (Eppendorf, Hamburg, Germany)E A}-&3}3120H,

RNase-free waterel] 1 ng/uL% 3]A3}e] A 3o o] &3}t

o

o 574
Cyclescript reverse transcriptase (Bioneer, Daejeon, Korea)E ©|83}o] cDNA
£ W= H Accupawer 2X GreenStar qPCR Master Mix (Bioneer, Daejeon,
Korea)E ZEEZJ wz} 4] FH|FE Y. =A4o= CFX9M Real-Time
System (Bio-rad, California, USA)E o]l&3sl¥om, 4 212 95T 54, 95T

15%, 60C 30%, 40 cycleo|t}. A& o] A8 ¥ primer sequencei= Table 13 %

o},
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Table 1. Sequences of primers for real-time PCR[108]

Sequences(5'-3")

Forward GGA-GGA-ACC-TGC-CAA-GTA-TG
mGAPDH"
Reverse TGG-GAG-TTG-CTG-TTG-AAG-TC
Forward TGG-CCC-AGA-CCC-TCA-CAC-TCA-G
mTNF-a
Reverse ACC-CAT-CGG-CTG-GCA-CCA-CT
Forward GGA-GAA-CCA-AGC-AAC-GAC-AAA-ATA
mlIL-13
Reverse TGG-GGA-ACT-CTG-CAG-ACT-CAA-AC

1) GAPDH:Glyceraldehyde—-3-phosphate dehydrogenase, m:mouse
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(1) Az s

Aol AREHE T24, EJ, 5637 M X ghmAl 27230 A L Futol ALE-3H3
RPMI-1640 (Sigma Aldrich, St. Louis, Missouri, USA)uf#]o] 10% FBS
(Sigma Aldrich, St. Louis, Missouri, USA)®} 1% penicillin-streptomycin
(Capricorn, Ebsdorfergrund, Germany)< F7}sto] AR&3st o™, 37T, 5% CO,
Z7oll A mgFekadTh

(2) MEAESE SHMTT assay)[98]
MTTEA S &34 84 Z8d oste] =gt 84 7]ZQd MTT

tetrazolium= H M-S ¥ += H] =849 MTT formazanl 2 gAA|7]+= HE

A tgalo] Ax A4 o skelsl7] ¢lske] 96-well plateo] RAW264.7
AAEE 5x10% cells/welld] BE=2 BFse] 24A17F ZoF wetstgh LPS (1
pg/mL)¢ AlBE F2E0.1, 05, 1, 5, 10 mg/mL)= A& dlo] 24, 484 7+ 3o

i)
o

ol A E(E], T24, 5637 AlE)o thsh AAdA w2 A5 93] 96-well
plate W3¢t AEZ 3000 cells/welld] X & EF3to] 244 7F St vl %det
=]

A=mE 20 we} AJste] 24, 48417 o] MTT

B Ao A= MTT Al ¢K(Sigma Aldrich, St. Louis, Missouri, USA)S PBS
of 5 mg/mLe TEZ AFd] -20Co] HAsHAA, A Ad 05 mg/mL 9
SR Al gAete] AbgstAt AT A g FH owAe] 3AE MTT
AlekS YW 2417 AP & ASdAES A ASeY DMSO (Bio basic, Ontario,
Canada)Z 7+ wellol A" MTT formazang 1A17F B9 &83 #
microplate reader (Versa Max, Orleans, USA)E ©]&3}o] 570nmol A SH ==

SAAT AX AEEL dx2oo] g HEg= e ATh
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gt Fd =
Cellviability (%) = oo mgasgs <100
- o v | o

(3) ME o] A FTZ(Scratch-wound healing assay)

MEZE 6-well plateo] ¥, 24A17F 8 & 200 ulLo) 3l 2oz Hol 23X

£ W FH AT AE AAGL, ARE Agste] =Y AOR 297 Ax
o ol§4e wA
) T _ Newscratchwidth
migrationinhibitionrate (%)= Originalscratch width x 100
(4) Annexin V =% (FACS analysis)

