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SUMMARY

I. Title

Development of Soybean Functional Products Enriched with Glyceollins

II. Objectives and Necessity

This study was conducted with the following practical objectives;

1. Development of methods to maximize de novo biosynthesis of glyceollins in soybean

2. Development of fermented soy products enriched with glyceollins and aglycone forms of
isoflavones

3. Evaluation of health benefits of glyceollins or their products

III. Contents and scope

1. Development of optimal processing conditions for glyceollin production in soybean

A. Evaluated for glyceollin production depending upon fungal strains, soybean varieties,
physical treatment

B. Preparation of glyceollin-rich fraction

C. Evaluation of anti-fungal activity of glyceollins against 4 fungal strains responsible for
plant diseases

D. Monitoring of glyceollin concentration during fermenting soybean in which glyceollins
synthesis was induced.

E. Establishment of optimal fermentation condition based on concentrations of bioactive
components such as glyceollin.

F. Assessment of acute toxicity

G. Evaluation of storage stability

2. Bioactive function of glyceollins

A. Evaluation of anti-obesity and anti-diabetic activities using cultured cell and animal
models

B. Assessment of antioxidant, anti-fungal, anti-inflammatory, and estrogenic activities

C. Human study for evaluating anti-diabetic activity of glyceollin-rich soybean product

3. Development of fermented products using glyceollins-containing soybean
A. Preparation of seasoning or sauce using glyceollins-containing soybean

B. Preparation of soymilk and glyceollin-rich soy tablet



IV. Major results

1. The optimum condition for accumulation of glyceollins in soybean was established
through the study in which several varieties of soybean, 5 different fungal strains, and
different physical pretreatments were compared with regard to glyceollin production.

2. Diverse bioactive functions of glyceollins were examined using in vitro cell culture and
in vivo animal models. Glyceollins showed strong antioxidant activity as revealed by DPPH
and ABTS' radical scavenging activities, singlet oxygen scavenging activity, inhibitory
activities against lipid peroxidation, and intracellular ROS scavenging activity.

Glyceollins also improved glucose tolerance, increased serum insulin level and insulin
sensitivity, promoted glycogen accumulation and inhibited total TG level in liver from
diabetic mice, suggesting their anti-diabetic potential. The compounds showed estrogenic
and anti-inflammatory activities including reduction in proinflammatory mediators such as
COX-2, iNOS, TNF-alpha. In particular, TPA-induced ear swelling in mouse was
ameliorated by treatment with glyceollins, further confirming anti-inflammatory action of

glyceollins.
V. Achievements and future plans

1. Achievements
A. Patents

The application of four patents including one PCT based on the results was completed.

B. Publications
Total six papers were published in SCI journals and 15 papers were presented in the

scientific meetings.
C. Others

2. Future plan

A. Transfer the technology and know-hows to any industry interested in the research
results

B. Foster graduate students with expertise in the areas of screening of bioactive

compounds and developing health functional foods.
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(Phenomenex, 150x2.0 mm, WV|=)S ARSI ©] 572 acetonitrile (HPLCS, Sigma, |
T)(A) FF5(B)°lal, acetonitrile®] BIEE 90% A 65%2}F 0%= TAHOE FVES X
A3t} Injection volume—o— 10 uLE Hstdoh Afe=Es Aol 45 £9 08 mL
o]ttt AZvEIH 2 UV/Visible HE7](Jasco)E ©]-83F 280 nmoll Al #2351

R.T.(min) 0 40 45 55
% A 90 65 90 90
% B 10 35 10 10

Mass spectrometer+= heated capillary electrospray interface’} W% ion trap2 A8
Positive ion mode™ 5000v sprayer needle voltage©]il, drying gas temperaturex= 300C=Z 3}
At Elution solvent system-2 flow rateE 0.2 mL/minZ 3} 0.1% formic acid (A)$} E(B)
£ 90% A~10% B 2+, 60% A~40% B 10<, 30% A~70% 20, 10% A~90% B 25+, 10%
A~90% B 25%, 10% A~90% B 30+, 90% ~10% B 33F 2= AA AT



(1) 23l ol%d F2 it T
(IG)= &3ttt (Fig. 5).

O|-7|-3£ (A3)

dEHE (16)

A3 inoculated 3 inoculated
with A.sojae ith A.oryzae

Asp. sojae

Fig. 5. Appearance of soybean samples and soybean (Aga #3 variety) inoculated with fungi.

Q) wFol WHAsE FHol9l Asp sgaett Asp ayzaes Tl HEF3] isoflavones O 2 H-E

glyceollins AT RS 2AG A3}, T FFo] FZFo| H4 Fe FolHe F2d Fro} H$

de 99 gyceollisel FEUAL olsh B FHel AFH 444 FEFE TN

glyceollins©] Th& AAHE AL o8y

AEo ol&® FFo] 71Ul Asp sgagt oIBE (A3)NA Asp ayzmeRth 174 © 2o

glyceollins% Adste Aoz UrE]r‘;,\LE]— (Fig. 6A). Isoflavones (daidzein, genistein)3# T3t 5 &3t
3 F=EAA o AAAEA 2 3 =z W gEgs o TSol JUHs A7e Hel=

2}1@ (Fig. 6B).

(3) Glyceollins®] A4, A& #A42> HPLCE o|&3] #4=HANeH, LC/MS YERd m/z 321 ¥
339% 77} glyceollin 1 ¢ (M-HO+H")9} (M+H)" FelE Jebdtt (Fig. 7).
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A4

A4 inoculated with Asp. sojae
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D2

D2 inoculated with Asp. sojae

D2 inoculated with Asp. oryzae

of glyceollins (A)

G

and

1G inoculated with Asp. sojae

»

IG inoculated with Asp. oryzae

inoculated A3

A L

inoculated A4

= Daidzein

H Genistein

|
D2 Im

inoculated D2 L

_|
16 |

inoculated IG h

isoflavones (B) in

incubated for 3 days with Aspergillus species.

1G+ND XM 1001000 F

IG+INO

A A\
LU

V) i

varieties of soybeans

Inoculated A

Inoculated A4

Inoculated D2

moculated 1G

MS spectrum of Glyceollin

Spectrum 1A Spectram 2A B
17.860 min, Scan: 1287, 100:1000, 17.877 min, Scan: 1289, 100:1000,
N3 100%— E
A3+INO gaghos Aq+INO I
5%
A s0n
192 3.3
1353006 25 0659
i
L " A L I S
Bequiredhange™ "z Acquliod Range iz
3« R i 1]
o] B Bl o = W] (A &]o] B FRAD Hof = B
Lo
Spectrum 34 Spectrum 44 [alX
17.749 min, Scan: 1273, 100:1000, 17.674 min, Scan: 1269, 100:1000,
%}1 100%— 3213 E
D2HNO  17thes IGHNO 33866
5% 5%
|EA 507 39.2 50%]
a(2973 9.1
254 254 36134
5 | I
———r : : —— - e . T
] L e T T

Fig. 7. Identification of glyceollins production by HPLC and electrospray inonization-mass
spectrometric analysis. A: Comparison of HPLC chromatograms of non-inoculated- and
inoculated A3 crude extracts. B: Positive ion ESI mass spectrum of glyceollin I isolated
from A3 inoculated with A. sgae



T} HPLCE ©]-8-3 glyceollins®] |47l
(1) Semi-prep HPLCE ©]-&3F glyceollins®] A

FolE HETT T AAHE = glyceollinse FAISH7] 95kl HPLC (Jasco 1580 system)
o 435t 492 Gemini 5 ym C18  (Phenomenex, 250x10.0 mm, ¥]=)&
AFE-3FA 0] TS 1 mM ammonium acetate®} methanolsS 642 HE&=Z HF1,
Injection volume 100 uL (10 mg) = S}Oﬂﬂ- 247H—¢—‘:i Aoy F&ES 9 4
mL/minZ 3t AZrtEIH 2 UV/Visible & 7](Jasco)E ©]-83Fe] 280 nmolA] =33}
ATt Glyceollins (I, 1T 1) semi-prep HPLCE ©]-&3l AA|st] dF MEZ AP AHE-3tA T (Fig.
8).

r-{u: ot

U

L — 1310000,
] o i
Std. (Glyceollins) i % ! Fraction collected by HPLC
(51g) b5 (2pg)
96,7500 i i 5mﬂ
) -
ol ™
] ] ] - ]
B & R -
E . & 1 1 [
5 605008 i i 805000 -
b9l ‘; I : : ]
G - Ll
= ) of g |
%6250l & b 1@ i 5 2500 |t g g: <
: g ol o a1 8l
i - & [ || ] & 2
h ] i 1 | { ]
| — B iz LN S N I

Fig. 8. HPLC chromatograms of glyceollins purified by semi-prep HPLC.
2}. MPLC silica gel< ©]-&3F glyceollins®] 2] A
Asp sgae= HEH A3c scheme 19 HA8ES AA glyceollins T+ #8S 42 o, 449

7)
fractionE-& TLC NS T3l <18ttt (Fig. 9A). ZF £8& thA] HPLCE 53| glyceolling 5
F} co-injection®. 2 SRIE ATt (Fig. 9B).

Fermented A3 soybean

reflex in EtOH for 3hr
partition

Hexan layer EtOAc layer

MPLC silica gel 9385 (30X300 mm)

Flow rate : 4 ml/min

UV 254 nm

Hexane: (EtOAc /MeQH = 1/1) = 50:1-5:1

0 1 2 3 4
Frl1 Fr2 Fr3 Frd4 Frb

Scheme 1. Isolation procedure of glyceollins-rich fraction.



