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ABSTRACT

Growth-inhibitory Effects of the Solar salt-Doenjang
and Doenjang starter Bacillus subtilis D]I

on Cancer cells

Lee, Sun Mi
Adviser : Prof. Chang, Hae Choon, Ph. D.
Department of Food and Nutrition,

Graduate School of Chosun University

This study extracted anticancer Bacillus subtilis DJI from 4 types of strains
separated from traditional fermented foods. The results of measuring the anticancer
effect of B. subtilis DJI supernatant by cultivation phase according to the MTT
assay method showed a high concentration-dependent cancer cell restraint effect for
HT-29(human colon cancer cell) and AGS(human gastric adenocarcinoma cell), but,
uniquely, showed a concentration-dependent cell growth effect for BJ(human
foreskin normal cell). The anticancer effect of supernatant on cancer cells by
cultivation phase was high in the order of the death phase, stationary phase and
logarithmic phase, which confirmed that the closer to the death phase, the bigger
anticancer effect was. The extraction of cell wall content from B. subtilis D]JI
showed a yield of 59%, and the measurement of the anticancer effect of B. subtilis
DJI cell wall showed a high restraint rate for HT-29, but little cell toxicity for BJ.
DJI doenjang was prepared by using B. subtilis D]I starter and the refined salt or
solar salt with 12%(w/v) concentration. The prepared doenjangs were fermented and
aged for 2 month and 16 month respectively. MTT assay was used to measure the

growth-inhibitory effect of DJI doenjang extracts(water, methanol) on BJ, HT-29

_\/l_



and AGS. The anticancer effect increased in both refined salt-doenjang and solar
salt-doenjang as fermentation period increased. In particular, in the case of water
extracts, solar salt-doenjang showed much better anticancer effect than refined
salt-doenjang. In addition, apoptosis were observed when the water extracts of the
doenjangs were treated into AGS. In particular, it was observed that more

apoptosis occured in solar salt-doenjang treats than refined salt-doenjang treats.
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A2 Ad Az # WH

A 1 A. Bacillus subtilis DJI 59 GAHAE A JA&FH

A AFRRE e 2 AP JitE FF 2 Table 13 2t

2. B. subtilis DJI #F9¢ ASE

B. subtilis DJI9] #lgFAI el W2 ASS SA7] fste] 37T 24412 A
kst =2 40 mL LB broth(Duchefa biochemie, nutrient broth
bacto—tryptone 10%, yeast-extract 5%, sodium chloride 10%)°] 1%(v/v) HE3k
T, 24A17F Fok wiFslE A 3AIZE FAS R 600 nmol A FEEE S ITG).
(Fig. 1) ¥ A& A& B subtilis DJI w4 oL Jogarithmic phase(Fig. 1
AR A), stationary phase(Fig. 1 B#] %), death phase(Fig. 1 CA &)= vFo] AE
skt



Table 1. List of bacteria used in the experiment

) . Incubation
Strains Medium . Reference
temperature(C)

B. subtilis D]I LB 37T 5)
B. subtilis MJP1 LB 37T (80)
B. polyfermenticus CJ]6 TSB 37C (25)
Lb. plantarum AF1 MRS 30C (81)




<+«

>
-0

—— B. suitilis DJI
O | | |

0 3 6 9 12 15 18 21 24

Tire (hrs)

Figure 1. Growth from B. subtilis DJI in LB broth at 37C(5).

A: logarithmic phase, B: stationary phase, C: death phase
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3. B. subtilis DJI¢] AXYAPE F&

B. subtilis DJI9] cell wall extract:= Lehman 5(46)¢] Wile] we} £ 3k}
WA B. subtilis DJIg LB brothol A death phase®l

==
9950 x gollA] 1587 YAl R ste] #AT 3|5eH). 3 5%

w7k A wj e %
A= PBSZ 33
AlZ gk & PBSel dErste] 583 23 T te daliEE

pellet-> PBSE A 23] 4% sodium dodecyl sulfate (SDS)el]l & €A 71 3 30Tl
A 2413E Galetaith &al & AAE e ste] Ao pellet2 SDSE AlAsH7] #l8)
o] PBSE thA] A&t Ribonuclease AS 250 pug/mLe =& 37CoA 44
et Aggk & oA Fed WHo R AHstt AlA $ deoxyribonuclease I
I trypsine 120 pg/mLe FE2 H7E 3 37ColA s A3 e
PBSE A& % 9950 x gollA dAdEefste] A AE AASL pellets 3433l
. 359 pellete FAIE SAS 1 &S Total, 4 dxste] A ARE

sk th(Fig. 2).

o,

Olr
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Cultivation (15 hrs, 37C)

!
Centrifugation (9,950 x g, 15 min)
!
Washed with PBS
!
Sonication for 5 min
!
Centrifugation (9,950 x g, 25 min)
!
Washed with PBS
!
Addition of 4% SDS (2 hrs, 30C)
!
Centrifugation (9,950 x g, 30 min)
!
Washed with PBS
!