AEZ 1x10° cells/welld] %2 6-well plated] EF 3+ H, FE= 2477247
ANz A F X & 283 AEAY AE EFE tubed &7 200xgolA 2%
b QAR AT A5 AA F AE pelletS A7 PBSE o] &35t 13]

M=z s %, PE Annexin V Apoptosis Detection Kit I (BD biosciences,
California, USA)E o]&3le] =A3 ). 1x cold binding bufferE ©]-8 3}
1x10° cells/mLe] %2 34 & 5 pyl. PE annexin v ©latal, 25CoA 152
U213 & 1x binding buffer 400 uL= F7F 3 % 75 pLE cassette (Moxi
flow cytometry, ORFLO, Cambridge, USA)e] Y i FACS (Moxi flow
cytometry, ORFLO, Cambridge, USA)E =4 3}

(5) @ ME = (Western immunoblot assay)

—

5% Aol e 221E 98 western immunoblots AAIEHS oH | W3l

e
=

ME EJ, T24, 5637 Alxzol A5 g F RIPA-lysis buffer (Biosesang,
Gyeonggi-do, Korea)®} protease inhibitor &3S o] &3slo] 23} A &=
= ol &

ol A 10&7F ¥4 E¥ (Micro 17R, Hanil, Gyeonggi-do, Korea)dto] AF& <

welalth e

o o

< BCA protein assay kit (Pierce, Rockford, Illinois,
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USA)E olg3stom, 30 ngel @M AdS ¥33 A5E SDS page gelol 23]
M #3} 3L, Nitrocellulose blotting membrane (GE healthcare life sience, USA)®l
transfer® A A38F31th ponceau S (Biosesang, Gyeonggi—do, Korea) &S o]

43 transfer FEHIS <2 3 F 5% skim-milk® blocking &Fith 1z &4
p—ERK<2} ERK(Cell signaling technology, Massachusetts, USA)+= 1:10002] #H]
&5 3AX3e] 4ToA  overnight® WA T 22 A (Cell signaling
technology, Massachusetts, USA)= 1:30002] H] &= 3|4 3Fo] Ao 1A]%F

Zol wWeAFTE =AHoE WESTAR ETA C ultra 2.0 ECL solution

o

(Cyanagen, Bologna, Italy)< HF8-A]Zl % Fusion Solo (Vilber lourmat, Marne,

France)& ©| &3}

B oA mE Y A= 74 213 SPSS Version 180 o] &3to] o
7+ E5HA (mean = SD)E YEA oM, p<0.05 =5l A scratch wound

healing assay 23+ T-Test, 1 ©]9¢ RE A3d ZAy}= one-way ANOVA

] % Dancan’s multiple range test® 2t A3 w9 Fo]F AolE HFsHS

e

=
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o e Azke] Aol wheh ol H o pHE Zastn Aw: E715

T
= Ao yepton =4 A= Table 20 YeERARITH

1

CK-Orix CK-MOX¢} ®lnsle] pHe} Ao F43F W3ty a2 Qo gt
& A pH 379904 2E 394 pH 269= 7433, #E 7)7ke] Ao ulef
}ol S Hth CK-MOX$]

(

A&H oz pHE FHOR Pastgot mud

pHW S W 7|Zko] Aol weh o5 o gastel 159 A wjFe] pHE
U

A= F3 AAWe Agste 2o Yehiglen, wEst dagel ol

%7k st g A3} Hlaste] CK-Orie oF 2.7%, CK-MOXE F 15%2] 24t

of algets Akl AHE Aew AF HIAH
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Table 2. Changes

in pH and total acidity

of Citrus Kombucha during

fermentation.
Fermentation pH Acidity (%)
period
CK-Ori" CK-MOX? CK-Ori CK-MOX
(Day)
0 3.79+0.02? 3.79+0.02? 0.17+0.00" 0.17+0.00°
3 2.69+0.00" 3.73+0.00P 0.99+0.00° 0.18+0.00¢
6 2.62+0.01¢ 3.45+0.02° 1.67+0.024 0.54+0.00¢
9 2.59+0.01¢ 3.37+0.03¢ 1.87+0.03° 1.04+0.02°
12 2.59+0.01¢ 3.27+0.01¢ 2.63+0.02" 1.37+0.05"
15 2.54+0.02¢ 2.99+0.02" 2.73+0.02° 1.51+0.00°

Values are means *= SD of three independent experiments; Letters indicate

significant differences among samples determined by Duncan's multiple range

test(p<0.05).