(e 1
Fr. 2 + Glyceollins stq f 1
=1:1

TLC solvent=Hexane: EtOAc: MeOH ﬂ_’————rj_—_#\_

= 5:1:1(contained acetic acid )

Fig. 9. TLC pattern of inoculated A3 crude extract (A) and HPLC chromatogram
of fraction 2 (B).
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Table 3. Fungal species used for this work

KACC No. ATCC NO.
R]"ZOPHSOJZZ:ZZ ek 41363 22959
Aspergillus awamori 41844 14331
Aspergillus niger 40280 4695
Aspergillus oryzae 60166 11493
Aspergillus sgae 60354 9362

(3) Glyceollins- rich F A& A=

Eo EH F 200 g T fungal suspension 15 mlE 7}8|A E31F 4=t I3 A
F5E 1x 10°/mL suspension (conidia solution)o]th. &< petri dishol 2 FFo] EAS
Foll AFI Y2 parafim®Z petri dishE =<3FA 2l incubator (25C)olAl 3 A3t o F
= TS oA gt A glyceollins AAS =St Wol 77F F Fo o] FEd]
AE e Al 8317 Wil F olgol Birst filter papers A & 23 HHsE FES| Z
ME W T F717F e Aol F3o] dAF SHd= sk v 29 ek SloA

o
parafilmg =<3 A e F wj gtk

F2 AHs ZAE AU 80% EtOHS 7hsk &
homogenizer& /\}“‘10}04 TASAIZITE 50T 24 1 "]7J ﬂ—'ﬂgi st +=
& ThS 14,000 x gollA 1 a4

#2gth. HPLC ¥4 272 Table 47 2t}

Table 4. Quantification of Glyceollins with HPLC

Water (A) Acetonitrile (B)
0 -1 min 100 % 0 %
1 - 17 min 55 % 45 %
17 - 27 min 10 % 90 %
27 - 33 min 10 % 90 %
33 - 35 min 100 % 0 %
35 - 40 min 100 % 0 %

* X bridge C18 3.5 ym, 3.6 mm x 150 mm (285nm)

o, ol i, 28al 3ol AF F ZopARl (glyceollin BHS =3 HFEFE
24zt T 5 obefeh o] AxEAt olE FHE A4 M1, M2, M3E #7181 Ztzel] fAk
TS FEste] F2F HaE APt AIEE A, 2= 9 pHE SA A

_12_



(1) 3 27 5% Az

H2F (20009 % 48, 73” ¥d71%9d, AF)S 525 2o AHS T 70% EtOHY 2
WL AT AL 3 A FHEL 3 W A BOHE ANFAL. § 74 2

ﬂJlo
A/

S Gl
el 10 A1z 27} %E"] A Tl HAEES AAstaL jiew 2E2H. 8¢ &
¥ EEsiin. olF HE F/E ﬂ g Aol M1 AlZolt} tiFo dols 93] AF 150
mm$] petridish (Cat. no. DH.SP20151)¢l| filter paper (@, 150mm)E Z3 Eo 20 ml=Z
A & a2 #ell HFE Fa 25ToA 3 d widEd. q7IM 4L FR7F M2t
Glyceollins %= ™5 7% Rhizopus o]zgasporus ATCC 22959 X A& (1X10® spores/ml) Ul
T 200 gF 15 mlE 7hallA EFF 4olF ¥ filter paper (W], 150mm) 57 °] Zd petri
disholl Z3l parafim®.2 =314 2ol 25T A 3437 w3ttt o]F 4 FH/7F M3
olty. 3 R oligosporuse PDA (Difco) HIH|A| Tl 20 ul spot 3t 25T 7] (Jeio
Tech, BL-600) °llx 3 & i3t & FAF TAHAZNE 343 A5 FFs At

M1, M2, M3 3 &/ T4 AXS s tiF 7 8 il 800 ml B= SFTE
3le] Waring blenderZ 5 & (A4 3%, 14 2%) vstth Cheese cloths ©]-&-3}¢
3 gFE AZ T d4EE (5,000 rpm, 5%) 3L o]F 121TCA 15 & Hi F 47

R B3

a
of At
o & XL

ot o[:o

2) T AR
Streptococcus  infantarius 12,  Weissella sp 4, Lactobacillus paraplantarum KM 6,
Streptococcus salivarius 272 Tl AEst FabEaEE dOoF Tk MRS HjA| o] =Eslo] 24
A A% # de Tl THE MRS SAAAD ARG 12 A2 A% (3 HH-'-;_) & fae
< F1 100 miol 2% (v/v) AESAT o8 ¥ 5
conical tubell &7 & ¥ 37TolA 48 A3t l:roi ‘%E% ?—:1 At

& T
L Q ©
_>.:
e

X,

o
rlol
o
!
_ﬁ

O

oxl I
do
&1'
—
W
5_

X

(@) 7T LEY EA ZAF

wE AZEY (0, 6, 12, 18, 24, 36, 48 h) & 35T FHES A3 #Hs AN F A
T, pH, TAS 43t dF<= pour plate methods ©]-&ste] S48ttt dHstd
A& 100 plE #ste 01% peptone 2 @A 3]4s & 3|4 100 ulE plated] EF3t3L
15% agar’} T3 MRS WA o ZFc} (3 WHE). 37°ColA 24Xz WjF F FS54E A
T3t pHE 7 5 mlE #HStY pH meter (DMS)E ©| &3ty SH3AT A= S
‘,%E T 5 g= HlA At 3% FHF 20 mlet AASE 1% phenolphthalein, Sigma) 250
ul 2 % 0.1% NaOH (Mereck KGaA) 4oz @2 F3Mo] 30x7F A& 2 W& TL4

2 Akt FEAHAA 28" NaOH &9 9] g o] &3dte] A4es tF3 2ol 74]*&0}9?\

.ﬂ

A% = Z&HE NaOH mls= x 09 / 579 % (g

o} Glyceollins % FfrollA 4k @& F glyceollins ¥ T isoflavone =59 &

1 3}
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A EF AT E glyceollins® T isoflavone $}3&EE59 35 WHI-E HPLCE =
ettt Ao, A= 3 pH W3tE B S48

L8 6, 12, 18, 24 A A|RE 70Tl &2 AZ F
22 AHEATh dxTEe $EsA e FF M1 Hol T2
ZH T AEF (1.5 g)°l 80% ethanol (4.5 mL)= H7IgH & & 443 1 AZHE<E 50T =299
A sk dRddlA AE F 14,000 x goll Al 1023 A4 Est dHE ARG & dF
(100 ul)E HPLCE £33t

HPLC 7]7]% Jasco 1580 system (Japan)©]™, Z -2 Gemini 5 ym Cis (Phenomenex,
150x2.0 mm, "]=)S AFE3SIA T ©] 542 acetonitrile (HPLCH, Sigma, V=) FF5°]aL,
acetonitrile®] Bl&E& 90%A 65%9F 0%E TAHOEZ JFIVIEE ZH3HYT. Injection
volume 10 plE FH3AG. AMee A0y F&52 3 08 mlo| Uty AZvrETH
2 UV/Visible ZE&7] (Jasco)E ©]83t 280 mmollA 43t} Gradient 272 o} <]
Table 5% -t

Table 5. Gradient conditions used for the HPLC analysis

R.T. (min) 0 40 45 55
% A 90 65 90 90
% B 10 35 10 10

2} Glyceollins %= T &o# AL

1) Tl AT &4 24
Glyceollins 445 fFE3 1
6ol F5d dFES AHESAY HETE=
gt 5 (Tae-Kwang, 2009) A& &S Warning blenders A}-8-3} <
NS D4 40 mlol 8 (vortex, 30&)8Htk. 3 (37°C, 132 rpm)oll A 1A13E
Sk o5 948 (13,000 x g) 20 ¥ ¥ F, PVDF membrane filter (0.45um)=
Feds FHoto e S ASE AMESAT. Paper discl= ©]&3dte] ASAN BHE
=739 indicator & 1x10° CFUZ} HEZ 3]Aslo] AE-3tth H#Au) A 9ol paper
dlsc% SHES F —;'F%% 20, 40, 60 ulAS spotdtt}. Indicator =+ 100 plE 0.7% top agar
mlfﬂr LELOI-‘J# A 9ol overlay €ttt 37°C incubatoroll A 24 AJZF wjeFst 5 A o

_14_



Table 6. Bacterial strains used in this work

Salmonella typhimurium TA98
Listeria monocytogenes ATCC 19111
Stapylococcus aureus
Escherichia coli 0157 : H7 ATCC 438%
Bacillus coagulans ATCC 7050
Bacillus licheniformis ATCC 21415
Bacillus subtilis ATCC 23856
Bacillus circulans ATCC 4513
Bacillus cereus ATCC 10004
Bacillus thuringiensis ATCC 33679
Entrococcus faecalis ATCC 29212
Lactobacillus pentosus ATCC 8041
Lactobacillus fermentum ATCC 14931

| indicator 1 ZF FFo] EAY (1x10° spore/ml) 100 plE 42 F petri
p p

5ol A glyceollins %7
Fo] I FEE HFTLEE fF& 7
Aol wjdste] de 2AS T

sonication, autoclave) &t ¥ #}o] AMES FE3YEY. Ao FEE (52 AEA)S T
q

_,d
i
o
o
bl
R
i
=
<
=
i)
o\
ot
o
o
=2
r\:l
N
NS
ofr
r
N
s
i
s}

= i

s
HEste] LolE F=3 F glyceollins B o F 3 A7
ZletA e EIAE dFol FFst Lol Al8E 3
Aol St ok Plud o Fhoz AP FAd (FFA) HFE LT

23t & glyceollin +%= HAFE ZAFSIAT

1) I AA=

AW Fa 220093 £, A F971€9, B F34 201049 F4, D
FAA, 2011 39 29 S ZEE B
gatal SHRFZ 39 Alo] EtOHS A A3
9] <

=
Ak F FA 2 vje] FRFl 15 AZE ¥
A AL jEoZ 22 F sk AL A

LRI o=

[e]
AFAU B3AFA Rhizopus oligosporus ATCC 22959 Stock S PDA H#u| A Sl 20
C ®j%7] (Jelo Tech, BL-600, Low Temp, incubator)ol X 3~4Y 7t wl 35t
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ot

Alg AlxE B
o] A5 77t sonication (Bandelin Sonopuls, HD2070 model) 104, bead beater
(Mibi beadbeater, Biospec Products) 5% *2|§+ ¥ autoclave (Daeil Eng. Autoclave DAC

822)E AAISH EA9} autoclaveTr AAISH X2}, AA P A @2 XA F 4FTF AIEE TH

3)

A
e

Stk Eol &3 F 20 g T fungal suspension 16mlE 7}38te] 315 4ojFEoh. olw &3
o] ¥2 ¥%E 25x 10°/mL suspension (conidia solution)©]T}. 25ColA 3 Azt sl
Glyceollin A4S FE3 o5 glyceollin 42 3t
vl Glyceollins A4 = 35 ©|&% dlF SF2E Ax
1) 3 79 T/ Ax
TULE tiF (20099 8, Bd wH7IEY, HE, 4T B 500 g & AREE oA A
g Aoz 2 F/E AXT Aol Ml ARolth tFE 25ToA 3 Azt TopAzl F

2 Ff7F M2olt}y.  Rhizopus oligasporus ATCC 22959 EAE (1X10° spores/ml) HF 500g
100 mE 7hsiA FaF AolE F 25TolA 343t vt tiol d& F/7F M3t
H R oligosporusE potato dextrose agar(MBcell, Korea) ¥ ¥Hul| 2] F%ell 20 ul spot 3t
5C w71 (Jelo Tech, BL-600) oAl 3UZt vi%Fet & FA3 FAAEZRY I3 £AE F

(2) 3 FF TR F4 LR 54 24

37FA] T (M1, M2, M3) 2t 200gell frakt Streptococcus infantarius 12(A @A AHA &

2], a-Galactosidase 1L 7} #F)e} Weissella sp. 4(284A AA &2, B-Glucosidase 1 97}
TF)E 42 ODsoonn”t 1.57F H= FE74A] w3k vjkdS 1: 5(v/v)e] Hl&= £33 &3
T WFAES 2F T/l 2% JFsAth ddsiA & EFS th conical tubedl 77+ 13 ml
A AEe] A F F F4E 2 37CoA 12413 EA Y. ZE Ao, 3, 6, 9, 12
h) B2 353 28 F/E 4438 vd3 A7 & AdF, pH, AEE SF L3 HHe
2 FA4sA0

