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Abstract

Soy isoflavones are the phytochemicals responsible for estrogenic activities
observed in vitro and in vivo models. The beneficial effects of isoflavones include the
reduction of serum lipids, increase of bone mineral density, relief of menopausal
symptoms, and chemoprevention of mammary and prostate cancer and so on. A number
of studies have revealed that the biological effects of isoflavones mainly attributed to
their aglyconic forms rather than the glycosidic forms. However, aglycones have shown
low bioavailability to humans due to their poor water solubility. In the previous work
of our lab, a Bacillus subtilis strain designated as Bacillus subtilis BCRC 19679 showed
the capability to convert daidzein and daidzin, as well as genistein and genistin into
daidzein-7-O-phosphate (D7P) and genistein-7-O-phosphate (G7P). We considered
that G7P and D7P could possess better bioavailability than aglyconic isoflavones.
However, researches regarding individual isoflavone inclucding genistein, genistin,
daidzein and daidzin that was transformed by B. subtilis BCRC 19679 are still not clear.
The objective of this study is to explore the biotransformation of individual isoflavone
by B. subtilis BCRC 19679. The experimental works consist of two parts. One is to
develop the isolation procedure of individual isoflavone for further studies, and the
other is to investigate the kinetic biotranformations of the isolated isoflavone by B.
subtilis BCRC 19679. The results show neutral aluminum oxide is a promising and
good-performing adsorbent for the separation of genistein and daidzein from aglyconic
isoflavone mixture. After performing the separation in accordance with our procedure,
genistein with 89% of recovery and 95% of purity, and daidzein 94% of recovery and
92 % of purity could be obtained from the raw material of aglyconic mixture containing
56% of genistein and 26% of daidzein. Moreover, genistin and daidzin can be separated

effectively from glucosidic isoflavone mixture by means of a calcium precipitation
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process, and subsequently genistin with 86% of recovery and 92% of purity, and daidzin
with 94% of recovery and 91% of purity could be obtained from the raw material of
glucosidic mixture containing 38% of genistin and 8% of daidzin.

Reguarding of the biotransformation of B. subtilis BCRC 19679 with each isolated
isoflavone, the results showed that the bioconversion of daidzein and genistein have
been going well with higher than 90% of conversion rate at the end of 48-h incubation
with the concentration range of 500 to 2000 mg /L for genistein and that of 480 to 640
mg /L for daidzein Moreover, for the specific conversion rate, the maximum value of
1890 uM g'*h* occurred at the 6™ h culture broth with an initial concentration 500 mg/L
of genistein, and 1400 uM g*h*for daidzein, the same as occurring at the 6" h culture
broth with an initial concentration 1400 mg /L of daidzein. Moreover, at the end of 48-
h incubation with initial substrate levels of 2000 mg/L for genistein and that of 2800
mg/L for daidzein, the coulture broth could contain maximum levels of 6700 uM for
G7P and 4800 uM for D7P, respectively, The conversion rates for genistein and
daidzein were 92% and 43% respectively. For the phosphorylation process with
genistein by B. subtilis BCRC 19679, we observed specific growth rate was highly
correlated to specific conversion rate, whereas this phenomenon did not be obsvered
when daidzein was used as the conversion substrate.

For isoflavone glucosides, the bioconversion of daidzin and genistin proceeded
successfully with higher than 90% of conversion rate at the concentration range of
1600 to 2400 mg/L for genistin and that higher than 70% of conversion rate of 1540-
1840 mg/L for daidzin at the end of 48-h incubation.Moreover for the specific
conversion rate, the maximum value of 370 uM g*h™ occurred at the 24" h culture
broth with an initial concentration 1840 mg/L of genistin, and 230 uM g*h* for

daidzin the same as occurring at the 24™ h culture broth with an initial concentration
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1600 mg /L of daidzin . In this research, genistin was first hydrolyzed to aglyconic
genistein, and then converted to G7P which represented a two-stage bioconversion
which suggested B. subtilis BCRC 19679 enable both hydrolysis of B-glucosidic bond
and phosphorylation. Besides, succinyl glucosidic isoflavones could be observed from

all the culture broths that obtained from daidzin and genistin as a substrate.
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FMEAEP ARG LS A4 B0 F2ANUBF M R

T
—

BT EPEPFRAZBPR AT RER TG 4 BEE - REH 2
aglycones # 3 * & ¥ ~(daidzein) ~ # A5 ik (genistein) 2% 2§ &g~
(glycitein) » % 5 glucosides R|3 % 3 (genistin) ~ + & # (daidzin) £ 5
(glycitin) » glucosides % & 3 3 = f(malonyl conjugate) —"Ff”ﬁ malonyldaidzin ~
malonylgenistin £ malonylglycitin - glucosides 3 ¢ fiaz (acetyl groups) 4 7
acetyldaidzin ~ acetylgenistin ¥2 acetylglycitin(® 1-2) o %~ & * 2 & § it 2+ 3
pE+ 2 malonyl conjugate i % #c(genistin ~ malonylgenistin ~ daidzin £
malonyldaidzin) - @ aglycones 7 & {%* o r malonyl-3] ;% % 22 fEH 2 £ 3
ARt # 2 fEe  ateFliRY ¢ 8 HE % L acetly-3] 3¢ & E_glucosides 2. 3]

(Murphy 1994) -

31 BEML AR

dT R Rk SRR AR 00 0§ Hepcd s H X R (receptor) g & i
% (binding site) (] 1-3) > Fe ik 46 & chwpiprd 20 0 LML > 5 F MR R T R
/& 't (Adlercreutz et al. 1991) o ] 5 £ 5 fik ¥ 3 4o 4 Hrlzpﬁ FaEEk Ry > 2
Frd] A B 5 Fg dm v 3 1 i (preadipocyte aromatase) 0 #712 Pr B s e chr
it (Adlercreutzetal. 1993) o & pr it # FELEING > Ay rd W EE M- f
B EeeEE > BT ER g E gk FROEE # A o

1935 Kishida (2000)#: 4 ¥ %5 7 5 % A7 > & ' fdk & | & (mice) & (o5
% 2 i Aspergillus awamori # f¥ 2.~ b &R F BPF > S5 P 1 GF L
L ik < 24 0 12 aglycones Ay B A B A S(OEREE A

£ 90%) > H 75 1] B pEersl Az g iR &1 0 2 pentobarbital #3%  ¢h

13



Eﬁ»ﬁﬁﬁt wAFFE2 ~ E(aglycones N 3 A B FHRZENERE T2
£ :185%) £ B ¥k o A& R F]¥ 4 3t aglycones it oAk | T

@ glycoside z_ v e rc e P Z “TIK o APMAT T BT ¢ B F Bk ST B At g
o AoofeR A9 R HRE > aglycones b et S So
Glycoside -] %5 % =8 7 4% = z; acetylglycosides §= malonylglycosides » B /g i d
< 7% ¢ B-glucosidase -k f& § & #& 15 1 7 Ak J(Barnes 1995) o # & - # & 17)
&l (mice)*+3x #® H cytochrome P450(drug metabolizing enzyme ; Phase I enzymes)
7 & PF > 5 aglycones | & 3 4@ M4 > L EF 7 R R kY aglycones & § HiE
i+ im e f2 4 eni® * (Kishida et al. 2000) -

i f%:;]%%‘? Bt F 2 R RO B 51}9;11;[,%. C AR B R ARE

TWRFo PLEFRR D TREKIVRY FHRFES @ E2

Mr2vd RR@od B 40T

~=h

1. &5 +23 £ (Naimetal. 1974)

2. fv el d-o B pRMpkgeps (protein tyrosine kinase) (Akiyama et al. 1987)
3. iu¥r4] DNA fndp 3t £ 455 (topoisomerase) (Okura et al. 1988)

4. w3 pxtE mF e 2 (Adlercreutz et al. 1991)

5. i< i ¥ A% (GARNER 1997)

6. i34 ® B AR (Somekawa et al. 2001)

7. @3 & Hp4k (Nagata et al. 2001)
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O\c —— CHy— lclz—— O —CHg
Vi P!
OH OHO
OH OH
Aglycone
Glucoside
Acetylglucoside
Malonylglucoside
Isoflavone R1 Ro2 Rs
Genistein H H OH
Daidzein H H H
Glycitein H OCHs H
Genistin CeOsH11 H OH
Daidzin CeOsH11 H H
Glycitin CeOsH11 OCHs H
Acetyl-genistin C60OsH11+ COCH3 H OH
Acetyl-daidzin Ce0OsH11+ COCH3 H H
Acetyl-glycitin C60OsH11+ COCH3 OCHzs H
Maolnyl-genistin  C¢OsH11+ COCH3+COOH H OH
Malonyl-daidzin  CsOsH11+ COCH3+COOH H H
Malonyl-glycitin - C¢OsHi1+ COCH3+COOH  OCHs H