1) Ori: Citrus Kombucha fermented in traditional method.

2) MOX: Citrus Kombucha fermented with 3 bacteria strains.
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g %
H3}+= Table 39 YEFH AT}
W3l= g HADay 0) 3.77 mg
A

o] W3}
3]
257 mg glucose/mL & oo =2 A=
=

CK-Ori Al 2 9]
g -
Fol AA A Hol 644 A& (Day 6)¢F 1
L2=Rs);
1

[e]

glucose/mL | A
D]—Q/] ¢J
A A= (Day 15)¢] o4 Apol& d&= A gkt CK-MOX Al
A(Day 07 v wake] §9 7

Uelgon, g 34A F
(Day 15) 2.46 mg glucose/mL & %3

o
s
a3tgt,

A e
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Table 3. Changes in total sugar and reducing sugar of Citrus Kombucha

during fermentation.

Total sugar

Reducing sugar

Fermentation

period (mg glucose/mL) (mg glucose/mL)

(Day) CK-Ori" CK-MOX? CK-Ori CK-MOX
0 3.77£0.23° 3.77£0.23° 0.09+0.00¢ 0.09+0.00°
3 3.42+0.17" 3.290.21° 0.08+0.00¢ 0.02+0.00¢
6 2.92+0.08° 2.90+0.06° 0.14+0.00° 0.02+0.004
9 2.57+0.06° 2.69+0.07° 0.18+0.00° 0.03+0.00°
12 2.49+0.26° 2.29+0.23¢ 0.18+0.00" 0.06+0.00"
15 2.57+0.11° 2.46+0.05¢ 0.21£0.01° 0.04+0.00¢

Values are means = SD of three independent experiments; Letters indicate

significant differences among samples determined by Duncan's multiple range

test(p<0.05).

1) Ori: Citrus Kombucha fermented in traditional method.

2) MOX: Citrus Kombucha fermented with 3 bacteria strains.
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Zt A&l  DPPH radical scavenging acitivity & L-ascorbic
o) Z3}o] pg ascorbic acid equivalent & YWERH AT

CK-Ori © DPPH #tlZ 27%
Eq, ul

=

o

T

g el wel fojAor FrhE e
& HDay 0) 125 pg ascorbic acid/mL oA & %

427 ug ascorbic
acid/mL & #Z =1 (Table 4), CK-MOX & % (Day 154 #¢ DPPH #

Oz 2ASE 3 dDay 002 vluste] F 28] F71gk 280 pg ascorbic acid
2 YEyH(Table 5).
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(2) ABTS &% &27A5 =4 23

ABTS @tz 27 %< ascorbic acid B %o 2 e AT
ABTS =4 ZAio A CK-Ori¢t CK-MOX+= H]<=3} 21
Zbo] Aol we) gy ATl SUksheE Ao=
CK-Ori¢} CK-MOX ABTS #dZ 2ASS 394 714 aA S7kste] 242
675, 697 ng ascorbic acid/mLzZ YEOoHW W
Hag = ABTS #d# 245 54 23+ DPPH 54
T H CK-MOX9 gz AA%So ¢ &2 Ao 2 e
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(3) Total polyphenol % =4 Ay}

CK-Orid Zg¥= sde 2g 7|7ko] Agd wet fostAl Sr7ksti e,

e

& A(Day 0) 181 pg tannic acid/mL, ¥& ¥ 280 pg tannic acid/mL= YE}
stk CK-MOX+= CK-Orist vttfe] A3 A5 Bled &a Ay} vjusio] o

& % (Daylb) A &9 ZgdHsE 42 #A3se] 135 pg tannic acid/mLoZ e}
W TH(Table 4-5).
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(4) ORAC assay =4 Ay}

CK-Ori®] ORAC =4 <2 2w3a # (Day 0) 593 uM trolox equivalent®} H]

wste]l wg 3§ (Day 15) 1558 uM trolox equivalent® 2| 3tAl F715F o,

CK-MOXA &9 ORAC =4 Z3 g HA(Day 0) 593 uM trolox equivalent}

HL3le] Wrg F (Day 15) 751 uM trolox equivalent® o] 4 o2 ZF7}313 S

v g 129 A (Day 12) 9 A&7} 835 uM trolox equivalent® 7} =& A
S 2 YEEtH(Table 4-5).