B) 3 FF &a FH B @A
7h #s AAF AR FH
3 TF FHM1, M2, M3)E 5 L 879 Z}7} 1.8L% @ ¥ Streptococcus infantarius
12} Weissella sp. 45 Zt7t ODgoonm”t 1.57} Hl& FE7FA v &Fg A S 1: 5(v/v)Y] Hl&
2 9T EdEF MFAS A TR 2% FEG6 wl, v/v)ol HES HFT T2

EE 2 Y F F4e 9a 37CoAN 12413 FaARY. Tart

<
233 A|EE Mixer
ANA oF 30% &<t blending A1A FAE curd’l #ASA HES TE F W

W B8 Ffe HvkE v A%
Az F Y% 1ad d8 QF2EE & £33 23 Az F FolHdd 60g A FU%
o H7MA HF ARG, 79, AR TETE oF 6%w/v)St AF (WA, BEHNLA)ETE o
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Table 7. Information on consumer

Panel Average consumption of yogurts (month) Most critical quality

functi
mal fem mean fla ]
1-3 5-8 10-15 20-30 other | taste  color onalit
e ale age vor

y

1 21 234 7 11 9 3 2 20 2 3 7

total 32 21.8%  343% 28.1% 9.3% 62% | 625%  63% 94%  21.8%
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2. A5 A3
7}. Glyceollins A7 & =71 ZA}L

(1) Glyceollin HPLC &4 =7 g9

Glyceollin A#& 93 HPLC £4x271< A8tk b Fig. 102 B A g oA
-E‘ook‘ﬁﬁ AAE glyceollin standardell g HPLC chromatogram®]t}. Glyceollin I, 1I. %
= & 7 peak® W21 HAFEZSIA = retention time®] 21.5 mino|th. TEH=E
m]ectloné 22]8}e] chromatogramS U3l peak areadllA glyceollin F=E F43h=d A}
&84 S+ standard curveE LU (Fig 11).

Z 7 glyceollins % &% ©
] /\}%ﬂ wgo] dFEE glyceolhn T e Apol7t st Fig.

S|
oligosporus X EA B4 © @& glyceollm0] 1‘-’r & = 9t ole VS RudE 2
#E=94% X3} (Feng et al 2007). Fig. 13+ {1\"%]'0“/\ ¥ F (Soon-Chang)d} ©}7} 1
i Bg FFo thal FFoles 2dste] #AA N F AAGE glyceollin 7 S A7}
olthy. o}t Bl FEY AF R odigosporus7t 7HE Bl glyceolling =3I Hhgo =
A sgact EHAC|T oMY 1z RIE ANEH FAF ANE B ATINE
AT (Boue &, 2000). =339 Bl A sgat 7HF w3 ©&ol R oligasporus
At &% ARATLEE Tl D2 FES S Folg AR o=
BAColH AE B Ul A4 LY AolE e AuelAE BBol opt &
TS A nEsAT. ol A2FES BEW R digasparus’t glyceollin 5 B HH A 7}
$ 55t 5o 2 A sgac’t At UM Al A oryzaet A. niger, A awamori S
a7t Hlszskaoh

2
>
2

=
[}
A
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HPLC Diagram of Glyceollin Standard
(100 ug/100 ul)

—imix
Window Help IETE]
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HPLC Diagram of
Glyceollin Standard

, \‘ :; ! ] 70 ug/ul \

] 20 ug/ul \
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Fig. 10. HPLC chromatogram of purified glyceollins

Standard Curve of Glyceollins from

y = 562061x + 29776 &
R? = 0.9903
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‘ Concentration of Std Glyceollins (ug/uf) ‘

Fig. 11. A standard curve showing the relationship between peak area and glyceollin

concentrations.
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Soon-Chang w/ Rhizopus S

Glyceollins

Crmn 8155 S e e

§

Soon-Chang w/ A. niger

Glyceollins

Fig. 12. The comparision of two fungal species for the induction of glyceollins.

Soon-chang soybean was either inoculated with K. oligosporus or A. niger.

A. B.
Production of Glyceollins from Production of Glyceollins from
Various Fungi (Soon-Chang) Various Fungi (Aga)
J L 500 - a
g oo - g sw
% 1000 2 -
= 800 - c z
é 400 - E 360 -
— - 200 -
5 e ;_’ 130 Not
g 200 - g" Detected
4] 5]
A.awamori A.niger Rhizopus A.sojae A.oryzae A.awamori A.niger Rhizopus A.sojae A.oryzae

* Values sharing the same letter are not significantly different (p<0.05)

Fig. 13.  Production of glyceollins in soybean challenged by various fungal species.

* Values sharing the same letter are not significantly different (p<0.05)

Production of Glyceollins from
Various Fungi (Tae-Kwang)

Ug/g of fresh soybean

0o
600 -
B0
A0G -
306 -
200
106 -

A.awamori A.niger Rhizopus A.sojae A.oryzae

* Values sharing the same letter are not significantly different (p<0.05)

Soon-Chang soybean B. Aga variety C. Tae-Kwang variety.
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(B) T FFHE glyceollins =87}
Glyceollin =& 37} 7}4 53 R odigosporuss A8 FFo LstA HE &= A

S
349 glyceollins 373 543 AH}E Fig. 140 delAeh. =3l 7 =& 202 Uey
I o] FEH H aEal opyf FFelATh 7“47\]'34 NEFFTS da ey & Aol=
St =FFol 7P AR A AFFHE TY FFol ofd A FFY FEol 4
A= NGl FobA o] FEE F ¢ gQlo] %'_B_?'S}E]'. 9d FFol A" A = FAA=
g golyt FEo] AEe Aeg AAdY. Foez Fo| FFolE HFsl glyceolling A4k
g AFde F F359E glyceollins 5 &8 34 A F5E AL @77 TR ae ook
ot o] HellM awF AirEo] @b HIR opyhg FAE Ko 2 A= Bgo] Ab
ol

F218 Aoz Az,

Production of Glyceollins from Different Varieties
of Soybean (Inoculated w/ Rhizopus)

1200
c a
g 1000 I
o
g
e 800 b
e 600 -
g d
& 400 .
o
g 200
(=g
S

a

Aga Tae-Kwang Soon-Chang Black Nampoong Dae-Yang

* Values sharing the same letter are not significantly different (p<0.05)

Fig. 14. Production of glyceollins in different varieties of soybean challenged by R
oligosporus.

4) FEHA el OE glyceollins = & Hlu
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SES XA 2 Z3E Fig. 159 FAI8HATH g
Zol 71 3R chopped AlEY wASE AlgE= A9 glyceollinsO]
o] 23+ glyceollins S 3= Fo] T
= As Hozth 98 EUE UyAY 7#d3d AF
glyceollins A58 E 24 3 S
wE & ZAE HFske Aol 7 EHAQ] glyceollins FEHHOZ
MGG$F MGD A4

% isoflavoneE% 3 FF<2 malonyl type FFEE0] FFo] HEF YT HAH.
w30l AT F 3 wiFT ol A4S S4Y EAAE Fig 1617 3 189 FEAISAH
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ZNEATG wFFol M EAL o2 E 3 Fol $53GH ' 1Y Ho|vh A
A FobA FEFFT S AHET A MGGH MGD AstellA 23 ez Agzhdrt. obrtet o
Fol vFolar ®F FFol ATl M AAH.  Glyceollin AL BFE 7]
MGGY MGD A7do] ol-&a ®F FFolAx AL olfFZEZ= olvtx isoflavone 357}
glyceollin A2 XPH 3 2208 malonyl 3FEL A A7 W& Ao 74
gt Z2 F FFTEE malonyl SFER HBE= G Aol Holy] WjEL F= 3l
=

The Amount of Glyceollin Produced from
differently-Cut Soon-Chang Soybean

1000 a
_ *a
g 800
]
=]
2 600
w
3
g 400
B
o 200 -
=) b Not b b
= Detected
o} .
Half-cut Chop. Homo. Half-cut Chop. Homo.
(Rhizopus) (A. Sojae)

* Values in the same Fungi, sharing the same letter are not significantly different (p<0.05)

Fig. 15. Production of glyceollins in soybeans differently prepared.

The Amount of MGG (Malonylgenistin) from
Different Varieties of Soybean

25000000
20000000 -
15000000 -

10040000 -

Peak Area

5000000 -

8]
Aga Tae-Kwang Soon-Chang Black Nampoong Dae-Yang

* Values sharing the same letter are not significantly different (p<0.05)

Fig, 16. Production of MGG (malonylgenistin) from different varieties of soybean.
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The Amount of MGD (Malonyldaidzin) from
Different Varieties of Soybean

10000000
8000000
6000000 -

4000000 -

Peak Area

2000000

0
Aga Tae-Kwang Scon-Chang Black Nampoong Dae-Yang

* Values sharing the same letter are not significantly different (p<0.05)
Fig. 17. Production of MGD (malonyldaidzin) from different varieties of soybean.

The Amount of MGD+MGG from Different
Varieties of Soybean

25000000 -
20000000 -
15000000

10€00000

Peak Area

5000000 -

Q

Aga Tae-Kwang Soon-Chang Black Nampoong Dae-Yang

# Values sharing the same letter are not significantly different (p<0.05)

Fig. 18. Production of MGD (malonyldaidzin) + MGG (malonylgenistin) from

different varieties of soybean.
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. Glyceollins f+% ¢ ¢a

g A2, 6, 12, 18, 24, 36, 48 h) ®H=E 3|3 37FA] F/F (M1, M2, M3)ol| ikt
(Streptococcus  infantarius 12, Weissella sp. 4, Lactobacillus paraplantarum KM 6, Streptococcus
salivarius 27)S HE3td AR EE do & AT, pH, 2=E SFAHIAY (Fig. 19,
T A @A A curdZt B E O] f54 0]

2 (o} F)et M3 (glyceollin % 1)l
@t curdE A A

6NTA FAS FAAE F O 0% AN Fashe 28wt
FTHO 2 Weissella sp. 44 A57F 7t
2A A SRl wet FRolA A A

OZi

kAl L paraplantarum KM6
so A7k Aee @+ 3
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3 F FH §5o2 HF 62zl H1 (34 x 10”7 CFU/mL)ol 28ty o] &
23S & F At M19lA L paraplantarum KM69] 7347} 78 9ardt = & &=l