_12_



Addition of ribonuclease A 250 pg/mL (4 hrs, 37C)
J

Centrifugation (9,950 x g, 20 min)

J
Washed with PBS

l
Addition of deoxyribonuclease I 120 pg/mL,

PBS containing trypsin 120 pg/mL

!
Overnight at 37C

l

Centrifugation (9,950 x g, 20 min)

J
Washed with PBS

l

Freeze drying

Figure 2. Flow chart for the preparation of cell wall extract

isolated from B. subtilis D]JI whole cell.
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4. In vitro YA
1) SAE A JA &S o5 A
(1) A18¢ FH|

zke] b wgls AR (9950 x g, 15 min, 4T)3te] FAAE

3|45k &z AA Ao pHE =A35tal 0.45 pm syringe filter2 A 3rsho] A & o
&+ 9] culture brothe} ZF ®jFdAdd pHZ HAZ culture

edia =5 045 pm syringe filter® A3 & 7} F=H=Z

Attt 24 Az FHITE 100%(HE)E 8ol A<l

(%)= T3t

QL
30
o
)
=
3 X

broth, cell culture

(2) AEHF

Ao AFEEHOI GAMEFE AGS (human gastric adenocarcinoma cell)
CRL-1739, HT-29 (human colon cancer cell) HTB-38% #3432 BJ (human
foreskin normal cell) CRL-4001& A}-&-3}% .

QA ALAEZAGS) e} Q1A AAIAIZMHT-29)= RPMI 1640 (Gibco BRL, USA)
A2 wjFeta, FEAMES giERvoes ARES Al X AGAEFB)E
Dulbecco’s modification of eagles medium (DMEM; Gibco BRL, USA)S. = w3l
o} Z}zbe] wfA|ofi= 10% fetal bovine serum (FBS; Gibco, BRL, USA), 100 ng/mL
penicillin (Gibco BRL, USA) 18]3. 100 pg/mL streptomycin (Gibco BRL, USA)S
A7bstinh wike 22 M dFdel 2~33] AlAdg Al wiR 2 AolFal 6~7
o] who]] phosphate buffered saline (PBS)Z A& 3k & 0.05% trypsin-0.02% EDTAZ

2 AES Eelete] AR & HAE AE] wixE ¥ dIeR MET}
AT FAEEE 2 39 o 6~79 vtk AliuiFetHA Aol AREsiTh

o wiF Al Z}Zbe] passage numberE 7]53F$ Al passage number”t 103] o]

M= 2 AEES A D2 PARRE Aol T wjgste] AF st

£ w
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(3) MTT assay®l &3t AlX AEE 57

AE T2 AEE MTT assayH (64)°] met ZA4s At MTT assays olsl
= Ao mEZE=gol Yute] 43k oxide-reductase®}-&-S Wrol MTTe] <
sto] A E+&= dark blue formazan® ¢S FAsts WHo|th Dark blue
formazan®] AAbEE ALA o2 FAdo] Q= Aokl AEFeE A Hl =
Aow delx] Ao AFH E3tE FAse=d ofF AR AEH AL 9

Wl oksEl Zhzbe]l MEFE 96 well plated] well @ 2x10" cells/mL7F ¥ %2 100
uLA seeding kil 37T, 5% CO.l 7)ol A 2441 7F &t AIZLE FZAI & A
55 sEE HUbete] 48A1%F wi gttt o7l 1Ak A 94 5 mg/mLe
FE2 A FZ3 MTT{3-(4,5-dimethylehiazol-2-y1)-2,5-diphenyltetrazolium bromide}
S 20 uLE H7bslka 44137 o e gst & AAdE formazan 24 S dimethyl
sulfoxide (DMSO)9] =¢] plate reader (UV scanning ELISA reader, BioTek,
USA)E o] &3] 540 nmollA F3 =5 SAsA0
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2) B. subtilis DJI¢] WS GAE AN AL A JA &7
(1) X184 FH|

B. subtilis DJI-& 37T A 24413F 2 wjkste] LB brothell 1%(v/v) HEs +
logarithmic phase, stationary phase, death phase Ztzte] A H 7% wj%dd AES
Abgatg . =" 4k e A B subtilis DJT sl oS A E2](9,950
x g, 15 min, 4C)3te] A HS 353k ¢ 045 pm syringe filter= A3}k
At gt 2z o] S AE A AS A ARG 2 Al w A
A7MTE 100% (W)= 3FA5L, 2 AsE w5dEE A ste] 48A17F 52t l
G AlE AEES ol e oA Alx AEE(%)= 278U

(2) AEHF

Aglo] AFgE]H GAEFE AGS (human gastric adenocarcinoma cell),
HT-29 (human colon cancer cel)™ AJAEF BJ (human foreskin normal

cel) & AHgstl o, Mg grle] ETE wopstel AEel AbgsHlch

(3) MTT assay®l &3t AX AEE 57

B. subtilis DJI9] wjFeAE G A AE T4 A& FAS] #sto]
MTT assaye Aldstch wjdd Z7e] AxF= 96 well plateo] well 9
2x10" cells/mL7} ¥ %2 100 uL# seeding 8} 37T, 5% COzMF7] oA 24413
S AEE FAAN F ARE FEEE HUFste] 48A13F wj st dth. o 7]l
SIHAY A A 5 mg/mLe FTEE A X3 MTT{3-(4,5-dimethylethiazol-2-yl)
-2 5*diphenyltetrazolium bromide}-& <} 20 pLE FH7}star 447 o wjgdt & A4
A9 formazan 274E  dimethyl sulfoxide (DMSO)d] o] plate reader (UV
scanning ELISA reader, BioTek, USA)E ©]&3}¢] 540 nmolA T3S =43}
AT,
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3) B. subtilis DJI AZH AL IAZ 3% AA L
(1) A1&¢ FH

