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Antioxidant Activity of Chitin—degranding Bacteria
Bacillus idriensis (CGH18)

Abstract

Salt—-fermented seafood sauce, called jeot-gal 1s one of the popular
Korean traditional sauses and has been used to season other Korean food.
[t 1s made with various seafoods, such as shrimp, oyster, shellfish,
fish, fish eggs, crab, and fish intestine. The seafood is salted and
fermented for 2-3 months; then spices are added later to give 1ts
distinctive flavor. We considered that salt-fermented seafood’ s high
storability would be greatly contributed by antioxidizing capacity of
microorganism that inhabits oxidation in salt fermented-seafood. This
capacity to avert spoilage would also be due to the antioxidant produced
by the microorganism. Crab, one of people’ s favorite types of seafood,
1s one ingredient founf in salt-fermented seafood sauces. Its shell
contains a polysaccharide called as chitin which is slow to decompose.
Therefore, the problem is that consumption of crab generates crab shell
as a waste, and this waste pollutes the environment.

Therefore, salt-fermented food sauce made with crab will be a good
source of a microorganism that may decompose chitin and prevent

oxidation of seafood.



The research team tried to isolate microorganisms to show antioxidizing
and chitin-decomposing activities in colloidal chitin culture medium. As
a result, a bacterium CGH18 was isolated from crab marinated in Soy Sauce
and 1identified as Bacillus idriensis by 16S rDNA sequence homology
search. B. idriensis exhibited optimal growth condition of pH,
temperature, and culture time at 7.0, 25C and 48 h, respectively.

The culture broth was extracted repeatedly with EtOAc for 1 hour using
sonication. Its crude extracts were partitioned between n-BuOH and H.0.
The organic layer was further partitioned between CH.Cl, and H:0.
Antioxidant activities of crude extract and its solvent fractions were
evaluated using five different activity tests, including the degree of
occurrence of intracellular reactive oxygen species (ROS), peroxynitrite
(ONOO ), and lipid peroxidation, as well as the extent of GSH level, and
oxidative damage of genomic DNA. All fractions exhibited significant
antioxidant activity in bioassay systems used. In particular, the CH:Cl.
fraction showed the strongest antioxidant activity among the solvent
fractions. Further purification of the CH.Cl, fraction by various
chromatographic  methods  resulted in the isolation of  two
diketopiperazine (compounds 1-2). Their chemical structures were
determined by extensive 2D NMR experiments such as 'H gDQCOSY,
TOCSY, NOESY, gHMQC, and gHMBC, and by comparison with published

spectral data.
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Aol Aol uEA tdFel chitino] EFEo] 7] wWEd, WA= A
of Aol A chiting F2lgte] 982 E83lH ¥ AAH anel I &
BERSE T 5 As Aolgt AdEr.

gy Ale] Aol chitin o]9fol® I, MA T o EHS
3L S7] wEel ol &5 A7) flste] FAHE Ak 4, 7E
chitin®] #E& flsto] ik ZA71E AR&ste] oh(Kim et al., 1994).

AR J1Ee ALgE PA} FL71E ALgSe] chiting Beshs YW

{1

¢

S 29X S Q7] wjFEl V| E AAF tAld lactic acidE 7

2ol KL03E AFE-3F] chiting w2]8le] ARS8} T,

Chitin®] &afioll #AT= A%, Ak, 9 & thdHolA o] Fofxa )
CH(Wang et al., 2008). 53] 2|utete] 4% FHEokIA chitin & ©]
&3te], RIMgE 3ok Hjg o] Al o r AstE EG HES FolAu (Lee et
al ., 2003), ¥ F4 Fg B 2= HalE sl HFH o= WA
(A5, 2009)3t= & AFdHom o]&Ha oM chiting Waste HH
59 Bacillus sp.&°] HiE oA It} (Wang et al., 2006; Wiwat et al.,
1999) .
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2. A2 L P

2-1. A&

(1) A=

AR AHEE AZE 20108 ARg ASAT AL Tk Agaile

W Ao A}&3 colloidal chitine 20104 FsfetaA] UL A #H7 &S
T3k wHEo] A&
2-2. Al <k

(1) v 2 XS ¢35k =R
Ao ALg3E vlA] 5 BlYS 93k vjA]+= Marine Agar 2216 (Difco, USA)
I} Marine Broth 2216 (Difco, USA)S +43Fo] ARESFR o | wjx] A|2fo A}

£ Aoke Duksanol A Tk AFa-sil}.

g
Column packing materials< RP 18(YMC-GEL ODS-AM, 12 nm, S-75 mm)< AF&

e

(2) 3%, 29 4

3t o™, TLC plater Silica gel 60 F254s (0.5mm. Merck)E ARE3} o,
spray reagenti 5% H.S0.5 WAFsle] WA E = A& #EsdY. 5 2 &
%, column chromatographyol] AF&3F RE Sl 19 A S Tt S/
T AREETE. NMR 54 A £1fE= CDsOD (Merck. deuteriumdegree 99.95%),

CDCl3 (Cambridge Isotope Laboratories, Inc., USA, deuterium degree 99.8%)

% Argstenh,



(3) &4

}xksl Ado] A% 1,1-Diphenyl-2-picrylhydrazyl radical  (DPPH),

oot

3-morpholinsydnonimine  (SIN-1)¥}  dihydrorhodamine 123 (DHR 123),
penicillamine (DL-2-amino-3-mercapto—3-methyl- butanoic acid) < SigmaA}
(St Louis, MO, USA)ollA F+¥3sFtl. Peroxynitrite (ONOO )+= Cayman (Ann
Arbor, MI, USA)ellA 938t} ARSSIQIEE. Al wifel 223 DMEM
(Dulbecco's Modified Eagle's Medium)¥} RPMI-1640 & Hyclone (Logan,
Utah, USA)oll A 13} tt. FBS (Fetal Bovine Serum), Trypsin “12]3l 100
units/mL Penicillin-Streptomycin< GIBCOA} (USA) ZH-¥ 43t A&35FA
T}, MIT assay= 93+ kit (MIT cell proliferation Assay): R&D systems
(Minneapolis, MN, USA)elAl FsFith. ROS FAeol| AR8-¥  DCFH-DA=
Molecular Proves inc. (Eugene, OR, USA)ollA Fste] ARE3FSIT.
Lipopolysaccharide (LPS)S} Griess A]¢FQl sulfanilamide, NEDi= sigma A}l
A skl



2-3. 717]

'H-NVR 23S 2% Varian NMR 300 spectrometer (Varian Mercury 300,
USA)E  AFE3 Y. Varian RI detector®} high performance liquid
chromatography (HPLC, Dionex p580)E& Alg3s}e] 3tstES A A - H2] sk th.

v &S Shaking Incubator (HB-201SL, Hanbaek), B.0.D Incubator
(BI-P-81, Lab house) ‘&< AF&3dte] wigstaitt.

skakst 24 2 MNIT 59 =Ao| UV-Vis spectrophotometer (Thermo
Spectronic, England), Multi-detection microplate fluorescence
spectrophotometer Synergy HT (Bio— TEK instruments, USA)ES A}-&3}9itt. Al
o] v (0, incubator (Forma Scientific, Japan)& AF&3} 3L, rotary
Evaporator (EYELA, JAPAN), wvacuum pump, pH meter, water bath, pipet
(JBM-pipet), ©137] &< AF&3t3tt.