W12 2852 B5maei

Fig. 1-2. Chemical structures of isoflavone in soybean foods. (Rostagno et al. 2007)
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Estrogen

Estradiol

B 1-3. R 5 fr P 2k BB R
Fig. 1-3. Comparison of the structure of the isoflavone metabolite equol with that of

estradiol showing the striking similarity in planar spatial arragement of the two

molecules. (Setchell and Cassidy 1999)
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Cognitive function
[short/long term

memory and mental
flexibility]

Stomach, lung,
bladder cancer
[in vitro]

Cardiovascular
disease [improved

plasma lipids]

(Vaginal dryness
| post-menopause

Prostate cancer
[reduced incidence
of death, inhibition

R
in vitro|

Breast cancer
[reduced
incidence,
inhibition

in vitro]

Bone loss
[attenuation in
lumbar spine]

Bl 1-4.Genistein * B EMFZ L S HREA R

Fig. 1-4. Proposed targets for beneficial effects of dietary genistein or a high soy diet

on human health. (Dixon and Ferreira 2002)
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3-2 + B Ll R

X
A

4]

§&¢ 2 B3k 5 MEREEY 27,5 5 fe(glycosides-form) » e R 5 A
2 B B A AR T PRI A AR AR (R PR R R
+ fit (aglycones-form) & 3 # ] &+ & F P B v A0 4F 0 g P Bz 2
Al B ApEE v A58 2. B Ak % (Izumi et al. 2000) (B8] 1-5) o fe o 2 gE N 20
il & Lok RS o @ F v Rt aglycones 2 kiF fRILAL > HRA L HE

1% F 2 & (Xuetal. 2000) -

1. Genistein 2_# it Bz

Genistein (47,5, 7-trinydroxyisoflavone) ¥ - & & & 45 4+ & = Fupic 2 4
phytoestrogen 4= phytoanticipins p % %L ch— = 484 - 4 & » genistein &P~

Gl R ERE AR AR THRET LI FAL Y R bl L Y W

94 B LR (prostate specific antigen) 2 P& F Rk A > $30 5V 1L 2 B IS A
SRR RS Y B - ot R ERBERE TSGR
(Biopharmaceutical Classification System ; BCS) > genistein /&> % w #f » i3
f2 R 2 1% %4 (Waldmann et al. 2012) - genistein % %46 4 & ¢ dwxjc ~ &
TR P (ADME)F T 0 B Y G i G onis (Bl 1-6) 0 e

HAERE L R e F a2 T % (Yang et al. 2012)
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PORTAL VEIN ENTEROCYTE LUMEN

Isoflavone-
glucuronides ... —— o ™ isoflavone
glycosides
cytostolic B-glucosidase .
BBM
................. B-glucosidase

efflux pump

glucuronides
[

bacterial B-glucosidase
B-glucuronidase

nonionic passive

diffusion and <— aglycones
glucuronidation

Bl 1-5. &5t ? 2 s g S
Fig. 1-5. General scheme of the mechanism of intestinal absorption and metabolism of
isoflavone glucosides. BLM, basolateral membrane; BBM, brush border membrane.

(Setchell and Cassidy 1999)
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Glu

H
OH
Genistin
H H
———m—
H OMe H 0 ) OH
Biochanin A Genistein

H

OH O OH

Dihydrogenistein

o%
OH O oM

6-Hydroxy-O-desmethylangolensin
] 1-6. Biochanin A % genistein 7 % %8¢ 2_ & 3%

Fig. 1-6. Metabolism of biochanin A and genistein in man. (Adlercreutz et al. 1987)
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2. Daidzein 2. # it &2 ¥z
Daidzein % %87 42 s » P ¥ & -  avg 35 dihydrodaidzein T

» i #e 5 O-demethylangolensin(O-DMA) 2 %2 equol (B8] 1-7) (Joannou et al.,
1995 ; Setchell et al., 1998) - H ¢ > daidzein # 4% = % equol 2_ {E #2430 5 & —

T L PR F] 5 equol B A4~ daidzein & 3 { iE2 A TWEM o7& K
Joend R doB MR SR VR D

< 84 T g 4p 1 daidzein £ G 3F S

=

=z fe% (Alexandersenetal.,, 2001 ; Gaoetal,, 2001) - gt ¢ &5 #2345 !

’r
daidzein %1% w2 F1F > 40 BRE B 4 RE F k% o F4EE > d 2 daidzein

SRy RN S R AR I P
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Glu O

o
OH
Daldzin l
H (e} Hi 0
—
9 OMe @ OH
F
ormanonetin Daidzein
H 0 .
\
H 0
4-O-Methylequol oM
Dehydroequole

. Intermediate E

i o
0
Dihydrodaldzein=
Intermediate O
OH
| :
cistrsns-a-Hydroxy equol \
H H H (o]
0

OH

Equol
O-Dasmeathylangolensin

] 1-7. Formononetin % daidzein 7 4 f8 ¢ 2_ i\ 34 i
Fig. 1-7. Metabolic pathways of formononetin and daidzein in man.

(Adlercreutz et al. 1987)
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S nRESH

W ERE (prodrug) o & fEHE - EFasngd s AL EFSEC TR RS
BRI LM RF A ]~ B PR 2R e 1 e TR S g

fOFETN L o TRES AL LG A RN R R SN S
R F FREOP T B WARDP DENH B D I F e b
R %#m*w%ww?oﬂﬁﬁﬁgﬁbﬁﬁkﬁzfﬁﬁﬁ%%
(carrier-prodrug)f=# 4 % 5% ;% (bioprecursor) o yt ¢b B & LSRR o

fr s B E L4 8 mwmwk#ﬁﬁﬁﬁﬁ?ﬁfﬁﬁ@%ﬁﬁﬁg

WP LG R R A R P RIIER I AR R E

2L

f

oA gt Efdp RAGRHGE S 2R R § X
LR ArMad IR r EEREELEY P H I CRFEKEHEF LA
FrRHOES S A RRF AT R o

T RE S A EFF L Y E P EGE  ahded o & 1958 & o Albert #%
11 % SR 4~ (prodrugs) ML & > R B 2 F R LT & g il F g A A A AT eni
e P pFPRA2 NS FEEE BN R #F o ol H
P AR R Z(Albert 1958) o p i £ H (1) R EF SR F i
FI B s f > i d F e AP %J** S AT R RS BPE AR o (2) M Av 2
PR D RBORARBIER > MH A AP ER o (3) FOURIEY ~E K
F M iﬁ'“ﬁ% FUR* ZEpd flg% 5 ~ G TIFTEREF o (4) B AR K
teB M B R o

Bifa e WM ? Ao FE R P2 BIEY > T 3§ PP (DNA)F-
P RNA)DRHE A > AREp S dor e e B E > L

RSB E R AR B THBIKRR ES 2T R LT

T I R A B A g ER | BRR L B A S Y S F R



P T T L U T T g P e
2 afethlic; Y- 2o oo d RPN e WY 2 G RARAAq PR 0 % B A M
fe L AR RS R EFILE > (JIXun2013) e F3AFF T 0 AT IR )
* Bacillus subtilis BCRC 19679 it = ~ & £ & fi* ¥ v daidzein 2 genistein # it =
k% 1+ & 22 D7P (Daidzein-7-O-phosphate)f= G7P (Genistein-7-O-phosphate) - ]

pU AP 59 T ?"it%“ﬁ“ﬁ el Hokpdd > R R H 2 ST FR A HEN

¥ ¥ GIPZ2 DIP 2 Wi 42k e adaimyd 2> > G4 P2 4Rl
e fhe fig BP0 RHE I mUUHKE HP-20 43U pg 2 A Ak i 3l > DTP
Fo GTP A 47 ¢ % & it 59 48R R en2.76%#% ~ 1 83.1%7F w3 5 97.3%