B. subtilis DJI2. 28 F&8 AXHAE(Fig. 2)& PBSel| o] Aol A4
staAth AEHAEE 7 well B H7bEE #HE $27F 45, 450 pg/mL7t HEE
z7ste] AEAY] AgstAth 24 Axe PBSE H7EeE 73S 100% ()
28I, ARE FEEE Aste] 8AF F MEd AEe] EES dix
Toll ek oA AE BEE (%)= E7]8T

Ao Alg3H A EFE AA AALAEMHT-29: human colon cancer cell)
o 5 (BJ: human foreskin normal cel)E A}-&-3}
oh S A7l e] WOl R wj kst A Fol A8kt

(3) MTT assay®l &3t AX AEE 57

ke zhzhe] AZFE 96 well plateo]l well F 2x10° cells/mL7F ¥ == 100
LA seeding kil 24417 E<F 37T, 5% COMEF7A AELE F-2AIZL F A
55 sEE HUbete] 48A1%F wigetditt ool 1Ak A el 5 mg/mL
o] =2 Ax3 MTT{3-(4,5-dimethylehiazol-2-y1)-2, 5*diphenyltetrazolium
bromide}-&< 20 uLE #H7Fetar 4A17F o wiYet & AAE formazan A4S

dimethyl sulfoxide (DMSO)o] *3o] plate reader (UV scanning ELISA reader,
BioTek, USA)E ©] &3} 540 nmolAH T3 == =A5Stt.
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Preparation of cells

l
Distribution of cells in 96 well plates
l
Incubation at 37C, 5% CO2 incubation for 24 hrs
l
Addition of sample
l
Incubation at 37C, 5% CO2 incubation for 48 hrs
l
Addition of MTT solution(5 mg/mL PBS)
l
Incubation at 37C, 5% CO: incubation for 4 hrs
l
Discarding supernatant
l
Addition DMSO 200 pL
l

Measuring absorbance at 540 nm

Figure 3. A procedure of cytotoxicity assay using MTT assay.
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H AT FHA Wzt B
AEjere 7)ol wgE widstgon, FulE AES culture dishol 2x10°
o]

cells/mL°] ¥ =% 53}

At B2 5 7+ A 85E " slo] 48A17F vk & AxZe FEH WIFES Fdu A
o
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Al 2 A. Bacterial-koji(B. subtilis DJ)E o] €3l AXF ALY
g3 GAE A JA &

1. 279 F7FE 28 3 bacterial-koji °]-& I A|x
1) Bacterial-koji A=

B Ao o] 8 bacterial-koji AFHHES F (3)9 W we}l A FsHT)
B. subtilis DJI 37TColA 24413 A wjFsle] LB brotholl 1% HE 3 & 9AI7F
e A ARESt dAE 3aste] 3AF Hd TR R 23] T/‘ﬂ 5 A
A zoll AbEFA T A A Z AFEH TS FUlA AHEFS
H 45F 1 kgs 20ColA 16A17F A & 121TColA 40%-3F

T 40CE YAAN F F8lE B subtilis DJI #AE LEF] 1%(w/w) Bl &

2 FEeAd HE F 39~50T =04 12~14A17F v getat Mg €5 &
823l 4 2] (Han Baek Scientific Co. Korea)ZS o] 8|4 244 7FHs<F 20T, 30%

ofy

FEE FAHEA FHAA ©]E bacterial-kojiz AF-&3FA T
2) 939 Azx

2 gl o] & HAgA e WHE A (39 Wl wep Azt & 4
TolM = AAZA AMEEE 2w THE gEste] Ave TR uE @4F
=29 dAMxE AY dAEHE vlud] Bl sk meba d Y 9 (Shinan-docho,
Korea)? A A9 (chunilsalt, Korea)<& AH&ste] F 7HA F79 A4S AXsAS
W, AFEE AES BXxgign HYd 2 GANE A AR del A AlE Rkl A}
&3tk Al 29 bacterial-kojioll 42 T(FEFTS 7oz IA9} T2 S 7t
stal HE 2w wE7F 2%(w/v)7F HES 4] Ags T o] @A 4]
ATk ole} o] AW S 20CelA 2704, 167194 &t XA AFol ALE

39 tHFig. 4).
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Soybean

|
Draining
|

Soaking

Steaming

Cooling

Inoculation

Fermentation
|
Drying
|
Bacterial-koji
|
Mixing
|

Refined salt Solar salt
(99% NaCl) (Shinan—-docho)

|
Doenjang

|
Aging

Figure 4. Manufacturing process of bacterial-koji and doenjang(3).

