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Study on Novel Antimutagenic Pigment in
Traditional Soy Sauce and Soybean Paste
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Summary

I . Title of Research
Study on Novel Antimutagenic Pigment in Traditional

Soy Sauce and Soybean Paste
I1. The Objective and Importance of Research

1. The Objective of Research

» Dark brown pigments in traditional Korean soy sauce and
soybean pastes are produced from tyrosine by Bacillus species
SSA3. We have studied to develop pharmaceuticals and
functional foods from the pigments.

+ We hope use of this data for development of manufacturing
method of traditional soy sauce and soybean paste contained the
biocactive pigments.

+ We will classify Bacillus species SSA3 which can produce

traditional Korean soy sauce and soybean paste.

2. The Importance of Research

Traditional Korean soy sauce and soybean paste contain the
pigments which ate produced by Bacillus sp. SSA3. The

pigments have bioactivity such as inhibition of activity of

_11....



aflatoxin Bl.

So, it is very important that we investigate many kinds of
bioactivityes, mass producing conditions, and structure etc. of the
pigments, because we can develop pharmaceuticals, and bioactive
foods and food additives which have technical, economical and

industrial, and social and cultural importance.

_..12..



lll. Research Contents and Scope

« Purification of pigments

« Structures of pigments

» Functional properties
of the pigments

* The pigments genes

+ Identification of Bacillus
species SSA3

Contents Scope
« Mass production of * To survey of optimal mass production
pigments conditions of the pigments producing by

Bacillus species SSA3.

* To develop new purifying protocol of the
pigments.
- Thin layer chromatography
- Ion exchange chromatography
- preparative HPLC

» Structures of pigments
- 'H, ®*C-NMR spectroscopic analysis
- Mass spectroscopic analysis
- IR spectroscopic analysis
- Atomic analysis

Elementary analysis

- Qualitative analysis

- interpretation of the data on the
structure of pigments,

* To survey bicactivity of the purified
pigments

- Antimutagenecity

- Activity on cell growth

- Removing ability of active oxygen
radical species

- Anticancer’s properties and inhibiting
activity on the growth of cancer cells
. effect of the purified pigments on

the production of interferons

: Apoptosis

» The pigments genes

« Identification of Bacillus species SSA3

....13..




IV. Result of Study and Application Plan

1. Result of Study

1) Mass production of the pigments

During culture in test tube, Bacillus sp. SSA3 produced the most
pigments, when the cells grew at 307, initial medium pH 9, and
0.1% tyrosine concentration in medium, Oxygen had to lead to

produce the pigments.
2) Purification of the pigments

The pigments are modified according to acting of silica gel on
TLC plate during TLC. The pigments are purified above 95% by
means of centrifugation, ion exchange chromatography, HPLC, and
methanol and water solubility. The methanol soluble pigments(TMS)
were collected 234~354ug/mf of medium and the methanol insolubles
pigments (TMI) were collected 129~432ug/ml of medium

3) The structure of the pigments

The structures of the pigments were analyzed by qualitative
analysis, 'H and BC-NMR, Mass, IR and elementary analysis, The
pigments did not contain glucides and lipids.

The structure of 3TMS-2 had -CH3-CHz-, -CH3-CHz-O-,
~§-CH2-R-, -OCH~-, -O-C=0-, -OH~, and one molecule of tyrosine.
. molecular weight ; 2355 and formula ; 5C:HiOaNsS. The structure

_14w



of 2TMS-3 had -CH3-CHz-, -S-CH.-R-, -OCH-, -O-C=0-, -OH-
and one molecule of tyrosine. : molecular weight ; 2046 and formula
; 2C1sHs044NoS.

The structure of 3TMI-2 had -CH3;-CHp~, -S-CHz-R-, -OCH-,
-0-C=0-, -OH-, -COOH- and one molecule of tyrosine. : molecular
weight ; 2408 and formuia ; 4CsH0mN2S.

The structure of 2TMI-3 had ~CH3;-CHz-, -CH3~CH3-O-,
~-0-C=0-, ~OH~, ~-COOH- and one molecule of tyrosine. : molecular
weight ; 2205 and formula ; 7CsHOusN.

4) The bioactivity of the pigments

The pigments, 3TMS-2, 2TMS-3, 3TMI-2 and 2TMI-3 had high
antimutagenecity on aflatoxin B, especially antimutagenecity of
2TMS~-3 was 99.82% on aflatoxin Bi. The pigments did not affect
on SOD activity, but removed 78~99% of active oxygen radical
species. The pigments were Z in [PI=k[X)[YI{Z] (P=chemi-
luminescence, k=photon constant, X=active oxygen radical species
oxidant, Y=antioxidant, and Z=receptor ; prooxidant).

The pigments such as 3TMS-2, 3TMI-2 and 2TMI-3, killed 37~
48% of human liver cancer cells(HepG2) but did not kill human
normal liver cells{CCL-13).

The pigments promoted production of interferons.

The pigments did not have ability of apoptosis.

5) The pigments genes

We reasoned that many genes related to biosynthesis of the

pigments.

..15...



6) Identification of Bacillus sp. SSA3
Bacillus sp. SSA3 was novo species.

2. Application Plan of Research Resulits

- Development of pharmaceuticals

- Developments of bioactive foods

- Developments of food additives

- Making public through technical journals and mass media
- Patent acquisition

- Patent transfer to use

_16_
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H13 A £

A1A AT ALY 2H7 g9

A Qle], T Y FE EAQ aflatoxino] BAEAAE § 2 <l
Aole ¥ P3¢ glo] 59 Add F8E HAE AR 231U
aaigd AF F9 oJug o] ZEd Y L A aflatoxing &
2 mechanism’gdol]l JE A 2L3e A
ol i A+ HAFEE dHolth olgdt A¥dA EQUJ F& melanin
o]y} melanoidin®] obd A1 MAE HE 7HFeA 2HEFon 53
A A aflatoxin®] EJW)FE ¢ 50% A= A3AE = e 4E
g gEddolgde] ASE LAEAY. =3 GdF a2 AFE AR
& 4 Q= Bacillus sp. SSA39 28} ofp| 4k tyrosineo.2HE o]
bl 4 WAzt AQETE AT By P
o Eo] AdEeE iAo T3 AFE W 7T T oFA &
t*® Gessard (1901), Munschel(1922) 2 Dawid(1973) £ Bacillus
species® ¥ E(variety)ol wWaAME melaning FA¥}gn sPnY

AE)E A

N
oL

Jm
L

r

Schaeffer(1953) Neurospora crassa’t melanin(3 4 &

S Ba3tn 9o olgkEe 22l Barnett(1982)0] 23tH melanin®] obd
A X Brol A vl A%<l 7 Z(nonenzymetic pathway)2 FAH= F8&A
MAE BustRn E3|, Bacillus subtiliss 24 M A(brown pigment)
A gloll M 538 AT o] T 1FH7 TR A AV AL
< sz Yot

w5 Bamett(1982)= Bacillus subtilis7t A% Fo MA A3 23

i
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(pigment precursors) & MHX yto2 EH|s=dl o] precursors2 3 € 9
Mz PP 029 Mn*' & 8733 97] o &4 (base-dependent)o] 5, ¥l
&4 7% 73 Z(nonenzymetic pathway)2 T4 €3 tyrosine, histidineo] A
2 A4S 23%g Bz Uct?

R, o 5(1986) 3 FF F S8l Bacillus subtilis A
old FFE tyrosinelZHE ZZM MA(dark brown pigment)E AA
38 o]t tyrosinesl & A4AdEnm ¥astm JYt'? ay ox
Barnett(1982)¢] R mshE o) $ Awsle wao|nt®

Az T2 = AA4 FH FANAN T4 Mi(dark brown
pigment) & A4 3t= SSA3FE ¥2 $AHE A Bacillus licheniformis
ol th? o] B licheniformies SSA3L tyrosine M7} R oA 4Z 9
T84 24 Mi(brown pigment)E BAsed o] 4F9 Marg Egs)
H S AN Y F LS EZA(dark brown color) 7+@ 3 H]£3E
Mg el 5, thin layer chromatography(TLC)Z #<Qst ZAx, Iz
g AAA B MA 4 FF F 3 FTFY RIA FIFL 2 2gA
AlAM 2 st
B. species SSA3L %% pH 59 alanine 7} viAldME 584 24
Mg PAstdo. 2819 B sp. SSA39 his-, met-, tyr’, ala'Ql 9%

2744 EAROIFE tyrosinedl X H4E A ¥, alaninedl & A

sp. SSA30] AAEE MAE tyrosinedld EAHo=R JAHE ol
4 EZol9 H:09% NH.OHo| &35 1 ethanol, acetone ¥ chloroform
de Eg4o2 B subtilis7t BAse 24 Mad:= My ga o}z
Hx e A2E MA(novel pigment)E BHEHUTH FZ )4
}e EaAn 24 2FRE FEYE & Adcd 24U A 0.8 F
22X EdMoz Wgge] Huso 9Qn
$H dE I (L) Az Al G A

™
ki

)
o

el
ng{_:
o

o sbres ma

™
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o] AAMAog AR FTQ Aspergilllus oryzaet polyphenolase®]
A23%5ol okay] W WAL HAA v, FTEAAM 2x10°2 AF F
7H 107 FFo QBN E ABHD Aded” dB FF 2E A AL
ARe ZZo FFY FFd 2 Y(contamination)H o] U AT F
D ES vlgaA Zd whg(maillard reaction)ell 2] &} A
= Mazt §48Y ol IR Ay e

gz AE FFE 4 da FddAE gloiMe dd x0] A Foz
M Q129 ol Re 2z AFeAM A4 aulatm e AHogp P

&=y TR AAstE I AL 4 AN AQidEe HF
AR 2 9 @R Fecks FoDNHAM B Aolst UVl AE
of Ae4 ztF 9 @33 vRAAY e FrlE Ad AFES AT
F e 71 Mol Boag®

st A gt dde I g AAste B ST Mi
£ AN 5 Qe B gp SSA3E Zygosaccharomyces rouxii®
Torulopsis versatilis® X %520 Hybridoma ST723-F313 A &
2 g3 dFo Iz dFy T Azx FA ol 3F o
F= A4 AR Folg A AEL A2 £ AP F2 YA
A 2 AR Az Al A7 AFEE ZH(control)o]l 7HEIEE, B
sp. SSA39] g Mie] AG 8AF olF i iy A Ao A
A 2 F=x, 29 7154 (Function, Bioactivity), M4 A4 HHdza ¥

M Qg Fe B EF T #welaa o

2
£
ALk
(IN)
o
ol
£

o3
rie

o

N

o 979 HAE AFE FoA FoF AR3E YE ni AzF

_23_



2 weE 4 €3%E %% ¢ 59 Fdo] u$ =
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« FEQWo|G A HiE 2 U HE FRAY S

2 ARAME € 4 23" wt gloen d& oadgd X

ME Eago] Bud wprt Qo

c A ae J2E Sdol22 oA T, A4 mechanism B
FeEdWolA 7129 Tl did WeAel 2FHR, 53 FE
oA FEAdolded 713 g wHdezA £ vded Hd

7€ & A =Y + d9x Algdd.

NE=S
Hel ejo7} A,

AE 0%, 82 Az A 4 A% 2Poz oy AL
WE A5 Aol s

HE B5e $4M0 UE 9Zo2 AE FFY 28 ALY
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HE AF AA HF57 7he s

7184 AF EE 7154 H4FHERE ALl st

AE AR EAsts 2RolZz o9 FROR IF FFA =
83 $4¢ Fdo 43U
. 9@ Yo HE AR 94 A 9Fo2 92 e 4end

zrle) $442 Aan A %Y + Atk

0

. Nze BBAWIN BAL 2ol WA M2EH 1 A=
Hel o w$ A
coolee Mart $3 U AR A AHPozA 2 9%t

FEAdWold XL M2 E A9 84 EFoln



H23d =de 7= s

A1 A FULe 7lsied 838

7L =99 B¢

2 yate] AE FRAMYT EA37]) o] o] A Mio #FHg =AY
A dTRIE YAT ATl & SdAEE vwstd g 2o

g = 2y = 9
b 4 4wz Bl H % 3
W) A 15 2R wa P Hl 3
o Al A (BAF 3,000 oo LR
olghel 7z AA
@) A 2dol $2o)4 §% | o UESNEE
Ao vlXE 9%

4. 2ue 2§

2 AFed gEMe HASol LHEF F =F¥olrh. 3IHL Novel
antimutagenic pigment produced by Bacillus species SSA3, J. of
Microbiology & Biotechnology, 5(1), 48-50, 1995 ol ©& 3%ge
Optimal conditions for pigmentation in Bacillus species SSA3 and
cloning of a DNA fragment involved in pigment production, J. of

Microbiology & Biotechnology, 5(1), 22-25, 19950]¢},
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A2A AT AT Z, Wel 71 AL BN
245k 93]

2 Aahe A FE(AE EHEE D)o A B4 HE, Aflatoxin Biol
HE o FEd¥od S Ad &, U & 20%01Y 2AANLHE ¥
%% SOD% #AQe] AAT + e A B AXde 2 &A

ojg} & A Mar MAFoly ¢ U2t FollA oiFzA LAL o7t

A9 flegst 2o 53], o] i $g ueg IRo] ALFH U
23 de FFA 5o Ae EFoloM wif FoE LA F golFd A
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H3Z d3 e 8 yg o 25

oo

A1 d 2o gF B

2 d7AdA 28 FF<U Bacillus sp. SSA3S 9d7 wE2 A
5 9% % 032 A2 F Aom?® uE ¥F Q P EAss

ZZM(dark brown)el FEAolAd A MA(novel pigments)E A

ok

. Bacillus sp. SSA3°] AAdsts FSAMolG A Mio Tz BYHS
AsiAE U2 Ade AL ZAE Ut Yok wehd B APoAE
7% Wixe < sbx WG ZAM A AHFS 2Had AL
Aol s U A AM 2AL AEtnA & T §4
84 71Me olgste] Mae MASH Buso] F4Y FE(E coli
C600-T, E. coli C600-DE &Eatal Ma 44 Y 2AL vwsus
s,

n

st

k

1. A5 2 9y

7}. Bacillus sp. SSA3E& o] &3 AAio g A4 2D 3
o E s |

) &5 §3F

Bacillus  sp. SSA39] MA A4 BAs=  genes(pSJ15)7t
chromosomal DNA| 4<{1=o] U E. coli C600-TolA chromosomal
DNAE F£% § Hind U2 digestiondls pBR3229 cloningg Al %3}
Ao**. Cloning® DNAE E. coli C600 wild typeo] ®d H&sia] 4y



o

A4

o

Uetlle &5 & Adstax o, Ady FFE o
FT79 i} 2AdA wiFsld ATFF Bacillus sp. SSA3 MA AA
T3 dAe A4S vladty ¥R az &

of¥

2) g9 HH Y x4

£Z 9 E coli C600-T9 ¥ Bacillus sp. SSA39) 23 A9 3
q A z2AEL ZAEAY. Bacillus sp. SSA3 759 ujde MA &
Aol 8% PlAE 89S AAF HA wix(Table 1) 20meo] H7HE
test-tube(2X20cm)ol ¥& HFE F pH, &%, tyrosined &= §L &
date 9gd G zAadAM Mao Y 2AL AP E
coli C600-T ZF9 A& Hax A4 wixdA A{o) HA 7] g
o 53 ujx|) LBHIA|(Table. 2)1 A Bacillus sp. SSA3% $YU ZHo
2 wigste A A dA F4HS 2ARIAG

Table 1. Composition of the minimal medium used for

the culture of Bacillus species SSA3.

Components Grams per liter
Dextrose 1.0
Dipotassium phosphate 7.0
Monopotassium phosphate 2.0
Sodium citrate 0.5
Magnesium sulfate 0.1
Ammonium sulfate 1.0
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Table 2. Composition of the LB medium(Luria-Bertani

medium) used for the culture of Escherichia

coli C600-T.
Components Grams per liter
Bacto-tryptone 10
Bacto-yeast extract 5
NaCl 10

7H) wWlg &x0 WE i PP ¥t
g ko wE A% 9 M4 A HEE xAE] HEtdq WG
255 25T, 30C, 35 C, 40C=2 ¥dto Ztzt wigstd .

) =71 pHel @& M B39 ds
M AL wixe] 27] pHE 4, 5, 6, 7, 8 92 #ZF A3 35T
oA 150rpmoZ A=A R JG wiFEAA old e Ma Y R &
A& ¥stE ARl

t}) Tyrosine X0 W& MA Ao W3}
Tyrosine %7} #5413 M4 QA vxe dF& A7 93
Bz 9] tyrosine %7l ®¥%& 0, 003, 005 007, 01, 015 02,
03%(W/V)e 2 3t 35T, pH 65914 X % A& wige Aok
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Y. BExE o] 8 Mao dFYL

ool 44 ’%"%’323 ZArE A Y QYY =D& wRoE 50%F
Z(Jar fermenter, Marubishi HDF-300)el X §7]1% ®3lo] & Bacillus
species SSA39 M MAdT & ZASHT. Mio g
2 B4 98L& v 89& AAT HA wiAd tyrosines 0.1%
(W/V)el 352 #71sle, pH 92 ZAst Algstgeny 14 flaskol
500me WA & F7hsted 30T, 200rpmo® 3YUZF vt FHE 329
AE T 50 FEXA 3% (vv)LE HFed, A9EE 200mpmeE
30CAAM =71 B7188 &z 1, 3, 5 PSIZ 2047 wleatsich

2.85% 9 1%

)

7}. Bacillus sp. SSA3E o] 43 4o HAH YN =34

D IEF £F

Bacillus sp. SSA39] M4 Ao #ste genes(pSJI15)7t A9 E &
F E. coli C600-TE Fig. 1914 B+ uls} o] ufxlo] WA A7}
Aol &S & 4 Ak EF Bacillus sp. SSA3Y E. coli C6001%
o AAa A AZ7E wz2xn ogFY MAE AAFSAT. Bacillus sp.
SSA3 ¢ E. coli C600I= A o] 4~9ddl ZA A3, E coli
C600-TE vy 1~59 Alolo] MAE HAFozH Mol iz Ailtd
ol-& 7testelet AtgdTh
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2) Bi HFY P4 =3

H g 2x

(1) 44 uj<g

Bacillus sp. SSA3% tyrosineo}l 7t A AH wixlojs 7] pHE
652 ZHstn WY 2=E 2Edd 7Y WG F ML YHEF TA
F4H & 2AY Z3E Fig 2049 2o wjg 2= 30CAN 42 A4
2ro] 30.04mg/ml(ODq3=0.715)2 HHWE BHom, 1 ojF 9 &xoye &
27t FEgsE Zade AgE BE4d. #4 AT 0TCAM 3=
05422 HUE Rgon LE7 271843 Firse Aoz Uy A
A 2 AFYe & T AUY. BREF FFY E coli CE00-TE
Ha AH wAME AKo] HA 7] dEd 5 sjzA LBuiAI A
Bacillus sp. SSA3% $Y 2o uiYgstod M4 WAHEn A F4H
ZA sl o, Fig. 39lA B & it #Zo] E coli C600-Tw 35TColA A
A4 o] 3950mg/m(ODax=094)2.2 HAHE Yetien, a3 FAY
3BCAM FFH= 12012 HAE BYoh. Table 394 BE uiep o]
TFE vag AA}E HP §FIU E coli C600-T &7} Bacillus
sp. SSA3 #FxRt A 45 T FHYAA +5EE ¢ & Ao

B e

1

(2) A WY

TyrosineS H71g HA 1A wix|oA A vz Fd ZHAAA
Bacillus sp. SSA39] M A TS AN A3, Fig. 4949 2] 30T
oA 7t WA Mag A4 en, 35T 40T H HHd 24 A
A& AU Tyrosined #H718HA @1 wWiFd dizTdAe Ay 4
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Aol Aol BEHA Wk
) z7] pHIl @& 44 44
(1) A WP

Bacillus sp. SSA39 M4 A A Z71 pHY AFTFE FALs}7]
A3l HA AA wiKe pHE 4~97A WAL F 35CelA 793F vl
Ak Fig. 5914 o] pHF F71g+E MA A 5ol Frhstgad,
&A% pH7l 7185 F7t8 ey, pH 9ol = F7HEo] E3
SRk pH 4ol A e s Mg duaa @k, 7o 44% ofF ol
ot

E. coli C600-T A& Fig. 6ollA BE vie} o] pH 7oA A4 A4
Fol 714 F%2ou, pH 8olF 2 pHO F7tdll whe} Ma BAgsol dAs

288 BAY. Bacillus sp. SSA3T s7tA 2 pH 4ol M &
Aol MAE AAslA] ¢k o ™ Bacillus sp. SSA32] final pHE ®#1%¥ 7]
o] pHe +05HE e Aol& Bl ¥, E coli C600-TE pH 50}/l A
final pH7} 2% pH 8~9Alol & YeERATH

(2) A wWF

Bacillus sp. SSA39] A Ao doAM 7] pHY IS XA A3
oA wjgel A9+ Fig 749 2tk Tyrosineo]l 0.1% H7td A wjx
AME W H99 pHllAM Moz Aol AREHJL F3], pH 7#
goll A A A5l 7bE ¢t dxFEA tyrosineo] HIFHA &

S HA WA E SAHoz Mol BEHA Ut
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Fig. 1. Pigmentation of various strains.
Abbreviations @ SSA3 ; wild type Bacillus species,
SSA3-2M1 ; unpigmentable mutant of Bacillus sp. SSA3,
C600 ; Escherichia coli C600, C600-T and C600-1 ; E. coli
C600 containing pSJ15. pSJ15 is pigmentation genes.
Cells were cultured in the LB medium.
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Fig. 1. Pigmentation of various strains.