(+k » 2012 ; # » 2011) -
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SIS LBt e AinEM
*EFT g B - B S - B R 5E <+ dhgenistein, daidzein, genistin,

daidzin B~ 342 B -« X AN x B 28 T5 RAL > 60%7 f%/8 & 5 B 5B
RGRAEISA A A 2R 0 d HP-2MG B F st B fk 0 2 60 %7 iR
WEziphed iz £ M A $ (daidzein ~ genistein ~ daidzin ~ glycitin &
genistin) » 2 % % 0.26% ; £ ﬂ&%ﬁﬁﬁﬁﬁPPZMGﬁ%?+maﬁ¢$’u
PH=12 & 5 4 3%t > @34 5 5 0.04% > %6 FT-IR ~ UV-Vis &2 HPLC
AT EER G B AR fhgenistin & A 5 A E AR 60 %7 AR T 2 0
Pl s BEMREP 0 A5 5 011% > Sd dpk kR EHE 0 Foma s
F&_d genistin ~ daidzin £ glycitin %= - ;£ > 2008) - Zeng % 4 {1 *
polymethylacralate A% & 475 4L > ™ 7 b 7 @i REFTNE > B2 b A §E
A B ¥ AR (genistin, daidzin, glycitin) 4 3¢ » F 5] & W F pEAR F A 5 £ 1% ok
fRrlt Lt u A pEAR A BN 2 AR E ML W EH (genistein, daidzein,
glycitein) - (Zheng, 1997) c it 2 k* e RS MEMA T T L R % 3 fF

FOULRpER I 2 AR AR ERARAREE 2 F AT AL

HE A ERE o bl4oRen 2 A 2012 B¢ A 2 0 JI* kAP R ¢ R fikdp
FP2 2% A R0 A3t genistein 2 His BFAraEis &4 (Ren, 2012) - 77
I RSN LR AR MEM - &% hdps o Fe¥ AP 2

Zn?t s gk W B Ar B (Priya, 2008) o ferz bt gk k F L B (55 A AR R

E-\

L RERERL R E PR &2 44

s

GAEHBEMEAE AT -

EFRE DL BAE o
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51 sdgerdivd gk~ & B % B genistein 2 daidzein

PAMurphy & A % @ # % HPLC »~ 3t 2 AR T fr > B A7 P 8 A i
genistein 2 daidzein > e F) i g E4R] 0 WA < EHRE R F - w4
(PA Murphy, 1981) - w & A | * & & & 17,2 2 = daidzein {r genistein 23 B~ »
AEEIIE M BB E e gAT L mFE MM Mg e i 170 %
he FRE P RMEC PR R PRI G AR 0 RIS e » B oRARAR B M S R
P E P30 FE T RN he fadp o * GFass 174 0 &0 T ¥k DI[ fb
(R % 4:18:18) 5 BB H|4te fhe fadpie (738 K A 45 > A {54 Rf £=0.55 2
Rf &=0.63 eh¥ kif ¥ i& 7 HPLC 4 47 » I £ genistein 2 daidzein % 5.1
HPLC B4+ » ¥ 27 TLC % 1} 2_ genistein 2 daidzein # 5 $&8 5@ * (v >
2005) - Tao % 4 #5134 22 0.1 M e Ni2 ez 2 & » ¥ 4| * silica gel
B TR A 10 o0 T OERIRR & S {7k 0 4 3 genistein 2 daidzein

(Tao, 2002) -
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5-2 s @gardicdpEd+ 2 2% @ genistin 2 daidzin

TrE A2+ 2008 & & {7 7 genistin 2 daidzin en4 #t o I * 7 AR X B-fom ok

‘3\\-

BB A B EMERF 0 7P B AR RSF o genistin - daidzin

T
\

i
& 4 o 15 11 Sephadex LH-20 4+ & +7:& {7 genistin {- daidzin =74 & (2% X

(2

p:
2008) c M A RIRARDEKAREZPFRE R RETEFR ARG SP AR
FoUAMEFPRIEAT P RETHI0NETMEY L2 RF M2 HRE
EEERMEP X AR AMPBELER Y PRI S Rk BLE
i “ERFMPISF 5 253% -~ RF Mz EY 224 %% B 1) 76.8% ©
s ke EBEEhicTRk&Es 50 & o+ Sephadex LH-20 (220 mmx15 mm)
¥ {14 4 genistin f- daidzin #7 3 #F 3R > SRR Y T v T o JRE AR
genistin f= daidzin e4 #sc b AR L o x < 2 P % ¢ o 4 (T genistin 10mg
daidzin 6mg - genistin {= daidzin if i HPLC » 478 3|7 ¥ - 4% > ¥ & < > 90

% o (7% > 2008) o 7 ¥ JI* AP F KRBT A BF FEAR B B Ao

Sepabeads SP207 + ' s st it A 5 P2 * B B F M o * L SRR B Y K
P~ex 2 R F A& 7 7 genistin, diadzin, glycitin % acetyl-genistin o %
Sepabeads SP207 + ' e F AP 1 7 2 FRFR R e > F 4 4t T] genistin £

acetyl-genistin ; & HPLC #& B H & 2355 90 %171 + o
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PR Mg

Studies on the isolations of genistein, daidzein, genistin, daidzin from
soybean and their bioconversions by Bacillus subtilis BCRC 19679

Isolation of individual genistin, daidzin,
genistein, daidzein

|
! l

Isolation of genistin and daidzin Isolation of genistein and daidzein
by a calcium precipitation process using aluminium oxide

l I The biotransformation of each
' — isolated isoflavone genistin, daidzin,
genistein, daidzein
by B. subtilis BCRC 19679

» Effects on bacteria growth
* Bioconversion rate

* Specific growth rate

* Specific bioconversion rate

Exploring the optimal conditions for
the recovery and purity of
genistein, daidzein, genistin, daidzin
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S & RERE
21 Fh
AR B E LA iFiE 2 B.osubtilis FC-10 Atk » F 33t 8 51 EF EF LT
(ZFFREH2FFE P <) %y BCRC 19679 -

2-2 *

lufl

.

wh

e

MR BT RLGRA T BRI 60%T FRE T E I o BBl R R

kAR F PR K 60% R 4R A 0 & {7 Diaion HP-20 475 & 7 % & ¢ 1 AR

k2 A0%T FRinie RS E £ 070 %7 pRine A pEA R R 0 B8 12 100
PRI PEAR R o T SN2 R A F R R IR ‘,ﬁt’ﬁ WA (e

FRicEr - AWHAREMINA F IS B AR S 82% (7 genistein 7 56 % >

daidzein % 26 %) > 4% &4 & = PRMA (preparative raw material aglycones) -

HPLC & 47 Bl %44 Bl - o M T REE # & 40%2 pEA~ 2 2§ @ Bld(3

genistein 5 31 % - daidzein = 10 %) - 2t & 5 RMA (raw material

aglycones) » HPLC & 47 Bz 4ot Bl = > 12 % 46 %F pER R F i At (38%

genistin » 8 % daidzin) - £ k4 5 RMG (raw material glucosides) > HPLC & 47

Bl bo e = > 00 2 AR RRE 0 A RERE Y B0 20T k4

¢ oo

23 E BN

1. Daidzein, Sigma

2. Diaion ® HP-20, Mitsubishi Chemical Industries Limited

3. Ethyl acetate, Merck

4. Genistein, Sigma

5. n-Hexane, Merck

6. Hydrochloride acid, Merck

7.  Citric acid, Merck
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8.  Acetic acid, Merck
9. Aluminum oxide ( neutral; active stage I1), Sigma
10. Calcium hydroxide, Merck
11. Chloroform, Merck
2-4 A REA
Nutrient Agar (NA) > Becton Dickinson
Approximate formula* per liter (L) purified water
- beef extract 3.0 ¢
- peptone 5.0 g
-agar 15 ¢

Eapgiies

Ingredient Content (w/v %)
Sucrose 24
Di-ammonium phosphate (NH4).HPO4 1g
Monopotassium phosphate KH2PO4 0.527g
Dipotassium phosphate K2HPO4 1.068g
Magnesium sulphate heptahydrate MgSOa4 - 7H.0 0.05¢g
Manganese sulphate pentahydrate MnSO4 - 5H,0 0.05¢

(adjusted to pH=7.)
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S H P RRE
1. 4~ kg3 p A Hitachi 2 # U-1100 7|
2. 4k gc%E ¥ ¢ F# W Labconco = &

3. McE 3w Labnet 2 2 C2500 )

4. F % 1 p A~ Tomy =7 ES-315 7

5. g %4 ¢ 54 Hotech 2 @ low-temp incubator 707R

6. Rk ﬁ;?%_ :
I, zdg %% % . 134 Buchi 2 @ Rotavapor R-14
Il B Z @42 5L Buchi 2 7 Vacuum Conntroller B-72

. -ki#4% @ 332 Buchi = & Waterbath B-480
IV. -k : p * Tokyo Rikakikai = # A-3S
V. #44r¥% 1 p A& Eyela 7 Cool Ace CA-1111
7. % v Ap kAT &
I & 4553 2k 4p K 47 &
eAn k47 ®RJF ¢ p 4 Hitachi = & L-2413

e & %R 4L H Thermo & # ERC-3215

=

ReAp R 47 4RI E 1 p A Hitachi = & L-2420

B

S

2 4 * SISC # ~ & 178088 @ 54 SISC = @ 2.01 5

31



R AR R e
4-1 Brap ik iz 2 BEMAFTiER

5% ¥ 3% (2006) 2 = 2 4erig ez 1% HPLC i (7 & 5 b 2 & 7R L 14
TR AR

Column: YMC-Pack ODS-AM (5 um, 250x4.6 mm)