draining and washing
20C, 15 hrs

121°C, 40 min

38~42TC

B. subtilis DJI 1%(w/w)
39~507TC, 12~14 hrs
temperature 20C

30%, 24 hrs
moisture content 15~18%

humidity

cooked soybean
water
salt conc. 12%(w/w)

at 20C, for 2, 12 or 16 months
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2. 849 FAohum £

Gl FAgoln| i ake AEF el Foke] SAHSATHE9). AR ¢F 80~85 mgs
A3t 6 N HCl 7 mLE 7Fst & 110Col A 22A1Fs <k 7Fi38] Al AT, o] & o
3L rotary vacuum evaporator(Eyela N-1000SW, Japan)® 55CoA #A &=3}

AN
N\

AHS AASAY. o] T/ 30 mLell =<l o3 045 pum syringe filter® o]

[ex]
3} % opn| =2t 2HEE2] 7] (Hitach L-8800 Amino acid analyzer, Japan)oll <13}

Frefobr mqbe AFE e Fote] SAGATHE9). AR 2 g& FHe 70%
ethanol 35 mLE 7tstal 1AZHEF d&3 o % 1027F WAt dAE
(21,000 x g, 15 min) & A NS TFIH232 &7 70% ethanol 25 mL=E 23]
HhE 2235t A A Eo] thA] 70% ethanol 25 mLE @il 23] &3 3 FE9S

or m

3Fste] rotary vacuum evaporator®Z <

0.45 um syringe filter= o] 33k 3 o}n| Ak

off
Ay
Q‘L
30
o
o

N
offl
M
1%
N
=
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4. 9379 =

Bacterial-kojiE ©| &8} Az HdA

g vhjstart. AR
2 33 wEsd

evaporator 2 &= 3}]

200 (w/v)e] B, WS 27 H7be

FE5E5S o (Whatman No. 2)3+ rotary vacuum
zZtzkol =, W& FEES AAHFig. 4)
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Freeze dried and pulverized doenjang

l
Added with water or methanol (20 vol.)
l
Extracted (shaking for 12 hrs), three times
l
Centrifugation (9,950 x g, 10 min)
l
Filteration through gauze and filter paper (Whatman No.2)
l
Evaporation

Figure 5. Flow sheet for the preparation of doenjang extract.
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5. In vitro 3443

1) 259 F7 R 2a277ts 29 279 HAX A AR

(1) A8 FH|

=

ot
1%
ol
ol
2
it
o)
=
>
>
oo
ol
ol
8
v
N
N
=
24
=
(@}
c
=
c
=
(@}
o
(@)
o
Q
i
i
N
L
ot
4
N
[o
[S—
o
<L
BN

Ado] AlgH AEXF= AA YIAME(AGS: human gastric adenocarcinoma
celDS} <14 A<M E(HT-29: human colon cancer cell) + 9 F4AxEe}
Nz oz A4 ¥ AAAXESF (B]: human foreskin normal cell)E AM&3$

oh w R 71el g weFske] Aol Ag-shslrh

(3) MTT assaye°l g AX AEE =34

o

ke zhzhe] AEZFE 96 well plated] well F 1x10° cells/mL7F ¥ =2 18
uLA seeding 3L 24A|7F F<F 37T, 5% COM71dA AEXE F2AIZ]
7} AlRE FEEE 20 pL H7Feto] 48A1%F et aitt. o 7)ol ALk e A«
o 5 mg/mLe FTE2 AZRT MTT{3-(4,5-dimethylehiazol-2-yl)-2,5-dipheny
ltetrazoliumbromide}-&<4 20 uLE F7kstal 4A1zF o wjgs & AAdd
formazan A4S  dimethyl sulfoxide (DMSO)el o] plate reader (UV

scanning ELISA reader, BioTek, USA)E ©¢]&3}¢] 540 nmollA] S35 =74
ESsa=

4
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2) AIX] FEi3 W3 #F

AEejere 7o WUz st on, Fu ¥ AXE culture dishol 1x10°
cells/mL7} H =% EF38te] 24413 5ot 37T, 5% CO8 7oA AEXE F-ZA]
A F-2 5 A 571 g mAE Hobske] 48417 e & Az el A

32 &1 7 (Nikon ECLIPSE TS100)%. 2 #3549 o},

3) Apoptosis #Z

kel QA YIAE AGSE 8 well chamber slideo] well & 1x10" cells/mL7}
T EE seeding 3t 24A17F F9F 37C, 5% COuj 7oA MEE FEFAZ &
A RS A7Fsko] 48417 vkt lth. Apoptosis i o F-E BHRlsty] fls] Al
CaspACE FITC-VAD-FMK Kit(Promega, USA)S % 10 ym =% #H7}35ho]
37T, 5% CO 710l 3023 Al 4 § AEE PBSE 33 4%
% caspase-3 activationg fluorescence microscope(x200)S o]-&3to] #2353t}
(Fig. 6).
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Preparation of cells

l
Distribution of cells in 8 well chamber slide
l
Incubation at 37C, 5% CO, incubation for 24 hrs
l
Addition of sample
l
Incubation at 37°C, 5% CO, incubation for 48 hrs
l
Addition of the CaspACE FITC-VAD-FMK
l
Incubation at 37°C, 5% CO, incubation for 30 min
l
Remove the medium
l
Wash cell with PBS
l
Observe