Abbreviations 1 SSA3 ; wild type Bacillus species,
SSA3-2M1 ; unpigmentable mutant of Bacillus sp. SSA3.
C600 ; Escherichia coli C600, C600-T and C600-1 ; E. coli
€600 containing pSJ15. pSJ15 is pigmentation genes.

Celis were cultured in the LB medium.
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Fig. 2. The effect of temperature on the growth of
Bacillus species SSA3 and pigmentation by this
strain.

The experiment was performed in test tube(2X20cm) contained 20mé

of minimal liquid medium with 0.1% tyrosine.

M ; Pigment production (added tyrosine)

@ ; Cell growth (added tyrosine, at ODsso nm)

O ; Pigment production (not added tyrosine)

O ; Cell growth (not added tyrosine, at ODsso nm)
A Initial pH

A ; Final pH
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Fig. 3. The effect of temperature on the growth of
Escherichia coli C600-T and pigmentation by
this strain.

The experiment was performed in test tube(2X20cm)
contained 20m¢ of LB broth with 0.1% tyrosine

B ; Pigment production (added tyrosine)

@ ; Cell growth (added tyrosine, at ODgo nm)

(J ; Pigment production (not added tyrosine)

QO ; Cell growth (not added tyrosine, at ODeso nm)
A Initial pH

A ; Final pH
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Table 3. The effect of temperature on growth and
pigmentation between Bacillus species SSA3 and

Escherichia coli C600-T after 7 days incubation.

Strains Bacillus sp. SSA3 E. coli C600-T
Temp Pigmentation Growth Pigmentation Growth
LT) {O.Dazonm) (O.Dsgonm) (O.Dazonm) {O.Dseonm)

25 0.345 0.316 0.306 0.830
30 0.715 0.542 0.519 1.012
35 0.547 0.341 0.940 1.201
40 0.080 0.152 0.543 0.672

The experiment was performed in test tube(2X20cm) contained 20mé of

minimal liquid medium or LB broth with 0.1% tyrosine, at 35T.

- 37 -



Fig. 4. The effect of temperature on growth of Bacillus

species SSA3 and pigmentation by this strain.
The experiment was performed in test tube(2% 20cm) contained 20m¢ of
minimal medium with 0.1% tyrosine at 25°C to 40°C. The initial pH of
medium was adjusted to 6.5,

A ; added 0.1% tyrosine

B ; control (not added tyrosine)
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Fig. 4. The effect of temperature on growth of Bacillus

species SSA3 and pigmentation by this strain.
The experiment was performed in test tube(2X20cm) contained 20m¢ of
minimal medium with 0.1% tyrosine at 25C to 40C. The initial pH of
medium was adjusted to 6.5.

A ; added 0.1% tyrosine

B ; control (not added tyrosine)
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Fig. 5. The effect of initial pH on the growth of
Bacillus species SSA3 and pigmentation by

this strain.
The experiment was performed in test tube(2X20cm) contained
20mé of minimal liquid medium with 0.1% tyrosine, at 35TC.

M ; Pigment production

QO ; Cell growth

A ; Final pH
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Fig. 6. The effect of initial pH on the growth of
Escherichia coli C600-T and pigmentation

by this strain.

The experiment was performed in test tube(2X20cm) contained
20m¢ of LB broth with 0.1% tyrosine, at 35C.

B ; Pigment production

QO ; Cell growth

A ; Final pH
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Fig. 7. The effect of initial pH on the growth of
Bacillus species SSA3 and pigmentation by

this strain.

The experiment was performed in test tube(2x 20em) contained
20m¢ of minimal medium with 0.1% tyrosine at 35C.

A ; added 0.1% tyrosine

B | control (not added tyrosine)
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A : B

Fig. 7. The effect of initial pH on the growth of
Bacillus species SSA3 and pigmentation by
this strain.

The experiment was performed in test tube(2X 20cm) contained
20m¢ of minimal medium with 0.19 tyrosine at 35C.
A ; added 0.1%6 tyrosine

B ; control (not added tyrosine)
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t}) Tyrosine ¥ %

(1) A=A uj<F

Tyrosine® =" 2 #H73 HA AA wiRo| Bacillus sp. SSA3S u)
¥t A4 AhdeH TFA FAEYES A ABRE Figo 8% 2o
Tyrosine F%X7t F7Hgol] wet M4 AT F718o 01%9 5504
1AE YegWi, I o449 FEdMe AT S Hien, 79
A2 tyrosined FEVF FMELE HA FMEF oY 02% olFd= o
A g BA

Fig. 9olA B vte} 2ol E coli C600-T2 7%+ tyrosine® ¥ =7}
S7hatell wet MA BAdsol F7He 0.15%9] FxolA HuAE e
Rey F FAHL tyrosined FTo mal E zlol7t e Aoz yey
23

of¥

(2) A v

Tyrosine® ¥E¥Z H7HE 4 2A4 wiAdAM Bacillus sp. SSA3S
vl gsled MA B A AIAE Fig. 10914 BE vlel o] 0.03%
ool FEZ HrtE HA wiX oA &Aooz 4ol FAEoH A

& g uiA] dute] AA AU,

2

. 283 xE o] & i dFA

Bacillus sp. SSA3 &5 $71%d & M4 M5 Fig. 117 2ol
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27 B71%0] REFE M2 Qo] WS & F U Aihe wlg 2
JARE BAH7] ARstad wF 108A7R Frhsten Hn a4
HaFo] 31.83(mg/m)ez el 2 o) Fols x7] Fr1%Fo) 3PSIgt
5PSIol M & Hl&d Ma 4% JdeEhdt 8& A2(D0)#RY B ¢E
g x7)oE o)zt VEMRAY 4R 7] ol Fole AMA A A9t vt
27bx & 3PSISH SPSIANA Hlx@ 28 YEb AT

27] B71% Wt g2 FH FAHPLE ZAR AAE Fig. 129414 B &
upe} ol %7] F7|Fo] BSFE 7o FAHAE yed, WG 8AA7A
A3 Frhsttzt 2 ol¥F2e dAY A S BT Fig 1344 E wi

20YA waZAMY Hax AH AEE HE Rt
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Fig. 8. The effect of tyrosine concentration on the
growth of Bacillus species SSA3 and pigmentation

by this strain.
The experiment was performed in test tube(2X20cm) contained 20mé
of minimal liquid medium at 35°C. The initial pH of medium was
adjusted to 6.5.

B : Pigment production

QO ; Cell growth

A ; Final pH
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Fig. 9. The effect of tyrosine concentration on the
growth of Escherichia coli C600-T and pigmentation
by this strain.

The experiment was performed in test tube(2x20cm) contained 20m¢
of LB broth at 35°C. The initial pH of medium was adjusted to 6.5.
B ; Pigment production
O ; Cell growth
A ; Final pH
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Fig. 10. The effect of tyrosine concentration on the
growth of Bacillus species SSA3 and pigmentation
by this strain.
The experiment was performed in test tube(2*20cm) contained 20m¢

of minimal medium at 35°C. The initial pH of medium was adjusted

to 6.5.
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Fig. 10. The effect of tyrosine concentration on the
growth of Bacillus species SSA3 and pigmentation

by this strain.

The experiment was performed in test tube(2X20cm) contained 20m¢
of minimal medium at 35C. The initial pH of medium was adjusted

to 6.5.
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Fig. 11. The effect of initial air flow on pigmentation
of Bacillus species SSA3 in jar fermenter.

Cultivation was carried out in 5¢ jar fermenter containing the 3¢
minimal liquid medium with 0.1% tyrosine, at 30°C. The initial pH of
medium was adjusted to 9.

@ ; initial air flow(AF)-1PSL

B ; initial air flow(AF)-3PSI

A ; initial air flow(AF)-5PSI

O ; DO(AF 1PSD

O ; DO(AF 3PSI)

A, DO(AF 5PSD
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Fig. 12. The effect of initial air flow on growth of

Bacillus species SSA3 in jar fermenter.

Cultivation was carried out in 5¢ jar fermenter containing the 32
minimal liquid medium with 0.19% tyrosine, at 30C. The initial pH of
medium was adjusted to 9.

O ; initial air flow(AF)-1PSI

O ; initial air flow(AF)-3PSI

A initial air flow(AF)-5PSI
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IFig. 13. Mass production of pigments produced by
Bacillus species SSA3 in jar fermenter.
Cultivation was carried out in 5{ jar fermenter containing the 3/
minimal liquid medium with 0.1% tyrosine, at 30°C. The initial pH of

medium was adjusted to 9.
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Fig. 13. Mass production of pigments produced by

Bacillus species SSA3 in jar fermenter.

Cultivation was carried out in 5¢ jar fermenter containing the 3¢
minimal liquid medium with 0.1% tyrosine, at 30°C. The initial pH of

medium was adjusted to 9.
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14 A Mie A HH =4S AN A3 Bacillus sp.
SSA3 #F< 2% 30C, pH 9, 01 % 9 tyrosine 5% 3lollA Ao 4
B2 vetwtch Mo Ads ¢ E8sel FHE BF &§F FF E coli
C600-T= ®i¢ 1~5Y Alolo] MAE MMM, 35C, pH 7, 0.1%9]
tyrosine % 3dtolA HHo HuHE JeEiwoh M, 1A sjgz Ax a)
Fe HEdME F FF EF v ZFS YA

ol AyYela zAlE UG uYORE LIAXE o]&F MAo diF
A AE 2 ZAF 57)F0 mE AAh AdTe 27 B1F0] e
g MAi Aol waxen, Wiy 2dAFH AG=HT At wid 10Y
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A 23 Mo A

MAaol HA WYL iAo LA, ol2A FT& ZAIStH ion exchange

=

chromatography, thin layer chromatography(TLC), filtration > & o} &
sl Mo 72 AAES A A HHe sINbE gtz s

1. A 2 3H

7}. Ion exchange chromatographye®l]l ¢}d M4 AA

Bacillus sp. SSA3°] A3t MiAr F&A40H, o]2AS Jedd.
olgi3t AL o]L3td, Amberlite(IR-120H, IRA-400), Dowex(50, 2-X
8), CM cellulose resins, Diaion HP20 %<9 <2 7}%] ion exchange resin

g olgatd Miel F& ARE ZASRYT

U}, Thin layer chromatography(TLC)ol 293t M4 A )

Ion exchange chromatography® &3t ¥ £&A17 244 AME(TCP)E
TLCZ AMAZ A3 3~4709 band2 £zl ge wet TLCE o] &% A
A9 AA WYe FFstnzt stHch MAo e, AAE A thin layer
chromatography(TLC, Merck., Kieselgel 60, 20 by 20cm)¥ <& Al&3tH 2
o developing solvent®] %42 n-butanol : ethanol : water(3 @ 2 : 3)¢}
n-propanol @ 25% NH4OH : water(6 : 3 : DRt Ztzte] 242 A5+
25% NHOHell &3jAlA ALg3tAo.
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t}. High performance liquids chromatography(HPLC)®l] <] 3t
AL A

o ¥z FAMS YA g Ma A8/ 2T € g A
A 22, £33 4+ g+ HPLC systemE o] &35ld
A A stz 89t Semi-prep. HPLC system(Waters 600 pump)&

3

()X
to b

dZez A

b

=3
A
o] &3ttt ZMA AB(TCP)= DWU% w/v)dl £33 & 045m filter
2 o33t HPLC £4 & A2 AR5 e o]FA4L n-propanol : 25
% NHOH : water(6 : 3 : )& AM&3%2m, UV detector(Hitachi, L-
4200 H)Z 254nme] RZdA 9 FF=E FH3 At

tu

2. 2% 4 »nd

Bacillus sp. SSA3 #F7F A3t Y49 72 E4E AddiMeE M4
o i AHA Wyle &yo] WASEZ jon exchange chromatography,
thin layer chromatography(TLC), filtration & o] &3t 449 Iz A
e AT A WY ZNte &9Ystnz stgdok au TLCo o4& A
A BHE FA FHAAM AZHA o2 4 spoteE F o YEte
o, TLC A7/ Al LAdss g2 spotsgS Y EZANARA
monomer, dimer, trimer-- %), =& TLC A7 A] TLC plate9) silica gel®
of &L T Ma ANEES Eat dou oY spotez YFodAE
Ro2 Als g9, @A HPLC system$ ©] &3 HA wWyoz d e

7

g A&sA AR T2 BHE HAh

2z
b
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7}. Ion exchange chromatographyol] ¢]3t A A A )

Bacillus sp. SSA3% tyrosineol H7td HA wixjolAq dA 7t v
F A AAND 454 E U eH3A HAE AU o] MirE F4
422 NHOHZ H:000 &3j=ln, dol2A Exolmz ole}d 4AL o
&3t A WHE BTt WA gel filtration(sephadex) S o] &3 W
e Mo B2t dojux] ¥toen, el 7hx] o] uE £ 4y
& Z3E Table 4ol A9} o] 7ol & H#AA Amberlite [R-120(H) %}
Dowex 50 resinsoll= &2te] HA2u, CM-cellulose ¥ &°]& A<
Amberlite IRA-4007} Dowex2-X8, DEAE cellulosedll = & 3to] =] sk
oool2ld g me MA AEE Zo &£a3le Amberlite IRA-400
columne FFHAA i o]99 aniond EHESL AAF:, o] AL o
Al Amberlite IR-120(H) column$ FZHAlA M4 &2 FaA0 F 2N
NH:,OHZ £%A]# rotary vacuum evaporator® ZHgdE&ste] 24 4]
B(TCPE ¥t

t}. Thin layer chromatography(TLC)el oj& WA A A)

Ion exchange chromatography® ¥# ¥ £&XA7 ZMA: A B(TCP)
€ TLCZ HANAIZ A3 3~471¢9] band2 £ go] we} TLCE o] &3
Ao AA ARE A7 nA g 244 A R(TCP)E NHOHEZ &
% % silica gel thin layer chromatography(TLC)E #&tich. ds} £u)
n-butanol : ethanol : water(3 : 2 : 3)2 H/g H3} Fig. 140149 2ol
3709 band (1AM FE P2-11, 112, 3)7} Lojz o, 7)o o2 do]
EdEHAE AE #As7] A5t sulphuric acid2 2388 Al ¥4 band
o] 9] 9] band& “tERUA] ekt
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Table 4. Adsorbent test of the pigments on various ion

exchange chromatography resine.

. . Exchange
Exc:l;;eger Fu;l;:;:lopnal g::ilg:::i::: pKa capacity Adsorption
(mea/s)
Sulfonic acid Amberlite 0-14 44 ¥
) (-SOH) IR-120(H)
Cation Dowex 50, 0-14 45 +
Carboxymethyl CM cellulose 4.5-10 0.75 -
Quaternary-  Amberlite 4-14 38 -
ammonium TRA-400
Dimethyl-
. ethanol Dowex 0-14 35 -
Anion Benzyl- 2-X8
ammonium
Diethylamino- DEAE
2-9 1 -
ethyl cellulose




| A
B

Fig. 14. First thin layer chromatogram of pigments
produced by Bacillus species SSA3.
A ; original chromatogram, B | spraved with sulphuric acid for
detection of organic matter. A 70p0(5% w/v) of sample was spotted
on 0.25mm thick silica gel plates(Merck. Art 5721) and developed with
n-buthanol : ethanol : water(3 : 2 : 3) solvent.
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B

Fig. 14. First thin layer chromatogram of pigments
produced by Bacillus species SSA3.

A original chromatogram, B . spraved with sulphuric acid for
detection of organic matter. A 70u8(5% w/v) of sample was spotted
on 0.25mm thick silica gel plates{Merck. Art 5721} and developed with

n-buthanol : ethanol © water(3 : 2 : 3) solvent.



z}zt9l bandE fractionstd NHOHZ £&A174 ¢ ¥F F, 78 &4
n-propanol : NHsOH : water(6 : 3 : 1) ©Al 7422 A3}, Fig. 159
A o] P2-M< 4719 band(P3-11-11, 12, I3, 192, P2-1I2& 4709
band(P3-112-11, 12, I3, 14)2, P2-113°] 1789] band(P3-II3-1)Z 2tz &
Hadh 2eld 279 band #9919 silica gelE #o]l®2o} NH/,OHE A
& 8% Al e, of &8Fdd Fo} & silica gel YAS A A37] 30
045, 022, 0.1um filter2 ©AIZ S 2 filtrationd ¥, cation Amberite2
2 FHAA LYstA. ¥ A 22 ¥ sample(P4-T-IDE & Fig. 160
et Ao

ol WY AH&3td Fig. 17949 2 AA HYE F5sdd. o
A BAY ML sampleEo] @Y MAJA AE sy s AL
n-propanol : NHOH : water(6 : 3 : 1) tA] TLCEZ sl¥t}. Fig. 189
Aot Zol o2 e A spoto] UEFRELB(A), °]E 50% H.SO.2 & 3
Al M2 spot 1919 spot2 WERUYA] FUTHB). ol &HAdo] HaAl
A F ol2und 29 TLC 49 silica gel W #7] 229 EYW&EQA A
gA&7] f4stqd o] F 7HAelA  NHOHZ F£3% zZtzte 582
A4 sample®} ¥4 TLCE 3t} Fig. 189 IP(el2ng £ &%
R TP(TLCH silica gel %)% 2ol AdMe izt Aoy 50%
HSO0.& &F3ted 100Cel i & BellM e &2 spote]l 3714 YElWt. o
Ay Rf A& vlus) B of o]2unf FAY TLCE FAste FAHAEY &
¥ dEolztne ¥ 4 AJU. 283 Fig. 149 15914 MA sampled
TLC3% A}t o] TLCE 50% HoSO.& 253 100CoA &stA 2 2
HE v o o2 spotE BWHY F UAUY. EF Fig. 1804 MA
A e] spot(A)%t ol & ©3A A} spot(B)E FYsATH olgd A
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Fig. 15. Second thin layer chromatogram of pigments
produced by Bacillus species SSA3.

P2-1I1, 112, II3 ; pigments fractionated from 1st TLC , TCP ; crude
pigments, A ; original chromatogram, B ; sprayed with sulphuric acid

for detection of organic matter. A 10ul(5% w/v) of sample was

spotted on 0.25mm thick silica gel plates(Merck. Art 5021) and

developed with n-propanol : NH4OIl : water(6 : 3 : 1) solvent.
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Fig. 15. Second thin layer chromatogram of pigments

produced by Bacillus species SSA3.

P2-111, 112, 1I3 ; pigments fractionated from lst TI.C , TCP ; crude

pigments, A ; original chromatogram, B ; sprayed with sulphuric acid
for detection of organic matter. A 10u8(5% w/v) of sample was
spotted on 0.25mm thick

silica gel plates(Merck. Art 5021)

and
developed with n-propanol : NH4sOH : water(6 : 3 : 1) solvent.
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Fig. 16. Photogram of purified pigments.