2-4. HjZ]

(D 59 28 2 45 A% A 6
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shlch. A

= "yt G Z53] 23] F o clean bencholl A petri-dish®] 2/3
AT BF 3 e Az AAT. AZAZ WA= Gae o2 Mo Azst
i A 3ol RSkt ARE-sklth

(2) A5 AA| wjYF 2 BAS {3 6jA
Plastic beaker®l Marine Broth 2216 55.1 g¥ SHF 1 LE
AY2rEy 2 v 51 d3] faA17]aL, autoclaveol A 121 T, 15
Bastdtt. "B 5 Sws] A7 Foll HA el AFE-sHAT
NA wlgS 3kl e wix] 800 uLek 80% glycerol 200 plLel &g
TFE BT tubedd Wi, wiFH #AE MEol2 FHsto] JFg 5 -80T
N BAeATt.
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R
inSs
-
il

Ar
L
b
rfo

mlo
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(3) A 943 Colloidal chitin HjA|
(3-1) FAEFAE] A AZE S AFES Chitin A=

AS of71E A AAHHC) S AFEste] ZES o] Y5
= gjAle, fF712Fel AXH(lactic acid)E AFE3e] Z 4SS Y3

AN
o, 98 F%o] 15u]d @3l 10% lactic acid® FH7bshal 24417 59



s awe] Febzel(a0DE A Bee) WEe 84098 oA
) FA ol o2 ek BATE KL S Al wua e
waslgon, Aael AAR ARE FHel 15wol P 1.25 N

KiCOs= Z7Feto] 70TCol A 6413 5k WAl A diid S Feak3it.

(3-2) Colloidal chitin®] A=

B71e] o R Aol 7I’|lS AMRE B% A Eo] chiting #alsts &
7} =2]7] wjFol, colloidal FHE A xste] vy &9 wvjoko] AM&3}T).
chitin 40 g= 400 mLe] 3%+ HClo] ZFojA uwbr]oA 2413+ &<+ 1L
t}., Zuw7] 9ol glass woolS Zil wHEES)Z chiting THAIHOoH, 53}
oA chitino] Z=FF ¢ 2 L2 AJ)sto] oF 244 7F AAA|7] T A=l S
AAs AT, SFF H7kek AA B AR AA AAES T wrEd
NaOHE AF§ete] piE FHel ABES a3, of §olo AxFFE Sl

Aol AHgargc.

(3-3) Colloidal chitin HiA]&] A=
Magnetic bars %> plastic beakero] T/ 1 L9} &2 %A (Table
1.)9 Al EAUZ Wil stirollAl wwkste] &3|A1Z1 §, autoclavedl Al
121C, 15:E%F a1 Hatsloloh. Hat & 3] 213 Heol clean bencholl A
petri-dish®] 2/34 %= gt Ax AT d2A aj A= ERket o]
= 4o dxsta As3d

= 2k ol Baeithrh ARkt

H
X

-
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Table 1. Selective medium for degrading

chitin microorganisms.

Ingredients Weight
(NH4) 2S04 2.0¢g
KoHPO,4 0.7¢g
NaHPO; 7H20 0.2 g
FeS04 - 7H0 1 mg
MnSOy - 5H20 1 mg
Colloidal chitin 3g
Seawater 750 ml
DW 250 ml

Agar 15 ¢g

Adjust to pH 7.0

_11_



2-5. ¥ A

(D A2 v 12 A

Petri dishol] marine agar 2216% H+t A @dle] H =3t

5
32,
=
i
jus]
o
£l

Zzbe] A2 1071072 A E § 2b2F 0.1 nl % iAo =dake] 4-5U3)

ume foodoll A X]3}ar, DPPH (1,1-diphenyl-2-picryl-hydrazyl)
NE A H diribEe] & oAFpA o] EF-ste] @AAI7] = PAE

Jets gelgh 5 kst 45 Hole HEE tooth pick® A= wHe Al

13 el ola) AAE MRS W) S 500l Az Eehmze
100 0l A WA = Aeetel AFG £ QA Fulsta, wA Ao )
FE FFE WFolE NA WpAel AER S 25T, 200 rpnel A AP w
stgom oAl Mg #FE AR A WA 2 (A A7kl 48412

WjoFe Wl AbgE) g AaAstsct.

(3) 3z} At
A wjA ol wjE 22} A FFES WFol® 500 mL AHZFEER~=2] 200
L AA wjH o] AEs e 25T, 200 rpmelA] A wlekstgl o, dojz w)

Fole] BFo| BOACE Hol FEF § FEst] AHgasi.
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2-6. AR A9 434 54

(1) F5 3 AsgH 54

Marine agarolA A% colony=ZHFE I1HAAS Z35+9] Gram's type,
cell FejE #FsT. 2484 3 7ol 84S dotr7] 98] API 20NE
bt

Oft

strips (BioMerieux)< ©]-&

(2) #2879 8 2 &7

EE = Marine agarS o] 835o] 297F sl & A& colony=H-E
Total DNA extraction kit& ©]-&3}o] total DNAE FE3FTE. 16S rDNAE
16S rDNA primer, 27F (5'-AGA GTT TGA TCM TGG CTC AG-3'; Escherichia coli
nucleotide 8~27) ¢} 1518R (5'-AAG GAG GTG ATC CAN CCR CA-3'; Escherichia
coli nucleotide 1541~1522)2 A}-&3Fe] PCRo 2]&ll genomic DNAZF-E =23}
Atk PCR 2H=2 719% (0.8% agarose)oll 9|3 DNAZF SZ= A& Fls)
ATt 16S rDNAE A5 A7 EAE o] st §7IMds A3

16S rDNAI 7| <o) E2& National Center Biotechnology Information
(NCBI)2] Basic Local Alignment Search Tool (BLAST)Z=H-E Aozl EF-9
A7IMLLS o] gsle] A]LE3FElH ™ Phylogenetic Interference Package
(PHYLIP)Z A< dloleE E4317] 98] AM8-= AT, Phylogenetic treew
neighbour-joining®H-S ©o]&3} 2™, Evolutionary distances matricesi
Jukes & Cantor H2of] whz} 2 E AT}, neighbour—joining tree topology+=

1000 resampling®] 7]%3%F bootstrap analysisel] 23l H7}% A},
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Xal

Z=

(3) A4 a9 HH v

oF
5

Fol vl ARt pl Eol

e A4 A3

25°C, 200 rpmol A
— 14 —

[e)