3T
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Table 4. Antioxidant capacity of CK-Ori".
ABTS radical

DPPH radical

Ferr;leer?gzﬁon scavenging scavenging TOtili}:fth“C ORAC assay
Dy )t gy e sidmn
0 125+17" 91+14¢ 181+1° 5.93+0.15°
3 199+14¢ 438+42°¢ 160+4°¢ 5.44+0.19¢
6 284+15¢ 518+17° 184+23° 8.91+0.224
9 314+6° 562+18" 218+12° 10.97+0.34¢
12 3688 672527 237+3P 13.27+0.48°
15 427+1% 675+31° 280+1° 15.58+0.77°

Values are means + SD of three independent experiments; Letters indicate
significant differences among samples determined by Duncan's multiple range
test (p<0.05).

1) Ori: Citrus Kombucha fermented in traditional method.

Table 5. Antioxidant capacity of CK-MOX."
ABTS radical

DPPH radical

F tati i

errgleerriloz ot scavenging scavenging TOtiL Iielzohc ORAC assay

(Day) acitivity acitivity e tann?c a?i ml) (mM Trolox)

Y (ng ascorbic acid/mL) (ug ascorbic acid/mL)

0 125+17¢ 91+144 181+1% 5.93+0.15¢

3 135%1° 599446 17557 5.80+0.25¢

6 149+22°¢ 602+35 1758 6.65+0.14°

9 227+20P 558+13° 144422 7.74+0.16°

12 241+21° 634+31° 146+8%® 8.35+0.19%

15 280+6% 6971202 1351 7.51+0.37°

Values are means + SD of three independent experiments; Letters indicate
significant differences among samples determined by Duncan's multiple range

test (p<0.05).
1) MOX: Citrus Kombucha fermented with 3 bacteria strains.
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(1) M &S 54 (Cell counting)

RAW264.7 tiA A X 95 55 9% LPS (I pg/mL)et &g 7]7kdE A&
o 3 CK-MOX (5 mg/mL)E Al At AxX AEES vjust 43 FA4

g o tiE] BE kel [oA Aolrt flas #AQledn (Figure 4).
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Figure 5. Effect of CK-MOX on cell wviability in LPS-induced RAWZ264.7

macrophages. Values are means

+

SD of three independent experiments. #,

not significant versus control.
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(2) Nitric oxide(NO) A= =4

RAW264.7 A A Ze dF =5

g & CK-MOX (56 mg/mL)E &4 A#late] wix] Wel NO &%=
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CK. (& mg/mLy - - : % i 5 b )
LPS (1 pa/mLd - + - i + + i i

Figure 6. Effect of CK-MOX on NO production in LPS-induced RAW?264.7
macrophages. Values are means * SD of three independent experiments;
Letters indicate significant differences among samples determined by

Duncan's multiple range test (p<0.05).
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(3) d5dd Atol =7kl A =74 (Real-time PCR)

LPS® 935S HF%3% RAW264.7 A2 tfd CK-MOXE #8]7F 9354
AFolE7EQ1e] mRNA level FolA o] mlx& JgFS SISty 95t

Real-time PCR 2 ¢S F3stH 1 =74 7kS Fold change® YEF ST

il
i
_NL',
Ac)
ol

A3 %g % (Day 15) A 19SS 45 LPSE % ¥ TNF-a¢t
=

[L-1B9] 3 o] Zo g 7HadteE Aoz Yyttt (Figure 6-7).
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Figure 6. Effect of CK-MOX on TNF-a mRNA production in
LPS-induced RAW?264.7 macrophages.
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Figure 7. Effect of CK-MOX on IL-18 mRNA production in
LPS-induced RAW?264.7 macrophages.
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Figure 8. Effect of CK-MOX (Day 15) on viability of RAW264.7 cells.
Values are means = SD of three independent experiments; Letters indicate
significant differences among samples determined by Duncan's multiple range
test (p<0.05).
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,\
®
SN—"
T
z
ofd
o
°,
)
B