Pigments fractionated from 2nd TLC by developing solvent

n-propanol : NHsOH : water(6 : 3 : 1) solvent.



. PA-T " p.
n2-1

T * PA-THP4-T PS-T
n2-B jn2-|

PA-T 'PA&-T '"P4-T p-T
| W-n W1-12 W-13 0 ng-14

Fig. 16. Photogram of purified pigments.

Pigments fractionated from 2nd TLC by developing solvent

n-propanol : NH4OH : water(6 : 3 : 1) solvent.
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step I :

step II :

step 1II :

step 1V :

step V

Liquid culture for 2 weeks ( 35C, pH 8 )
!

Centrifuge at 3,000rpm for 10min
1

Su%aematant Preciplitate
Filtj;ate by 0.45 um microfilter Disf:ard
Ev:porate / Freezing dry

Ionl lchromatography by Amberite IRA-400

E%fluent Adsortent
Ioilchromatography by Amberite IR-120(H) disiard
A%lsorbent Eff[tuent
ls% Thin layer chromatography Dislcard
(solvent II ; n-Buthanol : Ethanol : Water = 3 : 2 : 3)
Frlactionate of pigments

Fi%trate by 0.45 um microfilter

Znil Thin layer chromatography

(solvent I ; n-Prophanol : NH;OH @ Water = 6 : 3 : 1)
Frellctionate of pigments

Filtlrate by 0.45, 0.22, 0.1 and 0.05 pm microfilter
Conicentrate by rotary evaporator (below 607TC)

Ion chromatography by Amberite IR-120(H)

Fig. 17. Purification procedure of pigments produced

by Bacillus species SSA3.
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HEBH/H,12131H4 /1H IP TP
P3-111 P3-112 P3-1I3

.’ —— —py

HIZI3H/ HI213H4 / H IP TP
P3-111 pP3-112  P3-13

Fig. 18. Chromatogram of pigments purified by

Amberite IR-120(H).

A ; original chromatogram, B ; sprayed with 50% sulphuric acid,
IP | extract from cation Amberite, TP ; extract from TLC. A 5l
(6% w/v) of sample was spotted on 0.25mm thick silica gel plates
and developed with n-propano! : NH4OII : water (6 : 3 : 1)
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HPERBHA/IFLI2131H4 /111 IP TP
P3-111 P3-112 P3-113

&

HI213H4/ 1-,121314 / I-1 1P TP
P3-1I1 P3-112 P3-1I13

Fig. 18. Chromatogram of pigments purified by
Amberite IR-120(H).

A ; original chromatogram, B ; sprayed with 50% sulphuric acid

IP ; extract from cation Amberite, TP ; extract from TLC. A 5ub
(5% w/v) of sample was spotted on 0.25mm thick silica gel plates
and developed with n-propano! : NHsOH @ water (6 : 3 : 1)
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gl spote® uFolAe Aoz Alg "ok TLCel 2ig Mo HA wy
& Al #FAHoA TLCoHA Miet TLC platedte] €29 2871 g#3)
g2 ¢ o 7bx] Zaldo] @A mgZ HPLC systemS o] &3 A
Yoz tFe] MAE AEsHA BAA FE BAE stz stddh
TLCH z A gAE M4t AA4RS 29 step 1 A A48 Aa
FE 100g2 & , step 2 HAAMT 43.7g8, step 3 M= 277g
Z step 4 FAAME 121gE, step 5 FANME 03g8 42 & + A
pel=

t}. High performance liquids chromatography(HPLC)ol] ¢} 3%t
A AA

Bacillus sp. SSA3€ tyrosineo] #H7ta A wixlelA A 717 s
F, #AE AAANY 5LE 2 5890 ol & ion exchange resino)
ZFA o Qe columndl FFAZ F &% 3o ZMN(TCP)E 1, e
Lol Z3AIA FFRTMS)#H HAB(TMDR Fejstdch o)A #ag
Heg B34 Aa AIB(TMS) ¢ weEE 244 A2 AR(TMDE
A7) 8o} n-propanol : 25 % NH«OH : water(6 : 3 : D& TLC 3 #A3},
Fig. 19°1 A 9} 3ol ZMA(TCP)E 4709 band(Rf 0.73, 0.55, 0.46, 0.23)7},
TMSA &= 429 28 939 4708 band7t HEl o™, TMI A&
A§= TCPY TMS<e 28 2709 band(Rf 0.73, 0.23)7} YElRtT) o] &
iodine test Al(B) TMSAI& 9 Z¢+ 2 719 band7t o UElEAIR TCP
gt TMINES ALE o o4 bande Yeh}x] @itk oldl TMS,
TMI A18 & HPLCZ #83%d 0 72 2 7154 A48¢ stna i
CTMSe9F TMII A& & HPLCZ #4% Z3 Fig. 209 o] TMS A&E
2719 5 peak’t YElW =] retention time 4% thol 1709 peakel 6 ool
178 ¢] peak7} YEbTh o} F semi-prep. HPLC(Waters 600 pump)E o] &
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Fig. 19. Thin layer chromatogram of pigments produced
by Bacillus species SSA3.
TCP ; crude pigment. TMS ; soluble in MeOH, TMI ; insoluble in
MeOH. A ; original chromatogram, B ; lodine vapour test for
detection of organic matter. A 70u4(5% w/v) of sample was spotted
on 0.25mm thick silica gel plates(Merck.Art 5721) and developed with
n-propanol : NHsOH : water(6 : 3 : 1)
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R

P T™S ™I TCP ™S ™

Fig. 19. Thin layer chromatogram of pigments produced
by Bacillus species SSA3.

TCP ; crude pigment. TMS ; soluble in MeOH, TMI ; insoluble in
MeOH. A ; ornginal chromatogram, B ; lodine vapour test for
detection of organic matter. A 70u£(5% w/v) of sample was spotted
on 0.25mm thick silica gel plates(Merck.Art 5721) and developed with
n-propanol : NHsOH : water(6 : 3 : 1)
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Column Waters Nova-Pak Cis, 3.9 X 300mm
Sample T™S

Mobile Phase n-propanol : NH4OH : water(6 : 3 : 1)
Flow rate 0.35 ml/min

Detection 254 nm

0.07000.

T™S-28  1yms.3 TMS-4
0.06000 3
0.05000] TMS-1
0.04000]
0.03000
0.02000 g
0.01000 f §
©-99¢%% 500 5:0000 10.0000 15.5000 200000 28,0000
I:;gl.( Re:;e:;non Area(mVx*sec) Area(%) Ci}::;::;)y
1 4232 2113.107 76.752 5.38
2 6.263 626.388 22.752 5.01
3 7.458 13.676 0.497 3.24
TOTAL 2753.171 100.0000

Fig. 20. High performance liquid chromatogram of TMS

pigments.
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sted Fig. 219149} 2ol zt 292 st TMI &€ Fig. 22014
¢} o] 3702 F peak’t YELGTh o] peakE 9 oW Rt 84E& Z
2 #82lst7] Y&l Zt peak ¥ HE semi-prep. HPLC(Waters 600 pump)
o) g3tey Ea ¢ E3H3A 8/ FY(TMI-1, TMI-2, TMI-3, TMI-4,
TMS-1, TMS-2, TMS-3, TMS-4) At old A& olFHozE
n-propanol : 25 % NH.OH : water( 6 : 3 : 1 )& A&t olgs @
Hol wa $2g M4 MRS d £48 HPLCE £4% A3, #7
o ANge 1749 F peak®ol B M9 peak’t UEl@on, FAE B4 Z
o BE&Ee Yo B mEtA o]E 8 AgEd F O AAYE ¥
87} ooz ol Ag F 12 Ao B3, ¥ MXE V4 482
EM Aol EA JeEhd AERE A 2 72 EME suA 3§
Aok A NeA 48 F A 53 dFAA g4 A e
TMS-2, TMS-3, TMI-2, TMI-3 A && Fig. 239 2494 Yeld o
o}l HPLCE A A sl 3TMS-2, 2TMS-3, 3TMI-2, 2TMI-3 A15& 4N
th. ol de zZte Mi AlEEE HPLCEZ A & Z3 Fig. 259
A9} o] 3TMS-2A] &+ retention time 6% t(6.032)9 1709 peak7t Y
el ooy, 2TMS-3A18+% Fig. 2691419 o] retention time 6% tH(6.513)
o] 1709 peak’t YElwtth 3TMI-2A1 8% Fig. 279149 2] retention
time 4% th(4.877)° 1789] peak7t YEbton, 2TMI-3AE& Fig. 2891A
¢} o] retention time 5EthH(5.993)° 1789 peak’t YElWth. HPLC ¥4
A7 MA ABEol GY peakZ UEFe] Wt olgeo] dd HAELE A
B3yl 98l TLCE #stdut. 2 A=, Fig. 2994 BE vieh o]
3TMS-2, 2TMS-3, 3STMI-2 2 2TMI-3 Al&& 22} 3~4709] peakE Y
BhARIY. olal@ Asst A AR Al Al 25% NHOHo £z o
3 Az7t Bade veds 23 AE FAsr] Y, B AEELS
DWol xof 59 z=ddtelA ©tA] TLCE #H3tHou, Fig. 300X ¢ 2ol
A 8E NHOHel %M TLCE ¢ Zxst ¥ zolE YetlA &

rlr
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1.37500 TMS-1 TMS-2 TMS-3 TMS-4

1.17862
0.98225
0.78588
0.58950
0.39313
3 o~
0.19676] ® @ . ° o
w o o2 . o~
- ] o .
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0.00%3%
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Fig. 21. Semi-preparative high performance liquid
chromatogram of TMS pigments.

Column ; Waters Nova-Pak C18(19% 300mm), Flow rate ; 5ml/min,
Mobile phase, n-Propanol : NH4OH @ Water(6 : 3 : 1)



Column Waters Nova-Pak Cis, 39 X 300mm
Sample TMI
Mobile Phase n-propanol : NHsOH : water(6 : 3 : 1)
Flow rate 0.35 ml/min
Detection 254 nm
.22343 L3
T™MI-2 <
.04882 T™MI-5
874211 Loy
.68%861
.52500
.3503¢9
.17578§jm
O
™y
(o]
.00117 :
]0.0000 5.0000 10.0000
Peak Retention o Quantity
NO. time Area{mV=*sec) Area(%) (m/ml)
1 0.303 7.049 0.011 303
2 4.225 29322.793 45.401 541
3 4.892 21813.528 33.814 513
4 6.665 13443.098 20.814 3.45
TOTAL 64586.468 100.0000

Fig. 22. High performance liquid chromatogram of TMI

pigments.
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Ion exchange chromatography

i
Crude pigments (TCP)
\ |«— MeOH
MeOH Sloluble (TMS) MeOH insoluble (TMI)
Evaporation/Freezing dry
}
1st HPLC
l
Fractionation

l
! | | !

TMS-1 TMS-2 TMS-3 TMS-4
Evaporation/Freezing dry

!
2nd HPLC
—

2TMS-2 2TMS-3
!

3rd HPLC
l

3TMS-2

Fig. 23. Purification procedure of TMS pigments.
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Ion exchange chromatography

!
Crude pigments (TCP)
' |[«— MeoH
MeOH soluble (TMS) MeOH inS(Iluble (TMI)
Evaporation/Freezing dry
i)
1st HPLC
i)

Fractionation

| I I I |
TMI-1 TMI-2 TMI-3 TMI-4 TMI-5

Evaporation/Freezing dry

|

2nd HPLC

I
I

2TMI-2 2TMI=3
!

3rd HPLC
!

3TMI-2

Fig. 24. Purification procedure of TMI pigments.



Column Waters Nova-Pak Ciz, 39 X 300mm
Sample 3TMS-2
Mobile Phase n-propanol : NHsOH : water (6 : 3 : 1)
Flow rate 0.35 ml/min
Detection 254 nm

.37000 =

©

.17429

.97857

.78286

.58714

.39143

.19571

0.00000

0.0000 5.0000 10.0000 15.0000
Peak Retention Quantity
A V* A %
NO. time rea(mV*sec) rea(%) (mg/md)
1 6.032 128896.929 100.000 2.34
TOTAL 100.000

Fig. 25. High performance liquid chromatogram of

3TMS-2 pigment.
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Column Waters Nova-Pak Cis, 39 X 300mm

Sample 2TMS-3
Mobile Phase n-propanol : NHOH : water (6 : 3 : 1)
Flow rate 0.35 ml/min
Detection 254 nm
.37000 =
©
.17429
.97857
.78286
.58714
.39143
.19571
0.00000
0.0000 5.0000 10.0000 15.0000 20.00(C
Peak tit
I\?O. Retention time Area(mV *sec) Area(%) _Ci::?mlz)y
1 6.513 99513.801 100.000 2.04
TOTAL 100.000

Fig. 26. High performance liquid chromatogram of

2TMS-3 pigment.
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Column Waters Nova-Pak Cis, 3.9 X 300mm
Sample 3TMI-2
Mobile Phase n-propanol : NH4OH : water (6 : 3 : 1)
Flow rate 0.35 mi/min
Detection 254 nm
.25000
.21428
~
©
.17857 -«
.14286
.10714
.07143
03571
000004
0.0000 5.0000 10.0000 15.0000 20‘.0000
f
Peak NO. | Retention time Area(mV*sec) Area(%) Quantity _I
o (mg/mg) |
1 4877 10292.499 100.000 120 |
TOTAL 100.000 ‘

Fig. 27. High performance liquid chromatogram of

3TMI-2 pigment.
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Column
Sample

Mobile Phase

Waters Nova-Pak Cig, 3.9 X 300mm

2TMI-3

n-propanol : NHs«OH : water (6 : 3 : 1)

Flow rate 0.35 ml/min
Detection 254 nm
.25000
.21428 P
N
w0
.17857
.14286
.10714
.07143
.03571
. 00000
0.0000 5.0000 10.000¢
Peak fit
; o, Retention time | Area(mV*sec) Area(%) Q(t;:; mz)y
1 5,993 24461.253 100.000 2.16
TOTAL 100.000

Fig. 28. High performance liquid chromatogram of

2TMI-3 pigment.
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A B

Fig. 29. Thin layer chromatogram of purified pigments.
A was developed with n-buthanol @ ethanol : \;fatef{3 121 3) solvent.
B was developed with n-propanol : NH:OH : water(6 : 3 : 1) solvent.
Gel plates were prayed with sulphuric acid for detection of organic
matter, A 70ul(5% w/v) of sample was spotted on 0.25mm thick silica
gel plates (Merck, Art 5721)
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Fig. 29. Thin layer chromatogram of purified pigments.

A was developed with n-buthano! @ ethanol : water{(3 © 2 : 3) solvent.
B was developed with n-propanol : NH/OH : water(6 : 3 : 1) solvent.
(Gel plates were prayed with sulphuric acid for detection of organic
matter. A 704(5% w/v) of sample was spotted on 0.25mm thick silica
gel plates (Merck. Art 5721)
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Fig. 30. Thin layer chromatogram of pigments produced
by Bacillus species SSA3.
A was developed with n-buthanol : ethanol : water(3 : 2 : 3) solvent.
B was developed with n-propanol : NH/OH : water(6 © 3 : 1) solvent.
Gel plates were prayed with sulphuric acid for detection of organic
matter. A 70p(5% w/v) of sample was spotted on 0.25mn thick silica
gel plates (Merck. Art 5721).
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Fig. 30. Thin layer chromatogram of pigments produced
by Bacillus species SSA3.
A was developed with n-buthanol : ethanol @ water(3 : 2 : 3) solvent.
B was developed with n~propanol : NHJ4OH : water(6 : 3 : 1) solvent.
Gel plates were prayed with sulphuric acid for detection of organic
matter. A 70u8(5% w/v) of sample was spotted on 0.25mm thick silica
gel plates (Merck. Art 5721
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b4 NH OHel 98l Alg7t EslsAle e ALE Holy
So] @ 7tx19 R &S (dimer, polymer.. )2 FAH BAZ

A Balrt Yojue ez Algdt
3. 348

Bacillus sp. SSA3°] #Aste MAE Amberlite IRA-400 column,
Amberlite IR-120(H) columng ¥#A17) ¥ TLCZ AMAZ A= 3~47)
9] bandZ E2HD, ol tA] 23 AMAN A F MY HEeR &
gEdch 229 49 4ixE oAl TLCE & 234 ASHez 2
spotE o] Uetwth ol2id AzE TLC A7 Al Al&7F TLC plate® silica
gel#ol vt Faf MAi AlEE Eajst dojvt A spote 2 ¥l
' Aoz 2 webq Aaed AHAe A2, Zol2 mIFA,
HPLC % methanolel ®d &34 T2 AAE sAd. A4
column(Waters. Nova-Pak. R Ci)& o]48 HPLCl 9% HZ Ha %A
ol 4 3TMS-2(2.34ug/me), 2TMS-3(3.54ug/me), 3TMI-2(1.29¢g/me), 2TMI
-3(4.31pg/m)S AR en, Ztzte] AN 88 HPLCE #A4% A3 AY &£
3 (95% ©14) @Y peakE YEINTH
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o

A3 H Y9 JF

Bacillus sp. SSA3°] BA4se MAe 2t A dAE FEdvolyd
AE oo gadstd 2§ J1Fe 73
Z4 g4, gass, 94 2 GAX 4F dAT 5 A8 =%
€ A4E ggFod (AA BR)HFLEg AR JMe 4% E #3309
st gEdWolyd 2 AXE oMY s, g9 2 GAE 4R o
A%, interferons 4 A3 §& ZAE A

1. Al 2 9y
7 FEddolA

Bacillus sp. SSA39l ZMas W54 g #¢ B2 Aflatoxin B,
of thaf 50%AF = gEAWILE AYx Y Busol Qlok. Bacillus
sp. SSA3e] BAste Mio FEAHYALE HUstr] ¢, histidine
auxotrophs$! Salmonella typhimuriume ©] €38 Ames testE® 3 gt
B Mx ABE DWI % w/V)Ol $8E F 045m filter2 o T}ake] A}
f3lgon, Edio] Yo Afiatoxin B, 1Q(2~-amino-3-methylimidazo
{4,5-flquinoline), PHIP(Z-amino-1- methly-6-phenylimidazol4,5-blpyridine)
£ Ahg3th

. AESTY #84

A Algo] g vex vl A X 3F AH4E o]£3 AX F4 &
Q& 32, TNF-ea(Tumor necrosis factor)®& Wtz «¢zA Ue

&

3

o
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Macrophage2] &4 &3d i@ ZALE T3 TNFE Fx3te dAXY

Cytotoxicity & & A st31a} ghr}.

1) vb9-2 v} MEE o]§3 NEFTAH 4 53
up& A~ 2= C3H/HeN(male, 6 weeks old, Charles River)& ©]&3}o] H]
3e 528 F HAXE 97 A s, ME F=7 5x10° cel/mt 7
Y2 FMsldrt. orle Max ABE H7MEY 5 % CO: incubator, 3
7ColA wiksln WST-Ho2 &3,

2) Macrophage®] %4 84 53
Macrophage(CRL-2019) RPMI phenol free ¥ X9 10% FBSE #* 713}
o 6~79 AR A vt F AL AEE 18ue/m FEE H7HeEhd
37C, 5% CO2 incubatoroll A wiFsted F2 &4 AU

3) TNF-e°l A& 3¢ &3
MA ANgEE HE¥E Macrophageol #H7lste 72A12F v} F o] wjA|
L-929 cell line(GAXF)ol H7bale 18X F A Ef AlE A=y
Bl TNF- e (Mouse ; Recombinant, Sigma Co.)®l %¥& H7}ste TNF-«
0.01~05 ng/m¢ ¥ =2 AY3 standard curves} Hl X &Gt

nju

il

o. sy

5 PAAE AFY AF A3 YA AP w3} At ZHAN
o WRE A7 AAPe] oo, AA FASAt G4 FURAZ o
g ¥

oo SEFs dPEe AAsHE FAYVSAL A 2FA QA

P
37t BAST, $E4 2 FH4e) BARE H FABAL Aol A
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sl a7dEn gty E AFoME Mh ABd dFd FAEE 22
229 AAH EA2Z A SOD(super oxide dismutase)®] EAdo sl A3
B3 HA a2 Ae ol steAde HESRA A AREFRE
Vero(African Greem Monkey Kidney Celis)9} CCL13(Human liver cell)2
Abgate A Alge] dig d4E a3 E ZASIAT

1) A AbAZ(active oxygen radical species) A A%

MA ANEE AEFA HAF 3= 18ue/meo] HA H7Estd 18 A7 Wi YF
5 A Hgsleg A22 ALgs9 e Hydroxyl radicalel 53 %< 0.1M
o] QA g% Lol(pH 74), 10mM NaN;, 7mM deoxy-ribose, 5mM
ferrous ammonium sulfate, 0.54M NaCl A& ztZ} 333u4 H7hstxn A
AFEe ANEA50)% 2(18Huw)e datd 2007t HA 32, e E
200 Ho) o] EFAL 337C FL FRoAM 158 st wE F
AN NE 30uUE Hstd 81% SDSEA 75u09 20% €A Z4F 50048,
2 s F7tstd ¥ 1.2 % TBA(thiobarbituric acid) €& 333uE& %
o] I A& thg 3087 Folm MM WA F 800xgdlA 5&3 4
AlRg sl d& A=A E Spectrophotometer2 532nmolA EJEZE F
A BEF ABMd o8 AATH dzde FBE A ol&stdo
AA3%EE Atsdd.