=

9
pal

3 o

o

=]
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A} vk o] E9HE 67 Lol ] EtOAcE X 7lste] 25T, 200 rpmol 4]
304 &t ' "t AEW FE EEe adHll FEs 98 14
b &2 sonicate (JAC-ULTRASONIC 2010, KOREA)= sonication 3}%low, o]
|As TE Z2AYUE o &3 £8ES AHAASHY EtOAc FEAS AU, #19
A S 33] yHEsle] Aozl FEAS dAEY st A5 40T 5 A
ol A rotary vacuum evaporator (EYELA JAPAN, N-N series)® &%3}o] EtOAc
FEES YA (EtOAc ext @ 2.28 g). ZFEES H09 nBuOHE +F 3

9, Azbe] £3eS sEAUY. $FHT pBulle H09F CHLLZ A2 sk

&
=)
lo,
ML
ot
(i
o
ne
32
o

Colloidal chitin 4| vj=]ol vlsE A<} vjFde] =] EtOAcE A7}
sho] A7]9] W I bR 2 551 EtOAc FE NS A AT} (Scheme 1).
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Bacillus idriensis culture broth

(67 L) B 'ﬂug'ﬁ' . II ll‘()ﬂ]
‘ with colloickal chitin
EtOAc extract
(2.28 g)
partition
H,0 n-BuOH
(0.83 g) (1.76 g)
partition
H,0 CH,(Cl,
(0.76 g) 05¢g) FtOAC-2 extract

Scheme 1. Preparation of crude extraction and its solvent fractions

from B. idriensis (CGH18)
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(2) BgE9 2

CGHI8 2 &°) 'H NR #3484 2raeh Age) 4 aelste] ChCl, TE&
o thdle] silica prep. TLC (20% MeOH in CHCl3)E A A3te] fractone LU
3, dojz A8 F fraction 17 2 reversed-phase HPLC (ODS-AM, 50% aq.
MeOH)3}e] compound 1-2 & 23} t} (Scheme 2).
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Bacillus idriensis culture broth

(67‘ L)
EtOAc extract
(2.28 g)
partition
H,O n-BuOH
(0.83 g2) (1.76 g)
partition
H2O CH2C12
(0.76 g) (0.5 g)
prep.TLC
(Si, MeOH:CHCl5=1:4)
Mix
HPLC
(C18, 50%aq. MeOH)

Compound 1-2

Scheme 2. Isolation of the compounds 1-2 from B. idriensis (CGH18)
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2-8. atg &4 49

(1) Peroxynitrite &4 &4

ONOO™ 27 242 dihydrorhodamine 123(DHR 123)¢] 4t3le = =S A
gtomm At (Fig. 1.). DIR 123 (5 nM)< dimethylformamide® 5] A
stock 8N AALE purgeste] -80 Coll B¥3}ar, DHR 123 (f.c. 5 pM) &
ohel 842 e d5 flolAM, AREsty] el zAlsklt. Buffer= 90 mM
sodium chloride, 50 mM sodium phosphate (pH 7.4)°2} 5 mM potassium
chloride, DTPA (diethylentriaminepenta acetic acid) 100 uM (f.c.)S &3t
atel zAletH ARgat7] Aol W Wasklth. o] buffer &4l DHR 123 &
MG &3 T A& 9} peroxynitrite & FH7}shal Ao 5EIF WA &
multi-detection microplate fluorescene spectrophotometer Synergy HT= =
A3l t). Authentic peroxynitrite tHale] SIN-1S H7}sl+= A= L3
W o R AAstEA AoA WA= AR Ao R FA-ste] 54613
ok, SIN-19] oJF DHR 1239 o3k Absh= Al ow  doju= nkdd
authentic peroxynitrites= of5 w538 Atsl& A]7]7] wjZo]tl. Excitation
22 485 nm, emission 32 53 3P o Al2-of A
2]al ONOO™ (f.c. 10 plDe] wFE-&H2 0.3N NaOHE ARE-sF3laL
triplicate & 3310, A3}= blanks e @S HFste] iz o
3 Mg ARt (Kooy et al., 1994). (Scheme 3).

S
HU
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Dihydrorhodamine 123

l Oxidation

Fig. 1. Peroxynitrite (ONOO") mediated oolyxidation of DHR 123.
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Diethylenetriaminepentaacetic acid (DTPA) 100 pM

!
Dihydrorhodamine 123 5 pM

!

Incubation at 37 C for 1 min

!
Sample

!
SIN-1 200 pM or peroxynitrite 5 pM

!

Measurement of fluorescence intensity
Excitation wavelength at 480 nm
Emission wavelength at 525 nm

Scheme 3. Measurement of the ONOO  scavenging effect.



2-9. A FFoAe 84 29

=2l HT-1080 A, HHet AEZ<l MCF-7 —18]a1 A7
AJAEZFA AGSSF g A EZFQ HT-29+= = M3 3 23 (KCLB,
Korean cell line Bank)ollA TFYsF3itl. HT-1080, MCF-7< 100 unit/mL

7_'

Ji
N
rot

penicilin- streptomycin®} 10% Fetal Bovine Serum (FBS)o] &% DMEM =i %
oMo vjstar, AGS9F HT-29+= 100 unit/mL penicilin- streptomycin¥}
10% Fetal Bovine Serum (FBS)©] €% RPMI wjefei oz wiFsiditt. R A
¥ E cell culture dishollA 37C, 5% CO. incubatorolAl wFstaitt. wjgE
ME= dFdo 2-33] vjRE w3slal 6-7¢ Tho] PBSZE A& 3k ¥ HI-1080,
MCF-7, AGS, HT-29+ 0.05% Trypsin-0.02 % EDTAZ H-zte AXE #]sle] 7
el ekl

(2) Cell viabilityd &4

MIT assayE ©]-83ke] CGH18S] o] AttjAMtFE©] cell viabilityel ®X]& <
F= Rl 5 vk, MIT assay= AlES] T4 3 Al2e] doldl= A=E 3t
At AomN FekAle el tieh 1xF AEAAY] BHo R
o] AbgET. AR o] 2H3E Al A vEZE=ote] Bah g4
z2hgof ot wmehAle] =870 7]l MIT tetrazoliums HAHA S wl= v
242l MIT formazan [3-(4,5-dimethylthiazol-2-yl)-2,5-dipheyl-tetrazoliu
m bromide] crystal® FLAIZIth, A E MIT formazan®] &%+ 540 nm &
gl A H7F H, o] sl SAHE FFEE Aol i tAE 44
AEze] FxE vyt

Raw 264.7, HT-1080, MCF-7, AGS, HT-29 M| Z}Z}S cell counting 3}
96 well micro-plated] 1 X 10° cells/mL = 100 pL R EF3}o] 37°C, (0,
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incubator oA 24A1ZF vttt £H] © =R AIRE 7} wellol AHElsh

3L 24A1%F 37°C, (O incubatorol Al vl Fslith. viA| & A AL MIT AleF 5
mge 1 ml PBSE 51 F-, 10% FBS7} 3% DMEM (AGS ; RPMI)®i#] 9 mLé} 3]
2&ke] 7+ wellell 100 pL 2 @l star 3~4Ax17F 5<¢F incubationdt®] formazan
FAdS BASIA Y. Formazano] A MIT AlefA 2] wiAE AlASIaL DMSO
100 pLE 9olA 1023 WHEAIA 540 mellA FFEE S48t (Fig.
2.).