Mobile phase: solvent (A) : 0.1% (v/v) B pk-ki3 i%

solvent (B) : 0.1% (v/v) papse % 7% i%

Flow rate : 1.0 mL/min

Sample loop : 20 uL

Detector : Hitachi, DL-2413 (254 nm)

Pump : Hitachi, DL-2420 pump

HPLC - & i i i i+

w20 A48 solvent (B) JEA& d 15 %3 4e T 209% » 3+ 2 14010 A 4B H 4 3

24% » £ T P10 A4 2 15 A6 AR M4 D 35%K T 8 A4 ki in6

L w 3 I5%THFE ads o £ATIE RS, E 1 15 % T §F15 A b o PR
AR R2BAEREMAG BERER AR LR WA PR S 65 A
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42 A2 BEMERPE S
Isoflavone content ( 2 g/g)= :—S X == X —
IS S

Isoflavone content ( x moI/g)- —= X ==X — X ——
Ars .

As=Peak area of isoflavone compounds
Ais=Peak area of internal standard (benzoic acid)
Cis=Concentration of internal standard

V=Final volume

Ms=Sample weight

RRF= Relative response factor

MW=Molecular weight

AEEPEA BB E MR L RRF @7 fi p BB Rs A5

Isoflavone compound RRF benzoicacia  Molecular Weight
Daidzin 8.52 416
Genistin 10.42 432
Malonyldaidzin 4.93 502
Malonylgenistin 9.13 458
Daidzein 19.65 254
Genistein 16.38 270
Daidzein 7-O-phosphate 12.85 334
Genistein 7-O- phosphate 15.63 350
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FIE %D
5-1 fI* ¥ |+§ i 45F H & 474 3 Genistein 2 Daidzein

Bk FAoWB 5-1 0 K9 1L F 1L 4RHS % 400g Uik (L R fgiT PRK
(65:25:14) ) 2 B RE TR > E AT WA B g Y > T 1 B IE
BT fgEo i~ A pEA L B B F MRS A% 7% PRMA (5.7g/ 400 mL Ethyl
acetate: methanol: water (65:25:4)) » ™ 3 & & {88 2 kR 4 0 AR R
1.5 mL/ min » 7 i daidzein = 2 & 1 o o f e 1 2 daidzein 354 R k45 (8
AR o MR B2 PR AME I EAN o 4o~ 1B T AR 500
mL > 33| 1 ] pF > @ genistein €7 M F V4R AN o MM Es (T E
A2 i & AR 1600 mL o kst R TR URRNEES 0 AR RAZ AR
FRF A BT o o 1000 ML [ A 7w 1RG4 TR R R

o rORRE S R

34



5.7g aglyconic isoflavone mixtures (genistein: 3.2 g daidzein 1.5g)
dissolve in 400 mL Ethyl acetate: methanol: water (65:25:4)

Aluminum oxide(neutral) column
(200 g; column size: i.d 11 cm, 50 cm)

Elute by 3X bed-column volume of
ethyl acetate: methanol: water (65:25:4) Daidzein

Flow rate: 1.5mL/min Eluent fraction

HO (o)
Aluminum oxide contains adsorbed genistein O |
was desorbed by 1% HCl in methanol (500 mL) 0 O 5

Genistein ° O 2 |
fraction O
OH O

OH

B 5-1. ¢ 2% i 45 4L~ 4 genistein 2 daidzein i 42 B
Fig 5-1. The flow chart for separation of genistein and daidzein by aluminum oxide

chromatography.
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5-2 41 * 4F &g+ A E & 3 genistin 2 daidzin

%5 Dobbins & A 3 % 2. = ;2 # 4v 12 13 4 (Dobbins, 2006) - #-46 %+ pF A & &
Ak R RMG 100 g i3 2> 800mL /& fk # » 4c » 5% § i 4%-ki3 % 200 mL »
WHE- R EFER ANt kiRiR(eitl) 2 Tt o Bl £ 37
RF 10 %\ R T 1 R ER T IR BINA o BB
12 800mL 3 A s fEfS L K4 » 25 %3 ¥ 40K 200mL > AR - )
Pis Tl #pd I0%RIFFEF%R T L FEEXERTR
Gt 800 ML 3 b i3 f# 15 > BURE A R4 0 BB RA MG 0 ek
#5149 ) genistin o ¥ -t iRk 14 » 4992 & § LATRF UMK 0 WER

Gk T G odaidzin o At B Y o F ARIEAZA AoR] 5-2
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Filtrate «———

Glucosidic isoflavones

l

100 g glucosidic isoflavone mixtures ( genistin: 38%, daidzin:8%)
disolve in 800 mL acetone +

9.9 g Ca(OH), dissolved in 200 mL water
(0.135 M Ca(OH),,; 0.09 M Glucoside isoflavones)
oM
4.95 g Ca(OH), was added Hoﬂmo .
Filtration oH 3 -
Fillér ke / Dry filter cake (107 g) Genistin
(7.8g) l T
10 % citricacid (H,0) de-chelation (500mL) 1 hr Filtrate
Filtrate l Filtration T
Filter cake (89 g) Filtration
(remove insoluble salt)

4
Daidzin l

Resuspendin 1L 80% acetone
4.95 g Ca(OH), was added

i l Filtration

Filter cake (81g)
10 % citric acid (H,0) de-chelation (500 mL)

] 5-2. 4F 3t sUkE A 3t genistin 2 daidzin § % s A2

T

Filter cake (68 g)
Re-suspend in acetone

Fig 5-2. The flow chart for the separation of genistin and daidzin by a calcium

precipitation method.
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53 A RRAEMEMPARITEL v FPE
1) 2 EimEMa R
st 5 #is 2 genistein, daidzein, genistin 2 daidzin > % %[ F 2k
£ T B

e RS 0 T BRBERE > e piRE SR W HPLC 27 2R

AT FEEEERY DL

Weight of target compound
g _ g p (8 % 100%
Weight of sample (g)

Purity of target compound in sample =

2 tuEEmEMMyIcFE

st g4 i 2. genistein, daidzein, genistin, daidzin - & [ FR 2k &

A

EEgFcHRAEE 0 Y pRIBfRE > e r pRER > 2 HPLC 27 T & 4

% 2L F oo
-~ F Tt

1o ZRTRAE R R R BT TS

Z_

_L)a-

Recovery of target compound in sample =

Weight of target compound in sample (g) 0
, — : X 100%
Weight of target compound in original meterial (g)
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5-4 % w3 % fr ¥ B. subtilis BCRC 19679 2 & &2 5

#-B. subtilis BCRC 19679 »* NA H it & A R H42 £ 37Cx8 % 12
oS Bl E - BFE O BT 100mL 2 &R E AT > 3TCR R 24 0] BF
o MAMARY o 2 K d AP E B R 23 %% 200 pb 4 ~ 20%

? A% 800 uL > vortex {$ ] _600 nm 2_ ¥ £ & o

5-5 B. subtilis BCRC 19679 % & | £ § fib ch4 4 4§ 1
(1) e
#-B. subtilis BCRC 19679*"*NAF it £ & A 1w % F1402 237C1 %12
pro BN H - FE o B 1100mL2 £ A AP > 337C - 155 ipm > 1
£ P BGFAERY o

(2) B. subtilis BCRC 19679 & & M| B E AW EAR T 2 1 &

MBFRASMLE 85mL 2 &R AR > E4cr 10mML 7 FEAR 2
genistein, daidzein, genistin 2 daidzin (* B#@EZ ey 2 - B F ) kR K7
2ET O LREHEREMER T NB RS A F ERFRDE 2 37C ~ 155 rpm
¥ & 4872 | pF > & IR 6 /) PFB~4k o B~ 11 100 pL ﬁfﬁ‘ﬁ 10 & > 4o r MRS &
Pl R R g e