Fudl

hydroxy! radical®] 443

2) SOD(super oxide dismutase)9 &4
g4 AAZE radical®l AA ‘ALY SOD 84S FAHs7l AN
Oyanagui $%°7 "9 wile] wet HF SE7F 18u/md 2zt MA A&

0.lmlol Z=84 05ml, AA2%(52.125mg of hydroxylamine+102.1mg of
hypoxanthine/250ml D.W) 0.2ml, BA|%(20ul of xanthine oxidase*

_78_



0.9939mg ethylenediamine-tetraacetic acid/26.7ml phosphate buffer, pH
82) 02mlE #H7F E§std 37C 2 FxAAM 408 HA% F C Al
(300mg of sulfanilic acid+N- I-naphthylethylene diamine/500ml of 16.7%
acetic acid) 2.0mlg H7} H&olr 2082 H X F spectrophotometer &
Abgste] 550nmAl A EREE FAHst FE FFM oA SOD(super

oxide dismutase)® A% ot
3) AA AR R (X)Y,2)d o &4 i AAS
A9} A alcohol WAL, LA Fo o8] A4

2
DNA&E4AE dod ©F 9ol FXaln], 4F Fo ol ¥4 2

o] &4 A #&tiZ scavenger® WHEAFIE oA AW NF T
3

FAZL Az & AEQA A A o]2d scavenger?t E Aol
FLEYEY® 2 Ados Ma HEo uehwate o FMALE A
A AESng A AA wo| 715e wsl nz shych

7}) Spin trapping® e} 9% ESR &3
Xanthine - hypoxanthined] & A Ao o3} &4 A& 2AA4 DMPO
(5, 5-dimethyl-1-pyrroline-N-oxide, Labotec, Co. Ltd)2A& &AL E
BE3A vZA ARG BILA(DMPO-0z-adduct)E ESR spin trapping ¥
ol ©§ SOD AL =43E Kohon S B Pe osf 25stuc),
1}) mjepurspel =34
vjokitge] HES vjepdAHAEI(CLD-110, HALEFENE ol & 3to

350-600nme] Aol LAsE mopdel ¥ a2 T ulbuRy

..,-’?9...



o g
. FdAd L GAE AT A

Az 712 AE ¥wE HIFES T JELLEW oy o259 A
84 220 A s ® Fd AU dAEN A7Ut g2 Y
Ha Qo gey FUdXE ol AE wa AEe g3y 75
W A77 ved Aot @M B AFdME ML NEEY ¥EA
&4 4¥eze Y AEF R T AR HAEF A HAE 54 E F

o4 mze 2R
1) AE 549 95}

AE B4 Hrt 4¥L MHAEFEZ CCL-13(human normal cell)#}
HepG2(human liver cancer cells)& Al&3tgen, 24 NEXFE DMEM
(supplemented with 10% fetal calf serum)®i=le] 1x10° cells/meo] = A
AZE G 4T Fo Mi: ARE TEEUE HU8IAT. 2443 WG F
AEE wig &714 EFAA du|F o2 AXTE SAHGAY

2) & AX 4% JATs

AE 54 7t 3 Addydo] nIdd A Adedio] ¢+ Yx A8E
AHgstel FAE R AR AXel U 4F dAAsoz YAHS Frrerd
o AEFZ 07~10x10cells/neo] HA HESF F, AX] A4 oY
AL HH%*. L710M 3N & Hu|HPoz HNESFE ZHsPon, &
& ANZH Pohg st 43 2rld FoF AR BRsY



3) BAl AAvt vAE AHAEY AL &2 A

Interferons A4F H7tolE FS-4(human foreskin fibroblast)& AhH&3t%1
o AXFE 10% FBSE X %3 DMEM(Dulbecco’'s Modified Eagle’s
Medium)HiZE Y1 d4 ARE HAF T/t 0py/me] HEE FJ7te
% 37C9 5% CO: incubatordl X 6~79 Aoz Al wiFsdA 24
o &ttt Viruse interferons A #F & $3t VSV(vesicular stomatitus
virus)& AH&3tAH.

Ax A& #7to] @& interferons A4 WHE g 2o

7bH) Priming
FS-4(1 X 10%cells/me) & FBS $1& DMEMZ 291 4o1F th& 1% FBS7t
¥3t9 DMEMol tAl ¥& ¥ interferons 50U/méE H7tsted 37Tl A
16412 T2t

1}) Introduction
Cell® serum@l®E DMEZ 2¥ #MolE ¥, inducer24 Polyl - PolyC(50
ug/md), cycloheximide(10ug/m¢)E ¥ 34CAAM 4412+ 2t widstEot ¥l
%f & Actinomycine-D(1ug/me)E ¥ 34Tl 2417 wi¥ s F, medium
< AA3T cell& serum §1E DMEMZ Ao FUo.

t}) Production
37°C prodution medium(DMEM + 05% plasmanate)ll ¥4 A&E& %
Zt A7tsn, WA A2 BA ¥ sampled WX F(contro) 22 3o |
A & 08 258 30CE 257 2447 Fol supernatant® T3 3HA
t}. culture fluidsE 1000gel Al 10#7F centrifugedtz -70CoA A& &
& w7tz BB
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2}) Interferons assay

Interferons standard : FS-4Z 5X10°%ells7t 5|£2 96 wellol £33t
Interferons standard® 1/2% 94202 A3 £ plated] 20uLE Z+ well
o] Mrtstn Yoz 70448 2% FBS7F £3€ DMEZ A9 37ColA 244
b owlrstgch welld VSV(I0,000PFU)E 1048 HIF3tn 36410
(interferons& YA &< samplec] 25 destruction® AlIb) F 50%
destruction® =& dv|Z oz AFdo 7|F22 AUH.

M Ag 2 Aax AEE A €2 sample(HET)E H7lstd A
& interferons sample® GAME A8l interferons standard$t vhzt7t
A2 205 2t wellol 789 UolA] 7048 2% FBS7F £3d DME
2 Ay 37CAA 24417 sigdE Fo] welld VSV(10,000PFU)E 1048
HEstn 3641 F 50% destruction® TEE 7IF22 ¥ interferons ¥
T2 31 84 W+ F59 interferons B4FE AH4Esn 2Tl v
WY ot

uh) ALY &9
Interferons AAteEg A& Fo 96 welldA 2F3HE AA}T 05%
crystal violet, 40% ethanol in PBS £ 9%& 504 ¥ AEE 102 2
A dMsln gMde AAY F PBSEYez 2d #& Fo Olympus
automatic photomicrographic system(PM20, USA)& At&3t Al E &
g 3tA .

ul. M A A 59 apoptosisol] &I AT

Ax ANEZF 5F fAaz Aud s AA Wl Arle Byggsh
AXEe} BAHo)x B3 MEE HIHoz AAsE 71F<2 apoptosisel
e 93 Amrgid.
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HepG2(human liver cancer cel)l& #F3t1 24A1F Fol A Alg
3-TMS-2, 2-TMI-3& 404/me7b S A #H7bsted 72412 vl § DNA F
Z3 AAE AA electrophoresisE 33t}

Bacillus sp. SSA3c]l At Mao HA dAER 7154 XAE F
oA MA A F Ao & AEYH FZ A4S dux g =
3 2 Aag ookFoly (Y BE)NFLE AL 7He @ Ad Wi 7
871 fste] gEddeld 2 Mao HX oMo sy, FIA, ¢
AE A% da% 2 interferons JAF &7 & ZAMSAC

7}. TLCOl 213 AA| AAYH 7154
D a9 FEddoly 4

AE @4 9 Ao MAE YAste L ET A Bacillus sp. SSA3S £
Mre BEAHY 7 {2 EAQ Aflatoxin Bi(AFT Bl i3] 50%3 =
o] FEAMo S Yz Uttt HAY HAo FEAW|AALE HUst7]
¢}l histidine auxotrophs?l Salmonella typhimurium< ©]€3t Ames test
stk 134 TLCR 2@ MAs(P2-U1, 112, I} wthd Azs
Table 58 Zo] mycotoxin®] ¥ZQ Aflatoxin Bi(0.5ug/plate)ell A&
z2+zt 88%, 62%, 85% AT EAWOIALE ZAAZS9, 2-Amino-3-methy-
limidazo{4,5-flquinolinc(IQ)ol dial M= 7z 70%, 82%, 80% BT #aA
HBozm o] F B e ofF Zg FEAWEE HENUY. °]
£ MAE 23 TLCEZ A/ A Iz EdAedH, 228 HreP2-
1-1,2,3,4, 112-12,34, 113-1)ell thgt gEdWo]d S ZASE A= Table

l



Table 5. Inhibitory effects of the sample against

various mutagens for Salmonella Typhimurim TA98Y

Revertant/plate
Treatment(ug/plate)? p Inhibition(%)
Avg = SD.
Control(AFT B 0.5ug) 170 = 38
ps-111* 20 + 2 88
PS-112 64 = 32 62
PS-1I3 25 * 9 85
Control(1Q 0.02¢g) 343 * 166
PS-111 104 = 36 70
PS-112 62 * 15 82
PS-II3 79 * 9 80
Control(PHIP 0.2ug) 521 = 133
PS-II1 375 = 228 28
PS-1i2 418 = 231 20
PS-113 539 =+ 81 -3

b Antimutagenicity assay was based on the priincubation method
described by maron and Ames. S9 fraction was prepared from the
liver of Sprague-Dawley male rat injected with Arochor 1254(500mg/
kg body weight).
2, Control(Mutagen only)
Reactant(Mutagen + pigments ; 200ug)
1. AFT Bi(Afatoxin Bi)
2. 1Q(2- Amino-3-methylimidazo[4,5-flquinolinc : Ci1HioN4=198.23)
3. PHIP(2- Amino-1-methly-6-phenylimidawo{4,5-b]pyridine M.W=
224.26)
¥+ Mean * S.D. of triplication and mean value was obtained by
subtraction of spontaneous revertants(11+3)
D, Pigment samples fractionated from lst TLC by developing solvent,
n-Buthanol : ethanol : water=3 : 2 : 3



6ol A9k 2ol AFT Bi(lug)ol wisiME 625~79.03% B= ELQH
ZaAzed, 005ug IQA tsiMe A2 7415%7HA 8 FEAWlA
VER AT

oX
o

vlo

2) AXE 54 84

dT AE LE HEELS F& JEdEET oy, o289 A9y A
Ao o3 Y ARz Uds A7t Ly FYHT Yo 2 W
dME o}z HE LR AFY FAe Ui A7t v dHog.
gA B dAFolMe M4 ANEE o] &3t TNF(Tumor necrosis factor)&
Atk a2l A e Macrophagedl F4 & 3ol disirM dotri TNFE
fx3td GHEY CytotoxicityE A3tz Aot Aie wad i+
o AX 34 gAML 2FEB(TCP)AE AT F4 E4o o 2
211} Table 7914 BE upe} o] AAZ Alg FAA P1-2, 3, 44 5N
2ol waA 107~111%9 248 JetlAoh o] Ades Mk JEe

vjAe Yrel YT B4 Axe] EAE AL Aok olF AR Y
A A4 AEQ BAZS 2P 7 08 AFse AU, =E BL o

37e] MEEZ AT cytokineS FH|EE THES BE wgg 238
T e RARE o] F HF YHAMEE nylon wool column¥el °js B
HES TAZZ 283 To YIGAXE F4] o] oA MFH AUA
2 AEsol & Zolth ®3 AT ST} AT} 22 in vivodl o]
Aol 27} W macrophage® tumor necrosis factor-a & #H]ol| ojujg J

g 0l Aol g AH HSe AESFLA P

-



Table 6. Inhibitory effects of the sample against

various mutagens for Salmonella Typhimurim TA98.

Revertant/plate
Treatment(ug/plate) Inhibition(%)
Avg ¥ SD.
Control(AFB,; 1pug) 492 * 13
PS-111-1" 140 =+ 26 71.77
PS-111-2 179 £ 120 63.91
PS-I11-3 151 = 30 69.56
PS-111-4 136 £ 54 72.98
PS-112-1 104 = 10 79.03
PS-112-2 134 =+ 33 72.98
PS-112-3 188 == 29 62.50
PS-112-4 159 = 31 67.94
PS-1I3-1 143 = 3 71.17
Control(IQ 0.054g) 1675 * 218
PS-II1-1 433 * 51 74.15
PS-Ii1-2 1140 * 184 31.94
PS-I11-3 1164 * 151 30.51
PS-111-4 81 = 60 46.81
PS-112-1 888 = 174 46.99
PS-112-2 654 * 52 60.96
PS-112-3 995 + 100 40.50
PS-112-4 642 £ 149 61.67
PS-113-1 580 * 55 65.37

1

1

n-propanol : NHsOH : water (6 : 3 : 1)

; pigment samples fractionated from 2nd TLC by developing solvent,



Table 7. Effect of pigments on growth of C3H/HeN

spleen cell.

Pigments" Ratio of cell  Significant
growth (%) difference

PS-11-1 99

PS-1I1-1 101

PS-111-2 107 .

PS-111-3 109 i

PS-111-4 111 .

PS-112-1 98

PS-112-2 99

PS-112-3 99

PS-112-4 99

PS-113-1 98

b pigment samples fractionated from 2nd TLC by developing

solvent, n-propanol : NHsOH : water(6 : 3 : 1)
* P<0.005
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3) M4 B4 A4: AAT

Zt9l A, alcohol WAl BAME Fol o8 HHHE 8442F gdze
DNALEZS dod w3 Whg4ol FHs6iny, 44 A & L9 20%
A7t ol 8A44AT Yo o dojddun st AF Fo o)E

g3 aFo] EA4 Al &Z scavengerg WHEA7E vl wAFch Uul
AEF F THYEE 22 7 AFQA 3, AN o] § scavenger?}
EA%e] FRHJd, & APole M2 HJEY vbdFo o 44
2% AASE HAENEZE A ols i KA Yol 715E Wz 3
At

HOOH, HO -, LOOH -, LOO -, LO - & active oxygen radical species
(X)e <UJA WM DNAg @i 225 &4AA AW & F <%
20% 3 =2 AN Ao 2y A AA deAMe HF F catalytic
species(Y), 92X phenolF< flavone, catechins, gallic acid %
antioxygenoll 93 B 4d4Fo] 2AHLEN O B 9 f2s
g3 ok & H o= receptors ,Z, (¢l DDMP, saponins, CHsCHO) % o]
EAgezn Y HAEE v Feol «¢@A Ut & chemiilumine-
scence intensity?! [P] = kIXI[YI[Z] ol Ad¥AHo=2 ¥HA Yt} ol&
QA WolM EHUAAFE AHAT catalytic species(Y)To] ol
receptors(Z)e] EAZ w7t E F USE X3 W o] Hix ANEESY
g4 Ax AAFFig 3DE ZAbs 2 2 EE M4t 52 g4 Ada
o] AAFTE Yelden, O F PS-1I2-112 controld] vl&] °F 400%Y4 =
< 84 242 AAS UASE FAEA

T M2 A EEY receptors(Z)ZH Y &L ZAls] & A Table 89
Mgt o] olg MaE 07 22—» HOOH—HO - 9 #¢ % HOOH
A M= Zrecepton)ZH & 750l 1oy HO: o sl & 7150 U

t Eolg 432 23 g0l ANAHIAF BHe M2 e ALY,
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Fig. 31. Effect of pigments on super oxide dismutase

(SOD) activity.
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Table 8. Pigment samples as receptor(Z).

H20: OH -
Pigments"’
Y z Y YA

Control” 100 100 100 100
PS-II1-1 3.7 0 83 65.0
PS-111-2 74 0 5.8 83.3
PS-I11-3 37 0 30 83.3
PS-1I1-4 37 0 50 83.3
PS-112-1 11.1 0 8.3 76.7
PS-112-2 -3.7 0 10.0 56.0
PS-112-3 74 0 58 85.0
PS-112-4 11.1 0 50 75.0
PS-113-1 74 0 15.0 65.0

Y. Pigment sample(1.0 mg/m¢)

2, Control(X ; active oxygen radical species ; oxidants)
Y (1.0 mg/mé galic acid ; catalytic species ; antioxidant)
Z(2 % CH3CHO ; receptor ; prooxidant)

HO - ; generated by Fenton reaction
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ol M7} aflatoxin Biol tis) &AWl &3, A 4 AMES
Z4 gzt gloen, 34 Adx AAT R HUNLF AATE FeAAE
A7 AL, YA WelA o F F2Lo] oW, FL anticarcino-
geno2M 9 d8e & & o Agdch(Bacillus sp. SSA3°] A
e o] My IRy g U] HdHMe MF AN B T &

Ah FoluZ UM FaRo] g 7heidol Ba)

. HPLCel 9@ A 3434 7154

1) &AW

AAG Axre FEAcldLd S #Ur A, HPLCZ £ HAT
M AS(TMS-1, 2, 3, 4, TMI-1, 2, 3, 4, 5l i3l histidine auxotrophs?l
Salmonella typhymurium TF& o©|&3 Aflatoxin Bi, 2-Amino-3-
methyimidazo(4,5-flquino-linc(IQ)°ll ™ & Ames test& 3ttt Table 9
odlAg} ol AFT B9 v=¥2 A¥E A S typhimurium TAIB TF
2 A3¥% TCP(crude pigment) Z5 12 46%9 FEAMe] 23S Y
e oy, S typhimurium TAI00 52 A¥F ZF+ M2 A8 TMS,
TMIES WAz ¢e g5dvo] A4S YUY ol& HA MY &
Ed¥o] a¥E ANEY FEV} EETE FEAY] AFHV Fol HoH,
TMS-1A187} 5367%2 713 & AFE Jetuidith. Mutagen IQo o
A E Table 100149 o) A2 50%0]4e dEd¥o] ARE Yehl
o, 1 F TMI-3 A&7 656.9%=2 713 A yetxtoh 23 HPLCE
A MA A8 2TMS-2, 2TMS-3, 2TMI-2 2 2TMI-38} &AWl
A#E Table 110lM 9k Zo] 2TMS-3 Al&9 ZA¢ FFo wet 8530~
99.82% AE9 ¥ FEdWol A7t etk oy, Table 120149 2o
2TMS-2 A&7} 86.58%, 2TMI-2 A 87} 84.85% 2 & #F=Awo] &7

-91_



Table 9. Inhibitory effects of the pigment samples

against AFB, for Salmonella typhimurium”.

Treatment Revertant/plate Inhibition(%) Strains”

(ug/plate)? Avg = SD® 50" 100 200

Control 1532 = 73 2
TCP 1336 + 188 46 1
TMS-1 1244 * 116 1880 4421 5367 2
TMS-2 1148 + 114 2507 3524 3866 2
TMS-3 1044 £ 37 318 3768 3768 2
TMS-4 1070 + 24 3016 2349 2969 2
TMI-1 1118 + 18 2702 2284 3067 2
TMI-2 1046 + 44 3172 930 3556 2
TMI-3 1294 + 171 1554 2414 4062 2
TMI-4 11499 + 173 2500 2822 380l 2
TMI-5 1443 + 80 5.81 245 2773 2

v Antimutagenicity assay was based on the preincubation method
described by Maron and Ames. S9 fraction was prepared from the
liver of Sprague-Dawley male rat injected with Arochor 1254(500mg/kg
body weight).