(2) pH W3}
3 FF FHY fAhE 27] pHE 6.2-65 oA BF 6 A7F F9 pHE F43)
< e}
k3

A FFoZ FA HA E‘r g 6 AJZHEE 48 AIZF B M1

(3) 2= s
Z7] A== ¢F 02394 AlFele] M2 9F M3 FH= @Ea 6 AIZF o]F 0. 35-0.38%
FAHALH, M1 T+ L& 12 AT o] F 05-0.6S FAAY. L paraplantarum KM 6
£ HF3 FE°l pH st} P‘qui =7 OE #FE Bu 9 =3t M1 T
o] 2t%=7} 0.6-1.0 Alel2 7HE . M3 7F 7F 9t ol M3 F/9 A% glyceollin
Aoz Qs fFAkt AFol dAHANE 7FeAdS HAFET M2 T 9A] glyceolline o}
YA R ol G F ikt RS JAste B2 ECl APHJS 7ol A
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E —— Streptococeus salivanus HM 27
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Fig. 19. Growth, pH and TA changes during lactic fermentation of soy milk (M1). Viable

cell counts (A), pH (B), and TA (C). -O-, Streptococcus infantarius 12 ; -W-, Weissella sp. 4 ;
->- Lactobacillus paraplantarum KM6 ; -M- Streptococcus salivarius HM27.
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10 7.0
—O— Streplococcus infantarius 12
65 —— Weissehasp. 4
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Fig. 20. Growth, pH and TA changes during lactic fermentation of soy milk (M2). Viable
cell counts (A), pH (B), and TA (C). -O-, Streptococcus infantarius 12 ; -W-, Weissella sp. 4 ;
->- Lactobacillus paraplantarum KM6 ; -A- Streptococcus salivarius HM27.
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107 7.0
—0— Streptococeus infatarius 12
65 —i— Weissela sp4

e —{— Lactobacillus paraplantarum KM 6
E e 4 —— Sireptococcus saflvarius HM 27
P
g
-
°
% 108
3
c
o
Qo
&
& 107
g 1 —{~ Streptococcus infantarius 12
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—— Lactobacilus paraplantarum KM &

—&— Strepfococcus salivarius HM 27

e . : : : . ‘ . . 40 ' ' ' ' ' : ' '
0 6 12 1% M 3 B 42 48 0 6 12 18 24 30 3B 42 48
Fermentation time (h) Time (h)
C
0.55

Fig. 21. Growth, pH and TA changes during lactic fermentation of germinated and fungal
infected soy milk (M3). Viable cell counts (A), pH (B), and TA (C). -O-, Streptacoccus
infantarius 12; -W-, Weissella sp. 4; -~ Lactobacillus paraplantarum KM6; -A- Streptococcus
salivarius HM27.
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t}. Glyceollins % FfollA 4t && F glyceollins @ TFE isoflavone 335 9]

1 3}

ot
ol

1) A 28 T AFSAH A
37FA T/ (M1, M2, M3)9] %7] pHe AES =438 A3} pH 6566 1 AEE
°F 0.18-0.12 &5 YEIHAT (Table 8).

Table 8. pH and TA values of three different soy samples (unfermented)

glyceollins +% o5
(M3)
pH TA pH TA pH TA
664 0 0120 657 +=0.01 012 £ 0 6.54 + 0.01 018 = 0

F (M) Sobt)Ff (M2)

Glyceollins #% FHolA A Ha F AFEANS FAURYH S salivarius®t L
paraplantarum®] T T7F 7+ =% x7] 2 12 AZAA F243] oF 10° 71A]
S7H & dASA FAEHGIE 24 ARE o] T2 Avbs] ST WA Weissella sp. 45 A
T A P ST 27 AEF 2 < 100904 12 AR 7 x 1074A] S F o o F
BE AFFrE gaste] 4847l 2 x 10° 2 ZAsdrh pHE WHE 27] 643 B 34
3] rasithrl o)lF 48 FEoE FAES B 5 Utk L paraplantarum KM6+= ©F pH 4.5,
S. salivarius HM27-2 pH 4.8 E}E T2 pH 5.0 ¥5 48 A B3t FASAT AHs HA
L paraplantarum KM6E &3 F/7F & dF5S AT 7ol ¥&) =4 vt 4=
48 A\Ztoll L. paraplantarum —‘:r%—t— °F 0.63 183 HE #FES HTH FHES 04045 3
At (Fig. 22). Ha& RAIZHAME L parap]antarwn KM6 HEg Ff< 0545 JERY
U A A AE F/REL 04 o|sto|lar E3] S salivarius HM27 &

7HE wekth

=
HJE
ko

UM ATFEZ AZT FHAA L AFREF VEFHoE e A
1

L. paraplantarum KM6 w7} glyceollins 4

e = TRl 7P 2
Aot Ay 2 Y A= P e 2EFFY AR 063 pH 45= AW i 2
AH AFEY FAEF ¥F FFolH YFEE glyceollins BA FHE AHET A Fox H)
23 AR A RS 4T F JE5S BoEth 2832 E glyceollin AAFE FHE
AEEd B T A AdFaokstal Tl wet FaAFe] Fdo  AolE A4
T JAH
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Fig 22. Growth, pH and TA changes of soy milk (M3, glyceollin induced) during lactic
fermentation. Viable cell counts (A), pH (B), and TA (C). -O-, Streptococcus infantarius 12; -
W-, Weissella sp. 4; ->- Lactobacillus paraplantarum KM6; -&- Streptococcus salivarius HM?27.

_29_



(2) Glyceollins ¥ T2 isoflavones 33& 3 H3}

T T4 HPLC &4 27 F5Fo=Z wdAQ] daidzin, glycitin, genistin 30|
=% 53] genistin o] =4 Uskth M1 (843+40)3 M2 (834+89)0llA EA Ugkal M3&
olHthe thad Aok WhHe] daidzein, genistein 3 glycetein 5 BIH|ZAES H2 gvk =
AstATE FFolE HET T4 M3)Y glyceollins &2 21848 ng/g ©lF ot M1z M2
Tl A= glyceollins ©] AEH A ATt (Table 19).

L paraplantarum KM6S HE3 M3 T+ &&E 6 Ao 3@ w7 vwjg
A2 ABEHSAI (Table 10), 53] genistin> 6 A7t °o]%& FA3]
Genistein genistin 749} F#gle]l A 6 Azt o|F %
daidzein daidzin 74} gt 6 A3t o] AA F7HgE A
o= ol IFESY HIE TF ZAFE 2ot Aok A glyceolling 2 MEE F3
A Wsk= fleu 6 Aztol S7Fskal o] F MM 3] sty 24 AZtdel: AsHEu= of
3 S7Fe AT

Weissella sp. 45 HES FHE AVH o= Hld 4SS BAT Glyceolling S 2
5 x7IHH A&HEHo=w %—7}6}04 24 Azre| Mg w=& FES BAT (29325 ng/g). L
paraplantarum ‘%&b EE] malonyl-daidzin &@o] A& F7Mste = Aol H otk TFF9

o

Exo] wa} isoflavonoid B EES 2] AL o7} oS

T
5
b4

1t} (Table 11).

Streptococcus salivarius HM278 &3 Tl A& Aol A= vl dA|Eo] #Aa3shA]
23 93] Z/HAAT ol PR Hbo] o] FolNA WS vhehu A wu

&
= U]o

A

=

StaF Zrle BEE R ol S salivarius HM27-& 5 & 2%tA] 2t} Glyceollins
o 6 A7 o]|To . =] & k7 z7}6¥ TTOZ FAFHAY (Table 12).

Streptococcus infantantarius 125 RE3 B¢ o 7 59 Hg 235 Eidd =
Hi A 5o v gA 2] A3 & O]—roﬁzlfﬂ 53] M-genistin? A-genistin 577} @A 3}
th Glyceollin %2 IAsHA FAHY W& dF9 29 12 AZ7E 78 =30 (Table
13).

Qo
2

Glyceollins 3% 18 & A 9-oll= L paraplantarum ©|\} Weissella sp. 45 HE 3=
o] fgs] Eolu & isoflavonoid FE=5Z 4 1HT FFoe AFsHA dFE A3
o,

2

g Fg Aol Ytk 53 glyceolling A H Ho) WA A7) :La BAste] daidzein %
W37 vX= JF gEide Fo AAS drt esith g A<l glyceollins HPLC
chromatogramE-& Fig. 239} 240 Ye ATt
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Table 9. HPLC profiles of isoflavones with non-fermented soymilk.

rg/ g of soybean (0 hr)

Isoflavones
S1 S2 S3
Daidzin 561+111 605+159 532+21
Glycitin 138436 100+12 76+2
Genistin 843+40 834+89 648423
M-Daidzin 18+7 15£1 31+7
M-Glycitin 72411 28+2 10+4
M-Genistin 1+0 63+9 6+0
A-daidzin 28+3 44+3 26+1
A-Glycitin 4£2 541 58+3
A-Genistin 8+1 7+1 8+1
Daidzein 14+0 4+0 1841
Glycitein 8+6 18+2 14+1
Genistein 17+2 17£3 34+3
Glyceollins 0+0 00 218+8
Table 10. Isoflavonoid contents during fermentation of glyceollins induced soymilk (M3)

with L. paraplantarum KM 6

ug/g of soybean

Isoflavones

0 hr 6 hr 12 hr 18 hr 24 hr
Daidzin 532+21 69+1 19+1 19+0 18+
Glycitin 76+2 69+5 107+4 116+2 125+
Genistin 648+23 12+4 11+ 5+2 5+2
M-Daidzin 31+7 141+1 104+46 3%0 5+1
M-Glycitin 10+4 24+2 18+4 32+0 5+1
M-Genistin 6+0 95+4 10+0 199+3 190+8
A-daidzin 26+1 310 36+0 15+0 39+2
A-Glycitin 58+3 44+1 15+0 4+0 14+0
A-Genistin 8+1 13+9 2+0 4+1 4+0
Daidzein 18+1 275+7 281+10 289+4 275+4
Glycitein 14+1 41+6 94+4 7+0 85+4
Genistein 34+3 7%5 3+1 20+2 18+1
Glyceollins 218+8 301+10 287+14 277+6 259+3
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Table 11. Isoflavonoid contents during fermentation of glyceollins induced soymilk (M3)
with Weissella sp. 4

ug/g of soybean

Isoflavones
0 hr 6 hr 12 hr 18 hr 24 hr
Daidzin 532+21 64£3 66+2 66£1 65+4
Glycitin 7612 8+2 6+0 713 8+2
Genistin 648+23 8+3 11+2 13£2 1341
M-Daidzin 31+7 170+13 17619 175+4 189+8
M-Glycitin 10+4 28+1 28+1 26+1 29+2
M-Genistin 6£0 5£0 5£0 716 38+19
A-daidzin 26+1 42+4 12410 17+0 19+4
A-Glycitin 58+3 6+1 13+12 12+7 15+3
A-Genistin 8+1 24+2 17+4 23+2 25+1
Daidzein 18+1 283+20 312+13 298+6 79£9
Glycitein 14£1 65111 84+3 7811 242
Genistein 34+3 25+2 25+2 10£2 1241
Glyceollins 218+8 285+18 262+5 286+8 293+25
Table 12. Isoflavonoid contents during fermentation of glyceollin induced soymilk (M3)

with Streptococcus salivarius 27.

ug/g of soybean

Isoflavones

0 hr 6 hr 12 hr 18 hr 24 hr
Daidzin 532+21 578+33 554+13 569+5 582+15
Glycitin 76+2 144+9 73+2 74+1 74+3
Genistin 648+23 696+36 693+8 716+5 760+19
M-Daidzin 31+7 16+1 19+7 2344 23+7
M-Glycitin 104 25+2 21+2 21+1 21+2
M-Genistin 6+0 7£2 4+1 160 12+2
A-daidzin 26+1 48+3 45+1 45+0 42+1
A-Glycitin 58+3 3+2 3+1 2+2 442
A-Genistin 8+1 11+0 10+ 10+0 12+1
Daidzein 18+1 18+3 18+1 20+1 22+4
Glycitein 14+1 1+1 11+0 70 9+4
Genistein 34+3 25+16 39+1 40+0 29+7
Glyceollins 21848 257+9 243+2 249+5 251+14
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Table 13. Isoflavonoid contents during fermentation of glyceollin induced soymilk (M3) with