Concentraton 1

2 3 4 5 6
1850 uM 3700 um 4400 uM 5550 uM 7400 uMm 11000 um
Genistein 500 1000 1200 1500 2000 3000
(mg/L)
Daidzein 470 940 1130 1410 1880 2820
(mg/L)
Genistin 800 1600 1920 2400 3200 4800
(mg/L)
Daidzin 770 1540 1840 2310 3080 4620
(mg/L)
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D7P 2 G7P 2 it 3-8 = 5

) , content of G7P (mmole)
Bioconversion rate of G7P(%) = —— — X 100%
content of initial genistein (mmole)

. ) content of D7P (mmole)
Bioconversion rate of D7P (%) = —— — X 100%
content of initial daidzein (mmole)

D7P 2 G7P 2 W\ i {1 3 3+ = ¢

dG7P conc. (uM)
0D600.T

dG7P conc. (uM)
0D600.T

Specific bioconversion rate of G7P =

Specific bioconversion rate of G7P =

B. subtilis BCRC 19679 \* # £ i 3-8 = ;¢ ¢

Bl

0D600f — 0D600i

Specific growth rate of B. subtilis BCRC 19679 = 0D600i T

LA EEFPEG S () 0 F P e R R L R

<

MR AME S22 - B @z epr @ (1) > k2 F o dfcp o
Fi4vik F (dN/dE) movte 55 peniimieficp (N) - PIE @ dN/dE=N » 5
# A1 D INNGInNO=pt » 3% — B3 R > t=Td, Nt=2NO 533 % $ : In2NO-
INNO=pTd - # : p=In2/Td -

SUcE &

w4 EiE ko B ht

t: R Hizh

N: ZRPFF ks ~me g

Ne: Biess %t 4 me £

No @ B 4pPFpicd 7 mve £

Td: BRPEEF > TLd P B R LR KD BITT R
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5-6 stite 47
AR B BRI AT B LB R HE S R B A

(ANOVA, analysis of variance) » 13 < # [ = 95% (p<0.05) -
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Fr i BE8H

1. 4 &t genistein 2 daidzein
Wang % A »+ 1971 &3 2 22 8o > fI* ? (g Vape A kg o o
chloroform : methanol : water (65:25:4) ¥ % & B 4p » ¥ #-genistein 2 daidzein

s (Rf @4 w5 0% 0.78)( Wang, 1971) -

AFET UM LAH S TR WUE A §FAEHERAAL {
ROFIRIZZEFERY F P AR REFER HAME BRI SRS DG
:Fi”,;',ft,l‘zl BB R AL 7B o o2 B RIAR R ,D-Qrz\4l’l/bﬁ’xbﬁq‘

TEEC TR RE R RETRMHIRIEFER > AE RPN R
Pooe ke fig 0 T ERE CRIR G K BUE P AR genistein 2 daidzein 4§ RFE AL E
T w3 0.7 0 E{siE * 11 ethyl acetate : methanol : water (65:25:4) 1% 3 & &

o BR R & P2 BRE R B EApP o genistein 2 daidzein Rrf &4

B i 01mz 09-TLC B RI> R 4-1-

HTLC K g ¥kl 4

e g e g < £ genistein 2 daidzein @Y o B A BF
48 ¥ 1L (200 g; column size: 11 x50 cm) » % & 5.7 g PRMA (4 /& : 82 %) 7 **
400 mL ethyl acetate: methanol: water (65:25:4) - rx T_j» %% (ethyl acetate:
methanol: water (65:25:4)) = & ¢ {8 /i (s 77 #-daidzein = >k 4 ¢
Ho e SR RIESEE 5 G WA ki 9 2] daidzein (WA ¢ 92
% : woTF 1 9490) o @ M At M4 F (4R 412 genistein 14 7 1% R A2 7
R R i TR 1) PF 0 1S 1 Waterman 131 5Lig MiE g 7 1 ik 0 F
s gz 1%Bp2 P pRi Rk 500 mL i 7 HEE N L 0] PRI T R B

o £A4F = =0 o & AR 1600 mL o B8R iR AR TR RIR SIS 0 L AR KAE
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BRI @ 4er 1000 ML F R 17 3R 1 s 4 R R
P RRIESEL T AR CORRIE O 790 genistein (A A 95 %
T 1 89% ) G Rk E e P MR AR T @Y R
genistin % daidzin > 12 RMG % #l# &l - # 3% 4ole 1 3 L% genistein 2
daidzein 2. = ;% > v& 5 % RAd KR > W HK F 3] geinstin 2 daidzin W qjT 5 2

B Ard 4-2-1 -

43



% 4-1.° 15 48 TLC &k & 4701 % = B B % % 3t genistein 2 daidzein
Table 4-1. Separation of genistein and daidzein by aluminum oxide TLC in different

solvent systems.

Develop solvent system R value Developing time
( %o, v/V) Genistein ~ Daidzein (mins)
Chloroform: methanol: water (65:25:4) 0.02~0.1 0.93 40
Ethyl acetate: methanol: water (65:25:4) 0.01~0.1 0.90 45
Ethyl acetate: methanol: water (65:20:4) 0.1~0.2 0.93 45
Ethyl acetate: methanol: water (65:15:4) 02 0.88 45
Ethyl acetate: methanol: water (65:10:4) 0.02~0.1 0.90 45
Ethyl acetate: butanol (10:1) 0.5 0.79 50
Ethyl acetate: butanol (5:1) 0.35 0.85 50
Ethyl acetate: butanol (1:1) 0.2 0.85 50
Ethyl acetate: hexane (20:1) 0.1~0.3 0.35 40
Ethyl acetate: hexane (10:1) 0~0.1 0.4 40
Ethyl acetate: hexane (5:1) 0~0.5 0.6 40

Rf is referred to the ratio of isoflavone distance from origin to solvent front distance

from origin.
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Tty <+— Solvent front
aidzein —>

Genistein —> <+— Origin

Lane 1 Lane 2 Lane 3

B 4-1. ¢ 45 42 TLC & & & 1714 ethyl acetate: methanol: water (65:25:4) & &
% Xus 3 genistein % daidzein -

Fig 4-2. Aluminum oxide TLC profile of genistein and daidzein in ethyl acetate:
methanol: water (65:25:4) solvent system. Lane 1: daidzein standard sample, Lane 2:
the mixture of genistein standard and daidzein standard. Lane 3: genistein standard

sample. Developing time: 45 min.
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% 4-2.7 | § i 428 414 & genistein 2 daidzein

Table 4-2. Isolation of genistein and daidzein by neutral aluminum oxide.

Recovery(%) Purity(%)
Raw material — Genistein: 56.1
Daidzein: 26.7
Genistein 89.4 95.2
Daidzein 924.1 92.7

% 4-2-2 ¥ 2§ 1 48 41~ 4 genistin 2 daidzin

Table 4-2-2 Isolation of genistin and daidzin by neutral aluminum oxide.

Recovery(%) Purity(%)
Raw material — Genistin: 38.1
Daidzin: 8.2
Genistin 82.3 92.6
Daidzin 97.4 91.9
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2.4 3 genistin 2 daidzin

A= % %% p Dobbins & % 3 £ 2= j (Dobbins, 2006) - 3% > /2 te - 14 4T 4
F 3BT A& genistin @ Huik 2 B A AR 0 2 60 %P G Ak B e M AT
I REEAL LI 15%BALE (7 genistin M > e F 5 65 % » s A > 90
% > o & I3 K3 daidzin ®WHE 42/ 0w F] 0 BRI% > EE (7 genistin 2 A 3t
BEED BT E R AL AR R A §F TR
oot a s dARAEE LA R WE N B S A2 genistin 2
daidzin > ® 3  F G F o SRS HEF B kst s B0%FA Ak o & F (AT
gL BEFBE > R 223F AR TS REEEMRE R E2 527
GEEFATRT TR ATS S R F AR Y ER%E O MAMEERY
A l5 B2 4§ 4T ELREER A B SERTTKE T B L R4
BRALEF M3 B #5075 B > 54T ki 2 genistin-Ca g & # 5 S B PR
T 85 genistin > K > 2 @ % 15 %BMALA e TR 0 WGP S 3 B o &

R AT ARG (R RIFRARITAMAN AR d B AT AT

\

s BRI At 2488 % &R (D.N. Misra, 1996) - 57 Ik & R #5205 %
27 e S R RS (S 0 10 10 Y018 R s i Lol P S BRI EEE
B {8 1@ 3] genistin B & 5 92% 5 wrF 5 86 % o f4TAEF £ genistin Tk i A7
P iRl b iR B R S AT Tk 3 o Al genistin 2 7 7 1) daidzin -

MR G 91% 0 vtk 5 92.4% - Genistin 2 daidzin w T F 2 R #1107 e % 2

e EAFH  FHH AL 432 4 44
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% 4-3. d 4Ta S sk 2 b oF iR w dc daidzin
Table 4-3. Recovery of daidzin from the supernatant of glucosidic isoflavone mixture

through calcium precipitation process.