2 . Control(Mutagen only ; AFB; 1lug)

Reactant(Mutagen + sample 50, 100, 200xg)
1. AFT Bi(Afatoxin Bi)

¥ . Mean * SD. of triplication and mean value was obtained by

subtraction of spontaneous revertants(11*3).

? . Concentration of pigment samples(ug)

¥ . used strains(l ; S. typhimurium TA98, 2 ; S. typhimurium TA100).
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Table 10. Inhibitory effects of the pigment samples

against IQ for Salmonella typhimurium.

Revertant/plate”
Treatment(ug/plate)” . Inhibition(%)  Strains
Avg £ SD.
Control(IQ 0.3ug) 745 % 71 S. typhimurium
TCP 179 = 36 10 TA98
TMS-1 306 =+ 115 58.93
TMS-2 394 * 20 47.11
TMS-3 314 = 64 49.93
T™MS-4 437 = 52 41.34 S. typhimurium
TA100
TMI-1 1118 *= 189 2.68
TMI-2 1046 =+ 44 52.62
TMI-3 1294 + 171 65.90
TMI-4 1149 = 173 60.54
TMI-5 1443 * 80 64.83

b Antimutagenicity assay was based on the preincubation method

described by Maron and Ames. S9 fraction was prepared from the liver
of Sprague-Dawley male rat injected with Arochor 1254(500mg/kg body
weight).
2 . Control(Mutagen only ; 1Q 0.3ug)
Reactant(Mutagen + sample 200ug)
1. IQ (2- Amino-3-methylimidazo[4,5-flquinolinc : CiiHioNs = 198.23)
; Mean * S.D. of triplication and mean value was obtained by
subtraction of spontaneous revertants(TA98 @ 119433, TA100 : 105
135)

3
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Table 11. Inhibitory effects of the pigment sample
2TMS-3, against AFB, for Salmonella typhimurium®.

Treatment Revertant/plate Inhibition h
2 - - o Strains
(ug/plate) Avg * SD. (%) ‘
Control 413 £ 110 S. typhimurium
2TMS-3 219 £ 100 88.18 TA98
Control 452 + 113 S. typhimurium
2TMS-3 516 = 513 99.82 TA100

b Antimutagenicity assay was based on the preincubation method
described by Maron and Ames. S9 fraction was prepared from the
liver of Sprague-Dawley male rat injected with Arochor 1254(500mg/kg
body weight).

2, Control(Mutagen only ; AFB, 05ug)

Reactant(Mutagen + sample 200ug)
1. AFT Bi(Afatoxin Bi)

; Mean * S.D. of triplication and mean value was obtained by

subtraction of spontaneous revertants(TA98 : 103+13, TA100 : 150

+25)

3)
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Table 12. Inhibitory effects of the pigment sample
against AFB; for Salmonella typhimurium TA100".

Treatment Revertant/plate

2) T Inhibition(%)
(ug/plate) Avg * SDY
Control 365 * 32.63
2TMS-2 165 £ 21.04 86.58
2TMI-2 169 £ 44.17 84.85
2TMI-3 172 £ 4879 49.78

R Antimutagenicity assay was based on the preincubation method
described by Maron and Ames. S9 fraction was prepared from the
liver of Sprague-Dawley male rat injected with Arochor 1254(500mg/kg
body weight).

2 . Control(Mutagen only ; AFB; 0.5ug)

Reactant(Mutagen + sample 200ug)
1. AFT Bi(Afatoxin Bi)
¥ . Mean * S.D. of triplication and mean value was obtained by

subtraction of spontaneous revertants.
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g Jehdiioy, 2TMI-3 Al59 ¢ 4978%2 vli3 WA Jebxtt}
HPLCZ HE AAF M4 £ 3TMS-2, 2TMS-3, 3TMI-2 ¥ 2TMI-3
ol aflatoxin By o} did Fxd FEAMo] Ao didlg ZAIG AE
Table. 130149} Zo] 2TMS-2 A8E A8 ¥%7 37 €42 JEdA
o] 77} A YUeby 400ug H7F A 922%9 A &A3E B
2TMS-3 A8 AlE 5% 50mE /sl e 9 96.08%< HEAR
&35 BPon], 200z H7b AlolE 99 82%9) ¥ oA ERE BT
3TMI-2 A8t #H3 8685%(300ug)el A4 EHXE Yeltod,
2TMI-3 A18& 393~49.78%¢ ¥l2d W& oA A#E Jeluid. Fig.
oA 9} o] HA ML AR FRE FEdWe oA AYS Hd
TMI A 59 2% 300pe H7HA e A3E BPou, I ojF 9 Fkd
Me &3t 24 stgo. TMS 89 3%, 3TMS-2 Al8E A9 5%
7y F7F 4% A 3t A& FUt st R, 2TMS-3 Alg e 200ugol A
Hoel A3 BYon, 2 olF9 FRAME A4 A Za2 Ak
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Table 13. Dose inhibitory effects of the pigment sample
against AFB, for Salmonella typhimurium TA100".

Inhibition(%)

Treatment
(ug/plate)” 50 100 200 300 400
3TMS-2 79.46 84.3 87 91,52 92.2
2TMS-3 96.08 96.10 99.82 95 94.83
3TMI-2 77.39 80.84 83.40 86.85 84.77
OTMI-3 417 4378 46 49.78 39.3

R Antimutagenicity assay was based on the preincubation method
described by Maron and Ames. S9 fraction was prepared from the
liver of Sprague-Dawley male rat injected with Arochor 1254(500mg/kg

body weight).
2 . Control(Mutagen only ; AFB; 0.5ug)
Reactant(Mutagen + sample 50, 100, 200, 300, 400.g)

1. AFT Bi(Afatoxin By)
¥ . Mean * SD. of triplication and mean value was obtained by

subtraction of spontaneous revertants.

- 97 -



' o—o == = =—4
/ —— T v——
80} I,_// - -y
= L
S ]
Fd —_——
£ ol lly—V T~y
I/
& TMs2
20 -i/ O TMs3
I/ A
0 50 100 150 200 250

Concentration of pigment{(ppm)

Fig. 32. Dose inhibitory effects of the pigment sample
against AFB; for Salmonella typhimurium TA100.
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2) ¥is a3

7} Vero (African Greem Monkey Kidney Cells) A|XF+Z& o]
£33 43 a3

(1) &4 AtA(active oxygen radical species) A A%

Vero A EF2 A83 A Fig. 33, 34009 Zo] MA AlE55E H
74 M gAE FolA hydroxyl radicald Z4ag°] 7MY & RE TMI-2
ol e controldl HEA Al Z hydroxyl radical?] ZHA&ol Ehou,
TMI-5€ 2318 & Aoz yetwt. TMS A &A% controlol ®]3h
A hydroxyl radical?] ZA&o] Esten, 1 FAME TMS-2, TMS-39]
Zagol /R &L Aoz deyd. 99 A34E EYz Mo Fass

o TMS-2, TMS-3& A9l a3l gz 442 JAsgn TMI-2
TMI-1,TMI-3, TMI-4¢] €22 g4sso] e & & ok

(2) SOD(Super oxide dismutase)?] A

SODEA Z71 &35 MEF Vero2 A¥% A7 Fig. 35 364¢ 2
o] MA ABREEL H7IE sampleEol H7IsIA %2 controlol] ]3|
activity 7} & A& TMI-1, TMI-20] 25 TMI-3, TMI-4, TMI-5& £
gal WA vebwch meky M4 Al87F Vero celle] wigdo] HIMEAE
] SOD activity® A A= &= Aoz BAY TMSY Alxg
%ol & controlol ¥]&] SOD activity7t ¥2 Al&E TMS-4¥ol1 yv
A A|BEL activityZh 2318 ¥& Rog UElYA SOD activityg &4
stz ®ate Aoz Yelwt ol SODY 713 JUZFES MAvt
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Fig. 33. The antioxidantial effect of TMS pigments

produced by Bacillus species SSA3.
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Fig. 34. The antioxidantial effect of TMI pigments

produced by Bacillus species SSA3.
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Fig. 35. Comparison of SOD activity by adding of
TMS pigments produced by Bacillus species SSA3.
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Fig. 36. Comparison of SOD activity by adding of TMI

pigments produced by Bacillus species SSA3.
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Ay zHFozA Axo SOD A4 e Aol Ao veld d4e
A=), AF MaE SODY 28 Eaxe 848 TPz A gz
o] AAE vetde BHEHY FAstsRdE AP A 22 hydroxyl radical
S ¥HFozA FissE /HAe e Algd

t}) CCL13 (Human liver cell) Al X2 o] &3 343 3¢

(1) 8422 Z(active oxygen radical species) A A%

M Algol 9% CCL13(Human liver cel) MEFE o] &3 s =
el = Table 149419} o] hydroxyl radical®] Za gl 713 ¥
& TMS-4(69%)°11 2™, 15~52% A =9 hydroxyl radical®] Z4E& B
om, TMI-32 238 ¥& A2 YeKT

HPLCE &HZF AHAZ MA: A& 3TMS-2, 2TMS-3, 3TMI-2 ¥
2TMI-30] tiste] &AL F(active oxygen radical species) AA%T &
7 Table 15914 HE bvie} Zo] ol AgE FULF AATL 7
8~99% A=2 v A YEIen, A8 T 2TMS-2(99%)7F 718 =2
AAELS Bgon, 2TMS-3(97%), 2TMI-3(85%), 2TMI-2(78%)8] ¢o.2
AMASol EL Rog Yehd olE Mi AlRSe] ¥ PAst aRE 7}
A& ¢ & Atk

,,
o
Sl

(2) SOD(Super oxide dismutase)2] &4

M ANgo] diF SOD €4& xAE Z3} Table 169149k o] M
NEE H7Me samplegol #71eHA 82 controlol Bl#| Aol YEIYXA]
2t

HPLCZ HZ HA% Mi A& 3TMS-2, 2TMS-3, 3TMI-2 ¥4
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Table 14. The antioxidantial effect of pigment samples

produced by Bacillus species SSA3.

Concentration of Reduction ratio of
Pigment samples hydroxy! radical hydroxyl radical
(n mole/10" cells/me) (%)
Control 118
TMS-1 56 52
TMS-2 81 31
TMS-3 56 52
TMS-4 37 69
TMI-1 118 0
T™MI-2 101 15
TMI-3 204 -73
T™MI-4 79 33
TMI-5 - -

*(-) ; below detection limit
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Table 15. The antioxidantial effect of pigment samples

purified from second HPLC.

Concentration of Reduction ratio of

Pigment samples hydroxy! radical hydroxyl! radical
(n mole/10° cells/me) (%)

Control 738

2TMS-2 10 99
2TMS-3 22 97
2TMI-2 165 78
2TMI-3 110 85
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Table 16. Comparison of SOD activity by adding of

pigment samples produced by Bacillus species SSA3.

SOD activity Relative activity

i l
Pigment samples (mU/10%cells/ml) (%)

Control 0.76

TMS-1 - -
TMS-2 - -
TMS-3 - -
TMS-4 - -
TMI-1 - -
TMI-2 - -
TMI-3 - -
TMI-4 - -

TMI-5 - -

*(-) ; Below detection limit
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2TMI-39] SOD(Super oxide dismutase)ol] g @4 Table 17914 %}
Zo] 3TMS-2 A8 & 0.964(unit/me), 2TMS-3 A &&= 0458, 3TMI-2 A&
€ 0575, 223 2TMI-3 A&7} 0.96622 @A Yeldoh o]& Vero AlX
FE ol &3 Fitst A ALY FAfo Aol dAFTE B

3) A T4 &4

7F) Macrophage?] 52 &4 &34

M Alge H7be] wE macrophage(CRL-2019)9) 4] &3+ Table
18914 B & uvie}t o] TMS, TMIX&E HAZ 5~19%F8 =9 4 &x
£ Jetiligien, TMI-3, 45 A8 F9E 23d Fadte 33 e
o] o] Al89 H7lol @& macrophased 34 AFE Qe Ao B

Q.

Y) TNF-a9] 23 3¢ 53

MA A &E& macrophage ¥l F ol Fxd=2 Hrtstm 7241 YT F
Wkl & 1-9299) Hrteted TNF-o9 $EE 233 ZA3 Table 1994
o} o] TNF-a 9 42 33 nF HEHJxsd 2 FAA TMS-2 A&
ol Z$ 0.1ng/me, TMS-3 A8 7% 013ng/me] A4 &£3& Jelg
o}

HPLCZ HF AHAF M& A8 3TMS-2, 2TMS-3, 3TMI-2 & 2TMI-3
ol tid macrophage® F4 & &9 TNF-aol ¢ F¢ &#}E Table
203} 2191 A B uhe}h o] &A4o] vl A dety AXE F4 gFdE

338 wln@ oz AR
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Tabel 17. Comparison of SOD activity by adding of

pigment samples produced by Bacillus species SSA3.

Sample Signal Peak Height Radical SQD
(Mn) Amount (unit/m¢)

3TMS-2 (5mg/me) 15.80 54.40 0.964
2TMS-3 (Smg/me) 11.20 60.40 0.458
3TMI-2 (Smg/me) 15.60 74.40 0.575
2TMI-3 (5mg/me) 13.20 45.40 0.966
Gallic acid (1mg/mé) 12.00 9.20 5.847
Gallic acid (Smg/me) 15.40 5.80 12.353
blank 14.40 88.60 0.348
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Table 18. The growth yield of macrophagel) by adding

of pigment samples.

Pigment samples” Growth yield (%)
TMS-1 16
TMS-2 7
TMS-3 5
TMS-4 19
TMI-1 10
TMI-2 12
TMI-3 -8
TMI-4 -8
TMI-5 -10

Y - Macrophage(CRL-2019)
2, Sample(18 ug/me)
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Table 19. The production of TNF- a" by adding of

pigment samples.

TNF- a Production

Pigment samples

(ng/me)
TMS-1 0.09 -
TMS-2 0.10
TMS-3 0.13
TMS-4 0.08
TMI-1 0.08
TMI-2 0.09
TMI-3 0.003
TMI-4 0.003
TMI-5 0.001

Y . TNF- a (Mouse ; Recombinant, Sigma Co.)
Cell line : L-929(Cancer cells)
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Table 20. The growth yield of macrophage” by

adding of punified pigment samples.

Pigment Cell number Growth yield
samples” (cells/me) (%)
Control 1.3x10° *(-)
2TMS-2 96x10° )
2TMS-3 8.7%10° -)
2TMI-2 6.5% 107 ()
2TMI-3 57X 10° )

Y Macrophage(CRL-2019)
? . Sample(18 ug/ml)
*(-) ; Below detection limit
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Table 21. The production of TNF- a? by adding

of pigment samples.

TNF-a production

Pigment samples (ng/m¢)
2TMS-2 *(-)
2TMS-3 )
2TMI-2 0.02
9TMI-3 0.02

D . TNF- « (Mouse ; Recombinant, Sigma Co.)
Cell line : L-929(Cancer cells)

*(-) : Below detection limit
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4) 48 2 AL 4F dASs 53

HPLCZ H3F BAE M2 ANs5d Y AEF(HepG2) R T B4 AXE
F(CCL-13)0ll tigt AE =4 2 &Y &34E FHsAA

7hH AIX 549 Hrt

b AR NEed dg NEEY v5E ME 542 49 & ZH Table
220 A 9} 7o) 2TMI-3 Al &89 749 40ug/me °l/dallAM 17~34% FE9 Al
T EHS BYoY, O 9o M2 ASEL FY MEd dEtq 4T 54
€ JEtHA kot e AERQ] HepG2el Widt AE 548 49 & 2%
£ Table 239 A2} Zo] A& F% 40pg/molA 3TMS-2 A&7t 48% A
E2 /M4 & AHE 238 JehQden, 2TMS-3 Al&E 39%(40ug,/mb),
2TMI-30) 45%(100ug/mb), 3TMI-2 AE7} 37%(1004g,/mt) BES) ¥ & &
#E Jdeggden, ANE $=7t FHEFE FAEFY AME ARt A&
Z7bstQch. ol 4ol AF}E RBol 2TMI-3 A& E A|d & YRS A
4 AE(CCL-13)ele FFE AR FodA A E(HepG2)oll T 4L
oxE g2 Sol4dg JAle Rz Algdd.

) & AE B AT

M ABE g GAE 47 dASE 2AE 2= AL HAES
AAEo ] 2 A AR E Bole 2TMS-3 A& 3¢ Fig. 379
Aot ol GAEY %7 AFS AHeAY, A Sxde 2 ¥l ol
t ez Jewn Y MEd di@d 2TMS-39 4AE AA E3e
Fig. 36919t Zol 4% Asl axe QUe Aoz Jehgr oleig 2
2 Ho} 2TMS-3 A8 Az e ¢ ade vlvjsn, =8 J4
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Table 22. Cytotoxic effect of pigments on CCL-13

(Human normal liver).

Sample conc.

60

(ug/ ) 20 40 100
Egment samples
3TMS-2 0 0 2 3
2TMS-3 0 1 0 3
3TMI-2 1 5 7 0
2TMI-3 0 17 32 34
Table 23 Cytotoxic effect of pigments on HepG2
(human liver cancer cells).
Sample conc.
(pg/ul) 0 20 40 60 100
Pigment samples
3TMS-2 0 27 39 38 36
2TMS-3 0 24 39 38 36
3TMI-2 0 24 32 41 45
2TMI-3 0 15 14 32 37
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Cell density (cells/mi)

Time (days)

Fig. 37. The growth rate of HepG2(human liver cancer
cells) cells aaccording to adding 2TMS-3.

@ ; HepG2(0ug/md) O ; HepG2(40ug/mt)
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100

Cell density {cells/ml)

108

3 L 4 1 i
0 1 2 3 4 5

Time (days)

Fig. 38. The growth rate of CCL-13(human normal
liver) cells according to adding 2TMS-3.

® ; CCL-13(0pg/mb) O CCL-13(40ug/me)
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AEo YAME Ao g Hez Azdch 22y 3TMS-2 Algel 7
< Fig. 399149 2ol HA HAXe AR A5 Hrtd & &S &
2 ¢tou} Fig. 409149t o] ¢AEQ HepG2e A% £ 8 & 50% %2
A7l Reg YvEldt. 3TMS-28 A4 AHE(CCL-13)% LHX
(HepG2)F ol 40pg/m T2 A7t F wid 4d Ao 40u)& &EvF 212
< A9 E? Fig 41949 2ol JHAXF(HepG2)e BF A8 H7t Al Al
2ol YA 433 2SS ¢ F don, & HAE(CCL-13)9
ASE A8 HNEH 2HMAEA dT MEY YRV FARS & F
AUTH AE8HoZ MA A& F 3TMS-271 AE 54 9 Aol 73
Fon TF GAZA de Solde AL Aol AFHYTH

o
ol2gid Zx2 Hol FEAWoY ¢ MUY FIAHE MW o] HMi A

BEL 754 AZEozMo 43 ¢ YgEsdWold dFFoZAMY F9
Al Ao THEE AAMElY A E L oFF oz At§o] LoldtElt A}
894

) AA Rzt vXE AEHHE] A% BY 2A

M ANge Hrtol W& interferons A4t @3 AIE Table 24914
9} o] 3TMI-2, 2TMI-39] A&9 ¢ 23%9 44&& Yz, 2
o] ®ls] 3TMS-2, 2TMS-3 A8 7% controlol Bl&} 17%9] 44&0]
Z71% Aoz Jebgt £ o5 Algd diste VSV Y A HEY
lysis® Bag AT Fig. 42914 AE VSVl Zdol S| @& MEolxn
B~GE VSV Zd® MEolgt B~Ex MAE 78l interferons&
ARG AEE Hug AEFoln Fe MaE #H7MstAl &3 interferons
g A% AR H7ME, GE interferonsE A4t @& AE 9 Aol

a2 AReA AL 2Fo] AYske AYY 4YL @ AL ¥ 5 AL G
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108

Cell density ( Cells/ml )

Time ( days )

Fig. 39. The growth rate of CCL-13 cells according
to adding 3TMS-2.