(EJ, T24, 5637 cel)®] CK-MOX (Day 15) %=1 Ao w&

CK-MOX®] ®agot Alaze] gt AE AAE&S <lsty] fiste] ¢a $ (Day
15) A& 0710 mgs sE=E=Z A ste] 48413 & MTT assays 2 AI8H3 o
A3 g2 FA9 & (0 mg/ml) 9 ALEEH} x3 BlEE Yo
(Figure 9).

T24E A3 EJ, 5637 AlXANA= 05 mg AT AEEY a7 gldle
U, W& & (Day 15) A& 10 mg/mL $==2 A s oA EJ, T24 5637 Al *E
AEEo] A7 68, 54, 5% % 794 FAE BT wekx CK-MOX9| A ¢

g AEF 43S oA s Ao tehgth
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BEl OT24 E5637

% of cell viability

0 0.1 0.5 5

Contcentration {mg/mL})

Figure 9. Effect of CK-MOX (Day 15) on viability of bladder cancer cell
(EJ, T24, 5637 cell).Values are means * SD of three independent experiments;
Letters indicate significant differences among samples determined by

Duncan's multiple range test (p<0.05).
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(3). W3Esk A= (EJ, T24, 5637 cell) o & 7[7d CK-MOX Ao w&

CK-MOX¢9| Z® 7]gbtel] w& W33k AlEo] gk AL A& W)
k7] f1ske] &g 717 (DayO, 3, 6, 9, 12, 15) A& <A Ao A% o
A 2YE BHAYW 10 mg/mLe] == A sle] 48A17F H o] MTT assays
o] &3ate] AE AEES Ittt A dA&S FA2 « (Control) o AE
&3 iz vE&2 el AT

Lo

il

s}
ol

o

g AEFT E] AXE 393 2adt AlE (Day 3) oA oF 48% A7go] <
A= don, 647t Tgst A5 (Day 6) oA 7Hd @& 3] Al AE&o] #
Z Hoy 397 HEI AFE (Day 3) A e #Fo% ole Atk
T24 AEE EJ, 5637 AE9 nlaste] AE Aol A7 JAl = Aoz 39l
stom g F (Day 15) A8 Ao AEZ BEELS 18%E Ve 5637
AEol A g 7|zke]l Tkl mEk AE AEE] FH o FAhde A
o= Uetyth 9o ARE EdE o] A A A AMEF BT AX
A Z37F 50%014 EAstE HE 159 A Al (Day 15) 2 10

o] Fr2 Aglste]l Wastr),

o)

o
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44
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20
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Fermentation period (Day)

Figure 10. Effect of CK-MOX on viability of bladder cancer cell (EJ, T24,
and 5637 cells). Values are means = SD of three independent experiments;
Letters indicate significant differences among samples determined by

Duncan's multiple range test (p<0.05).
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(4) ME o]F5A TZ(Scratch-wound healing assay)

Scratch wound healing assay© A9 ©|& (cell migration) = ##a 4 3]
= dg Ay i os B A s CK-MOXe| #3¢hAM (E], T24, 5637
cell) o djst He Fdetaat et

X

|32 o5 B Al

=]

27 ZARS VFOE UL 48N 7 27t A

ol

N EX

¥} W] aL3}e] migration inhibition rate (%) 2 YERY AT,

e

EJ Alxe] iz (Control), @& 7 A& (Day 0) Mg, &E & A& (Day
1548 o2 o] 24413k 48A1%L, 23] ek A¥ gjx= (Control) &
2E A AE Day 0) Al w3 Hluste] 25 % Alg (Day 15) A ol A
ABAI 7 vl 3 9ol &F A cell migrationo] oA Hi= Ao ® et (Figure
11).