=z BT - A2 o] T
Cytotoxicity (%) = RS gz ]g?;;]?/] " X 100
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CHs

CHs
MIT tetrazolium
(vellow)
N //
Mitocholndrial
reductase
Y CHs
N \
/ CHs

MTT fromazan
(violet, 540nm)

Fig. 2. Metabolization of MIT to a MIT formazan by
viable cells.
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(3) ROS (total free radical &3)
A3E2] free radical® &AL DCFH-DA assay® =743ttt (Okimotoa.,
2000).  DCFH-DA  (fluorescence probe  2,7-dichlorodihydrofluorescein

diacetate, sigma): AZEY A L9 HESsle] P EAS wlEo] Y=
07 o] AFS AHXE Fof Yol WAl FFS FAHTo =N AEU A
A =2 ZAT 4= 9l HI-1080 AEE 96 wello] #F3F = 24417k w))

oFslil, PRS &M ow Me FT 20 pM DCFH-DAS 7+ wellol] F)ste] 37C
5% C0; incubatorol A 20%-%F pre—incubationd}ith. ZF wello] E=HE A&

= A ste] 37C 5% CO. incubatoroll 4] 1A]ZF incubationdt ¥, DCFH-DAS {1l

oL cell& ThA] PBS Moz RN S 500 pM H0, HEste] A|7HE=

DCF fluorescenceE ex. 485 nm, em. 530 mnmollA] dF BEA7]|=2 SAH3FT}

(Fig. 3.).
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2'.7'-Dichlorofluorescein dacetate
(DCFH-DA, non fluorescene)

Deacethylation by esterase or OH"

2'.7'-Dichlorofluorescein
(DCFH, non fluorescenet)

ROS

2'.7'-Dichlorofluorescein
(DCEF, fluorescenet)

Fig. 3. Degradation pathway of DCFH-DA in an oxidation-induced
cellular system.
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(4) TBARSH & ©]&3F lipid peroxidation &3

Lipid peroxidation®] A E = thiobarbituric acidreactive
substances(TBARS) WHH o 2 =43} t} (Heath and Packer, 1968). 200 upLe]
T AlBRE 77 AEd & 37T, 5%

rob

PBS-suspended HT-1080 A X & 4A
C02 i F7Ioll A 1023t v ket AZ W AbstE F=8t7] #18ke] 2 mM Ha0:
9 0.1 M FeSO,2 A3 F 37ColA 1083+ w+SAHATG. w& F
trichloroacetic acid(TCA, 10% w/v)E H@lst] AtstE FAA7|L, 5%9
TBA(1% w/v)E Z7Fskel 90TelA 30 &<t ¥HEAIR

EFAL AR F FEY FYEE 528 mol A FHseh

(5) Genomic DNA & 2 Genomic DNAQ] 413} WA E =H

HT-1080 AEZH-E]S] genomic DNAS} 5%2 AccuPrep® Genomic DNA
Extraction kit(USA Bioneer, Inc.)E ©o]-&3}o] &=x}4<1 wrwo] we} F&3}
Ak, F=5 % genomic DNAS AF3} A %=+ Milne 5 (Milne et al., 1993)9]
WS ol&ste] SAskth. of| dAFES] A=, genomic DNA, FeSO, %
H0,5 &l 5o 100 ple E¢=& =il 24719 HE 5571 genomic DNA,

FeSO, 2 Hy0,9 HZF%E%7F 50 pg/ml, 200 uM, 28] 0.1 mMo] HEZ= F=H]

3lTh. o] EFES 30 B AL wrSAlZ|ar 10 mMe] EDTAS #H7}3led]
HFS-S SAA|H O HHEELS 1% agarose gel= ©]-83le] 100 VoA 30% &
oF A7 53tt. A7 953 gel2 1 mg/mL ethidium bromide® @ A&}

AlphaFase gel image analysis software(Alpha Innotech, San Leandro, CA,
USA)E o]g3le] V2 #2353t
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(6) GSH(Glutathione) &% &3

SEANE) 54 GSH e thiol-staining  reagentdls
mBBr (monobromobiman)< ©] &3t =43ttt (Poot et al., 1986). A¥X:=
fluorescence microtiter 96-well platesol] well & 1 X 107 cells/nL7} =%
5 2Tkl 247 wdet &, 7t wellel wEHEE ARE At thA] 3

7°C 5% C0y incubatordl Al 30%-7F wjekalith. thA] 7+ wel & PBS koo =

3

2 % 40M mBBr(monobromobiman)& *#]3d}o] 37C 5% CO. incubatorel] 4 30
IES A7 & Alm Aol 9%k GSH g+ WeE AJZPE=E ex. 360nm, em.

65 mmoll A &4 7|2 S48}

A
L
i

N
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3ty 5491
3 chitin 3] E7F whE (GHISE A A3ste] &

< Fig. 4.3 o] AAHoH F 1,32297]1&
&3t A3} Bacillus idriensis (AY904033)<}
U3k claded A3k T (Fig. 5.). o