Streptococcus infantantarius 12.

ug/g of soybean

Isoflavones
0 hr 6 hr 12 hr 18 hr 24 hr
Daidzin 532+21 35+4 7+0 6+3 3+1
Glycitin 76+2 32+1 4+ 36+1 35+0
Genistin 648+23 3+0 3+1 3+0 3+0
M-Daidzin 31+7 51+3 36+7 28+1 33+5
M-Glycitin 10+4 9+1 11+0 10+0 12+1
M-Genistin 6+0 120+15 154+5 150+5 143+8
A-daidzin 26+1 24+2 26+0 23+1 22+1
A-Glycitin 58+3 2+0 240 2+0 2+0
A-Genistin 8+1 549+29 621+8 591+11 608+9
Daidzein 18+1 228+9 253+5 244+7 240+1
Glycitein 14+1 17+1 19+1 17+0 15+1
Genistein 34+3 12+1 14+1 12+1 8+4
Glyceollins 218+8 221+11 255+4 241+0 235+4
0 hr 6 hr
: 150 218+8 - 750 T 30110
1 o1
L H o 1 H - -_-nl ‘T.‘.‘:J’ e ﬂ
ity L, e e L P WY Sl ve), ,-w'j"Lf;-:L_A Lin

Fig. 23. HPLC chromatogram of glycerollins induced soy milk fermented with L

paraplantarum KM 6 (ug/g of soybean)

0 hr
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Fig. 24. HPLC chromatograms of soymilk fermented with Weissella sp. 4

2}, Glyceollins F% T/ &g AAL

1) T AT &4
Glyceollins %= WFEZFH 42 F2EY FaEES 4 9tk dixz7=2 dF, Lo}
v A7l WFE AFESEE Y. ZAME Y AlFE S A= Bacllus cereus, Escherichia coli 0157:

H7, Bacillus subtillus, Stapylococcus aureus®l| Wt =& B ATt (Table 14).
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Table 14. Antibacterial activities of glyceollins induced soybean extracts. Rhizgpus oligosporus
was used as an elicitor.

Soybean soaked in Soybean .
. Fungal-infected
the water (Sample germinated
(Sample 3)
1) (Sample 2)

1-1 1-2 1-3 2-1 2-2 2-3 3-1 3-2 3-3

Salmonella typhimurium
TA98
Listeria monocytogenes
ATCC 19111
Stapylococcus aureus - - - - - - + + ++
Escherichia coli 0157

H7 ATCC 43894
Bacillus coagulans

ATCC 7050
Bacillus licheniformis

ATCC 21415
Bacillus subtilis

ATCC 23856
Bacillus circulans

ATCC 4513
Bacillus cereus

ATCC 10004
Bacillus thuringiensis

ATCC 33679
Entrococcus faecalis

ATCC 29212
Lb pentosus

ATCC 8041
Lb fermentum

ATCC 14931
*-1 :sample 0.2g/ml spot *-2 : sample 0.4g/ml *-3 : sample 0.6g/ml

- - - - - - + + +

inhibition zone size : +, 0.5 to 2mm; ++2 to 4mm ; more than 4mm

The value equals to (diameter of an inhibition zone in mm-diameter of a colony)/2

AellM A

glyceollin /o] =% dlF
s

o FAFHE =H3 A= Fig 253 Zoh ARE wd
=2 Aspegillus awamori, Aspergillus sp.©| A& &34E B

9L Penicillium sp.
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Fig. 25. Antifungal activities of soybean extracts glyceollins induced by

Rhizgpus oligosporus.
A, Aspergillus sp; B, Aspergillus awamori, C, Penicillium sp.; D, Aspergillus niger
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S 2 Al

=
Fol Aol o@ Ful BFLo|
3L

hu)
r
2
X
aq

ol
o
N

4§
rr
Sl
o,

s
=
o
N

ofs
o

K
>
o
o
(e

S
i
X
S
ik
i
e
b
Lo
ok
NI
=2,
X
e
rlo
5]
)
il
>
ich
ol
2

Z A} HENS bead beatert} sonicatorZ * |3+ ¥ autoclavedtil &  autoclave *] ] WF
& ts olE UiFel HEFE F Tols F=3 ts A HE glyceollinsE HPLC WHOZ =
sttt HPLC 235 Byl dwbdoz sufjtbe] wls) At thF+= glyceollins =71 7
o] HA &ske ATt (Fig. 27). T4 dFes FUdHs FAHolu 713 B3 Sl 9
A Tyt AEA b= Aoz AAEHIL (Fig. 26), o9 wWehA glyceollis = EF 2 5]
g ¥ A FHF o R THA o] AYE YLt dFE thAl gt glyceollins
2 W =1

E A9 1 Fade Ao SIS FES aEaA

2} BGE& Aldste] dAPAHS AT glyceollins F% ZA¥= Fig. 27¢|t}.

A HFE ol83) glyceollinsE #EF AlE T A A A Fe X
& x| (10463.7 pg/m)S FeY, A AEgAS Autoclave ¥ A A|E Cl-10] L
=2 FA (34023 pg/m)E YEMSITE Bead beater HEE  sonication 8 ¥
autoclave FAI$F A1-1 (1,537.4ug/ml), B1-1(1,791.3pg/ml)-> B8k X5 YEY I T} o]
m _

A AgE SalA TR TAE APEAIZ] B % glyceollins 25 221
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57 99tk £4 AL autoclavert AASHIE Fol A Fol TAL FAol A HA &
7] wEeoll (Fig. 26) thFo] Zol et 72olste] glyceollins A4S F=d0hd AF %
Arxel FFo] LAS 9 AL AFANe] 7Hed Aer AGHY, v B Y F
0% olth oyt A He A $e EA 9F glyceollin FE FEs DA T HobA
glyceollin &°] 7|5/ &S v A 7ol Aot wiod - EAFEE AHE )
o] & glyceollin % &&S U =4 e Weksol #3 d77F Zosith
Table 15. Soy samples used for determination of efficiencies
of glyceollin production
bead  beter sonicated
treated and and autoclaved control
autoclaved autoclaved
domestic soybean
(Taekwang, 2009 A 1-1 B 1-1 C11 D 1-1
crop year)
Imported soybean
(China, 2010 crop A 12 B 1-2 C 12 D 1-2
year)
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Fig. 26. Photographs of soybeans after germination. Soybeans (domestic, imported) were
inoculated with spores of K. oligosporus which were treated differently.
1-1, Taekwang variety; 1-2, imported soybean from China. A, bead beter treated and then

autoclaved ; B, sonicated and then autoclaved; C, autoclaved; D, control (no treatments).

11000 -
10000
2000 -
2000 -
7000 S
6000 -
5000 4
4000 -

Glyceolling Cone. {pg/fe)

3000 -
2000 -

Ml .
e o I o]
El-1

Al Al-2 - B1-2 C141 c1l-2 D1-1 D12

Fig. 27. Glyceollin contents of domestic soybean and imported soybean.
1-1, Taekwang variety; 1-2, imported soybean from China. A, bead beter treated and then

autoclaved ; B, sonicated and then autoclaved; C, autoclaved; D, control (no treatments).
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Fig. 28. Changes in pH, TA, and viable cells during lactic fermentation of M1, M2, and M3

soy milk.
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of that ¥ AAL AFe Table 1501 2oF3tith o] HolHE =H
r 6%5)9} 4719 F&H S (color, flavor, taste, overall acceptance)®] ti3}e] ANOVA #4HEA,

Duncan’s multiple comparison #41%t ZA¥o]™, Duncan’s multiple comparison 2375 S 3

A2 EAISHA T

Aol QoM e 7S H7He AR g3 S Hol FiFo R A AT 43
2 93 715558 ey, M3 HER7 AxadAe Ho] Mg M29] FXHT i v
g A Fel X e BE TaFAA F AolE Kolx] &strt g4, sto] oAM=
LIS ¥ TaRVL AHFCR 5L HFE AUk A8 A5S HUM TER FolA
T Mlo] 413 + 198 ™ o2 =& ZS YEda M37F 210 + 127 © 2 e AF A
FAE BHAT o]5S TS AWrHA 7|5 (Overal acceptability)E A3 EHE M1S (555 =
1.86 %) > M2S (468 =+ 1.58 ) > M1B (555 =+ 1.86 %) > M2S (3.7 + 1.68 9 > M3B (3.58
+1.84 %) > M3S (3.06 * 141 ) ¢ o2 e

£ AN 1gE AFhAE dAel ] RS A Azl e ARE A F3HA

OFo blind test® Q7] wiEo] Av|AE0] QFZES A T o w gSogw 54
S 1 tE AEXRAF 29E vtg o2 & w (Table 16), Glycollins 59 7]154& &BIAE
o Al AAAIZ ok o9l Y& JVax Hesadys JdE B 4 e AeE dAddHT.

Table 16. Sensory evaluation of soymilk samples fermented at 37C for 12 h

Attributes

Samples Overall

Color Flavor Taste .
acceptability
S 6.00 137 % 465 +1.68° 413 + 198> 461 +1.99°
M B 461 +204° 455 £211° 597 +194° 555 + 186 °
S 610 +1.66° 406 +175° 274 +157 % 37 +168°
M2 B 423 +173° 406 +126° 461 +203° 468 =+ 158
S 574 + 175 % 426 +173° 210 +127° 306 = 141 °
e B 416 +186° 374 +£191° 352 +203“ 358 +184°

S: sugar 8%+ salt 0.8%
B: strawberry jam 20%

() & diFfre AZA
AZE 3 FF FF M1, M2, M3)Z 37ColA 12 A7+ LaAZ]
°F 10°~10’ Cfu/ml M1 M29] pHE 4.63~4.69°]1 =& 0
521~5.24°]3 A== 025~026 AE9 s HATE o]F 4T 25T F AFS=E Yo
A e FRHES 3 T AFSH 3 A HHeE AEES FHSA AT, pH RS S
3} A

rrorr

i
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Fig. 29. Changes in viable cell numbers (A), pH (B) and TA (C) of fermented soymilk
during storage at 4C and 25, respectively. Soymilk samples (M1, M2, M3) were fermented
with S. infantarius 12 and Waeissella spp. 4 at 37C for 12 h.
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Al 3 A Glyceollins®] 7154 H7}
1. Glyceollins®] A ~EZ7 FAEA

7}. E-Screen (MCF-7 cell proliferation assay)= ©|-83 glyceollin® o|~EZ7 &4 37}

Estrogen receptorE 7}A2l U= MCF-7 breast carcinoma cell> 24-well platec]
2x10"cells/well£ medium (10% charcoal stripped-FBS in EMEM)# &7 EF3}o] 37 ol A
Wi sttt B 24412 %, mediumS A A3 0.01-500 pg/mL % HYol U= test
compounds’t E£3H mediumO = WA AT 22U wYTIHE AXSF AEFH FE S
4& MIT assayZ H7I8ldth. tET Al ELZE estrogen receptor’} Ao® MDA-MB-231
A XS AHE3FAH-

e E-screen WHol| 23t d2E=2A A4S =A3 A3} (Fig. 30), JJ2EZAL 0.01~1.0 peg/mle
oo dzFEY 28] =718 NEZAES Jehih
e AZHE A3 FZEL 0.01~1.0 pe/mLe] FEH oA MCF-7 Al¥e AL Z7AAY HEHA