off

T24 MxE A Ao M= 2443 vk Al thxa (Control) thH] TE A Al
o)

=

S,
o
i
O
o,
v
o
O
o

(Day 0) 28] oA cell migrations °FzF oA
o A= FoAd S HolA ¥Utt (Figure 12).
5637 A EZo CK-MOXE A3t A3} 2447k, 48417 =% th=x+ (Control) T
H &g  (Day 15) Al=s A2 oA F23kA cell migrations JA|3t= A

2 et 5637 AlE] ol EA ojAlel CK-MOX #& # A& (Day 15) 9
el 7F 23 A& FAsI T (Figure 13).
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Figure 11. Effects of CK-MOX treatment on the migration of EJ cells.
Values are means £ SD of three independent experiments; *, indicate
significant differences between samples determined by T-test

(p<0.05).
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Figure 12. Effects of CK-MOX treatment on the migration of T24

cells. Values are means

SD of three independent experiments; *,

indicate significant differences between samples determined by T-test

(p<0.05).
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Figure 13. Effects of CK-MOX treatment on the migration of 5637
cells. Values are means = SD of three independent experiments; *,
indicate significant differences between samples determined by T-test

(p<0.05).
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(5) AnnexinV =% (FACS analysis)

Annexin V& apoptosis’} 3 &1 = AEL A ¥Eute] Al apoptosis
7F 21 EH Al 2R QFZ9] phosphatidyl serin®] A|3ZR &R 8 w=E3HA =
d] o]u] phosphatidyl serin® annexin V 7} ZAgsl= Aot}

CK-MOX A glofl 2]3t apoptosisell & AM3E AE-ES Figure 149 YERA S
o =7 CK-MOX Day 0 A7 w2 FoAQl zol= gldleoy wg £

A& (CK-MOX Day 15) A2 oA 9% o2 apoptotic cell?] W]&o] Eof
U= Aoz 33 5
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Figure 14. CK-MOX-induced apoptosis of bladder cancer cells as annexin V
staining assay using flow cytometry. Values are means = SD of three
independent experiments; Letters indicate significant differences among

samples determined by Duncan's multiple range test (p<0.05).
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(6) CK-MOX =] gol| w2 urgob

M| 2] phosphe-ERK %d =% (Western
immunoblot assay)

O A4y A A AEF BT A BE F AR 10 mg/mLY FEE 484 7F A

2)d A9 p-ERK levelo] A Z718t= Aoz eyt (Figure 15).
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O e Em e SR o e e
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fementation pericd(Day)/time{Hour)

Figure 15. Effect of CK-MOX on phospholylation of ERK protein expression
in EJ, T24, and 5637 cells. Values are means * SD of three independent

experiments.
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(7) U0126 A&} MxE BE&o] W3}
AA7A AE FFd E o CK-MOX %3 F(Daylb)A s HIe
p-ERK & Z7bel] o)gh 3ot MEF EJ, T24, 56379 A4S JAd=

2 yelgth oW AdoMi= MEKI2E JAs= V01269 A&
p-ERK level®] 717} W3¢t Alx AEE Astel dddA A gelst
2 akSi e

MTT assays ©]83F Ax A&

Py
o

it
ol
glj

K

& =4 A3 (Figure 16) thEx+3 v aslo]
CK-MOX Day 0, Dayls Az oA fFodeoz AE Aldo] ZF7hetdla,
U01265 CK-MOX$t §A A ste] p-ERK &S A9 S W Day 0 # &
Fol M= g Wart gl ey Dayls A FollAsE foldtA AlE BEE O
Z7vete Aoz veld U01269 93 p-ERK level 9A7F Al A& dHA
o] R A=

[e)

()]
P =t

filo
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Figure 16. Effect of CK-MOX and U0126 on viabiltiy of EJ cells. Values are
means * SD of three independent experiments; Letters indicate significant

differences among samples determined by Duncan's multiple range test

(p<0.05).
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(8) U0126 A&} p-ERK levele] W3}