® ;. CCL-13(0ue/me) O CCL-13(40pg/me)
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Cell density ( cellsiml )

108 |

i A V- 1
0 1 2 3 4 5

Time (days)

Fig. 40. The growth rate of HepG2 cells according to

adding 3TMS-2.
@ ;. HepG2(0pg/me) O ; HepG2(40ue/ml)
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Fig. 41. 10 X magnification of HepG2 and CCL-13 cells

after 4 day culture.
A ; HepG2(0gg/me of 3TMS-2) B ; HepG2(40pg/mé of 3TMS-2)
C ; CCL-13(0pg/mt of 3TMS-2) D : CCL-13(40ug/m¢ of 3TMS-2)
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Fig. 41. 10 X magnification of HepG2 and CCL-13 cells
after 4 day culture.

A ; HepG2(Oug/me of 3TMS-2) B ; HepG2(40ug/mé of 3TMS-2)
C ; CCL-13(0ug/m¢ of 3TMS-2) D ; CCL-13(40ug/m¢ of 3TMS-2)
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Table 24. The effect of pigment samples on interferons

production of FS—-4 cells.

Pigment samples Interferons Relativel production
(U/me) ratio (%)
Control 10140
3TMS-2 11700 17
2TMS-3 11700 17
3TMI-2 12480 23
2TMI-3 12480 23
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Fig. 42. Morphology changes of FS-4 cells after VSV

infections.
A ; no VSV infection

C : treated 2TMI-3

B treated 3TMI-2
D ; treated 3TMS-2
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Fig. 42. Morphology changes of FS

infections.

; treated 3TMI-2
; treated 3TMS-2

B
D

; no VSV infection

A
C

; treated 2TMI-3
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Fig. 42. Morphology changes of FS—4 cells after VSV

infection.(continued)
B treated 2TMS-3, I ; control(sample without the addition of pigments)

(; . without interferons
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Fig. 42. Morphology changes of FS-4 cells after VSV

infection.(continued)

E ; treated 2TMS-3, F ; control(sample without the addition of pigments)

G ; without interferons
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AME7E A9 APEE 2S¢ F Utk FE control2A interferons& A4
71 stAAI I ol mmsle giREL AEI AlHE Ao AR
o wetM B~ET S VSVl o3t 2ol o & Mo &ato] Ags Az
HASE & 7 UM A A8 H717) interferonse] AL Z7HA17)
Aoz Algd

vl A M4 Alm9 Apoptosis §EE
AIX W apoptosis?t YoAYUH  endogenous endonucleasedl 2] &
chromosomal DNAZ} Adslo] 180-220bp fragmentZ} A=A ==

A7195 ¢ 43 DNAGHO] &= % ¢atti(data not shown). o)2ldt &

B2 Hol MA ARE apoptosisHFE WA & Aoz el
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3. 34&

TLCol 9ols) HAg M4 BEHEL aflatoxin Bioll W& 65~88%9 &%
A¥olds Yelliy, IQd dsiME 70~82% AT &2 JEAWMAH S
etk AE F4 84 AN E 107~111%9] & 848 ey
oo, BAHAMALE AT FAAE ZE MA BgsSo 2 AASS
Hetdo] ol MAE ofF 4% 7154 Ad AL ¢ F+ Ao

HPLCH g A #AAE 7|54 ZAM FEAH| P9 B¢ TCP
ANE7F 46% H=el EAE BQ 9E, TMS, TMI 285 & 50~66%2]
7 37td E3E BHeun, HPLCY s HF Hald Age Ase
2 gEdAgo] AH(B6~99.82%)8 eI 53], 2TMS-3 A8 9
€ 200pg/2mie]l FEZR 9982%9 ¥ ¥EdAWol g ehAct
gAtst Z oA hydroxyl radical A AT 78~99%7Hx 9] E3E el
Rov, TMS-2, TMS-3 Al&9 Z$eoe Ao fuisA etdzgy 44 e
A st SOD st @4 e A 488 e e RAeg v
wed ole M4 AJE7F SODS 2 49 AL FUAHLEA By
Ze] AAE Jede THAI YAstsEte A¥Ho=Z hydroxyl
radical € TEF 22X Fists g 7HXE ReZ BN,
Macrophage® %4 &4 9 TNF-eo 238 3¢ g3 A8 25 vy
sHA vEtgtey, 844 EddAe 2TMI-3S A3 g gEse A
4 AIZ(CCL-13)olle 79 |EE vAA FodM dAE(HepG2)TE 3
T~ HF =Y AAste Adr 715S 7tAH E£d, GARX Y F4 A%
€ M E Aoz #HHAT. ol AR Hol gEAH|d L 7HA o]
A4 AESL 7154 AFEozMY 4H 2 FEAMelY dGEoze
ol Al A FaHES AAstd AE D FF oz Abgo] &oste
2} Alg gt

0

o HE M

I
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interferons A4tel BE gAE M2 NgY HUZ Q&) 17~23% AR
YEIU Rl oo,

interferons®} A& FIAAINE o}F £43 s5A

[+}
apoptosis £ A}

o
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A4 - Bre FX

Bacillus sp. SSA3°] #dse FEAWE HLES 7154 AF ¢
ojepEo R sidty] M E MA: S A 2 FRo FHol R
stk A FQ dAEE dae ML T8 A8 AR € 2 P2

2 A®9351 92} st
1. A5 ¢ Wy
7F. AR 24 (Qualitative analysis)

Ion exchange chromatography® ZA A3 FE=AdolAd MA B P
d FEol gsE A A, @A A, AFAA A, ofUE o} ¥
dEo] T AE HHI AE A f8 B4 A4¥E 2 olrxAt
4L Yo AAE Hid did 2AHA A F(Benedict, Fehling,

7 9@ YA A (Ninhydrin, Millon

%

i

Molisch, lodine reaction), ©}v] x4}

reaction) ¥ A& AA B AM(Saponification, glycerol 2%)& &3,
t}. Amino acid 24

Amino acid®4joll¥ Pig-Tag method(Waters)s] wel =AAH M4 &
A 2mg€ 6 N-HCI(200u) = AFF F, 110TolA 24x7 vE-GAA
ArEastdoh Bedg Fg AR, 2006 S 5o A4} F E
Aol Al23tgch. 244l Waters HPLC system(510 HPLC pump, 717
automatic sampler, 996 photodiode array detector, and Millennium 2010
chromatography manager)22 Pico-Tag free amino acid analysis

column(3.9 X 300mm)& AF&3 254nmellA F &3 Ao
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t}. Azl T BY 2A(CH 2 BC-NMR nuclear magnetic

resonance spectroscopic analysis)

Mol 72 BA3 A IEE 7] 98 44 A8 7 Smge 05me
D0l %< %, BRUKER ARX 300 NMR spectrormeter® ©]-§3}o
300MHzol A 'H, “C-NMR spectrum® #4313ttt

2. A% 24 (Mass spectroscopic analysis)

Ma ANBEY BAFE 2 AHA AxE ¢r] 93 Mass spectrometer
(Hewlett Packard HP-5971)& A}83l9 EI ¥ FAB mass(fast atom
bombardment, Z&YAEAY )Y R xS 245

ul. A9A B3} JE FA(IR spectroscopic analysis)

HPLCE ®a AAE M4 A& Z+ 3mg? IR spectrophotometer{Perkin
Elmer 1330)2 Al83o 243

B}, 94 &3 %334 (Atomic absorption analysis)

HPLCEZ &=z AAg A A8EL Atomic absorption spectrophoto-
meter(Shimazu, AA-680G)& A3t &43 ot

Al 994 B (Elementary analysis)

e MA A®R zZt 2mge Elemental analyzer(FISONS, EAI1108
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CHNSO)E AHgste EAstglch

2. 4% ¢ n3

DAY 49

A Alzd dE A 48e P& Z 3, Table 250049 Zo] s g
# A Y AgdAAe Bgol veuA gten, oiuiln dwa
o F4 d¥oMe ¥4 H8E HehiUT ol AR2RE Mavt @
WEGY A Ee Y& ol oy o] ERIHUE AE ZAME

A ol 24E AlE ST

e

Table 25. Chemical reaction of crude pigments.

Reaction Detecting group Result Pigments
Benedict Carbohydrate Red pellet -
Fehling Carbohydrate Red pellet -
Molisch Carbohydrate Red-violet -
Iodine Polysaccaride Dark-blue -
Ninhydrin Aminc acid Pink, Purple +
Orange
Millon Protein Reddish brown +
Saponification Lipid Sediment -
Glycerol- Glycerol Irritant odor-
detection
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2) Amino acid A F 4

M Algol e amino acid B ¥ ¥4& & ZAFAE Table 26014 BE
Bto} g} 4o A8 Al 100mg ¥ % amino acid ¥ 3o] 7.838mgo
2 Yegton, ol M4 A8 F 10% "¢ gwAd Ehd0] £ 5o
AAY e 449 72 F IR Rolgda A€ ot i Fzy}
ot Atgto 2 o]Folx Uttn Bl i F oinjxat T 43
7t viF AA deEtwr] W&ol

4. TLCol )@ Mze A #38 7=

A4 WYL filtration®} ion exchange chromatography® A A3 3,
78 &olE 2 st 14, 23} thin layer chromatography2 £2]3t 23,
97he] 28E AU o] MA RS @Y BAY A, £ gE FRE
7t 2HEQ AE & ¢ HATE ZAHe7) 918 Mass spectrometer
9 'H-NMREA-S #atgch M4 Al TCP9 Mass-spectrume 241 %
23, Fig. 43014 B vhel o] Bxjako] 10000149 EA2 #AHU)

1H-NMR spectrum ¥4 Z 3} PS-M1-1Al&+ Fig. 44914, PS-111-24]
8% Fig. 45914, PS-T1-3* 8 Fig. 46914, PS-TI1-4A1& & Fig. 479
A, PS-O2-1A8 ¢ Fig. 48914, PS-12-2Al 8% Fig. 49904, PS-12-3
A &€ Fig. 50914 PS-03-1A &%= Fig. 513 520149 2o} MA BIE
= ¥8H22 WFl aromatic ring 71E€ #FF Roz debgon, &9
9 f<o] Btk o] EUAEL TLC plate A9 silica geldl A 2
Aoz olg{g EQJE2 Us) TLCE HAMG Mie T2 AH A1 435}17]
7b ob9- o 7] g o HPLCE thA] AAE A =stq).
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Table 26. The amino acid components of pigments
produced by Bacillus species SSA3.

Amino acid Ret. time Area Height Amount  Amount’
(min) (uV*sec) (uV) {pmol) {mg)
Cystein 3.365 783306 108663 1049694  0.102
Aspartate 3.732 4017931 643840 572328 0605
Glutamate 4.198 4286568 625101 6535976  0.764
Serine 7.015 2317771 315018 3055915  0.257
Glycine 7.332 4980208 761104  5874.828  0.353
Histidine 7.648 840108 123680  1077.282  0.134
Arginine 8.198 2041634 279061 2585852  0.360
Threonine 8.465 2404971 356593 3341939 0318
Alanine 8715 3629235 719925  5104.258  0.364
Proline 8.848 3258742 447054 3612898 0333
Tyrosine 11.382 9016851 1394933 11534494  1.672
Valine 12.282 3273989 439852 4717682 0442
Methionine 13.032 1084498 109588 1356.783 0.162
Cystein2 14.332 351683 32479 309.397  0.030
Isoleucine 14.965 2383937 290394  3237.052  0.340
Leucine 15.282 3033104 416734 3843005 0403
Phenylalanine 17.082 1452174 196786 2015282  0.265
Tryptophan 17.998 3347580 291618 3376088  0.552
Lysine 19.232 3930046 495797 3273840  0.383
Total 7.838

The amino acids were applied to a 30 cm Pico-Tag free aminoc acid analysis
column(3.9% 300mm) equilibrated with buffer A equipped with a Waters HPLC
systemn and eluted with a linear gradient composed by buffer B at a flow rate of
1 ml/min at 40TC.

Absorbance at 254nm was measured. Buffer A is 140mM sodium acetate (6%

acetonitrile), and buffer B is 60% acetonitrile.
* ; The amount of amino acids per sample 100mg.
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Fig. 43. FAB-Mass spectrum of TCP pigment.
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Fig. 44. 'H-Nuclear magnetic resonance spectroscopy

spectrum of PS-1I1-1 pigment(300MHz, D20O).
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Fig. 45. 'H-Nuclear magnetic resonance spectroscopy

spectrum of PS-1I1-2 pigment(300MHz, D20).
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Fig. 46. 'H-Nuclear magnetic resonance spectroscopy

spectrumof PS-II1-3 pigment(300MHz, D20).
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Fig. 47. '"H-Nuclear magnetic resonance spectroscopy

spectrumof PS-1I1-4 pigment(300MHz, D20).
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Fig. 48. 'H-Nuclear magnetic resonance spectroscopy

spectrumof PS-II2-1 pigment(300MHz, D20).
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Fig. 49. '"H-Nuclear magnetic resonance spectroscopy

spectrumof PS-112-2 pigment(300MHz, D:0).
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Fig. 50. '"H-Nuclear magnetic resonance spectroscopy

spectrumof PS-112-3 pigment(300MHz, D:0).
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Fig. 51. '"H-Nuclear magnetic resonance spectroscopy

spectrum of PS-II2-4 pigment(300MHz, D20).
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Fig. 52. '"H-Nuclear magnetic resonance spectroscopy

spectrumof PS-II3-1 pigment(300MHz, D-:0).
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t}. HPLColl o & M4 AA Y +x

HPLCZ AHA$ 2TMS-2, 2TMS-3, 2TMI-2 ¥ 2TMI-39 Fx £4
2 A AR(EYEY FH)E A7 A8, AF E4(Mass
spectroscopic analysis)® 'H 2@ “C-NMR spectroscopic analysis, A 2
BF T EM(R spectroscopic analysis), 92 &3 ¥ 34 (Atomic absorption
analysis) 2 94 ¥4 (Elementary analysis)2 83ttt

1) ¥ ¥4 (Mass spectroscopic analysis)

Ha Az BAF 2 B4 A=(E(]EA FFIF 97 A%
Mass-spectrometer ¥4 Z =z = Fig. 539 TMS-1, 2, 3, 42 &, Fig. 549
T TMI-L, 2, 3, 4, 54189 mass-spectrumolt}, ©o|& Z#EZ Bo} MAi
ABES ExFo] 200001402 £ gd
A2 AR 2TMS-2, 2TMS-3, 2TMI-2 2 2TMI-32] #2213 100008} ¢
2 AeHE #As7] Yl El-spectrum$ 45Nt 1 Ane Zz
Fig. 55, 56, 57 ¥ 5831 v}, HPLCE #HZF AHAFT M4 A8E9
FAB-spectrum &4 Z3& Fig. 599 3TMS-24] &, Fig. 60414 2TMS-3
A&, Fig. 61914 3TMI-2A1 8, 2TMI-3A 8 9] spectrum< Fig. 6294 ¢}
Zol BEXAF 20007 A peak7t WtEb Ro2 Hol Exlggo] 2 EAz
FA3dd.

A

2) 'H 2 BC-NMR spectroscopic analysis

A28y 249 'H-NMR 24 ZzdE TMS ABE& Fig. 63914,
TMI A8&EL Fig. 649M9} #o o A8 EF  saturated
alkane(CHzCH2) € /% 722 Yoo, TMS-2, 3 2 TMI-2, 3, 44]
89| ZA$< aromatic ringg ¥/ 7R eyl
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Fig. 55. EI-Mass spectrum of 3TMS-2 pigment.
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Fig. 56. EI-Mass spectrum of 2TMS-3 pigment.
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Fig. 58. EI-Mass spectrum of 2TMI-3 pigment.

149 -




1003110.1 2.9ES
953 Ez.ves
90 £ 2. 6ES
85 2. 5E5
80 E 2.3E5
753 E 2.2E5
703 2. 085
653 1. 985
603 £1.7ES
55.] 1. 6E5
50 £ 1.4E5
453 F1.3E5
a0 | 2021 E1.285
35 E1.0E5
303 4qq 41213 { 8.7E¢

E7.284
t5.8E4
b 4.3E4
£2.98¢
513.4 E1.4E4
WA ) 8326 0. 0E0
" abo s00 800 1000 1200 1400 1600 1800 2000 m/z

Fig. 59. FAB-Mass spectrum of 3TMS-2 pigment.
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Fig. 60. FAB-Mass spectrum of 2TMS-3 pigment.
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Fig. 61. FAB-Mass spectrum of 3TMI-2 pigment.
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22 HPLC2 AAE ML Alg 2TMS-2, 2TMS-3, 2TMI-2 % 2TMI-3
ol BM ZAzE Fig 65, 66, 677 68% 2ok 2TMS-3& A& M4 A8
5L 12~145ppm ¥l A  alkyl?1(-CH3-CHz-), 34~37ppm F oA
S-CHz- R, -OCH- 719 EAE udetdln gen, o di 249
sulphur®] &2} ¥ A 3t0, methionine™ cystein 2719 £AE Yegue
Rolgt FAEY. 6~7ppm FHAA el d F 7R peakE aromatic ring
€ 5% FZ2, o]lE tyrosined precursor® o] A0t AAdEHE AR
S 988 MAc 22 do) tyrosined &HdtE AL Yebndc

3x HPLCZ #HF AHAE Ma ANEEY spectrum¥ two dimentional
NMR spectrum £4 Z3}, 2TMS-2¢) 'H-NMR spectrum? Fig. 69}
Fig. 70% 229, 2TMS-32] 'H-NMR spectrume Fig. 713% Fig. 72% 2
oo, 3TMI-29] 'H-NMR spectrume Fig. 73% Fig. 743 zoui,
2TMI-39] 'H-NMR spectrum® Fig. 759} Fig. 763 2t} o]& spectrum
€ 39 28~30ppm# 3.7ppmE ¢, 66~Tppm F YA tyrosine 1 A9}
SAE #U¥ + AU 3.1~36ppmF-#ol UEG peaks EEE Y peak
24 o]2{g peak¥® tyrosine ¥AF 9] 1789 -H 3719 peakB % S
Fo2 Yy M4 AgE] A HA HAUSE ¢ F A A M
ANge BC-NMR BM #AE Fig. 77, 78, 79 2 800149 o] R-CHs
(18.844ppm), R-CHz-R (53.207ppm), -O~CHo-CH.-O- (65~ 76ppm), aromatic
ring?] C (118~133ppm) 2 -0-C=0 (178ppm)E #FHF & 722 Jeye
™, o] tyrosine Z71¢] SA9 YAt 100ppm F2oAM dehdE @
2 B9 amino ¥4 ¥Yxe] EAe Bolx Fych

3) HoHd B3 3% BEA(IR spectroscopic analysis)
A MAEe] Yo e B%7)(functional group)E <3tz 9

& Ao €% #4= ¥4¢ P Z3}, 3ITMS-2% Fig. 81% zon
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Fig. 65. 'H-Nuclear magnetic resonance spectroscopy

spectrum of 3TMS-2 pigment(300MHz, D20).
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Fig. 66. 'H-Nuclear magnetic resonance spectroscopy

spectrum of 2TMS-3 pigment(300MHz, D20).
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Fig. 67. '"H-Nuclear magnetic resonance spectroscopy

spectrum of 3TMI-2 pigment(300MHz, D:0).
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Fig. 68. 'H-Nuclear magnetic resonance spectroscopy

spectrum of 2TMI-3 pigment(300MHz, D20).

- 160 -



pps

Fig. 69. 'H-Nuclear magnetic resonance spectroscopy

spectrum of 3TMS-2 pigment(600MHz, D20).
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Fig. 70. Two—-dimensional '"H-nuclear magnetic
resonance spectroscopy spectrum of 3TMS-2

pigment(600MHz, D:0).
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Fig. 71. 'H-Nuclear magnetic resonance spectroscopy

spectrum of 2TMS-3 pigment(600MHz, D20).
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spectrum of 3TMI-2 pigment(600MHz, D:0).