Figure 6. A procedure of apoptosis detection using a fluorescence

microscope.
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5. TAA

BE AL 334 a3 om, SPSS 12.0.1 (Statistical package for the social
science)P/C packageS ©]&3lo] Hit gty EFHAHAZ JepY A= 49
Hj 2] &2 A (one-way ANOVA)S AA|gtH o ALS 0 AL T-testol] oJso] 2

ok EAZ FoAHe P <0052 7o kYTt

Mo

@t

32
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A 3F 23 £ &

1. dAE AF qA 2 25 AE

=
of mF AN FAEHAE ST fstel MTT assays A8t om, A A
A A EF BJthuman foreskin normal cell), A 4 AMEF AGS(human gastric
adenocarcinoma cell), ¢14] A=A HT-29(human colon cancer cell)ol] Al&E
Aged & 1 AEES ST A4 AxY wiFdA A HobskA ¥& s

100% (=1 & A Ad7= 2 w59 culture broth 2 w3 e pHE H

=
ZFal F A 9 @z%% ol et FA AEE(%)R ZAISATE ZF Al
e Zpzkel 5 AN AESAY Ay Fig 7~109% 2o
B. subtilis MJP1 vj kel o 23 AAA NS AAAE B], YAE AGS, &
A E HT-29°] 747+ ﬂﬂlﬁ}ﬁi% o Z} Ao gk AlESA A= Fig. 79 2T
AGS, HT-29 cell culture media(RPMI 1640)E F=H=E H7IstASA] 72 AlE 9

o

oL

H:l

Ao AFE MAA G oz #EHUT LB broth, pHEA LB brothE 25%~
75%% A7V AGSO A= 77 93%~87%, 89%~86% % LB broth 2w
S 2E AGS AEE Adfshe s B, pHell o 9F Al fle Ao

A=A HT-299 A+ 77 100%~101%, 100% ~104% = A5 & IS
n XA kS Felatnt. Wl B subtilis MJP1 A AS AGS, HT-299
25%~75%= F% HZSFASA 217} 31%~41%, 9% ~23% =2 FEoEXH R =2
AA &S Hol 2% Mo A% AT E YeEtWS #AFsAT FAAE B
49+ cell culture media(DMEM)E A2 gt A3 o vlus] Alx Ao 3
S HAA = Aow #AEES I LB broth, pHEA LB broth XA &&=
o7 AEAFENRE Hol Hi 75% sEolA LB brothe] A9E 121% BEE

Hom pHEA LB brothe A%t 122%9 =& AEAEES Yelo] AMAE
of thal LB broth®t B. subtilis MJP1 wjAA ol o] pHE =4S vehfx fom

=

o

0

12
i
mlo -2

5o
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mlo

e3dle MEx AFadE HAdS dAstAdnk vl B osubtilis MJP1 8] 37 <
25%~75% v =2 A2 H$ 102%~73%<] A
BlE Aoz A&yt

BEES Bol AR 545

=

i

B. polyfermenticus CJ6°] ¥Wl¢/dd NS Z4zte] Ao AgstadS o 2k Az
3t A EEAEIHE Fig. 89 2}l AGS, HT-299 cell culture media(RPMI 1640)2 3
7bgk R tErel mlus] AlE Al 2 %S HAA @key B
polyfermenticus CJ6 w2 TSB broth¢} pHXE. A TSB brothS *#]dF F+37te] 4%

HT-29v 43S WA ZFdovt AGSw HiL 75% w=A A 2H2t 74%, 711%°] A&

&5 BTk SIYAE AGSel ths] TSB broth AATozE AZAGE A= 7
F& Hole o FAHUT. 18y AGSHl B. polyfermenticus CJ6 ) 4737 H-&

25%~175% &= A 50%~59%°] W% =2 A& Ko A Ed el TSB
broth AR 2% ME FGA&] FIFS BAot wjdddd A SGAE A
S H w2 Adom #FHJY. HT-299 4% 32%~67%°] vl-¢ =& dA&S
Hol FAAE AAEHR7t vl Holwds #ASIATE HGAE BJoll tisiA e cell
culture media(DMEM)E X 7bst 17+ Ao Aol J&gs nxA] gfon,
TSB broth, pHE#4 TSB brothE AHzlg FilelN = FEEH S

Atk wrHol B, polyfermenticus CJ6 W3NS 25%, 5%, 75% H7FA 2+
73%, 55%, 11%69] AE&S Hetuo] AAAEe s4S Bds st

Lb. plantarum AF19] wlYdA NS FA4ME BJ, AIY4AE AGS, tddAxE
HT-29¢ 7t7} Agste] zF Mxe] Ax=sAdes 543 A3+= Fig. 9% 2tk Cell
culture media(RPMI 1640)& F=¥ =2 H7FA AGSS HT-299 Aol A9 43
n 22 e Aoz #AFH oY fakdt vl gHlA] MRS brothE i1 75% 37+
< A5 AGST 90% AE&S YEdo i AEAAES Adlste Aom BHelon,
HT-29% 109%9 AEES 2o 54S YA 25
MRS brothE 7t <Al AGS, HT-299] AXAEES
Ha 75% F=olA Z+2b 16%, 72%9] AEE= UrE]r