Yield (g) Recovery (%) Purity (%) Purified fold
Raw material 100.8 100.0 7.2 1.0
1 supernatant 7.8 95.1 89.1 12.3
from Ca®>*
precipitation
21 supernatant 7.3 92.4 91.7 12.6
from Ca>*

precipitation

100.8 g RMG (purity: 45.4%) dissolve in 1000 mL 80% acetone, 1% supernatant from
Ca?" precipitation: after precipitation by adding 9.9 g Ca(OH)., the supernatant from
1%t Ca?* precipitation through filtration, 2" supernatant from Ca?* precipitation: after
precipitation by adding 4.9 g Ca(OH)2, the supernatant from 2"@ Ca?* precipitation

through filtration N=3.
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Fo 4-4. o ATEES UMK S ¢ w T genistin

Table 4-4. Recovery of genistin from glucosidic isoflavone mixture by a calcium

precipitation process.

Yield (g) Recovery (%) Purity (%) Purified fold
Raw material 100.8 100 38.2 1.0
13010 % citric 55.7 88.2 61.1 1.6
acid de-chelation
2" 10 % citric 45.1 87.6 74 .7 1.9
acid de-chelation
Re-suspend in 35.9 86.1 92.2 24

acetone (remove
insoluble salt

100.83 g RMG (purity: 45.4%) dissolve in 1000 mL 80% acetone, 1 10 % citric acid

de-chelation: the residue from 1% Ca?* precipitation was de-chelate by 10 % citric

acid. 2" 10 % citric acid de-chelation: the residue from 2" Ca?* precipitation was de-

chelate by 10 % citric acid. N=3.
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3. B. subtilis BCRC 19679 # 3% genistein 2 daidzein
3.1 Genistein 2 daidzein ¥ B. subtilis BCRC 19679 4 & 2_ # 5

Felh 7z 500-3000 mg/L genistein 2 470-2820 mg/L daidzein z. & =& 32 % A #2
LHE 4 o 2 37°C ~ 155 rpm &4k 48 ] pF > F 1 3 ] BB 1 i 7 HPLC
AR RN -

WL ¥ k4L ogenistein kR A (4]t ) 0 genistein ikt 4 £ o
EBHPER ek s frdlest 12 F R R R 5 0.95 h - genistein 500 mg/L #
12 PR PR AR 4 5 143 h > B % )k & genistein 3000 mg/L #& 4% 12 /] pF i3
WP { ot £ 5 457h - daidzein >tk & 1130 mg/L 12 T B {7 4 dr g dE 24 o) pE2
podkcd P RMER (Td2idler a8 F L8 o 2% 87 1 genistein 4p #
*t daidzein { 2 af £ jicd F A B PEF a4 o AFT Y R 3FE A 3T genistein
¥7 daidzein ;3 f3 B @#% ¢ {8 4 > genistein -k ¥ A f2 A& 5 0.82 mg/L - daidzein 3
036 mg/L > BfR L B 7 it 3 +a 52 L pR en¥FF » 7 & & genistein %
daidzein & 75 & F $Hcd $ 4 (2 £ R 4L B 4 2 gpkdp O genistein Y RGE R T
¥t Staphylococcus aureus % Bacillus anthracis & 3 #r4]4 & % (Hong, 2006);
Andrej Tarkowski % + 4] * Streptococcus pasteurianus, Bacillus cereus,
Helicobacterpylori % Escherichiacoli i® ;&% fic 2 4= » 45 31 genistein % daidzein
2 frdlficAd 4 R a4 > B % BT o genistein i WA $ 8 # daidzein § Fr ]
A $d Koot s 3P SRRt Frirek kg ogenistein ¥ w2 topoisomerase

FoPGe 2 FrdlE e B R wE % 1 4] DNA 473 & 255 % 48 T2 (Andrej
Tarkowski, 2004) - B & & 5 fr #2422 2 £ B2 5 > Pl € ODeoo 2- #cie &2

CFU/mI 2 At € 2 i 2 353 ¥ dsr o
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3.2 B. subtilis BCRC 19679 # genistein % daidzein 2. 2 $ i& it 35
B. subtilis BCRC 19679 #t genistein 500-2000 mg/L #& 4 48 -] p& 3 "L 47 e

e % (> 90%) 0 4oB] 4-4 > b g B~ & 1890 pM gthl 5 2 stdshaik B
500 mg/Lgenistein ~ #& 4% 6 /|- pF o bt it 4 Kk F &2 GTP 4 2iF 5o dr[§l 4-
10 > 1245 T. Koso % A 3& 1 2 ficd 47 & 3 #0758 32545 (T, Koso, 1969) » ¢+ & %7
genistein % Ff8id 6 3] 2 ficd S PR RO o GTP &8 2 k& 5 6700 uM
(genistein 2000 mg/L (7400 uM) ; ##& 3% 48 -] pF) - B. subtilis BCRC 19679 %} 480-
940 mg/L daidzein i& 7 #c 4 4+ i 48 -] P § 45 e 3 ok T (> 90%) o 1 4
# F ko~ fE 1400 uM gtht 4 2t 4e4n0k & 1400 mg/L daidzein ~ #&4% 6 /| & >
d v 4 g 5w 7 a0y daidzein s PR R (T 2 F 4k 2202 genistein B P
TheF 2P 2 £8 cgenistein e g v 2 2@ FNMAKMERE

B> @ daidzein e B v 4 A F F NP ASMER 29 DTP &8 4 kA 5 4800
UM (daidzein 2800 mg/L ; # 4% 48 /| p¥ > #HE 5 43%) o b 4 L@ Fh X B
D7P vt 4 3 @ Ap B |2 B 2R ARl B A0 BERCS o & %] genistein 2
daidzein >+ 72 kR 2 7 e PFRFBL2 4 5 2 GTP ~ D7P 2 =k & B> 'Héc B

4-1 1 B 56 -
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——e——  Control

g 1 o 500 mg/L 0
< ——-w-—— 1000 mg/L
o 5 — A —-- 1500 mg/L o
o — = — 2000 mg/L : v
© 3000 mg/L e
T 4 -
(] AT —n
3] e —
c 3 ol _.—O
© - 7 p——
o) — -
S
o 27
(%))
0
< 1

0+ T

0 10 20 30 40 50

] 4-2. Genistein ¥t B. subtilis BCRC 19679 # £ 82 &8

Fig 4-2.Effects of genistein on bacterial growth of B. subtilis BCRC 19679.

€
c
o 51
o
©
T 47
)
3 g
c 3 g Control
g /" Z, // O 470 mg/L
B P ——-¥-—— 940 mg/L
& 21 — ——A — - 1130 mg/L
o) — & — 1410 mg/L
< — —0— — 1880 mg/L
1 — —e—— 2820 mg/L
0 4 :
0 20 40 60
Time (h)

] 4-3. Daidzein ¥t B. subtilis BCRC 19679 2 & g2 5

Fig 4-3.Effects of daidzein on bacterial growth of B. subtilis BCRC 19679.

Bacterial culture was carried out in a 500 mL flask containing 100 mL cultural broth
including 5 mL of inoculum, 85 mL of synthesis medium and 10 mL of genistein or
daidzein solution. Culture was incubated under 150 rpm at 37°C, and sample of 0.2

mL cultural broth was taken to determine the absorbance at 600 nm.
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#. 4-5. B. subtilis BCRC 19679 ** % F genistein & daidzein jk & & (7 4 $ 3k 2

B (TO)R

Table 4-5. The change of doubling time (Td) in different concentrations of genistein

and daidzein bioconverted by B. subtilis BCRC 19679 during 48 h after inoculation.