_165_



Il : T 1
1 ; 7
S A S '\\_.._.L.Jah_d_“_——/) L N
(ppe} R . o
1 = "---.". T . . : 4 - -
L _ﬁ;‘ N
] - .
L . 4
2 —— : - .
e di it
'°°’ﬁ - <
= P -
Y 3 T3 : - -
o -
! ; . :
v S g ST —— T —
i i :
- T
- .
i T
R R
e 3 :
b !
’ e b eSS ,.,._.j Ve lITTIITONL L
? 6 S 4 3 2 1
Fl (ppm)

Fig. 74. Two-dimensional 'H-nuclear magnetic
resonance spectroscopy spectrum of
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Fig. 75. 'H-Nuclear magnetic resonance spectroscopy

spectrum of 3TMI-2 pigment(600MHz, D:0).
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Fig. 76. Two-dimensional 'H-nuclear magnetic

resonance spectroscopy spectrum of

2TMI-3 pigment(600MHz, D;0).
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Fig. 78. ¥C-Nuclear magnetic resonance spectroscopy

spectrum of 2TMS-3 pigment(300MHz, D:0O).
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Fig. 79. BC-Nuclear magnetic resonance spectroscopy

spectrum of 3TMI-2 pigment(300MHz, D20).
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spectrum of 2TMI-3 pigment(300MHz, D20).
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Fig. 81. IR-Spectroscopy spectrum of 3TMS-2 pigment
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Fig. 83. IR-Spectroscopy spectrum of 3TMI-2 pigment
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Fig. 84. IR-Spectroscopy spectrum of 2TMI-3 pigment
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2TMS-32 Fig. 827 2o, 3TMI-2& Fig. 83% #2on, 2TMI-32 Fig.
847 2t} IR-spectrum®4] Z3, wave number 3200cm” ¥ I2A 7@
42 A% -OH7| =X -COOH719 peak7t BHEY 2w, 2000cm™ # 2ol
A -CH719 &7 #5gen, 1600cn™ ¥2olA acid 289 &7t
BREn 1100cn 'R 2 E C-0719 peak7t 227t B} A zbel
Az s F2E Vet

4) 9A &3 233 A (Atomic absorption analysis)

271 949 AP € AF BN o)gHE A FF BEFAZ 3TMS-2,
2TMS-3, 3TMI-2 ¥ 2TMI-3& £48 A}, o]F A8 EFo 77] 4=
' Uguzl gun. mea o] AZ#E 71z2 94 £4(Elementary
analysis)S T3t

5) 94 EA(Elementary analysis)

QA MA AE 3TMS-2, 2TMS-3, 3TMI-2 ¥ 2TMI-3o] /& 44a
C, H, N, S9] A48& #3l7] A3tdq 44 £2471(Elementary analyzer)&
ol g3ty At Zze] Alge dd ¥4 FAF A3} Table 279
Aol o MA Ag 3TMS-29 94 FA 8€L 9458%9] nitrogen,
16.740%¢2] carbon, 4.572%¢] hydrogen, 3.096%< sulphur®, 2TMS-3&
12.990%2] nitrogen, 17.257%2} carbon, 6.942%< hydrogen, 1.385%¢]
sulphurZ, 3TMI-2%& 4.817%2| nitrogen, 21.202%9] carbon, 4.912%¢]
hydrogen, 2.448%9] sulphur® T/450° glevf, 2TMI-39 A= 5.155%
9] nitrogen, 22.259%¢] carbon, 4504%¢] hydrogen2.& FA4€ £32 &
AUt MA A g FAH AE F nitrogend] FFol & RAoR Ho}
obul Al F7]9] EAE FAY £ Aon, 35%7 %Y sulphur?t FE el
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w2} sulphurE FHEF ofvlxit HA7]e EAE Yeghiun U9 E=£F
oxygen?] 3ol & Ho2 Hol COO-Z7I7t & FX2 AlgdY.
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Table 27. The results of elemental analysis(E.A) of the

pigment
Pigments (% of composition)

Element

3TMS-2 2TMS-3 3TMI-2 2TMI-3
Carbon 9.458 12.990 4817 5.155
Hydrogen 16740  17.257 21.202 22.259
Nitrogen 4572 6.942 4912 4,504
Sulfur 3.096 1.385 2.448 0
3. 348

HPLCZ AA$ 3TMS-2, 2TMS-3, 3TMI-2 2 2TMI-3A 89 Ex3F
2 A AZ(EYEY 98 BAss] st B4 24, 'H "C NMR,
MASS, IR, 94 #4& o|&3xch 23 AL glAon Fx BMoA
3TMS-2% &3] 2355, #H&4L& 5CHOaN:S, &2 Fee
-CHs~CHs~, -CH;-CH;-O-, -S-CH:-R-, -OCH-, -0-C=0-, -OH-,
tyrosine5 o] A%ttt 2TMS-3& EAFo] 2046, 343t2lo] 2Ci;3Hs044NseS,
¥z Foe -CH3-CHz-, -S-CH-R-, -OCH-, -0O-C=0-, -OH- ¥
tyrosine §0°] &A%t} 3TMI-2& Eab3Fo] 2408, 3384 o] 4CoH20.N2S
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22 Zo& -CH3-CHz-, -S-CH.-R-, -OCH-, -0-C=0-, -OH-,
-COOH- ¥ tyrosineo] EA&ti 2TMI-3& Aol 2205, 3hst4 o]
7CsHOsN, #3 Fol¥ -CHs-CHz-, -CHz-CH2-O-, -0-C=0-, -OH-,
-COOH- ¥ tyrosinee] &A%t Y2 43 Axe Mh Alge 74
¥ % nitrogens] o] ¥ ROz Hol ojv|xdt |9 EA ¢
COO-#717t B T2 #UHNUY. oj4e] A2 Hol o]d Esdln
Bargo]l & Fxo &A% 72 ZAPdT YEAAMY F$ 3~4de] o
gz g =23 oledd FxRe MAHeR 9 vl glog, 2 o4
A BAe H4E o] EAHolm & AF Fo FFHo AE AL FE
AZIE 7154 AEo2HE ZIdrt HY, 2 729 el 2A ZldEy
3 FoHBEAR HitkEe EAEWLEN £BOTHWE, KRE #®). ¢
g gool AF AFoME iAo At FAA FAE Y2 49
olul it A B4, 2x93% 'H-NMR 24 2 109 o8 a9 Ea
B89} acetyldtol]l A% FE3E XS EAS vz ¥ "ast s

- 180 -



ASA AL Y Bd FAA9 2

geddold & A #AsE HHAY sequencingg T @
T4 2 A A4 mechanismE THIE, Mio dlF APite Yo uf
2, M4a Aol FddE FHA sequencing NG Fi WA
(translation) ©@AE 444 BAES =¥, BHsd N4 728 A8

2 &4z cloningg Al =8,

9}

1. Als 23

FEddold Ma A BAsteE KIS sequencingg &
Bacillus sp. SSA33] chromosomal DNAE Hind 12 partial digestion
8l pBluescript SK(+/-)9] lacZ ¥$91& Hind IIIZ digestion ¥ °] ¥
HAZ Jigation A1AL™ E coli DH 5ed] 33 2§e Ax3tdg.
pBluescript SK(+/-)9l lac Z 74 F9ol Ax YA HAsle
gene(pigmentation gene)2 AY £ tyrosine©] ¥ 7}E X-gal 8] x]o]A

FAA FAR 7Y AFE FAdstnA s

7} Aa AA 349 cloning 2 transformationd Al %

pBluescript SK(+/-)& 2717} 296 kbolsl, WH 2] lac Z genedll 23] B
-galactosidase®  B8]8to, ®wx] W  X-gal(5-bromo-4-chloro-
3-indolyl-8-D-galactoside, 20mg/m! in dimeethylformamide) 2 IPTG
(isopropylthio-B-D-galactoside, 200mg/ml)9} ¥F&-3le] F &Ml colony
£ YAt o] plasmid WY lac Z FHA o) 4B AR} F¢
s #Hao YRS FGAsA Hed ol EAS ol 838ld, o] lac Z

FrAzE Beo] MA Aol Bo3lE genelpigmentation gene)E AMY g
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¥, tyrosine°] H7td X-gal WAl A wjFAFIE FZ Mo HSg HA
Al €.

2. 43 2 13

Bacillus sp. SSA39] 44 Ao Bodstes FHAAS o 7hx] gygos
cloning % transformationg AlE3geoy, HMax A4 FHzxA
recombination @ A& #HAY F YPJoh oleigd ZAAE v]Fo xo}
Bacillus sp. SSA39] A A4 Bods FHAE dd A7t ol g
chromosomal DNA® o2 2§ 45 e B4 4z 2oz 33
g

Ha Ao BA3te genedl W APE FHFASHATIAAANA A
9 ol o] o] dFE Y F AU
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A6A AT ZFF T 2N A: A vBEY T4

Az

@3 AR ZRAA 2 A¥E FFSL 2F AM2AY T4
% obgel, of #FEol oal A4HE g 4y g4 IS As
NE 9 oEF So| 32% 9UL 93T o Be FI& wn
th 58 B A7AM AN BFe2RE Pel@ Bacillus sp. SSA3
FrE 9UF BAZ AAY AR AZ bsem, 28 WF 23

et

SAAN

g7 FoA ZZMe FEAY A MAE HAAdste HolM B o 3
= A AR dFoze Adste S8 7IvH AF 2 dIFez
# o] olgo] Zigdttied v T3 U E Adrh ey o] FFo
g3 A% EFY A3 B 97 AY ¢l @& Bacillus sp.

A
SSA3 @7 BRUY AHE AN ¥AY wuel Was} ok
1. As 2 ¥y

Bacillus sp. SSA3 o5 ejsty, wjgsty, E2e3, sty o
gt o EHELE RAEtd Bergey's manual of systematic
bacteriology 5 & I1n R %7‘33}9\3\5’_60%5), genomic DNA digestion and
electrophoresis, cellular fatty acid, comparative protein electrophoresis,
ribotyping pattern set Hlx ¥4 2 16s rRNA sequence analysis % 9

U ES AMEsld FA A
2. 4% 4 13
g A FFAAA Be MEE #FFQ Bacillus species SSA3 T
Fe gddF wE2 AR ZFHY AR7 ssEy, w3 AE 24D
=

F FoA 2 FgEdWold A MAE AAse HAM £ 9
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= AP FF A B 71548 AF R dAFTo2HY o &
o] 7tFsltted vie FLE nE AdY. ol FAY LATFF
EFeta AE8d fxlo 8 2 vug gadd we o] 59 FHH
A, wigsty, e, Aoy R 4 o 54 ZAbsto
Bergey’s Manual Syste matic BacteriologyE #1212 FA$ 23 4l
doz2 gAY 0d = o] #ol Bacillus licheniformis® X
Aoy 90 d ol Bacillus $3E°) FAA £4d o8 EFtdes @
< wshr AR 2dA B AL ojde A WHEN H29 UHE
of ojsf Mol FAHLA AU

fuja

o
=

OEELERERELLIES

ANg #Fe Aty 5A4S A fAE Axe] et Gram 9
N eEA ¥2 A5 59 cell morphologyst Ao Hel, A& A
oA el A A% 5 colonial morphologyE ZA st Aty 5
4o 2% catalase®} oxidase® A4%, o2 71FY o]&%F, A2 7HA

Zg o] &3 diAL HAdM Y A} gase] BT TE AU, &,
FATY AU A 21 A4S 259 gk wE A%5s 293
Ao o3 g3 vz JRY o]&T T AU olHFE EA
58 zZAFY QojA4  Bergey’'s Manual, the Journal of Clinical
Microbiology, the International Journal of Systematic Bacteriology, the
USDA Handbook on the Genus Bacillus 59 protocols® ®'& o] &3¢
ot

Cell morphology= Table 284 X uie} Zo] motilityE 7FA 2
t}, AX e rodd, Gram 4422 subterminal region®] endospore
g ¥A3txm Jdon dd T FL chain® I EAP

Colonial morphologyt F&E°l EF93ty =t AY HHS
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elevationg 7HAx Jow, =¥ ME FHL FEAR /M Ast &
A S ez ofs BERAE FHE JEHAT

Biochemical test®] Z3}& Table 29914 ¢ Zth Catalase®}t oxidase
o] A HrZoME FAES YeElW A2 Voges-Proskauer testoll A =
FdS dedAG.

T A% 24 2AY ZFdE FHTL E714 o A1 A 2
T 45Col3:, A K 2=+ 20CoINey 10%9 NaCl % 3
Az A&o] 7tEsArt

Ay g Aty SE45S F¢H RY BFEe W4 2AE
7}X Gram ¥4 7FFol™ catalase %A, Voges-Proskauer test ¥4, &
7] el o] A&o] o] FoAA] @&ow starch 7tF E3Tol Ye
7oz yetgot. 3T Bacillus subtilis?] 8 EA4EE Table 30
ol ¢} o] voges-proskauer testolX pHel HYeo =
arabinose®} xylose ¥ mannitolol A 4 A5 S ttix

Wi o

ko
e
K

4% ex,

o3t et

o

t}. Genomic DNA digest®} A71g 5o} 23 vl 24

A& 759 genomic DNAE %, AAsd AgaA: NOT [ A
& & 1€ FHd #F9 Hdd genomic DNAS A 15%
agarose gel AolA H719% 8l digestion patternE 3} vl W B
TS,

olm A}&§ AFEA NOT 1L GC/GGCCGCHY 8 base pairg ¢

CGCCGG/CG
Aty Hdgo.
2a) 79 digested genomic DNAE Bacillus sp.ojg] #ZFE3 v a3
B Axte Fig. 863 zow Eagdol Bacillus coagulans® AHgE
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patternS YElURoY, o] A2 F&F AHo] o] FoyA A FUt

t}. A W¢AF methyl ester(FAME)9] 213 A

Bacillus species SSA3 #9 total fatty acid analysis®®’Z ¢}s
nutrient agar plate oA BgdH AFEZRY FE&3 A EA 2wt
€ methyl ester8} A1zl ¥ gas-chromatography based microbial
identification system(MIS)o.2 z}zteo] WA HE&E ¥£435 4 ATCCH
database 49lA € #F < vlx BAN3Ac

olm A}&3t database® MIDI/MIS®| databaseo]l™, ol& 3007} ©]4<]
A1 9FAE methyl esterg& ®4 ¥ 4 Q& Z 22 yeasts, anaerobic bacteria,
aerobic bacteria, mycobacteria®l W&l % tl@ database® F%%stm Q)
o] B} @59 A4l vix Bl @o] AHEEHT Ut
A EA A9AE gas chromatography based microbial identification
systemO 2 R A& library search(TSBA [Rev 39013 ZA 3 A XA
A ¥4t methyl ester 2230 2] & Identification coefficient”7} 0.6 o] 4
3% database 9 Bacillus 7% good matchg o}Fo] oj$ {83
Agz Mo Jbx7E 1oy 03008 wE FSole B FHS AS
data2® Ar£87]7F oJ¥d. Bacillus sp. SSA3ZFL identification
coefficient?t 0.489] Bacillus licheniformis2 e} Z &3 FHo] sH3A|
@otoy, Bacillus 49 #F92 #A¥ + AU

2}. Comparative proteins A7] Q450 23 vlx ¥4
ERAFEY HAEA proteing F&, AA}A 15%9 poly-

acrylamide gel2 Al&3lo SDS-PAGE analysis& &3, 1 A3
g 7129 SAE #FE(ATCC strains)? protein electrophoresis
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Table 28. Pysiological and biochemical Characteristics
of the i1solated strain Bacillus species SSA3.

Characteristics B. sp. SSA3 || Characteristics B. sp. SSA3
Rods + Growth at 37T +
Rods straight + Growth at 45C +
Rods curved - Growth at 50C -
Cells single + Growth at 55C -
Cells chained + Growth at 60T -
Ends tapered - Growth at 65C -
Ends rounded + Catalase +
Ends squared - Oxidase +
Endospore formed + Casein hydrolysis +
Sporangium swollen ' - Esculin hydrolysis +
One spore/cell + Gelatin liquification +
Spore round - Hippurate hydrolysis -
Spore cyindria | et Gataon
Spore oval + Starch hydrolysis +
Spore central + Tween 80 hydrolysis * +
Spore terminal - Tyrosine decomposition * -
Spore subterminal + Urea decomposition -
Gram stained + Growth in 2% NaCl +
Gram positive + Growth in 5% NaCl +
Gram negative - Growth in 7% NaCl +
Gram variable - Growth in 10% NaCl +
Vaculoes present - Growth in 0.2% azide \"%
Colony translucent + Growth at pH 4.5 -
Colony transparent - Growth at pH 6.0 +
Colony opaque + Acid from arabinose -
Colony entire - Gas from arabinose -
Colony erose + Acid from cellobiose -
Colony lobate - Gas from cellobiose -
Colony circular - Acid from fructose +
Colony irregular + Gas from fructose -
Colony rhizoid -

W ; weak, V ; variable, * ; soluble and insolublie black pigment formed
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Table 28. (Continued)

Characteristics

B.

sp.

SSA3

Characteristics

sp.

SSA3

Colony low convex
Colony high convex
Colony flate

Colony raised
Colony glistening
Colony dull

Colony dry

Colony smooth
Colony rough

Sol. brown pigment
Sol. black pigment
Sol. yellow pigment
Insol. brown pigment
Insol. black pigment
Insol. yellow pigment
Insol. orange pigment
Insol. red pigment
Cells motile

Growth at 15T
Growth at 20
Growth at 26T
Growth at 30C
Indole

Nitrate to nitrite
Nitrate to gas

Methylene blue reduction

Mehtylene blue reoxidation

Litmus milk acid
Litmus milk coagulated
Litmus milk alkaline

Litmus milk peptonized

Acid from glucose

Gas from glucose

Acid from lactose

Gas from lactose

Acid from mannitol
Acid delayed > 14 days
Gas from mannito!
Acid from mannose
Gas from mannose
Acid from sucrose

Gas from sucrose

Acid from trehalose
Gas from trehalose
Acid from xlose

Gas from xlose

Aerobe

Facultative
Microaerophile
Anaerobe

Gas from sealed nitrate
Gas from sealed glucose
Dihydroxyacetone
Litmus reduced
VP(5198) positive
VP(5331) positive

pH VP 5198 6.0 or less
pH VP 5198 65 - 75
pH VP 5198 8.0 or more
Citrate utilization
Propionate utilization

Phenylalanine deamination
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Table 29. Biological metabolic Characteristics of the
isolated strain Bacillus species SSA3.

B. sp.

Characteristics

SSA3

B. sp.

Characteristics
SSA3

Characteristics

water
a -cyclodextrin

B -cyclodextrin
dextrin

glycogen

inulin

mannan

tween 40

tween 80

N-acetyl glucosamin
N-acetyl mannosamin
amydalin
L-arabinose
D-arabitol

arbutin

cellobiose
D-fructose
L-fructose
D-galactose
D-galacturonic acid
gentiobiose
D-gluconic acid

a -D-glucose
m-inositol

a -D-lactose

lactulose
maltose

maltotriose

D-mannitol
D-mannose
D-melezitose

D-melibose

a -methyl D-galactoside -
B -methyl D-galactoside -

3-methyl glucose +
a -methyl D-glucoside -
B -methyl D-glucoside +
a -methyl D-mannoside -
palatinose +
psicose +
raffinose -
rhamnose -
ribose -
salicin -
sedoheptulosan -
sorbitol -
stachyose -
sucrose +
D-tagatose -
D-trehalose -
turanose +
xylitol -
D-xylose +
acetic acid -
a ~hydroxybutyrate -
B -hydroxybutyrate -
y -~hydroxybutyrate -
o -hydroxybutync

acid

a -ketoglutaric acid -

a -ketovaleric acid -

lactamide -
lactic acid methylester -
L-lactic aicd +

D-malic acid -

L-malic acid
methyl pyruvate

methyl succinate
propionic acid
pyruvic acid
succinamic acid
succinic acid
N-acetylL-glutamate
alaninamide
D-alanine
L-alanine
L-alanyl-glycine
L-asparagine
L-glutamic acid
glycyl-L-glutamate
L-pyroglutamin acid
L-serine
putrescine
butanediol
glycerol
adenosine
2'-deoxy adenosine
inosine
thymidine
uridine
adenosine-5'-
monophosphate
thymidine-5"-
monophosphate
uridine-5'-
monophosphate
fructose~6-phosphate
glucose~1-phosphate
glucose-6-phosphate
D-L- @ -glycerol

phosphate

+ , positive

-, negative V ; varable
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Table 30. Characterization beween Bacillus species

SSA3 and Bacillus species.