0> 2
o]
T
=2
Lo
2
of
o
o
fru
X
K

2! FA NS 25%~75% &%
A st ASA AGS9] quxﬂgt 43%~97%, HT-299] ZA$T 41%~94%=2 v§ =2
= RS 9 232 & wf hAlEe] ik Lb. plantarum AF1 Hl
< A& wFEd A manto] ofy el pHell ojg FEFe] F Ao
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2 AranFoA Y, M E cell culture media(DMEM)E 2.5%~75%9 s==2
7hetls A Aol 2 S " AA] Zgor}t MRS broth H7HA] FEReolEX o
122% ~125%9] =& A& B3 pH ®A MRS broth 3 7FA] 114%~75%<] A
=85 Uetdo] pHel &) AZAY AardS 1S A=stt. Lb. plantarum
AF19] Al 25% sEH7HA] 98%e] AE=&S BAoH, 5%, 7.5% &= 7HA]
72y 46%, 16%9] BE& Ho] FREA 0T AlxEAdo] SIS HEsith

B. subtilis DJI] w3 A& 722t AlEol A v 72 Alxo] g ME=
A g Fig. 105 2oh 2 AlE 9] cell culture media(RPMI 1640, DMEM)E &=
H2 H7RA AGSeF HT-29, BJo] Al Asols A9 93-S mAA F5S #Fst
Atk AGSO B. subtilis DJI9] wiekui =] LB broth®t pHX®. % LB broth&
75%9 FTE2 H7teA S Al 7+ 95% ~871% = 2 AEES YERY o] pHell <]3

o2
o

PN

o
o
14

>

i
off F

FF HolA Zgot LB broth7b A2 AFES tha AfAI7]|& Aoz #
A9tk HT-299] el =E T7hol A AEAGe] TS vA7 Fe Aoz @

]
Ze k. AAAE BJ9 4% LB broth®t pHXE A LB brothE #H7Fe F3kollA 5=

EHqo7 AIAZaINE Hol Hi 75% HElsZolA 247t 125%, 124%9] He
AEES YRS TE B. subtilis DJIS] vl S Z2F Ao 25%~75%9 &%
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Figure 7. Cytotoxicity of the culture supernatants from B. subtilis
MJP1 on cell viability.

Cells were exposed to different concentrations of culture supernatants from B.
subtilis MJP1 for 48 hrs and then cell viability was assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls(0% concentration of the culture

supernatants) of p <0.05 by T-test.
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Figure 8. Cytotoxicity of the culture supernatants from B.
polyfermenticus CJ6 on cell viability.

Cells were exposed to different concentrations of culture supernatants from B.
polyfermenticus CJ6 for 48 hrs and then cell viability was assessed by MTT assay.
All values represent + S.D of three independent experiments.

*Significant differences were compared with controls(0% concentration of the culture

supernatants) of p <0.05 by T-test.
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Figure 9. Cytotoxicity of the culture supernatants from Lb.
plantarum AF1 on cell viability.

Cells were exposed to different concentrations of culture supernatants from Lb.
plantarum AF1 for 48 hrs and then cell viability was assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls(0% concentration of the culture

supernatants) of p <0.05 by T-test.
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Figure 10. Cytotoxicity of the culture supernatants from B. subtilis
DJI on cell viability.

Cells were exposed to different concentrations of culture supernatants from B.
subtilis DJI for 48 hrs and then cell viability was assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls(0% concentration of the culture

supernatants) of p <0.05 by T-test.
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Figure 11. Cytotoxicity of the culture supernatants from B. subtilis

DJI cultivation phases on human gastric adenocarcinoma cell.

AGS cells were exposed to different concentrations of culture supernatants from B.
subtilis DJI cultivation phases for 48 hrs and then cell viability was assessed by
MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0% concentration of the
culture supernatants) of p <0.05 by T-test.

B. subtilis DJI culture supernatant from logarithmic phase: A, stationary phase: B,

or death phase: C.
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Figure 12. Cytotoxicity of the culture supernatants from B. subtilis

DJI cultivation phases on human colon cancer cell.

HT-29 cells were exposed to different concentrations of culture supernatants from
B. subtilis DJI cultivation phases for 48 hrs and then cell viability was assessed by
MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0% concentration of the
culture supernatants) of p <0.05 by T-test.

B. subtilis DJI culture supernatant from logarithmic phase: A, stationary phase: B,

or death phase: C.
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Figure 13. Cytotoxicity of the culture supernatants from B. subtilis
DJI cultivation phases on human foreskin normal cell.

BJ cells were exposed to different concentrations of culture supernatants from B.
subtilis DJI cultivation phases for 48 hrs and then cell viability was assessed by
MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0% concentration of the
culture supernatants) of p <0.05 by T-test.

B. subtilis D]JI culture supernatant from logarithmic phase: A, stationary phase: B,

or death phase: C.
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Control Treatment

Figure 14. Photomicrographs(x100) of BJ, HT-29 and AGS cells treated
with culture supernatants at 10% from B. subtilis DJI cultivation
death phases.