MEK 1/2 93A1A# U01269] A&7} A p-ERK %3S 7HAA]7]=4 western

immunoblotS &3 &<1& st

71 A3+ Figure 179 AAIFATE 10 uMe] U01269] * &+ p-ERK %%
= o=

T oEAow WAL, Day 0 A2 wolA p-ERK2 3t zH4sf
eyt o, Day 16 A8 welA= 3A S7F a3tk U01268 CK-MOX A=
o} A AYsAS A4S, Day0 Azl oA WEsh giley Day 15 A
o 5] p-ERK levele] 45 3= o= e

A#NA o w2 p-ERK level®] A5 Waddt AxF EJo] MXEANEY Aol 9l
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Figure 17. Effect of CK-MOX and U0126 on phospholylation of ERK protein
expression in EJ cells. Values are means + SD of three independent

p-ERK/ERK ratio

experiments.
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(Citrus Kombucha, CK)¢] HAE 27
o] 71X = ol gy CKE Ko ulmate] aatsl S383 wrgol AxF
=

(T24, 5637 AE)oll ek A oA &3

)
M
fol
o
i

o
m
ol
)
ol
ox
B
2

A anti—apoptotic protein®] Bcl-29] ¥d A9} pro—apoptotic  protein$l
cleaved caspase-9, cleaved caspase-8, cleaved caspase-3 % cleaved PARP2]
7kl W& apoptosis7t e i Ao® UEut 2y AR FS o
Aol gAZE At o]l

2 o889 WEA PPoE AN F CKe

HEete] 1697 TRt on, v 3dntt; AEHS A3 CK-MOX %
go Ag H TFF= EYAK) FH-A pellicle ¥ broththe] nAE 54 2
I 91%E  AAWY,  Gluconoacetobacter  xylinus,  Gluconoacetobacter
medellinensis, Gluconobacter oxydans©|™, Ga. xylinus= Y& SIF-Ho wQ
25 E5W3E cellulose B AT delA AvH99. Ga medellinensist=
Ga. xylinus®t &7 Ga xylinus%ol 431, f-42 o wel Ga xylinust %
o] celluloseE A= sty 2 Ago|x = cellulose non-producing Ga
medellinensisE AH&-3+9TH100]. G oxydanse] 745 @& HAANA wvleld C &
doll AHE H= AdFEZARQ] L-soboses BAES st oE <A AvH100]
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K-Ori¢} CK-MOX¢] pH¢t & B9 &2 w4z 48kl

C
I, AEE fFoHor ST detd o R x4 wha =

2
£
_{
2
N,
ul
=
(@)
=
o,
=2,
r!I.
:OL_',
]|
o, 4z
R
rir
fof
N
)
BN
Ay
=2
2
(-2

HE 7] JHlE fA8k= Aol EA otk A= acetic, gluconic, glucuronic,
citric, L-lactic, malic, tartaric, malonic, oxalic, succinic, pyruvic, usnic acid &

o f714ke] wEl o) AYUTT G4 Qon, Awe Wk 7% 37

of mE oz welth ¥ ), PHe| #at 3w 2ast 2 AYHASL
wolEeh CK-Orie) 49 #99e] Wi 7Izke] Aol we fol202 s

gom, CK-MOX®| 899 F& #9490 Wat Jglovt Bx 7|0 du

e molx gtk ol wRe 4P wE ol ge] Aol wE How F

ot &

+ DPPH =HdZ3} &2 ABTSTE &4 (peroxidase, myoglobin) %+ 313t &2
(o] AFshzt, HspabZbE ) ABAP)Sol olaf 2tz A skl A&ato{of shH,
71 & AR&stookst= DPPHS = 2] ABTS+ =3 #7]8vw&
E5 ARE S 4= 9l7] wiof hydrophilic =+ lipophilic Al &9 A+ 2oz A&
A s89s 54 8 F dues Aol v A== Ho Xtk
=

e wE kel wE foHer Frtsig o,
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RNOU104] =AFe] FHeIFIe] -9 w2 pHel A S+ A o] H[105], =2F, &4, =+
715 olgd wE FRAeo =aiAHo| phenolic compound?t reducing
power?] 7S %@ kombucha & &ol| W} free radical scavenging &= ] &
Wt Ba43]= o = FHA 2E 7IE sk EHYds 249 W)
7b dojus Aow ye42] olF EdE & w o] o3 pH W3e}
starter®] Zpol7b & EHejdl=e] I WSkl dFS vHS Aol A
2h=