Characteristics B. subtilis B. amyloliquefaciens B. sp. SSA3

Growth temp.(C)

maximum. 45 - 55 45 45

minimum 5-20 15
10 % NaCl - + +
Egg yolk reaction - weak
Pigment on potato pink brown

Acid production:

L-Arabinose + -
Lactose - + -
D-Xylose + - -
ttilization of citrate + (87%) - (22%) +
Phenylalanine deamination - + (89%) -
Tween 80 hydrolysis + (87%) - (0 +
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1 23 4 567 89 101112 13

Fig. 87. Agarose gel electrophoresis of genomic
DNA digest of Bacillus species SSA3.
lane 1 ; A-DNA digested with Hind III
lane 2 ; Bacillus species SSA3
lane 3 ; Bacillus circulans(ATCC 23861)
lane 4~6 ; Other strains
lanev 7 ; A-DNA digested with Hind I
lane 8 ; Bacillus coaglulans (ATCC 7050)
lane 9 ; Bacillus macerans (ATCC 8244)
lane 10 ; Negative control
lane 11 ; Bacillus licheniformis (ATCC 14580)
lane 12 ; Blank
lane 13 ; A-DNA digested with Hind III
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patternE 3 Bl @ B4 s go® &7

o8] Bacillus spp. TE€Y AXAH WAL 15%9 polyacrylamide gel
& Al&3te SDS-protein A718&E& AANE ZIA= Fig. 869A B
ul9} 2o} Bacillus sp. SSA39] protein A9 % pattern™ FAMS F&

e & g

u}. Ribotyping pattern set Hlal ¥4

RiboGroup pattern set-&  database AolA A2 vla EAsd.
Ribosomal DNA operong ¥ 43} ribotyping test& &< riboprint
patternsZ B2 &) ¥ ZAFE Table 31914 B uvlg} o] SSA3L o
8 5 FAMNAM Bacillus amyloliquefaciens®t 7} 7} 7+& match® el

Wi gev, B2 YA sHE Bacillus 9 #FS gith

B}. 16S rRNA gene sequencing ©l 23 Hl@ B4

16S rRNA gene sequence analysisoll 2% %242 PCR-amplified 16S
rRNAS direct sequencing™ ol 9@ W& Algstgdnt. $4 2 @5
o] genomic DNA extraction, 16S rRNA¢ PCR amplication, PCR
products®] purification’’& E# A A ¥ PCR products® sequencing<
ABI PRISM™g¢ Dye Terminator Cycle Sequencing Ready Reaction
Kit(Applied Biosystems Germany)®] manufacturer’s protocolS A&3%
o1} sequence reactions= Applied Biosystems 373A DNA Sequencer&
A}£-38 electrophoresisE 833t t}.

o] 4te] 16S rRNA2Q| sequencing Z3AEE F38d similarity matrix 9}
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Fig. 88. SDS - PAGE analysis of Bacillus species
SSA3.

lane 1 ; Protein Standard

lane 2~3 ; Other strains

lane 4 ; Bacillus species SSA3

lane 5 ; Bacillus subtilus (ATCC 6051)

lane 6 ; Other strain

lane 7 ; Bacillus licheniformis (ATCC 14580)

lane 8 ; Bacillus coaglulans (ATCC 7050)

lane 9 ; Bacillus macerans (ATCC 8244)

lane 10 ; Bacillus cirulans ss. rotans (ATCC 23861)
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Table 31. Characterization and identification by

RiboGroup pattern set of Bacillus sp. SSA3.

RiboPrint "pattern RiboGroup Pattern Set
A AT
i B g O F b Bacillus spp(Variant)
E B 5, 3 B Bacillus sp(Variant)
$ B3 § 8§81 Bacillus sp. SSA3
BaE: B Bacillus spp(Variant)
{1 13 g8 | Bacillus licheniformis
EEENTET I Bacillus macerans
3 ﬁiﬂ ¥ fB 5 Bacillus amyloliquefaciens
1N ) 1§ | Bacillus subtilis
NIRRT IRIR Bacillus coagulans
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phyrogenetic tree2 UYEIHA=H oo 16S rRNA gene similarity value
= alignments®| sequence® pairwise comparisono] &gt Al4ke] 2A
& o FXE YEEE JYERAT

PHYLIP package™&2] phyrogenetic tree(dendrogram) operation® T
& 984 pairwise evolutionary distance= Jukes®t Cantor’™el o}
@A percent similarity 2% € computer ‘oA A" AHRES AHE
ot

Phyrogenetic treedollA Yetude 3 43 BJAY distances
neighbor-joining method”'& 71222 st ZA sttt
Bacillus sp. SSA32} 16S rRNA9| sequencet= Fig. 870141¢} 2o, 16S
rRNA Y] sequencing 23}E& F%3l9 Bacillus subtilis®} ¥ n gt A=
Fig. 834 ¢} zo] alignment score?t 76%Z YEwTh Bacillus sp.
SSA39] similarity matrix value® Table 32014 9} Z oo} Fig. 89¢l
A phyrogenetic tree2 YEld A2 Ho} Al FF(new species)Z A}
g9t
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CCUGGCUCAG GACGAACGCU GGCGGCGUGC CUAAUACAUG CAAGUCGAGC S0
GGACAGAUGG GAGCUUGCUC CCUGAUGUUA GCGGOGGACG GGUGAGUAAC 100
ACGUGGGUAA CCUGCCUGUA AGACUGGGAU AACUCCGGGA AACCGGGGCU 150
AAUACCGGAU GCUUGUUUGA ACCGCAUGGU UCAAACAUAA AAGGUGGCUU 200
CGGCUACCAC UUACAGAUGG ACCCGCGGCG CAUUAGCUAG UUGGUGAGGU 250
AAUGGCUCAC CAAGGCAACG AUGCGUAGCC GACCUGAGAG GGUGAUCGGC 300
CACACUGGGA CUGAGACACG GCOCAGACUC CUACGGGAGG CAGCAGUAGG 330
GAAUCUUCCG CAAUGGACGA AAGUCUGACG GAGCAACGCC GCGUGAGUGA 400

UGAAGGUUUU CGGAUCGUAA AGCUCUGUUG UUAGGGAAGA ACAAGUGCCG 450
UUCAAAUAGG GCGGCACCUU GACGGUACCU AACCAGAAAG CCACGGCUAA 500
CUACGUGCCA GCAGCCGCGG UAAUACGUAG GUGGCAAGCG UUGUCCGGAA 550
UUAUUGGGCG UAAAGGGCUC GCAGGCGGUU UCUUAAGUCU GAUGUGAAAG 600
CCCOCGGCUC AACCGGGGAG GGUCAUUGGA AACUGGGGAA CUUGAGUGCA 6680
GAAGAGGAGA GUGGAAUUCC ACGUGUAGCG GUGAAAUGCG UAGAGAUGUG 700
GAGGAACACC AGUGGCGAAG GCGACUCUCU GGUCUGUAAC UGACGCUGAG
GAGCGAAAGC GUGGGGAGCG AACAGGAUUA GAUACCCUGG UAGUCCACGC
CGUAAACGAU GAGUGCUAAG UGUUAGGGGG UUUCCGCCCC UUAGUGCUGC
AGCUAACGCA UUAAGCACUC CGCCUGGGGA GUACGGUCGC AAGACUGAAA
CUCAAAGGAA UUGACGGGGG CCCGCACAAG CGGUGGAGCA UGUGGUUUAA
UUCGAAGCAA CGCGAAGAAC CUUACCAGGU CUUGACAUCC UCUGACACCC
CUAGAGAUAG GGCUUCCCCU UCGGGGGCAG AGUGACAGGU GGUGCAUGGU
UGUCGUCAGC UCGUGUCGUG AGAUGUUGGG UUAAGUCCCG CAACGAGCGC 1100
AACCCUUGAU CUUAGUUGCC AGCAUUCAGU UGGGCACUCU AAGGUGACUG 1130
CCGGUGACAA ACCGGAGGAA GGUGGGGAUG ACGUCAAAUC AUCAUGCCCC 1200
UUAUGACCUG GGCUACACAC GUGCUACAAU GGACAGAACA AAGGGCAGCG 1290
AGACCGCGAG GUUAAGCCAA UCCCACAAAU CUGUUCUCAG UUCGGAUCGC 1300
AGUCUGCAAC UCGACUGCGU GAAGCUGGAA UCGCUAGUAA UCGCGGAUCA 1350
GCAUGCCGCG GUGAAUACGU UCCCGGGCCU UGUACACACC GCOCGUCACA 1400
CCACGAGAGU UUGUAACACC CGAAGUCGGU GAGGUAACCU UUAUGGAGCC 1450
AGCCGCCGAA GGUGGGACAG AUGAUUGGGG UGAAGUCGUA ACAAGGUAGC 1500
CGUAUCGGAA GGUGCGCUGG A

5585882

Fig. 87. 16S rRNA sequence of the Bacillus sp. SSA3

(DDBJ/EMBL/GenBank nucleotide sequence databases with
the accession number(s)_ABQ17587".)
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B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
165

B._sub
163

B._sub
165

GAGAGTTTGATCCTGGCTCAGGACTAACGCTGGCGGIGTGCCTAATACAT
----------- CCTGGCTCAGGACGAACCCTGGCGGCGTGCCTARTACAT

R R e R R R R A A A R R R g

GCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGCGCAC
GCAAGTCGAGCGGACAGATGGGAGCTTGCTCCCTGATGTTAGCGGIGGAC

P L R R R R R R R S R R R R 2 2 2 2

GGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGG
GGGTGAGTAACACGTGGGTAACCTGCCTGTAAGACTGGGATAACTCCGGG

P R R R R Xy R A R R R X R 2SS A AR AR A A 2 2 R

AAACCGGGGCTAATACCGGATGGTTGTTPGAACCGCATGGTTCAAACATA
AAACCGGGGCTAATACCGGATGCTTGTTTGAACCGCATGGTTCAAACATA

P R T R A R R R S R L R

AAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTA
AAAGGTGGCTTCGGCTACCACTTACAGATGGACCCGCGGCGCATTAGCTA

P Y L s e R R T R R R R R R R A R R R R R A

GTTGGTGAGGTAACGGCTCACCAAGGCAACGATGOGTAGCCGACCTGAGA
GTTGGTGAGGTAATGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGA

R e L X R I R R

GGGTGATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAG

tvresseccconye

GCAGCAGTAGGGAATCTTCCGCAATGGACGAARGTCTGACGGAGCAACGC
-------------------- GCAATGGACGARAGTCTGACGGAGCAACGE

TERAI RN TETIEIRNQITRCETRTTNTRRR IR RRNRTRNE

CGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAG
CGCGTGAGTGATGAAGGTTTTCGGATCGTAAAGCTCTGTTGTTAGGGAAG

MAAAAAA SRR R R R R R R R AR R R R R R R R R

AACAAGTACCGTTCGAATAGGGCGGTACCTTGACGGTACCTAACCAGAAA
AACAAGTGCCGTTCAAATAGGGCGGCACCTTGACGGTACCTAACCAGAAA

\MAAAA LA R A SRR R AN A R A R RN

GCCACCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGC
GCCACGCCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGC

P e R R R AR R R R R 2 2

GTTNTCCGGAATTATTGGGCGTAAAGGGCTCGCAGGCCGGTTTCTTAAGTC
GTTGTCCCCAATTATTGGGOGTAAAGGGCTCGCACGGCGGTTTCTTAAGTC

P R e A A 2 )

TGATGTGAAAGCCCCCGGCTCAACCGGGGAGGGTCATTGGAMACTGGGGA
TGATGTGAAAGCGAA - GGCGAC'X(,‘IC’Z‘GG"C‘IC"AAC‘T'G ACGCTGAGGA

EERER AR T NOR Y wrw . e ® ww W THr waw

ACTTCAGTGCAGAAGAGCAGAGTGCAATTCCACCTG - TNGCGGTCARATG
GCCGAAACCCTGG- -GCAGCGAACACGATTAGATACCCTGGTAGTCCACGC

- e - - - . *w * wew * . . -

CGTAGA-GATGTGGAGGAACACCAGTGGCGARGELGACTCTCTCETCTGT
CGTAAACGn’ICAG'GC‘I‘AAG’TCI'I‘ AGGGGGTTTCCCC CCC*'I‘AG'IC-C”CC

rEE v wwww w e o« e * ww “ew

AACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAA - - - ~CAGGATTAGAT
AGCTAACGCATTAAGCACTCCGCCTGGGGAGTACCGTCGCAAGACTGAAA

. v ewew r awewwww X ww » -

Fig. 88. The pairwise alignmemt of each base pair

between Bacillus sp. SSA3 and Bacillus subtilis.

(alignment score :

76 %)
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Table 32. 16S rRNA gene similarity values for strain

Bacillus sp. SSA3 and related taxa.

Strains 1. 2. 3. 4. 5 6. 7. 8 9. 10. 11. 12, 13. 14,
1. Bacillus sp. SSA3 -
2. Bacilius subtitis T 993 -
3. Baciillus amyloliquefaciens 99.5 99.7 -
4. Bacillus subtilis G 99.3 999 996 -
5. Bacillus lentimorbus ATCC14707 994 996 99.9 995 -
6. Bacillus popilliae 998 99.3 994 992 993 -
7. Bacillus atrophaeus 99.8 99.3 99.5 99.3 994 998 -
8. Bacillus lautus NCIMB 12780 99.8 98.9 985 988 95.0 987 988 -
9. Bacillus licheniformis NCDO1772 98.6 98.8 98.8 98.7 98.8 98.5 986 99.7 -
10. Bacillus pumilus 98.0 97.8 97.7 97.7 976 979 979 973 971 -
11. Bacillus fastidiosus 956 95.6 955 956 956 956 955 955 954 954 -
12. Bacillus azotoformans 95.6 9556 95.3 955 954 951 956.2 95.2 952 95.0 85.2 -
13. Bacilius halmaplus DSM 8723 94.7 94.7 94.7 946 948 946 946 951 95.2 952 857 951 -
14. Bacillus alcalophilus DSM 485 93.8 93.8 93.7 93.7 93.7 93.7 93.7 94.0 94.1 93.7 93.2 936 93.7 -
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Bacillus azotoformans

Bacillus fastidious

Bacillus halmaplus

Bacillus pumilus

— Bacillus licheniformis

‘—Bacillus lautus

Bacillus sp. SSA3

Bacillus popillise

Bacillus atrophaeus

Bacillus subtilis T

—Bacillus subtilis G

—Bacillus sp. TKSP21

‘—Bacillus sp. PM3

—Bacillus amyloliquefaciens

\— Bacillus lentimorbus

Bacillus alcalophilus

10
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Fig. 89. Phyrogenetic tree showing the position of
Bacillus sp. SSA3.
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1. 29 gF 34

Bacillus sp. SSA3°ll o3 B FEARAY A M HAH A
A Z2AE ZAE 2, 75 g 2% 30C, WY pH 9, tyrosine &
£ 01 % oA HA YA ez Jdetwon, Mire A4s 2 By
Fol ¥}NY &F TF Escherichia coli C600-T ZFFA ZA$E
Bacillus sp. SSA32ct ®E A AAFE vetdlo] wied 1~2Urtel] A
A5 MAsIEod, vjYg 2% 35T, wi¥ pH 7, tyrosine % 0.1 %
oA HAe Auz Jeston], 1A v}t AA wjIze vimoA
T F TF EF ¥ 28E gl JSE xAbsd dAa 44
HA 21 HA4YE ¢=3dd. o] 2PUES utgoz & LERIA
o] Mo iz YoM FriFe @ i AHTLS 27 F1Fo]
BSFE i Ao BPS & F AUVTh Aie WG 2 RE
B H7I A zetd vl g 104A7HA] F7st e I ol Fole Ma A
Aol dAF A%E Jehldd. x7] 7% Wl e 73 F43
ZAAME A2 A g dAY AYS BYS #AdAULn, o
2R Mo A 20 48 2 diF ALY 21 £¥S s

2. 429 AA

TLCZ M4& FAsd 447t adch 4ae FAE A4 23,
dol& w@FX, HPLC ¥ methanoldl didt &34 5oz HAS &
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F Added, 94 £ AodM methanolo] £#dte MAE(TMS)S
Al med 234~354pg, methanololl &3 A] &€ MAS(TMDE HiA|
mF 129~431pe7tAl & F ARG HF FA AN FY
column(Waters. Nova-Pak. Cig) € ©] 8% HPLCE 2~33 w5 gog
A Ao &+E(95%0°]4) T peakd MH2ES & F AU

3. 29 74

Az de HF 44 E 3TMS-2, 2TMS-3, 3TMI-2 ¥ 2TMI-3
& aflatoxin Biol digt FEAMoldol 53, 53] 200u8/2m09
2TMS-3e 148/2me9] aflatoxin Bioll ths] 99.82%<2 #Edols e 2
2 Aok MAhe SODe g A4S AY gloy 444F AATS
78~99% 7tAE z: Yo, [Pl=xXJYIZ] (P=chemiluminescence,
k=photon constant, [X]=active oxygen radical species ; oxidant,
[Y]=antioxidant, [Z)=receptor; prooxidant)olAl Z24 2 g&31 i}

gatd e 2TMI-3E AT o& HEe2 FY 4E (CCL-13 ;
Human normal liver cel)olle A8 9F& nxA EodAy GAX
(HepG, ; Human liver cancer cell)3& 37~48%E& =olt HEYA S
7EA Y, & GAEY F4 AA%E 7FAR A 22U apoptosisT S
AAh, InterferonsBAHE 17~23% ZF7HA7IE olF 4% 7S4S

AUz ek ol2x e 7l 4¥S guSAT

B4 BA 'H SC NMR, MASS, IR, 94 24 olgsqct. 23
AAe gen TZ BEAA 3TMS-2& Exp3o] 2355 38t4e
5CH0uNsS, ¥a Fol= -CHs-CHy-, -CHo-CHz-O-, -S-CHz-R-,
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-CHO-, -0-C=0-, -OH-, tyrosineso°] & z}3%tc}.

2TMS-3& ®xt3Fo] 2046, st&t4o] 2Ci3HsOwNeS, &2 Folle
-CHs-CHz-, -S-CHz-R-, -CHO-, -0-C=0-, -OH- ¥ tyrosine %°I
EA g

3TMI-2&= #AFo] 2408, 3t84o] 4CH0zN.S, #& Fdl&
-CH;-CHz-, -S-CHz-R-, -CHO-, -0-C=0-, -OH-, -COOH- %
tyrosineo] & Aj3gct.

2TMI-3&  &xpze] 2205, 33 e] 7CHOsN, w2 Fole
-CH3-CHz-, -CH,-CHz-0O-, ~O-C=0-, -OH-, -COOH- ¥ tyrosine®]
ZA%E FAHAC

Bacillus sp. SSA39 M4 Ao FAs= FHAE o2 7tA WUy
22 cloning ¥ transformation® AlZdR ey, M YA {FAz}
recombination® 2 A + o 2 Xo} Bacillus sp. SSA3
o] M Mo fBAZE FAAE ©dY FHASL ok chromo-
somal DNAS o8] R & £s0] J&e EF F342 oz 44
o}

MAa Ao BAstE gened sequencingd AT o|F 9 HEL ¥ H
FAERAFYA Y A7y Y FEoZ A& o ol FHY £ ¢
At

rir
ol
o

okx

6. A% FH T T4 AL 44 vAEY A

AA A 7dF FA A7 HMEA LA methyl ester 4,

genomic DNA digest®} A7] g Fel 9 4, comparative protein
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Mg s 9% B4 rbotyping pattem set 43 Biological
metabolic test, A% R AA{H 54 F4, 165 rRNA
sequencing 52 %3 4% ZASE FTH3H ¥ W Bacillus sp.
SSA3L Bacillus spp.9] o= FHE YAge d& &L 7 AN
o, B. subtilis ¥% o}J&} B. licheniformis = ©¢42 M2 FFY
< #U3AH.
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