=
G A3 FEEE FEIEHOR /MY ATHIES NPT, F FHEEY Aol vnjsigik

©A3 FEBELE BT 100 pg/ml o) TN AX SHE zke '
CONZIERAL A3 FEEERT AFE (001 ug/mholX F3F S/HE AE S48 HAFh
eo]2EZA 2847t As® MDA-MB-231 /‘ﬂioﬂfﬂ HEEE B FE= B 2EZA0)

1 |]l} |1l}l}| 0 |l}.l}]| I}.]| 1 | 10 |][}l}

o g L]-E}l/‘r\:}
250
= —mrdiis
= == onmnmoculated A3
5 200 - e [noculated AS
S g Gl ceollins
= -
2;\ 150
=]
2 100
Fil
-"\-’ -
= 50
=
—
(=5
=
[

0 |I}.E}1i 0.1

Conc. (ng/mlL) Conc. (ng/mlL)
MDA-MB-231 MCF-7

Fig. 30. Concentration-dependent proliferation of ER-positive MCF-7 breast cancer cells by
inoclulated A3 crude extract.
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L}, YeastS ©]8-3F glyceollins®] estrogen@X 34

(1) Yeast strain (Saccharomyces cerevisiae ER +LYS 8127: human estrogen receptors 7}A] il
)& recombinant yeast)7} estrogen®/d #2ol A& ATt

(2) Yeast HJ%: Yeast= shaking incubator (30C, 300 rpm)olx “37 wiA] (yeast nitrogen
base (6.74 g/L), dextrose (20 g/L), L-lysine (36 mg/L), L-histidine (24 mg/L))ollX S2A1A
o o] E31e] wi Y F, yeast= ODgoonmoI A F3E7F 1.0~2.00] =E2HES 330

() F=E& *2l: yeast= receptor A4S fIEtd 50 uM CuSOst F7ME S ujA o 4
ODeoonm 1 A19] 0.03 X2 843} TE 50 mL conical tube®] 34 ¥ yeast 5 mL, &+ FEE&
(2= Al8) 5 uLE FH7I$ ¥, shaking incubator (30C, 300 rpm)ollA] 2417t &<t vl 34
=

(4) B-Galactosidase assay: Z+E &4 A7} o] F ]3] yeast= ODeoonm®l Al 0.25 T3 =
o] 96-well platecl] 100 yLE H7}stATh wlA] 424 =48 93] ODsoonmol A FHE=E
At B-Galactosidase &/ 2 mg/ml Onitrophenyl-B-D-galactopyranoside (ONPG), 0.1%
sodium dodecyl sulfate, 50 mM B-mercaptoethanol® 25 U/ml zymolaseZ} 3 7Fe 100 uL Z
buffer (60mM Na,HPO,, 40 mM NaH,POs;, 10 mM KCl, 1 mM MgSOs, pH 7.0)S 2o &=
st 2083 &-2olA incubation ¥ %, ODsponmolA F3EE 5435+, ODionm-ODsoonm
HEs AHESl SAAUET (negative control) &2 YA FHS Y ATH

—_

Jm o
ol X
ol
-1

ol
S

e Positive control®] AAEZ AL 1 png/mL vehicle?! DMSOE A &3 79 830 H& J2E=ZA
Ej—/\-] 0 ]/]_FJJJJT;].

e HJE3 A3 (0.1, 1.0, 10 pg/mL)S> HF3A ¥ FEEHY =2 J2EZA S4S
ol FEoEZ ALY 10 ng/mLe] HE3SH A3 FEES FUEEY HISIA ¢ A3 F
Hlal 418 =& €4S YETh

e AE3 A3 ZZE(10 pg/mL)S NAEZA(L0 pe/ml) Bt =& g2EZA §92 Jepioh

o Fof 373 isoflavone Q] daizein®} genistein B AEEZA 35 H 3, ©]F genistein©]
daizein®th 2 J2E2 g5 YEW Y FE(1.0 pg/mL)o A, genistein®] EF= J2E
ZA 0 F3h= Ao Z YEIYT (100%, 94%).

e HPLCeol] oJal] AAE elyceollinsS FE2F2 (0.1 pg/mL-15%, 1.0 pg/mL-20%, 10 pg/mL-117%)
=27 23410 pg/ml-117%)E el (Fig. 31).

o |

_—
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Fig. 31. Estrogenic activity of inoculated A3 crude extract in yeast based estrogen

receptor activity assay.

o} pS2 mRNA expressiondl] PIX|&= G

r;%'

MCF-7 cell proliferation assay?} &%
compounds & medium®| A 6A]17HE<Q
RNeasy Mini Kit (Qiagen)Z Z Al
semi-quantitative RT-PCR ®{ o=
primers= =3 2T}

W02 petri dish (56 cm’)oll A|EES EF38}o] test
st 2 3o mediumS A A3}l total

ted o] &AIZEA] 80Tl E#stdth pS2 HAAE
AatAtt. ol ARE3H human pS29} human B-tubulin

ol 2

J[}J'

>B-tubulin-forward: 5-CATACCTTGAGGCGAGCAAA-3
>B-tubulin-reverse: 5-TGAGAAGCCTGAGGTGATGG-3’
>pS2-forward: 5 -TTTGGAGCAGAGAGGAGGCAATGG-3’
>pS2-reverse: 5'-TGGTATTAGGATAGAAGCACCAGGG-3

pS2 PCR product= 336 bpolil, 532 PCR thermocycler (M] Research)ol|A] 3] = At}
cDNA A WA 719 &4 thermal cycle profile initial denaturation step 2= 95°Col|A] 2
i, amplification cycles 9|3l denaturation 94°CellA] 13, annealings 60°CollA 1,
extension< 72°CollA] 102 sl 303] ®WHE3}Y 1L, final extension step2 72°ColA 10&2

AT 1% agarose gel= ©]&3l] PCR ¥h& AAE 5 uL A7]9F (100V, 30%)38 o,
EtBrZ A8t UValolA 5830

N2EZA Rk #HAE FHA HAE A3 FEEY TS golrR 7] Y3l estrogen-responsive
pS2 gened] LEHE HF3s

e | 2EZAE Ae|g MCF-7 ME(1.03)= tZET(0.96) 2t F71E pS2 mRNA

1Z155
= 1!
e AZH A3 FZ2E(1.06)7 AAE elyceolling(1.10)2 HEHA &L A3 FZE(0.N)ET Z714
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pS2 mRNA 28-S Yehyth
e AR H olyceollins®] pS2 mRNA W& ZH1.10)S HEZH A3 FHE(1.06)AA 9 HdZgH} ¢ =4
YElgt

pS2
(336bp)

B-tubulin

pS2relatlve to B-tubulin

¢
& & &

Fig. 32. The effect of glyceollins on mRNA expression of pS2 in MCF-7 cells as evaluated
by semi-quantitative PCR.
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2. Glyceollins®] 33 o]

7h. &g ol
PDAMAIZ A Z petri dish (9em diameter)e]l =o€ 5 ul (200 pg/disc)®} 15 ul
glyceollines (600 pg/disc) §HS 373 Whatman paper disc (6 mm diameter)E i, &
FolE HAM A =¥ HEAAHY. FFol= 25TolA 4-6L3F wiFE ¥, clear zone 37
(mm)o.2 FFgFo] S FA3Ath A4 Inhibition (%) = [1 - (radial growth of
treatment (mm)/radial growth of control (mm))] x 100

Glyceollins®] &xFo] BAS FA3E A, glyceollins (200 pug?t 600 pe/disc)S  Botrytis

cinerea, Fusarium oxysporum, PhytophthoracapsiciSclerotiniasclerotiorum®] A%< 3l 9] YA|st=
o2 YEtt (719 33).

Botrytis Fusarium Phytophthora Sclerotinia
cinerea oxysporum capsici sclerotiorun
(R Z80/=) (A|EE3z) (2FFE R (T S)
3 days 4 days 4 days 3 days

Fig. 33. Antifungal activities of soybean extracts glyceollins.

. F3o] A4 FE (minimum inhibitory concentrations, MICs)

A&+ PDB (potato dextrose broth)dl F=¥=Z FAAFHT (10, 25, 50, 100, 250, 500, 750 n
g/ml). F3Fo]EXA g (10 pl)= A E7F ¥ PDB mediumo] HFAAH, 2-4L3F 28T
oM MM AT HELLS F@olEA e (10 uL)%t ¥ PDB medium= ©]-&3tAH-

TFo|xzAe] ol W A £5 FAHL B dnerea, F. oxysporum S. sclerotiorum, P. capsicis <
o] g3t APt T 4 mL 1x10° Ao} EAE Fhe dgdoz
ook HE A 100 uLE glass slide®] ¥3i1, moisture chamber (25T)o|A] 24A17F &<t Hl

&3tAtt. 7+ slide= lactophenol-cotton blueZ i173lo] Wold & &AW F go| A #E3H.

fru
kv
e
>
b

(¢

o1-=

ZA dolAEsY AL (% = [treatment (germinated spore/total spore)/control
germinated spore/total spore)] x 100)9} 2t}

129 FEo] BAol B/ Ve P aysicrh kinetic assayol ol &E Tk B Fo|EA

gl 10 uLE A87F & tubeWlZ HFTAIZIAL (¢F 2 x 10° spore/mL), 30, 60, 90, 120, 150

~

>

_48_



SN S w F BEYE AA, EdeR 2-33] AAsan. AHs
A FFolEA AFALE glass slide ol FiL 25T oA 24417H5ek vl F3l Ao,

e Glyceollins®] &= #o]l A3 HY= 109 ~ 61.0% =, MIC valueEZ+= 25 ~ 750 pg/mLel 3j
et} Glyceollins> E|ZEH #H3 0|5 P aapsiciof 4 MEAN 0] 7Hd Hod A= 1}
B}t (MIC value 25 pg/mL) (Table 17).

¢ Glyceollins& 2 §ol] o] &8 FFo|E52 XX WolEsE FL9
A), P. capsici®] AZPEEE AstAT (1 34A9} B).

e pe}X], glyceollins®] FFgo] AL Fgo|dd ASS st F&3HA o] &5 &

5 92 zlow Azdd.

i
ol

Hoz Asfstlar (ZH 34.