(A) Genistein

Concentration Control 500 1000 1200 1500 2000 3000
(mg/L)
Incubation Td (h)
time (h)
6 0.89 0.79 0.99 2.88 4.48 18.72 20.79
12 0.95 1.43 2.49 1.08 1.18 8.54 4.57
24 2.13 2.65 2.97 1.90 197 175 1.59
36 3.22 2.75 2.56 9.70 3.92 5.61 7.43
48 25.36 22.03 8.62 15.38 14.55 15.05 14.73
(B) Daidzein
Concentration Control 480 960 1130 1410 1880 2820
(mg/L)
Incubation Td (h)
time (h)
6 0.89 0.87 0.88 111 1.78 4.48 9.56
12 0.95 1.07 1.40 1.08 0.85 0.92 0.96
24 2.13 2.21 2.43 1.81 2.13 1.82 1.97
36 322 3.68 2.98 3.38 3.92 3.26 11.37
48 25.36 17.80 18.11 17.57 15.00 20.37 18.71

Bacterial culture was carried out in a 500 mL flask containing 100 mL cultural broth
including 5 mL of inoculum, 85 mL of synthesis medium and 10 mL of genistein or
daidzein solution. Culture was incubated under 150 rpm at 37°C, and sample of 0.2

mL cultural broth was taken to determine the absorbance at 600 nm.
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B 4-4. B. subtilis BCRC 19679 %t genistein 2_ 2 $#& i* 35 (8% 47 % 500-
3000 mg/L genistein)
Fig 4-4. Biotransformation of genistein by B. subtilis BCRC 19679 with 500-3000

mg/L genistein during 48-h incubation. n=3, mean £SD

100 8000
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30 T T T T T T 0
470 940 1130 1410 1880 2820
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] 4-5. B. subtilis BCRC 19679 # daidzein 2. # ##& i 35 (38 & & ¢ 3 470-
2820 mg/L daidzein)
Fig 4-5. Biotransformation of diadzein by B. subtilis BCRC 19679 with 470-2820

mg/L daidzein during 48-h incubation. n=3, mean+SD
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—e—— 500mg/L

o 1000 mg/L
——-¥—— 1200 mg/L
150 4 — —A— - 1500 mg/L
— —& — 2000 mg/L

3000 mg/L

100

50 1

Specific G7P conversion rate

T
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Time (h)
] 4-6. B. subtilis BCRC 19679 %t genistein 2 1* &3¢ F (32 % & ¢ 5 500-3000
mg/L genistein)

Fig 4-6. Specific conversion rate is referring to the biotransformation of genistein in

500-3000 mg/L with B. subtilis BCRC 19679 during 48-h incubation. n=3

160

1407 ﬁ —e—— 470 mglL
N e o 940 mg/L
120 + / ——-w-—— 1130 mg/L
poN — —A— - 1410 mglL
100 4 / \ —_— . — 1880 mg/L

‘\ — —O—-— 2820 mg/L

Specific conversion rate

Time (h)
) 4-7. B. subtilis BCRC 19679 # daidzein 2. +* # 4% 5 (32 % &£ ¢ 7 470-2820
mg/L daidzein)

Fig 4-7. Specific conversion rate is referring to the biotransformation of daidzein in

470-2820 mg/L with B. subtilis BCRC 19679 during 72-h incubation. n=3
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1] 4-8. Genistein #} B. subtilis BCRC 19679 +* 4 £ & F 2 (2 % 4 ¢ 7 500-
3000 mg/L genistein)
Fig 4-8. Specific growth rate is referring to the biotransformation of genistein in 500-

3000 mg/L with B. subtilis BCRC 19679 during 48-h incubation. n=3.
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] 4-9. Daidzein %t B. subtilis BCRC 19679 +* # £ i 2 2832 % A7 7 470-
2820 mg/L daidzein)
Fig 4-9. Specific growth rate is referring to the biotransformation of daidzein in 470-

2820 mg/L with B. subtilis BCRC 19679 during 48-h incubation. n=3.
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] 4-10. B. subtilis BCRC 19679 >+ genistein 500 mg/L +- # =i & 2 G7P v g8 v
ESESE 3

Fig 4-10. Compare of specific growth rate and G7P specific conversion rate by B.

subtilis BCRC 19679 in 500 mg/L genistein. n=3.
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B 4-11. B. subtilis BCRC 19679 ** daidzein 1410 mg/L +* 4 =& & 2 D7P +* #& it
ESAESLY 3
Fig 4-11. Compare of specific growth rate and D7P specific conversion rate by B.

subtilis BCRC 19679 in 1410 mg/L daidzein. n=3.
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4. B.subtilis BCRC 19679 ##% genistin 2 daidzin

4-1. Genistin 2 daidzin ¥4 B. subtilis BCRC 19679 2 £ 2_ # 3

B. subtilis BCRC 19679 >+ i< jk & 800mg/L genistin i& {7 4 4 s 4% - 5 3 5 7
(Td)Zdler g gx £ £ 5 2@ 3 kAR genistin (>1600 mg/L) &7 2 i
o A P B R R (Td)E 4240t 5 B F &2 £ o B. subtilis BCRC 19679 »*
)k B 1920 mg/L daidzin » T ig T4 el o ped BRI PER (Td)2irdles &
BEM LR o %870 genistin 4p #23 daidzin { & £ £ B. subtilis BCRC
19679 4~ B3 PF I chay 4 o d genistin 2 daidzin & F - 2 £ @ F g% 7w
genistin * 2 £ FEFRA L H o L2 EF B BRI B L2 IR
% > @ daidzin fe % B kB e w)(daidzin 4620 mg/L) A & iE 5 BB BRG A (S

b Hoep T Y m P AR o

4-2 B. subtilis BCRC 19679 # genistin 2 daidzin 2. 4 3 & it §-35

B. subtilis BCRC 19679 ** 1600-2400 mg/L genistin i& {7 fic # 4~ 4 3% 48 /| pF
H o 4F chlk 5 (> 90 %) 0 @ B ik A& (800 mo/L) m nldE K L 64 % 0 R ]k
p >t IR4 genistin $& 4% 5 succinly genistin & 7 € 4 ik & GTP > Tig £
# e PF R > succinly genistin Jk & 7 fadF 2 % (0.2 peak area ratio, peak area ratio:
succinyl genistin peak area/ IS peak area) » I &£ € 5 33 & A AP o KT FIR
genistin >+ <k & (800-2400 mg/L):& {7 4 = i 4k 48 - BF 5 £ Lk
genistein » £ ¢ 5 G7P > 2 & BV > EEHB R 4207 &5 o
genistin 2. G7P +* 4 =& 3¢ F &+ (340 uM gtht) & > genistein 2 B. subtilis
BCRC 19679 (189 uM ODeoo*h™?) » /& #] % B. subtilis BCRC 19679 1 genistin #4
5 # 3 p 4 pF > Bacillus subtilis BCRC19679 ¢ = :#-= 314 genistin &4 = 3

4 pE L7558 2 genistein > £ #& i* 5 genistein-7-O-phosphate ; - #% 4 &7 genistin
¢ f& 4% % succinly genistin & *t g4 & 2i? D E i T T b 9 3% 1B 4R genistin
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FedR ke genistein R oo i B PER ABGIE VB E (s o A F
i i# 5 2 £ %) o ¥ 8 4e Bacillus subtilis BCRC 19679 F p# & 3 -k f# genistin %
FEpL 1Y genistein ey 4 T ¥ N K ALY R RRIE T S A1 Esk e ¥
succinly genistin c22 = » Jk & # &l = 0.05-0.2 (peak ratio, peak ratio: succinyl
genistin peak area/ IS peak area) - B. subtilis BCRC 19679 ## % daidzin e’ % ¢ &
7+ > B. subtilis BCRC 19679 ** 1540-1840 mg/L daidzin & {7 & i* » # 4% 5 ¥ 7
A 70% o H ARk B EJT ¥ 0] 3 70% o D7P W fE kg F B % & 230 uM gtht 3
4 3t daidzin 4240k & 1840 mo/L ~ # 3% 24 o) pF o ® daidzin § A L
daidzein 4 » R #E3e 5 D7P » 5 & B V#E 3 H5% > &7 (B 5 Bacillus subtilis
BCRC 19679 I pF & 5 -k f# glucosidic isoflavone % g4 it aglyconic isoflavone
#e 4 5 %73 glucosidic isoflavone # - & it 325 2. %] ¢ % 5 succinyl genistin g
succinyl daidzin =24 = > Park CU % 4 12 Bacillus subtilis #&4% ~ & 8 § fF > 7%
I A BRTenR § A T4 $0 0 osuccinyl-beta-daidzin % succinyl-beta-genistin =24

= (Park CU, 2010) -
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Fig. 4-12. Effects of genistin on bacterial growth of B. subtilis BCRC 19679.
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Fig. 4-13. Effects of daidzin on bacterial growth of B. subtilis BCRC 19679.

Bacterial culture was carried out in a 500 mL flask containing 100 mL cultural broth
including 5 mL of inoculum, 85 mL of synthesis medium and 10 mL of genistein or
daidzein solution. Culture was incubated under 150 rpm at 37°C, and sample of 0.2
mL cultural broth was taken to determine the absorbance at 600 nm.
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#. 4-6. B. subtilis BCRC 19679 »* # I genistin 3 daidzin )k & i& (7 4 $ d 4 fic 4

24 [ B (TA)2 %

Table 4-6. The change of doubling time (Td) in different concentrations of genistin

and daidzin bioconverted by B. subtilis BCRC 19679 during 48-h incubation.