skt

sol %

AstAtE. CGH18S] A7NAM4E

o <
s

o2 similarity &

10095 YeER o™ A%
A CGH18¥F5++ Bacillus idriensis = &7

LA %
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1 CCAAGGCGGG CCAGCCTATA ATGCAGTCGA GCGGACTTGC TGGAGCTTGC TCCAGCAGGT
61 TAGCGGCGGA CGGGTGAGTA ACACGTGGGC AACCTGCCTG TAAGACTGGG ATAACTCCGG
121 GAAACCGGAG CTAATACCGG ATAGTATCTT GAACCGCATG GTTCAAGTTG GAAAGACGGT
181 TTCGGCTGTC ACTTACAGAT GGGCCCGCGG CGCATTAGCT AGTTGGTGAG GTAATGGCTC
241 ACCAAGGCAA CGATGCGTAG CCGACCTGAG AGGGTGATCG GCCACACTGG GACTGAGACA
301 CGGCCCAGAC TCCTACGGGA GGCAGCAGTA GGGAATCTTC CGCAATGGAC GAAAGTCTGA
361 CGGAGCAACG CCGCGTGAGT GATGAAGGTT TTCGGATCGT AAAACTCTGT TGTTAGGGAA
421 GAACAAGTGC GAGAGTAACT GCTCGCACCT TGACGGTACC TAACCAGAAA GCCACGGCTA
481 ACTACGTGCC AGCAGCCGCG GTAATACGTA GGTGGCAAGC GTTGTCCGGA ATTATTGGGC
541 GTAAAGCGCG CGCAGGCGGT TTCTTAAGTC TGATGTGAAA GCCCCCGGCT CAACCGGGGA
601 GGGTCATTGG AAACTGGGAA ACTTGAGTGC AGAAGAGGAG AGTGGAATTC CACGTGTAGC
661 GGTGAAATGC GTAGAGATGT GGAGGAACAC CAGTGGCGAA GGCGACTCTC TGGTCTGTAA
721 CTGACGCTGA GGCGCGAAAG CGTGGGGAGC GAACAGGATT AGATACCCTG GTAGTCCACG
781 CCGTAAACGA TGAGTGCTAA GTGTTAGAGG GTTTCCGCCC TTTAGIGCTG CAGCTAACGC
841 ATTAAGCACT CCGCCTGGGG AGTACGGTCG CAAGACTGAA ACTCAAAGGA ATTGACGGGG
900 GCCCGCACAA GCGGTGGAGC ATGTGGTTTA ATTCGAAGCA ACGCGAAGAA CCTTACCAGG
961 TCTTGACATC CTTTGCCACT TCTAGAGATA GAAGGTTCCC CTTCGGGGGA CAAAGTGACA
1021 GGTGGTGCAT GGTTGTCGIC AGCTCGTGTC GTGAGATGTT GGGTTAAGTC CCGCAACGAG
1081 CGCAACCCTT GATCTTAGTT GCCAGCATTC AGTTGGGCAC TCTAAGGTGA CTGCCGGTGA
1141 CAAACCGGAG GAAGGTGGGG ATGACGTCAA ATCATCATGC CCCTTATGAC CTGGGCTACA
1201 CACGTGCTAC AATGGATGGT ACAAAGGGCT GCGAGACCGC GAGGTTTAGC CAATCCCATA
1261 AAACCATTCT CAGTTCGGAT TGCAGGCTGC AACTCGCCTG CATGAAGCTG GAATCGCTAG
1321 TAATCGCGGA TCAGCATGCC GCGGTGAATA CGTTCCCGGG CCTTGTACAC ACCGCCCGTC
1381 ACACCACGAG AGTTTGCAAC ACCCGAAGTC GGTGGGGTAA CCGCAAGGAG CCAGCCGCAT
1441 ATAGGGGGTT CGGT

Fig. 4. 16S rRNA gene sequence of strain CGH18.
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Bacillus indicus (NR_029022)
4[ Bacillus cibi (AY550276)
Bacillus catenulatus (DQ898281)

— SGC8

CGHIS

Bacillus idriensis (AY904033)
Bacillus infantis (AYS04032)
Bacillus fastidiosus (X60615)
Bacillus pumilus SAFR-032(AY167879)
Bacillus licheniformis (AY505509)
Bacillus sonorensis (AJ586363)
— Bacillus subtilis (DQ452509)
— Bacillus mojavensis (AB021191)

0.01

Fig. 5. Neighbour—joining tree based on 16S rRNA gene sequence

analysis indicates that strain CGH1S8.
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B. idriensis (CGH18)

Gram's type Gt
Cell form rod
Enzyme activity
Reduction of nitrate to nitrite -
Indol production -
Fermentation (glucose) -
Arginin dihydrolase -
Urease -
B-glucosidase(Esculin hydrolysis) -
Protease(gelatin hydrolysis) +
B-galactosidase +
Assimilation of
D-glucose +

L-arabinose -

D-mannose -
D-mannitol +
N-acetyl-glucosamine +
D-maltose t
Potassium gluconate +

Capric acid -
Adipic acid -
Malate +
Trisodiucm citrate -

Phenylacaectic acid -

Table 2. Result of biochemical test for isolate strains
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(2) A wF =4
CGH18<] H A Wi =& AAs] skl wiFARb 2=, T]al pli7h

o]= 50 mL YA whAel HFI vk 25°C, 200 rpmel A T wfFsisl o,

=
HokEl 52 AHES WA v 4% (v/v)R H7bste]
o]

oft
=
o2
_OL
> 32
o
BN

0 owjekal e 15 000 rpmell A 13 EoF dARe 3 T A=dHS

AN
Oft
o
s
=
o2
>
L
=)
rlo

%=, pHell mE BEE 660 nmoll A sl
NS HE T 24N FNE 1247 (FA0Z 2447, 36241 7F, 48417k, 604

b, Az Bes SAslen, I Ay B pHol XM A5 2447k A 48
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Fig. 6.

Effect of Time(hrs) on the cell growth of B. idriensis.
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Fig. 7. Effect of temperature on the cell growth of B. idriensis.
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Fig. 8. Effect of pH on the cell growth of B. idriensis.
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3-2. B. idriensis 9|A &d ¥ FEEY X ZA

Compound 1 FAeo] n|AAA Az Fa=Jom, LREIMS m/z 261
[MI"2} “C NMR zF8ol e CuHieN:0: 02 AARE AT, 'H MR 29 E & o] A
§ 3.9 - 4.3 Atolo]  F JHe] a-methine A7) A& 9} ¥C NMR 2% E 2 o] A]
et § 165 - 170 Alole] AE 2 F /B¢ CONH groups EHeldh 4= glgle
W o]AL diketopiperazine ring system® EZHZAQ Alzoln ulz}A
compound 12 DKP ring systemS 7} Qutxm AZstedrt. w3k, 'H NMR 2~
AEHNA & 6.73% & 6.979 A& E aromatic ringo] &
4= 49ltk. Compound 19 A3+ -2+ COSY, TOCSY, gHMQC, gHMBC 52 2D
A%FS Eatol ARSI, H-'H 0SY correlation®® & 3.04 (1H, dd,

ARSI

o

KeN
=

xo

14.0, 4.5)¢ & 4.37 (1H, td, 5.0, 2.0)°] AHA OS2 coupling Hof -
CH(C-10)=CH(C-9)-2= Ad= ] =& & + AT, "F7IHA=Z § 1.0 -
4.0 AFol9l  broadd multiplete] A& dZAxo] glo] HEAXHOE -
CH>(C-3)~CH>(C-4)~CH>(C-5)-CH(C-6)~ ¢ FE+27F dues & o AT

sk § 1.0 - 4.0 A}o]9] broad$F multiplet (H-3a, H-3b, H-4, H-5a, H-5b)E
= A2 250 J&S & 5 U Aromatic moiety: 'H NMR A3 E o]
A DA para-A &G 9] HHS Hol= 279 A= (§7.05, 1H, d, 8.5
Hz; 6 6.71, 1, d, 8.5 Hz)E Hol Fom A3 WI&H aefo 2=
aromatic protonE(7.05¢F 6.71)3 A#H gHMBC 2 F dHoly #4& &3k
AZE AW hydroxyZl= (-4 o d4d" Aow FAHJek. I, 8§
7.05(H-2" ¢ H-6 o s} C-10(6 37.71)¢ A& Abo]9] long-ranged
correlatione &3aFo] Al COSYOl <& ¥z H-&%7} aromatic ring9l
C-1" ¢ dZAH U= As & Iy, &2 FiE 729 chemical shift
s E3gk mlwske] Compound 12 cyclo-(L-prolyl-L-tyrosine) o= AXH