NOE A Wl F¥ 3, AR, Wgws So] YA /5e 2A
= 9Ee BYSAT Bud 8 NOE 9Fuse wolum, AXs 2 &4

o

N 3l
doA A d5S do7Al A6l LPSE X3 RAW264.7 U2 Al 39
EA4E Holx &Ud FEE wa vk AZY sdd CK-MOXE Az
Az g A(DayO)Al 5t vluste] wg F (Day 15) A&+ LPSE f=d
RAW264.7 S Al32e] NO°| F4E& Aoz AdAletes sox Yegon,
LPS @5 A2l w3 vul 3o 1593 2a3 A8 (Day 15) Az #ollA 45

Xl tdst MXE &l ot 107]. weEkA TNEF-a, IL-189 mRNAS%
o] A4+ LPSE 5% RAW264.7 A AME S dF5s ¢state o= YEw
th 2 AFolA &= Real-time PCRE ©]&3to] mRNA FFollA A5 AlolE
7hele] ¥ AEE FASF oY A3 AAE A3 FFo A @
FrodA AT APl EFRIS] wE S glslof & oz A7t

Wl A2 EJ, T24, 56379 A2 AEES CK-MOX Ao % &4
o vopyom wE Hd (Day 0)3% ®luste] HE F (Day 15 Alss W3et

A EF EJ, T24 5637 cells®] ol 247t 69, 81, 49% AAet= Ao =
Wt Apoptosis @ Annexin V 2823} wg % (Day 15) Al&Axy o+ @&
A (Day 0) A1& A 3 ¥]aste] apoptosis® Q1gh A ] AFEEo] T
| UEbstem, 1693 wask AR Age W AlESF (E], T24, 5637

tlo

\:1

HH‘ fols

_60_



A

Ry
-

5|
pul

Z7M 715 Aoz yehukth p-ERKel <8 A

) 9] p-ERK level&

Ry
fn 5N

Al

A

MEK1/2 inhibitordl U0126%

kel
L

Atd o] p-ERK

Ry
fn 5N

Al

ok

(CK-MOX) ¢

# wao

Eas

%)

ofo

el
o

N
I

2|

el
!

&

7} Zlo]

B

ol

;OL
~

%)

_61_



t (CK-MOX) ¢ 7|54 S4< "Astas skt
LE 7ol e o]dA 54 WEE wlustr] fste] 3E } &3oo)

G H7F & F FHA fd 3F T E gFete] 1593 HaEsion, v 3d
ot MEES AAEATH CK-MOX 2ol AHg | w5 28 (Aok) o F
2+ pellicle ¥ brothtl9] wAE A Ay IJI%E  AA AL,
Gluconoacetobacter xylinus, Gluconoacetobacter medellinensis, Gluconobacter

oxydanss KCCMo A ¢ ol o] £351%]

.

1. CK-Ori®} CK-MOX+= g 7|zte] Aol wel pHe A4sd, Ales 5

y o [e)

¢

7velg ok, %A= acetic, gluconic, glucuronic, citric, L-lactic, malic,
tartaric, malonic, oxalic, succinic, pyruvic, usnic acid &2 f7]4to] g9
olaf HAHTA LA dom, pHe A=e] Wil #7145 Sk wE A
o2 ®Ht

3. DPPH, ABTS #@E]Zt 27 % ORAC assay® £3+ 343t 58 =4 2

el wep ksl 9ol Frkeke Ao ®E YEE T shA R CK-MOX9
Total phenol contents™ "% 74 (0.18170.135 mg tannic acid/mL) 3}$1th.

&

4. LPS-induced RAW264.7 Macrophages®ll 7]7+¥ 7= @3NS 5 mg/mLY
2 Ayst A3 ME 5442 YA gton g d (Day 0) A=<}
Hluste]l g 3 (Daylbh) A& += LPSZ FX2% RAW264.7 tf 2 A3 2] NO
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