Table 17. Antifungal activity of glyceollines derived from soybean seed elicited with
Aspergillus sgae

Mycelial growth inhibition®

Fungal strain MIC®
mg/disc mm % (ug/mi)
0.2 243=10(335=07) 274=12
Fusarium oxysporum KACC 41092 250
0.8 200+08(334+09) 401=186
02 242+:14(387=08) 375=11
Phytophthora capsici KACC 41092 25
06 221=10371+x10) 405=13
0.2 21207 (409=04) 482=08
Sclerotinia sclerotiorum KACC 41065 50
08 157+11(403=086) B1.0=11
. 0.2 383=15(429=07) 109=07
Boirytis cineria KACG 40573 750
08 341+13(438+03) 221=09

*Values are given as meantS.D. of three experiments.

a

mm, Radial growth with sample (radial growth without sample); %, percentage of radial

inhibition. * Mininum inhibitory concentration

i W £ oxsporum
o E=3 P capsici 100 § —@— 25pg/mL
I S. sclerotiorum O 50pg/mL
. 100 pg/mL
g a0 4 1 & cinerea § s v H
<
8 kS
= =]
4 60
g ” g
£ E
% g 40
L :
o o
g &
Q. 20
S o0
0 T
o 0 a 2 2 4

0 25 50 100 250 500 Incubation time (hour)

Conc. of glyceollins (ug/mL)
Fig. 34. Effect of glyceollins on spore germination of tested fungi and kinetics of inhibition

of P. capsici spore by the glyceollins.
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3. Glyceollins®] 3}4ts}tekAg
7}. DPPH scavenging activity, %= &% 2 FRAP assay

(1) DPPH scavenging

TAH Y 8l 22-Diphenyl-1-picrylhydrazylradical (DPPH*)ell thgh dAkstA| o] Sl5e S
S74sk= ol Askal ok 515 nmellA DPPHS] A7Zo] 24d5= J=E 43t dolsle

DPPHY| 33 th3 3 o] ALbstRion, o|3 gHitstA]l s 9 vl & gt
22 % DPPH*rpm = 100 X [DPPH*]rem/ [DPPH*| =0

gFe] 54E& 93l Folin-Ciocalteu assay HS A&t o H

solution (5~10%<] soluble sodium carbonate)oll 4] tungstate®} molybdate®] E3&E& ©|&3}
+ ZAS=Z phenolic compounde Ats}Ee] <O, 5 FAJ3Ee] molybdate?} HH-E-3}o
molybdenum oxide (MoO™)E &Asted olgA IdAE BAS 750 nmoly SA35oH,
gallic acid equivalents (GAE)Z Y ATh.

(3) FRAP assay
Ferric 2,4,6-tripyridyl-s-triazine (TPTZ) A]¢Fo] AFs}ub-g-o o]ste] 271¢] Ho| 3712 4+sl=H
Al colored product® == dgE ©]&F Aeo|th. 2y radical quenching (74 ZoJ)
ojste] zH-gste= ghek= (o, thiols, @l )e] ditstadS F48HA Role 23S 7HA
ATt Ferrous sulphateE AF&-3t] 1 mM &9 (0278 g FeSO, * 7TH,O/L)S Ax$ AT
o2 A3t o, FRAP €82 300 mM acetate buffer (pH3.6) 200 mL , 10 mM TPTZ
9 20 mL, 20 mM FeCli&9 20 mL, 24 mL BT 5 4o] A& 37CE FAANA AHE-3
Attt 96-well plates /\}9-5]-04 well & EH5 170 uL, standard®} A58 7 pLe} 30 pL
FRAP €9& 4o+ o3, 4% F 593 nmolA SZE=E SAH3A Y. FRAP level 3% 3t
o EEH 3 HFIALA S Tl =8

=2

oo J% H

¢ FRAP assay 23, Asp sgaed] 3l HEH A30] HEHZA £ UEF79 vs] 55o&EF

©g8 Zrbe a8 B deith 7 FEW gEP A3

nE?L
r-Ll
L
1o
0%
>
b
]
oX,
flo
p—
=~
}3
=
o
=

2 FEI3 Aol BAL,
e o=A SFES FHL 1 pg/miT 10 pg/mle] sENM FFH A} TR &S FEkol
£ YElH (Fig. 35).
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Fig. 35. Total phenolic contents and FRAP values of inoculated A3 crude extract.

e Glyceollins A| 54 (glyceollins®] 37}A] isomerE2] &3 4) F phenol BHFS =33 Ay,
glvceolhns FEoEH o E Z71F phenol GHS YElH At FRAP assayol 93] &4ks)t
dHAEE SAZ 2H, glyceollinse sE=57tet A H# A AP S Zhe Ao R
Ebtth (Fig. 36)

o =3tk 2 FRAP assay 239} TU3A elyceollinsS AEE (25 uMolA (500 M)

2z =7}

€= DPPH #Hd &759]

e=Xe]
[¢)

=7
[}

7FE A (Fig. 36).

DPPH scavenging activity (%)

50 +

45 4

40 -

35 4

30 A

25 A

20 1

15

10 4

Lalll

50 100 201] 500

0 |12

Glyceollins (uM)

Total phenol cone. (pg/mL)

030

825

020

[=]
=
un

(]
i
(=]

005 A

200

0.8
06
0.4
0.2
0.0

VitE  (uM)
O | ™ w0 | o o | o=
| — T A =1 a2 | O
E — o4 u
o

Glyceolling (uM)

12 -

10

= =} o
I m w

FRAP level (pmol/L)

=}
[

0.0

Trolox {uM)

250 -

500
1000

Glyceolling (uM)

Fig. 36. DPPH scavenging activity, total phenol content and FRAP level.
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. Mouse ZZ&U XA 3}2ks) oA &4

il

(1) Mouse =AY lipid peroxidation &7

rxA9 perfusion¥ o] FAE FBI te, ZAFAY 10%°] EStE ice cold
phosphate buffered saline (PBS)E % il, sonicatorE ©]83] Z2& HAHA|ZTH dH AL
10,000x goll A 523 dAEste] dsds HAstAd. 45 50 uLe 0.15M KCl 500 uL=
& £ F, 04 mM FeCl2 100 uLE H7bskidth. A2 37CA 3023t incubations}al,
W85 F N (0.25N ice-cold HCI+15%TCA+0.385 TBA+0.05% BHT) 1 mL H7[Z WS F8
A Z . 90Tl A 3083 incubatione 3 F, 10,000x gollAl 5%t YAEYE HASATE &
A AEES BFEA (535 nm)olA FAsAH. Hot AFEAE $IF AHS T E
A ATh TBARSY #-2 tetraethoxupropane®] &= WE TFF4
=24 ALkt

o Fig. 379 Yeld Hl9} o], glyceollins (0.5 mM)E mouse?] 7F2Z (35%), A1FZ2(15%) 2 =
Z2(10%) Azl X ADFHLE JA] aFHE 7HA= Aes YEWHH. Glyceollinse (A M=
FEs7tet FHEA dvE AES Uelidlod, AREAY HExAHAME FEEH (0510
mM) 0.8 Z7hE AAIs A Sg-S ettt 2HE AFAR408 AR ES HlusiEE, 4l
FxAI HEAY glyceollins®] A48 AAG L7t of-¢ FAE Ao & YEbst

350

o
avS
=
i
o
]
3
O
o
95}
~
=
()]

Glyesollins (pgml)

Untreat=d | HAOn
- 400 -
£ 330
2 EF 330
= = i
S 200 -
=
25 150 -
= T 100 -
£ 0 +— -] T B B —— s
) 0 | 15 | 30 | 150 | 300
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= 140 -
o =120
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2S5 B0 -
£ S 60 -
2T 40 -
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0O 4+ T T T 1
o s | s0 | ase | soo

Untreated H:On

Glyceollins {pgml}y ‘

Fig. 37. Lipid I}eroxidation inhibition by glyceollins in liver (A), kidney (B), and brain (C)
tissue extracts. The results are expressed as means (SD of four separate experiments. *, p <
0.05, compared to the untreated as control; #, p < 0.05, compared to the H;O, treatment.
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o} Hydroxy 2}H|Z ® ABTS #HZ &A%
(1) OH radical &H%F

OH radical 475 ascorbic acid¢} iron-EDTA methodE ©]&-3 &43dth EFHHS &
B2 F 53 3 mLol 167 uM iron-EDTA mixture (1:2, w/w), 0.1 mM EDTA, 2 m
ascorbic acid, 33 mM DMSOE &3 (pH 74)3t] ®H531, 37CAlA 303 ®H-3AIF Tk o] #/t
&= &3l ascorbic acid’} irons AFSHA|7]1aL, 4FstE irono] DMSOZ HH formaldehydeEs
APYES FX39 k. TCA 150 pLe} Nash reagent 350 uL (75 g ammonium acetate, 3 mL
glacial acetic acid, 2 mL acetyl acetone)= & TH3I & H,0Z F volumes 1 literZ P
SN2 WS FEAN F, Ao 3087 WAL BFFEA 412 nm)E o] &S FRE
Hl

o
£ SAsAT. tExTAEE okaFZEBAY] gle W EFES WE] AR

<

=

Hydroxy radical> A& AAdF 714 wE /MAIAE d8Ad ok Glyceollins®]  hydroxy
radical Z=71%-2 Fe’'/ascorbic acid system< A}8-3] hydroxy radical 44 4L 3 ZAstAth

e Glyceollins®] hydroxy radical £2A%5< elyceollins® % (5 ~ 10 mM)9l UZ}E]- Z7Vste A=
veldt 3], 5, 10 mM F=9A Z4Z; 5% 20% 2] hydroxy radical 245 HQl ¥, A&

(05, 1 mM)lM= &2AF] fle Ae= YEPIT (Fig. 38C).

(2) ABTS 2]zt 274%

7 mM ABTS &3} 245 mM potassium persulfate (final conc.)& E&3l 2, ¥ 2ds}
o] shaking incubatoro] A 12417+ ¥HSAIA 2 Z-S AWAA 713 EtOHZ 415 nm 3%
0.7+0.027} == 5 EtOH (100%)Z 3] A3}t 250 uyL ABTS &3 28 puL samples &3}
o A2l 5w T WA, 2RFBEA (@15 nm)E ol&d FEEE SHSA
TroloxE positive control2 A}8-3} % Th.

Acontrol - (Asample - Ablank)

AVEA: Lg% = A

X100

control

e Glyceollins= 0.01, 0.05, 0.1, 05, 1 mM TEHYAA FE=EFHo = =719 ABIS @z £A
5 (& 21%, 34%, 41%, 48%, 65%)S HIoH, TAFTE (1 mM)2] TE isoflavones ¥} Hlw3] =
W equol#}= FAFSIYU, genistein®]Y daizein® .t 28] ELS ABTS &9z AAFS Yelt (Fie
38).
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Fig. 38. ABTS and hydroxyl radical scavenging activity of glyceollins. The results are
expressed as means ( SD of four separate experiments. *, p<0.05, compared to the control.

2}. Singlet oxygen 473 A
H-&- (RB (5 M), imidazole (8 mM), RNO (5 M), 20 mM Tris-succinate buffer (pH 6.5))%
Al 59} A JE-EA17]1aL, 25Tl Al 5&7F 150 W Halogen-lamp (Osram, Augsburg, Germany)

ZHEH 6 mm Plexiglass®} UV-35 filterg T3Sk white light (A> 350 nm)E SA3AT
Positive controlZ+ ascorbic acidE Al-&3}$3t}.

e 350nmoll A A}e]Hd ZAAZE] WE RNOS FHEE dliEF siglet oxygen JAAZ &zl
ascorbic acid (20 pg/mL= ~120 pM)} AlE glyceollins (10 pg/mL=~30 uM, 20 pg/mL=~60 uM)3}
Hlwste] YeER® Fig. 399 Zoh. Z23E 53, elyceollins®] ascorbic acid HETF H& singlet
oxygen A4 AAEFHE YeEPES AT 4 AT o]H S glyceollins®] singlet oxygen A3 &3}
£, glyceollins FEZ71 we}l ¢ & Zog =7}39th (Fig. 39).