=t} (Jayatilake et al., 1996).
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Compound 2% FA19] wZAAA A2 0o, LREIMS m/z 244
[MI7¢F “C MR Aol ol&id CuliN0. 02 ZAA A, Compound 2%
NMR =HE® &4 A3y} compound 13 "¢ FAS FELS <5 A
om T 33Ee NMR ~HE® vl 224 A3 compound 12 "C NMR
o 4 YElHt aromatic ring®] Al&°l § 110 - 160 AFo]2] AlZ 7} hydroxyl”]
7F ZoId® -4 o] AZ 7 Akl Ao = Kol hydroxyl7]7F &0 UA &
aromatic ring®] A= Aol AZEA O™ | chemical shift #S w3 atd} 1

w3 A} compound 2% cyclo-(L-prolyl-L-phenylalanine) o2 ZAZA =t}

(Jayatilake et al., 1996).
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Table 3. 'H NMR and *C NMR spectral data for compound 1.

position 8u (H, m., Hz) 8c

1 166.75
2

3-a 3.35 (1H, m) 45.93
3-b 3.56 (1H, m) 45.93
4 1.82 (2H, m) 22.78
5-a 1.23 (1H, m) 29.45
o-b 2.10 (1H, m) 29.45
6 4.06 (1H, ddd, 11.5, 6.0, 2.0) 60.05
7 170.55
8

9 4.37 (1H, td, 5.0, 2.0) 57.90
10 3.04 (2H, m) 37.71
1 127.48
2’ 7.05 (1H, d, 8.5) 131.97
3 6.71 (1H, d, 8.5) 116.07
4’ 157.50
5 6.71 (1H, d, 8.5) 116.07
6’ 7.05 (1H, d, 8.5) 131.97

Measured in CDsOD at 300 and 75 MHz, respectively. Assignments were aided by
'"H ¢DQCOSY, TOCSY, gHMQC, and gHMBC experiments.
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Table 4. 'H NMR and *C NMR spectral data for compound 2.

position 8u (H, m., Hz) 8c

1 164.91

2
3-a 3.56 (1H, m) 45.53
3-b 3.65 (1H, m) 45.53

4 1.87 (2H, m) 22.66
5-a 2.05 (1H, m) 28.45
5-b 2.33 (1H, m) 28.45

6 4.08 (1H, t, 7.1) 59.18

7 169.21

8 5.62 (1H, s)

9 4.27 (1H, dd, 10.3, 3.2) 56.23
10-a 3.52 (1H, m) 36.88
10-b 2.7 RUDBL e Jrm ) 36.88

1 135.83

2’ 7.3 (5H, m) 129.00

3 7.3 (5H, m) 129.20

4’ 7.3 (5H, m) 127.48

5 7.3 (5H, m) 129.20

6’ 7.3 (5H, m) 129.00

Measured in CDCls at 300 and 75 MHz, respectively. Assignments were aided by
'"H ¢DQCOSY, TOCSY, gHMQC, and gHMBC experiments.
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cyclo-L-prolyl-L-tyrosine
Compund 1

cyclo-L-prolyl-L-phenylalanine
Compund 2

Fig. 9. Chemical structure of compounds 1-2 from B.idriensis

Compound 1 : colorless gum; LREIMS m/z 261 [M]", CisHuuOg, [a 1p?° :
-48.75° (¢ 0.27, MeOH) ; IR (NaCl) vmax cm ' ; 3590, 3380, 1670
cm " UV (MeOH) A max nm 5 234 nm ; 'H and C NMR, see Table 3.

UV (MeOH) A max

Compound 2 : colorless powder; FAB-MS m/z 240 [M]", CigHi20.
[alp®™ @ -16.36° (c 0.18, MeOH) ; IR (NaCD) 0 max cm™' 5 3590, 3380,
1670 cm™ UV (MeOH) A nm ; 220 nm ; 'H and C NMR, see Table
4.
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Fig. 10. H NVR spectrum of compound 1 in CDsOD.
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Fig. 11. Bc MR spectrum of compound 1 in CDsOD.
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. 13. COSY spectrum of compound 1 in CDsOD.
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Fig. 14. gHMQC of compound 1 in CDsOD.
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Fig. 15. glMBC spectrum of compound 1 in CDsOD.
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Fig. 17. C NMR spectrum of compound 2 in CDCls.
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Fig. 19. COSY spectrum of compound 2 in CDCls,
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3-3 datst &4 49

(1) peroxynitrite &A A
4= DHR 1235 o]&3lo] ONOO 47 A4S Ao, Ag2 #H
7VshA] g8 control® H]alste] W& (%)= YEFHATE. EtOAc &=

) b
A rfEgste] ozl 47he] F8E¢ n-BuOH, H.0-1, CHCly, H0-2 2]

Oft

=¥ colloidal chiting ¥of w3 wjFenel EtOAc F+E=< EtOAc2 F&
o ojste]  ZHzF 100, 50, 25 pg/mLe FXEolA SIN-1¥} authentic
peroxynitrite® AA&S AMEIoH, thxRLOoEE 100, 50, 25 pg/ml
L-ascorbic acid ¢} penicillamineS A}-83}3iTt.

WA authentic peroxynitriteo] whsk A7 AS =43 Z¥} authentic
peroxynitriteE Az stA & controlZ} Hluwste] EE sampleol A
peroxynitrite 2A &%= e o 1 FoME EtOAc-1 FEHE, H20-1 &
g5 9 EtOAc-2 F=&-2 100, 50, 25 pg/mLalA 22 70.7%, 50.8%, 32.5%
o} 67.0%, 50.1%, 31.2% 183 97.6%, 93.4%, 83.6%2] TS JehA o,
53] EtOAc-2 FE=9] Aol 100 pg/mLe] F&elA diza o2 AMEH 25
pug/mL penicillamine®} H]Z23F AEe] =& A7 Aol #H}AHITtt (Fig.
20.).

SIN-1& A3t Anpel = 100, 50, 25 pg/ml EE F%9] sampledl A
SIN-1& A sHA] 2L control Bt} & 4AA Ao YElwto™, 100 pg/mL
9] FLA EE sampled 50%7F WE 27 AL et 53] EtOAc-2
FEE9 A9l 100, 50, 25 pg/mLell A oF 83%, 80%, 68%= wi-9- ¥ A
A a3p7F dEEHAY (Fig. 21.).
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B 100 pg/mL " 50 pg/mL ™25 pg/mi

120
- a

£ 100 =

Foy

z 80

=

o 60

£

© a0

7]

-

8 20 = =8

7 fg~ g

g8 o . .