The cells were treated by 10% of culture supernatants from B. subtilis DJI

cultivation death phases.
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Figure 15. Cytotoxicity of the cell wall extract isolated from B.
subtilis DJI whole cell on human foreskin normal cell and human
colon cancer cell.

Cells were exposed to different concentrations of the cell wall extract isolated from
B. subtilis DJI whole cell for 48 hrs and then cell viability was assessed by MTT
assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 pg/ml. concentration of the

extract) of p <0.05 by T-test.
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Control Treatment

Figure 16. Photomicrographs(x100) of BJ and HT-29 cells treated with
cell wall extract isolated from B. subtilis D]JI whole cell.

The cells were treated by 450 pg/mL of cell wall extract isolated from B.
subtilis D]JI whole cell.
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Table 2. Changes of total amino acids in refined salt B. subtilis

DJI doenjang

(unit : mg%)

Amino acid

Ripended period

Initial 2 months 12 months

Aspartic acid 3608.96 1519.11 1581.74
Threonine 1194.26 553.59 574.04
Serine 1280.28 698.40 712.80
Glutamic acid 6230.05 2338.82 2541.62
Glycine 1401.32 604.59 621.83
Alanine 1443.05 602.99 626.53
Valine 1784.03 679.66 715.27
Cystathionine 67.78 6.57 6.91
Isoleucine 1525.62 626.86 643.63
Leucine 2485.20 1087.20 1122.53
Tyrosine 189.08 487.43 504.42
Phenylalanine 1572.21 719.05 73767
y—Amino—n-butyric acid 30.38 12.37 11.41
Ornithine 134.86 43.77 37.56
Lysine 1996.61 895.27 914.74
Histidine 839.24 359.63 364.33
Arginie 1878.08 947.63 979.00

Total 27661.01 12182.93 12696.03
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Table 3. Changes of total amino acids in solar salt B. subtilis D]I

doenjang

(unit : mg%)

Amino acid

Ripended period

Initial 2 months 12 months

Aspartic acid 3819.11 1617.79 1716.51
Threonine 1275.74 584.09 632.29
Serine 1325.37 729.76 766.86
Glutamic acid 6580.17 2674.14 2791.28
Glycine 1489.26 637.52 676.32
Alanine 1577.33 638.57 680.94
Valine 2155.87 714.71 768.34
Cystathionine 80.66 7.41 6.93
Isoleucine 1684.26 656.62 692.88
Leucine 2657.99 1139.63 1214.39
Tyrosine 453.91 512.99 495.22
Phenylalanine 1669.83 756.61 807.43
y—Amino—n-butyric acid 34.78 10.84 11.11
Ornithine 152.70 29.55 33.03
Lysine 2073.87 939.57 993.04
Histidine 864.63 375.49 395.93
Arginie 2010.83 991.04 1034.27

Total 29906.27 10084.68 13716.77
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Table 4. Changes of free amino acids in refined salt B. subtilis D]I

doenjang

(unit : mg%)

Amino acids

Ripended period

Initial 2 months 12 months

Aspartic acid 12.75 22.91 27.39
Threonine 18.18 43.55 54.99
Serine 22.76 55.20 66.70
Glutamic acid 186.06 234.40 255.88
Sarcosine 30.32 36.86 43.06
Glycine 22.14 43.94 52.20
Alanine 53.35 108.02 123.52
Citrulline 19.78 11.77 14.74
Valine 98.60 140.65 154.45
Methionine 25.95 45.16 45.17
Cystathionine 10.28 18.04 23.08
Isoleucine 89.26 135.04 146.90
Leucine 89.69 141.09 158.41
Tyrosine 105.76 153.17 164.46
Phenylalanine 114.03 159.26 175.38
y—Amino—n-butyric acid 33.51 30.60 32.71
Tryptophan 40.18 39.31 33.87
Ornithine 6.65 1.65 1.73
Lysine 61.63 98.79 107.15
Histidine 46.64 64.56 68.87
Carnosine 47.40 44.65 43.78
Arginie 46.69 88.24 98.52

Total 1181.62 1716.86 1892.98
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Table 5. Changes of free amino acids in solar salt B. subtilis D]I

doenjang

(unit : mg%)

Amino acids

Ripended period

Initial 2 months 12 months

Aspartic acid 13.24 24.84 27.68
Threonine 18.71 60.26 67.00
Serine 24.68 71.44 78.74
Glutamic acid 193.86 260.52 261.24
Sarcosine 33.24 41.95 43.96
Glycine 23.18 50.24 55.51
Alanine 57.50 120.73 127.92
Citrulline 22.05 12.38 15.28
Valine 103.86 155.48 158.84
Methionine 21.72 51.71 49.78
Cystathionine 12.10 19.73 23.11
Isoleucine 96.10 150.45 153.31
Leucine 94.26 162.07 169.20
Tyrosine 113.43 175.14 175.32
Phenylalanine 123.15 186.99 192.64
¥—Amino-n-butyric acid 36.44 32.59 32.73
Tryptophan 38.96 41.05 35.45
Ornithine 6.63 1.82 1.81
Lysine 64.20 111.18 112.18
Histidine 49.26 70.40 69.29
Carnosine 53.67 50.27 44.83
Arginie 48.15 101.86 105.50

Total 1254.37 1953.10 2001.31
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Figure 17. Effects of the water extracts from 2MO ripened
doenjang with solar salt and refined salt on human gastric
adenocarcinoma cell viability.