(A) Genistin
Concentration Control 800 1600 1920 2400 3200 4800
(mg/L)
Incubation Td (h)
time (h)
6 0.89 0.82 1.34 2.88 4.48 9.59 20.79
12 0.91 1.73 2.49 1.08 1.18 1.91 4.57
24 2.12 2.45 2.97 3.90 4.97 1.75 3.59
36 3.57 2.99 6.56 8.70 15.92 5.61 10.24
48 26.13 22.03 18.62 17.38 17.55 15.05 18.73
(B) Daidzin
Concentration Control 770 1540 1840 2310 3080 4620
(mg/L)
Incubation Td (h)
time (h)
6 0.89 0.82 0.97 1.24 4.48 4.61 11.65
12 0.91 1.05 1.32 1.36 2.91 1.91 4.57
24 2.12 2.34 2.97 3.90 5.88 1.75 3.59
36 3.57 321 3.56 8.70 10.92 5.61 13.24
48 26.13 27.03 28.62 17.38 20.55 17.63 19.73

Bacterial culture was carried out in a 500 mL flask containing 100 mL cultural broth
including 5 mL of inoculum, 85 mL of synthesis medium and 10 mL of genistein or
daidzein solution. Culture was incubated under 150 rpm at 37°C, and sample of 0.2

mL cultural broth was taken to determine the absorbance at 600 nm.
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Fig 4-14. Specific growth rate is referring to the biotransformation of genistin in 800-
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Fig 4-15. Specific growth rate is referring to the biotransformation of daidzin in 770-

4820 mg/L with B. subtilis BCRC 19679 during 48-h incubation. n=3
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Fig 4-16. Specific conversion rate is referring to the biotransformation of genistin in

800-4800 mg/L with B. subtilis BCRC 19679 during 72-h incubation. n=3
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Fig 4-17. Specific conversion rate is referring to the biotransformation of daidzin in

770-4620 mg/L with B. subtilis BCRC 19679 during 72-h incubation. n=3
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Fig 4-18. Biotransformation of genistin by B. subtilis BCRC 19679 with 800-4800
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Fig 4-19. Biotransformation of daidzin by B. subtilis BCRC 19679 with 770-4620

mg/L daidzin during 48-h incubation. n=3, mean £SD.
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T3 = #aE = genistein ~ daidzein ~ genistin 2 daidzin 2 4 g4 5 > T )

* bkl & 4 & (7 B. subtilis BCRC 19679 12 4 3% » 534 & | B 5§ fk 41 B.

subtilis BCRC 19679 # £ 2 #2582 H gk d 4 § » jEHEF T B3 ¢

1.

PF Y48V § 2s 3genistein 2 daidzein o §d A p 2 afe ko VoA
F #L(genistein : 56 % - daidzein : 26 % )~ & ) genistein (4 & 1 95% ; w T
% :89%) % daidzein (B :92% ; w ek 1 94 %) -

4TS UMK ;X ¥ F s dtgenistin 2 daidzin e d AR E 2 afR A o T oo
L (genistin: 38 % - daidzin: 8 %) ¥ | genistin (¥ A& 1 92% ; v ¥ : 86
%) % daidzin (% & 1 91% ; w T F 92 %) o

B. subtilis BCRC 19679 #+ genistein 7 2 4% # 4% »zc % > »* 500-2000 mg/L jk &
TR B T A3 00% o vt i g < B 1890 uM gthlgs 4 At
500 mg/L genistein % A24:32 R kR ~ 6 ) F - GIP A X kR AKX E
6700 uM % # >t 12 2000 mg/L genistein % A= 4535 % kB > fdk 48 ) pF o 8
BFED 2% 2 EFFESAELEGIP 2 2EFF AR BITE
LTS el i T REA

B. subtilis BCRC 19679 #t daidzein 3 =2 4F cid 4% »x 5 » >+ 480-940 mg/L &
BERF > S F A3 00% o vt it F chd X B 1400 uM gthtg 4 v
1400 mg/L daidzein % Ac4:32 R kR ~## 6/ PF - DIP 2 2 kR &~ &
4800 uM # 4 »t12 2800 mg/L daidzein 7 Az4o32 &k R 5 ik 48 ) PF 0
B A3% ot 2 R SRS EE DIP A A Fagd o B Al

B A B R o
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5. B.subtilis BCRC 19679 #t genistin 3 % %+ ¢ 4% 5 > ** 1600-2400 mg/L
genistin & B % B > fde & T & 3 900% o b fE e F g X & 340 pM gtht
4 %+ 12 1600 mg/L genistin % Az ik B~ #4240 PF o genistin ¢ A& G
genistein & » & #3 2 GTP» 3 A BNkt -

6. B.subtilis BCRC 19679 #t daidzin z_ #& & & » % 1540-1840 mg/L daidzin ;&
BR R e S 4 0 T0% o b e ad S B+ & 230 uM gthh g 4 2 1840
mg/L daidzin % A=4n0k &~ #4% 24 0] pF - daidzin € A &4 5 daidzein & -
B s DTP» 53 BV 5% » &+ % % Bacillus subtilis BCRC 19679
Ie B¥ 2 5 -k f# glucosidic isoflavone % gifiz it aglyconic isoflavone i #
“7% glucosidic isoflavone # 4~ 4 it 385 2% ¢ ¢ 3 succinyl genistin &

succinyl daidzin 74 = o
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Appendix 8. Biotransformation of genistein by B. subtilis BCRC 19679 with 2000

mg/L genistein during 48-h incubation. n=3, mean+ SD
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Appendix 9. Biotransformation of genistein by B. subtilis BCRC 19679 with 3000
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Appendix 12. Biotransformation of daidzein by B. subtilis BCRC 19679 with 1130

mg/L daidzein during 72-h incubation. n=3, meanz SD.
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Appendix 13. Biotransformation of daidzein by B. subtilis BCRC 19679 with 1410

mg/L daidzein during 72-h incubation. n=3, meanz SD.
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Appendix 14. Biotransformation of daidzein by B. subtilis BCRC 19679 with 1880
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Appendix 15. Biotransformation of daidzein by B. subtilis BCRC 19679 with 2820

mg/L genistein during 72-h incubation. n=3, meanz SD.
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Appendix 16. Biotransformation of genistin 800 mg/L with B. subtilis BCRC 19679

in 72h. n=3, mean valuex SD.
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in 72h. n=3, mean valuez SD.

87



@©
5000 100 ™ 0.5\ D
E
@©
X
©
o

4000 A { - 80 - 0.4

~—~ —1 o

= /‘{/ S 4
—
2 . : - ©
c [/ Bioconversion rate (%) @© o
o 3000 1 ——e—— Genistin - 60 E r03
= ——O0——  Genistein-7-O-phosphate o =
S —_— — Succinyl-genistein BT o
— 5 o
S 2000 A L4 >}to2 S
3) 5 =
c O 2
S S =
1000 - L0 Plo1 o
>
e 5
o
L 2 o
0 # # T 0 - 0.0 >
6 n

72

Time (h)
*+4% ) 18. B. subtilis BCRC 19679 %} genistin 2 4+ & it §; (32 % & § 1920
mg/L)
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Appendix 20. Biotransformation of genistin 3200 mg/L with B. subtilis BCRC 19679

in 72h. n=3, mean valuez SD.
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Appendix 21. Biotransformation of genistin 4800 mg/L with B. subtilis BCRC 19679

in 72h. n=3, mean valuez SD.
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Appendix 22. Biotransformation of daidzein by B. subtilis BCRC 19679 with 770
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Appendix 23. Biotransformation of daidzein by B. subtilis BCRC 19679 with 1540
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Appendix 24. Biotransformation of daidzein by B. subtilis BCRC 19679 with 1840

mg/L daidzin during 72-h incubation. n=3, meant SD.
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Appendix 25. Biotransformation of daidzein by B. subtilis BCRC 19679 with 2310

mg/L daidzin during 72-h incubation. n=3, meant SD.
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Appendix 26. Biotransformation of daidzein by B. subtilis BCRC 19679 with 3080

mg/L daidzin during 72-h incubation. n=3, meant SD.
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Appendix 27. Biotransformation of daidzein by B. subtilis BCRC 19679 with 4620

mg/L daidzin during 72-h incubation. n=3, meant SD.
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