E CON Vit.C P.A  EtQOAc-1 p-BuOH H.0-1 CHiCl, H,0-2 EtQACc-2

Fig. 20. Scavenging effect of crude extract and its solvent
fractions of Bacillus idriensis on authentic ONOO™ (% of
control).

%% )eans with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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B 100 pg/mb " 50 pg/mL ® 25 pg/mi
120

2 §]

100

ONOO- from decomposition of
SIM-1 scavenging activity (%)

20 = cON WitC  PA EtOAcl p-BuOH H,0-1 CH.Cl, H,0-2 EtOAc-2

Fig. 21. Scavenging effect of crude extract and its solvent
fractions of Bacillus idriensis on ONOO™ from SIN-1 (%
of control).

%® Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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3-4 AE FFAe 84 A

(1) HT-1080 cello] thg+ MIT assay &3

Saksl g4 =S 9] MIT assay= ©]-€3}e] sampleo] HT-1080 cell A

Lol JFS = WS SH3 . AFEE sample?] H%E+E 200, 100, 50
F S AYstE e sampleS 234 &S controlS 7|+

S MRS (92 JeRHATE. 2 A3} Colloidal Chiting 2
o] w3t v EtOAc FEFE9< EtOAc-2 F=Eo°] 200 pg/mLolAl 50%2]

AEE B, (Ll £3=0] 200 ng/mlel F=oA 70%9 AE&S e
A

T 80%7F He ASE

Wk, o] 25 A9t YwR FEEY BHEELR
S w2 (Fig. 22.).

MIT assayEs FAsI Hozl AxX AEES] 443}

g/mL ©]3}e] EFEol A HT-1080 cellol] thale] ROS &7 &AL el
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Cell viability (% )

Fig.

120

100

80

20

B 700 pg/mL ¥ 100 pg/mL ™50 pg/mL

kb bﬂb

be—pebcbe
cod

" CON  EtOAc-1 mBuOH H,0-1 « CH,Cl, H;0-2 EtOAc-2

22. Effects of crude extract and its solvent fractions of

Bacillus idriensis on cell viability by MIT assay after
1 hr.

€ Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan’ s multiple range test.
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(2) ROS (total radical &4)

AE 84 stash whgete] FFEAS WEo] M= DFH-DAE AHE-3l Al
XU EA5=s &4 4AFAF S DCF fluorescence® FA AT, 500 upMe] Ha0.
= Agg $ 0, 30, 60, 90, 1203 Fel HAsA S ATt 2
sample> 7}7} 100, 50, 10, 1 pg/mLe] v&==2 FAoH, dxTo2E
samples YA &3l 500 uM 0.2 * 2%k control®} sampled} 500 pM Ho0.=
RF AetA 2 blankE ARESFIHE. 500 uM H.0.5 A 2% control Al
Zrol whe} DCF flourescence gtol w43l F7kskle™, 500 uM HO0.5 A&
A @8 blank:E Al7Fe|] whE DCF flourescence 3k W37F A9 glArt.
HO0-1 B3 ES A9t ZE sampleo] 100 pg/ml ¢ 5% A blanke} H]S=3F

dro] Axd &4 AT &7 a3E dEen, 1 opg/hl vk olME

i
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o
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ECON ®mBK ®100pg/mL ®50pg/mL ®10pg/mL =1 pgfml

300 Z

250 )

200

4w
o
=

— a3 s —l ol
100 T b | | R — e B

50 =t — — — — -

DCF fluoroscent intensity

0 30 &0 o0 120

Fig. 23. Inhibition effect of EtOAc extract from Bacillus idriensis
on intracellular ROS level induced by hydrogen peroxide in
HT-1080 cells.

€ Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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BCON ®mBK ®m100pg/mL ®S50pug/mL ®10pg/mL ™1 pg/mL
300 =
z 250 .
2
o
E 200 5 b
F : :
2 150 4 |
g b b c o
g 2k d
= -] cl B c |- £ L
100
W d d e f =
H b 4] f T3 T
e e
so +—li-cd S aill—ls — — — .
0 -
a 30 B0 a0 120

Fig. 24. Inhibition effect of BuOH solvent fractions from EtOAc
extract of Bacillus idriensis on intracellular ROS level
induced by hydrogen peroxide in HT-1080 cells.

*T Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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ECON ®mBK ®100pg/mL ®50pg/mL ®10pg/mL =1 pgfml
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Fig. 25. Inhibition effect of H:0-1 solvent fractions from EtOAc
extract of Bacillus idriensis on intracellular ROS level

induced by hydrogen peroxide in HT-1080 cells.
*f Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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ECON ®mBK ®100pg/mL ®50pg/mL ®10pg/mL =1 pgfml

La
[
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=1 =
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0 30 &0 o0 120

Fig. 26. Inhibition effect of CHyCly solvent fractions from EtOAc
extract of Bacillus idriensis on intracellular ROS level

induced by hydrogen peroxide in HT-1080 cells.
*f Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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ECON ®mBK ®100pg/mL ®50pg/mL ®10pg/mL =1 pgfml
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Inhibition effect of H)0-2 solvent fractions from EtOAc

DN
3

Fig.
extract of Bacillus idriensis on intracellular ROS level
induced by hydrogen peroxide in HT-1080 cells.

*f Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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ECON ®mBK ®100pg/mL ®50pg/mL ®10pg/mL =1 pgfml

300 Z

250 )

200

150

100

DCF fluoroscent intensity
(%))
=1
I

0 30 &0 o0 120

Fig. 28. Inhibition effect of EtOAc extract from Bacillus idriensis
cultured with colloidal chitin on intracellular ROS level
induced by hydrogen peroxide in HT-1080 cells.

*° Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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FZE3 colloidal chitingS @o] vjokdl vjao] EtOAc =592 EtOAc-2

FZEEo] UE sample B} 5o A7 32 e,

"100uM =504 =104 = Tud

300
"E 250 4333
: i
E om0 H
1l]
g
F 180
g
Sm -
Q & -
D_
CON BK  EtOAc-1  #-BuOH  Hs0-1  CH.Cl  H,0-2  EtDAc-2

Fig. 29. Inhibition effect of crude extract and its solvent
fractions from Bacillus idriensis on intracellular ROS
level induced by hydrogen peroxide in HT-1080 cells. the
cell were incubated with different concentration of the
sample for 90 min.

*% Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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(3) TBARSH-S ©]83F lipid peroxidation &%

HT-1080 M *E |83 Ad #Akst 542 TBARS assays ©l-&3ste] SA3a}
Atk A=E H7behAl il W09 FAFES H7beh vy vlalske] Abs)
AANETNE NS (%2 JERNAT. gz vaA] ZE AEClA 10 mg/ml
o] Frd w A2 ASE 10% 7FF JAsE AR JEhgon, samples?t
o] & oAls Aol HolA gkt  (Fig. 30.).
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10ukA =1
120

100 +—

a0 +—

B0 +—

n -8

20 - ———

Lipid pemxidati onintensity (%)

CON BK EtOAc-1 #-BuOH Hz:0-1 CH:Cl: Hz0-2 EtOAc-1

Fig. 30. Inhibition effects of crude extract and its solvent
fractions of Bacillus Idriensis on membrane lipid
peroxidation in HT-1080 cells.

“° Means with the different letters in the same concentration are significantly
different (p < 0.05) by Duncan's multiple range test.
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(4) Genomic DNA & 2 Genomic DNAY] A3}l WA E =H

HT-1080 AMI3Z=FH genomic DNAE F%E3te] 0.1 mM H:0.9F 0.1 M FeSO,E ©]
&3k 1043 Fenton RbeS AZS Wé] F==0°] DNA AF3tS AAA7]= A
T2 2439, A=E #@UbskA @3 H0.9F 3EES Hore gxTs
100%= ¥wste] Absl JEg WEE (%)= e AT

EtOAc-1 FEES A3 BE sample oA =2 &4kst g37F Yelsk o,

E3] EtOAc-2 FEEL 100 mg/mLe] sZoA] blank®t} & 34tz gis
veldtt (Fig. 31.).
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BL CON EtOAc-1  n-BuOH H0-1 CHLCl H0-2 EtOAc-2

100uM

50uM

1uM

= 100ukd = B0uk = 1ubd
150

i

100 +—

50

oxidation inensity (%)

=]

a i I

COM  BK EtDAc-1 ~~BuOH H.,0-1 CH.Cl, H:0-2 EtQAc-2
Fig. 31. Antioxidant effect of crude extract and its solvent

fractions from Bacillus idriensis on genomic DNA in
HT-1080 cells.

% Means with the different letters in the same concentration are significantly
different (p < 0.05) by Duncan's multiple range test.
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(5) GSH(Glutathione) & &3

AXER FHE GSH =2  thiol-staining reagent®!  mBBr
(monobromobimane)<- ©]-83F] 40 uM mBBr @] & Al o] it GSH &=
o] WztE 1208 Hel AU GSHE Al 7] ofw]iito g o] Fofzl
tripeptide (cystein, glutamic acid, glycine)®M™ , sulfhydryl radical< 7}
A o], AEW A =S A St IS b, mebd HE 3 =
Al mBBr#t o5l AEZ A Agtste] dFS UEE=R, O HARE
st AW GSH S YEMTE. 2= E sample> ZHZF 100, 50, 10 pg/mL

o] ¥Eg ZAson, YrToRE RS HYstH & controld ALE

|\
o

slg o A 7+S controld Bl Ee] MES(%)Z JERNATH (Fig. 32.).
O 5-35-9] sampleo|l A GSH 3hefo] wo] Z7}ebA] EekA|vl, tlxzTo= AL&H

Vitamin C&F B3-S u] v]2=3F S ey},

_64_



=EOubd = 10ub = T
150

d C Cdl:d t cded C beC abab a abab a

b abgk a3 g
100 — - B

50— - =

mBBR fluoroscene intensity (%)

CON  EtQAc-1 p-BuOH H0-1 CHCl: H0-2 Et0Ac-2 WiLC

Fig. 32. Effects of crude extract and its solvent fractions of
Bacillus idriensis on regulation of GSH level in HT-1080
cells.

“d \eans with the different letters in the same concentration are significantly
different (p < 0.05) by Duncan's multiple range test.
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-1080, HT-29, MCF-7 AEA o] n A= JaS w2 st

(6-1) HT-1080 Al¥ =4 &3}

A7t AH &5 AEQA HT-1080 celld Hste] 5% 2L 2 &9 AE
%= =R39 AFes sx= 100, 50, 10, 1 mg/mL ©]™, CH.Cl, %%
mg/mLol A 50978 =0 A T2 AAEIAE YERHOH, nBull #8E, H0-1
B85 T2]a EtOAc-2 FEE% 100 mg/mLolA 30%7F B AE 52 A&

#}7F vebstoh (Fig. 33.).

QIZF Fukek AEQT MCF-7 cellel] tigk Al¥ F2] AAHE=E 100, 50, 10, 1
mg/mLe] FEolA Eeldt A3} HE sampledr] BE oFEZQ AL F2

Hom 53] (HCly, #8853 EtOAc-2 FE==9dA =2 A

(6-3) HT-29 A 54 &3}

et AIESQ HT-29 celloll ek AE F2 JAAHAEE elst Ay, 100,
50, 10, 1 mg/mLe] FZolA F&= oEAQ ME F2 AAA=F BFEAC
™, MCF-79] %9} wiz7lA 2 CHLl, B8 EF EtOAc2 FEEANA =2 9
Al @37 vepse (Fig. 35.).
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Fig. 33.

®i00 pg/mk ®50 pg/mL  ® 10 pg/mL ¥ 1 pg/mL

a ad

b

CON EtOAc-1 mBuOH H;0-1  CHCl,  H;0-2  EtOAc-2

Effects of crude extract and its solvent fractions of
Bacillus idriensis on cell viability of HT-1080 cells.

¢ Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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120

100

a0

cell viability (% )
3

20

100 pg/mL ®50 pg/mL  ® 10 pg/mk M1 pg/ml

; @abe ab akab ,bab

CON EtOAc-1 mBuOH H,0-1  CHCl, H;0-2  EtOAc-2

Fig. 34. Effects of crude extract and its solvent fractions of

Bacillus idriensis on cell viability of MCF-7 cells.

“® Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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120

100

40

Cell viability (% )

20

Fig. 35.

100 pg/mk ®S0 pg/mL ® 10 pg/mL ®1 pg/mL

ab : ab . b2

oc

pbct

ced &
B

CON  EtOAc-1 nmBuOH  H0-1 CHiCl; H,0-2  EtOAc-2

Effects of crude extract and its solvent fractions of
Bacillus idriensis on cell viability of HT-29 cells.

“® Means with the different letters in the same concentration are significantly

different (p < 0.05) by Duncan's multiple range test.
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4. 2o 9 A8

TARE =Y < WA= 9= 7hes &3 AL gAdES ol &d
7heEel FHE FeuetE BRF obyEk v of g yEell M AnE o] A]aL 9l
on, I 2N AFAA Frkstar vk, ofdl wel, A= AHEe] &4
= 7Vl 9l ol Ao A= Avks HAR @ ST ME A= A9
AAol= A el chitino] v £ekso] Q7] wel, Al deA
chiting #gste] du= &8s 2 444 a35 48 F As Jo=
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cyclo-L-prolyl-L-tyrosine
Compund 1

cyclo-L-prolyl-L-phenylalanine
Compund 2

Fig. 36. Chemical structure of compounds 1-2 from B.idriensis
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