AGS cells were exposed to different concentrations of 2MO ripened doenjang with
solar salt and refine salt water extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 mg/ml concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

2MO, 2-months ripened doenjang.
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Figure 18. Effects of the methanol extracts from 2MO ripened

doenjang with solar salt and refined salt on human gastric

adenocarcinoma cell viability.

AGS cells were exposed to different concentrations of 2MO ripened doenjang with

solar salt and refine salt methanol extracts for 48 hrs and then cell viability was

assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 mg/ml concentration of the

extract, #doenjang with each concentration) of p <0.05 by T-test.

2MO, 2-months ripened doenjang.
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Figure 19. Effects of the water extracts from 2MO ripened
doenjang with solar salt and refined salt on human colon cancer
cell viability.

HT-29 cells were exposed to different concentrations of 2MO ripened doenjang
with solar salt and refine salt water extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 mg/ml concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

2MO, 2-months ripened doenjang.

_57_



120

100

Cell viability (%)

W solar salt

Orefined salt

0 0.005 0.05 0.5 1

ma/mL of doenjang methanol extract

Figure 20. Effects of the methanol extracts from 2MO ripened
doenjang with solar salt and refined salt on human colon cancer
cell viability.

HT-29 cells were exposed to different concentrations of 2MO ripened doenjang
with solar salt and refine salt methanol extracts for 48 hrs and then cell viability
was assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 mg/ml concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

2MO, 2-months ripened doenjang.
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Figure 21. Effects of the water extracts from 2MO ripened
doenjang with solar salt and refined salt on human foreskin normal
cell viability.

B] cells were exposed to different concentrations of 2MO ripened doenjang with
solar salt and refine salt water extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 mg/ml concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

2MO, 2-months ripened doenjang.
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Figure 22. Effects of the methanol extracts from 2MO ripened
doenjang with solar salt and refined salt on human foreskin normal
cell viability.

B] cells were exposed to different concentrations of 2MO ripened doenjang with
solar salt and refine salt methanol extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 mg/ml concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

2MO, 2-months ripened doenjang.
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Figure 23. Effects of the water extracts from 16MO ripened
doenjang with solar salt and refined salt on human gastric
adenocarcinoma cell viability.

AGS cells were exposed to different concentrations of 16MO ripened doenjang with
solar salt and refine salt water extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

*Significant differences were compared with controls (0 mg/ml concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

16MO, 16-months ripened doenjang.
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Figure 24. Effects of the methanol extracts from 16MO ripened
doenjang with solar salt and refined salt on human gastric

adenocarcinoma cell viability.

AGS cells were exposed to different concentrations of 16MO ripened doenjang with
solar salt and refine salt methanol extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

“Significant differences were compared with controls (0 mg/mL concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

16MO, 16-months ripened doenjang.
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Figure 25. Effects of the water extracts from 16MO ripened
doenjang with solar salt and refined salt on human colon cancer
cell viability.

HT-29 cells were exposed to different concentrations of 16MO ripened doenjang
with solar salt and refine salt water extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

“Significant differences were compared with controls (0 mg/mL concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

16MO, 16-months ripened doenjang.
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Figure 26. Effects of the methanol extracts from 16MO ripened
doenjang with solar salt and refined salt on human colon cancer
cell viability.

HT-29 cells were exposed to different concentrations of 16MO ripened doenjang
with solar salt and refine salt methanol extracts for 48 hrs and then cell viability
was assessed by MTT assay.

All values represent + S.D of three independent experiments.

“Significant differences were compared with controls (0 mg/mL concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

16MO, 16-months ripened doenjang.
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Figure 27. Effects of the water extracts from 16MO ripened
doenjang with solar salt and refined salt on human foreskin normal
cell viability.

BJ cells were exposed to different concentrations of 16MO ripened doenjang with
solar salt and refine salt water extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

“Significant differences were compared with controls (0 mg/mL concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

16MO, 16-months ripened doenjang.
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Figure 28. Effects of the methanol extracts from 16MO ripened
doenjang with solar salt and refined salt on human foreskin normal
cell viability.

BJ cells were exposed to different concentrations of 16MO ripened doenjang with
solar salt and refine salt methanol extracts for 48 hrs and then cell viability was
assessed by MTT assay.

All values represent + S.D of three independent experiments.

“Significant differences were compared with controls (0 mg/mL concentration of the
extract, #doenjang with each concentration) of p <0.05 by T-test.

16MO, 16-months ripened doenjang.
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Control Treatment

Figure 29. Photomicrographs(x100) of BJ, HT-29 and AGS cells treated
with water extract from 16MO ripened doenjang with solar salt.

The cells were treated by 1 mg/mL of the water extract from 16MO ripened
doenjang with solar salt for 48 hrs.
16MO, 16-months ripened doenjang.
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Figure 30. Apoptosis induced in AGS cells treated by 1 mg/mL of
the water extract from 16 months ripened doenjang after 48 hrs.

A: control

B: refined salt-doenjang

C: solar salt-doenjang
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