® with glyceollins
®  with ascorbic acid

w
o
=
=
=
=1
=
o
=
g
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- _
f
I
]
;.
=
=

T T

50 80

Concentration of sample (pe/mL)

Fig. 39. Kinetics of singlet oxygen quenching capacity of glyceollins (b) and ascorbic acid
(9). Data are representative of four independent experiments as meaniSD. *, p < 0.05,
compared to the control.

_54_



vl ROS A184
DCF/DHE assay

Hepalclc7 cellg glass coverslip (12 mm, dia.)%ol plating (2x10* cells)&t L, 24213+ &, HO,
(200 uM)= 2A1ZF FF A YZE o] Fol ARE 24A7 St Akl vttt PBSE 21

A A &, DCF-DA E+= DHE solution (50 uM)S M=o F=J3ste] 37Ce|A 307 vl &3t
At PBSE thA] 2¥ A% &kal, mountingdte] B AP E S T FBEE SHSAUTH

e Glyceollins®] Hy;,o oJ3t AFs}Z| &Fo0ZHE AMIEE HSee 35 5437 98ty
DCF-DA/DHE assayS AAlstSATE 1 23 AFEEH 29 A E (Hepalclc?) EFAA, HHO.S
H=og A3 ol HIst glyceollinsE A3t woll 3 pg/mL oM T3 4hst E4F <
A 235 et 4559 glyceollins @ Aol A= HOT A3t 73 FAFSSE A
Uelstth 24417 elyceollins (6 pg/mL) ﬂﬁ]/\] o=, hepalclc7 MXEANA AkstE £Afo

o} (Fig. 40).

12

2,

A,

32 |[o
3

H,0,+Ghycecllin:

120 4
100 -
80
60 -
40 -
20 3

Rel. FL (% of H,0,)

Rel. FI. (% of Hy0,)

Glyceollins (ug'mL)

Fig. 40. Inhibition of Hzoz—mduced ROS production in hepalclc7 cells by glyceollins.
Fluorescence mlcr raphs of murine hepatoma cell line (hepalclc7 cells) “stained with
DCFDA reen) fand DHE red) (B): "a, control; b, H202 (500 blM ¢, glyceollins (3 1
g/mL) d, O, ( uM) plus gyceolhns 3 ng/ mL) Magmflcatlon 4
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4. Glyceollins®] I EF<4
7h AZAEEN dS8d @id Bd A}
1) MEBES

ATCCERE E4-S RAW264.75 DMEM (10% heat-inactivated FBS), 37°C, 5% CO,°l 4] #j
FstHaL, T 23] 0.25% trypsinS 2 HF 1:49 H&Z FF3A T

MES BAZEl ERA Aeste] 38k, 2 x 1071 AMES dFdS FA 24-welldl
platingd}il 5% CO, 37TolA 24413t ikttt AlgxE$ 3% F, widds AAs,
MTT solution (0.5 mg/mL in phenol red free culture medlum)— 2=t 2817 H
solutions A A3}al 200 uL acidic isopropanols 7}t 10% ¥, 570 nmoll A 3 =5

gt

o Glyceollins2 10 uyMolA MEAAEEAN = F3FS FTA &3, HWAAHE (RAW264.7) A =
4o JHMAE eorh (Fig. 41).

il

Cell viability (% control)
A e o @ S G
(=] (=] =] [=] (=] (=]

o

‘125‘ 25

Glyceollins (M)

Fig. 41. Effects of glyceollins on cell viability of RAW264.7 macrophages as determined by
MIT assay

(2) Western blotting

A EZW MAPkinases 3 iNOS wiid gy Wsts ##3t7] 98] cold lysis buffer
(Tris-HCl 20 mM, NaCl 145 mM, Glycerol 10%, EDTA 5 mM, Triton-X 1%, Nonidet 0.5%,
proteinase inhibitor coctail (40 pL/mL))ollAX TZASAIAY. A 30& &< incubation$t
o, pellete 9AEE] (14,000x g 4T, 10&)= AA3IL /5%@19] G d ARs AAlskaL,
sample bufferE ©]-§3l] 95Co|A 5% T HAAA AT MEA g A d =312 1 mL KA
bufferE ©]&3tAch AAEZF (8,000x g 15%), FFHL

H ;L& 300 mM KCL buffer 80 ptLE ©]&3 deHS vl
YA (8,000x g 15%)F, T W2 cold tubed] &7]131, T
AH&

2
bt

ol
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G g2 10% SDS-polyacrylamide gelZ 100VelA] 1.5A17F &<t 7|95 3FH o, 100VE
15417t &<t Nitrocellulose membranes (Amersham Biosciences, Freiburg, Germany)= ©]& A
ZTh. Membranes 1% BSA &% O=Z blockingdtal, Zt &FA7F FHE TBS/T-E A
overnight incubation (4C)3}%] chemiluminescence kit (Pierce, Cheshire, United Kingdom)&

o]-&af @A 7HA|stal, Lab Image software= 7 @25} o

¢ Glyceollins2 10 yMo|l X MEAEEAN= F3FS FTA E%3, PAME (RAW264.7) A =
AS UEIAE gtk (Fig. 22). LPSE i AlFEolA COX-2¢9 YHS FE3A01,
glyceollins= LPSe| 23l S71¥ A5HddAGMAE COX-29 WS FEHAA JAISATL
HO-12] @& A &, glyceollins®] HFEYEZF O Z HO-1 wilae d3S Z7iA17Ath (Fig.
42).

A. B
= 1

cox2 ST ]
B-aCtin |--—l— — —— | B'a(:tin — - —

el 18 -
-5 12 c 16 -
¥ D 14 -
v g. 17
3 s
o 0.8 A - 90 -
2 o
" 06 - S o3
K] =
B, D 06 -
E =i % 04

Q - |

8 = I E

po —mem NN - 0.0 - - = " . |

0 ‘ 1 ‘ : ‘ 10 0 ‘ 1 ‘ 5 | 10
Glyceollins (uM) Glyceollins (M)
CON LPS (Lug/mL) CON LPS (1pg/mL)

Fig. 42. Effect of glyceollins on COX-2 and HO-1 expression in RAW264.7 cells. Expression
of COX-2 (a? and HO-1 (b) was determined in cell lysates from RAW264.7 cells pretreated
with glyceollins (0, 3, 1.5 and 3 ug/mL) for 2 h followed by LPS (1 ug/mL) treatment for
an additional 24 h by Western blot analysis as described in 'Materials and Methods’. Whole
cell extracts &C/’)\? ug) were sub}ected to Western blot analysis. Upper part shows a
representative Western blot data for COX-2, and HO-1, respectively. Bar graph (lower part)
shows densitometric evaluation of COX-2 or HO-1 relative to b-actin. "Iphe results are
expressed as mean * SD of three separate experiments. *p<0.05 compared to control;
#p<0.05 compared to LPS stimulation
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U dS3d AlolEFI EHEF

RAW celld] LPS (1 pg/mL)¢t AlEE 0 ~ 6 ng/mL ¥l 24A1%F 8] 3t th. Commercial
diagnostic kit (BD, San Diego, CA, USA)E A}&-3 ELISA (E4MYSAHH)CZ v Ay
IL-69] levelS =743}t

¢ Glyceollins®] &95 A4S 7IA A=A SAHNEY] A LPSE el st th A EZ A
S = cytokines®] A #e FFS S HAEJ Y GlyceollinsS 2A17F 2 A 2] slat,
LPSE 1 pug/mLE A Elstal 24A17F o 83 A Y. Glyceollinse= 0.3~3 ug/mLAlA IL-628 44

S #dA3] AgASA T TNF-ad A= F4Q 2olE YEP A gt} (Fig. 43).

7000 4 35 -
6000 - 30
5000 —_ 25 -
—_ o
- E
£ 4000 - S 20 -
(=] o
£ T .
© 3000 L 15 4
| Z
2000 - L
1000 5 A
o | 5 | 10 | 20 ] 5 10 20
Glyceollins (uM) Glyceollins (M)

Fig. 43 Effects of glyceollins on IL-6 and TNF-a production in LPS-stimulated RAW264.7
macrophages. Cytokines production was determined in cell culture media from RAW264.7
cells pretreated with glyceollins (0- 6 ug/mL) for 2 h, followed by LPS (1 ng/mlL)
treatment for an additional 24 h as described in ‘Materials and Methods’. The results are
expressed as means + SD of three separate experiments. *p<0.05 compared to control;
#p<0.05 compared to LPS stimulation.
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t}. Nitric Oxide (NO) A4 %

RAW celle]l LPS (1 ug/mL)¢t AEE 0-6 ug/mLS Fil 244
assay kit (Promega, Madison, WI, USA)e|l A A|As HAFRHS
o] Griess reagents 33} nitriteFF o= NO A FS =3

e Glyceollins®] @AZuiZl=Z220 NOo AAHF T3 JAT & UA=AE Lol Z3,
glyceollins2 &% 9|EZXOF LPSo| o3& S71E NOE 9oz Ao, NOANAZE
22 47 INOSY BdS fAAZ T (Fig 44).

A. B.

iINOS (130 kDa) —

Bactin (43 KD2) e QI R S

12 : |
10 4 | T
8 4 1 A
6 - o
4 4 -

07 4
ol |

0 | 5 \ 10 | 20

Glyceollins (pM)

Nitric oxlde conc. (UM)

iNOS relative to p-actin
(=] (=] | b
o S &
!

Glyceollins (uM)
| CON | LPS (1pg/mL)
CON LPS (1pug/mL)

Fig. 44 Effect of glyceollins on LPS-induced NO production in RAW264.7 cells. a. NO
secretions were determined in cell culture media from RAW264.7 cells treated with
lyceollins and LPS as described in Fig. 3. b. Whole cell extracts (30 ng) were subjected to
estern blot analysis. Upper part shows a representative Western blot data for iNOS. Bar
graph (lower part) shows densitometric evaluation of iNOS relative to b-actin. Beta-Actin
was used as loading control. The results are expressed as mean * SD of three separate
experiments. *p<0.05 compared to control; #p<0.05 compared to LPS stimulation

2}. NF-kB activity <} =&

A5 WA= Y2 NFxBe HAL d@oz Qs =ddn. &

COX-2 #Hd& AAsIgeornz, LPset #HHE NF-xkB &4 ZHd 94&FS 7A=AE 24}
ATk Western  blot> ol AFFT  WE&EH  FAI WHo=RE  AIFESA,
immunocytochemistry= coverslip’doll Al wi %, Al5xe, 1243t (95% EtOH), A8 (0.3%
HO2)#4-& A% MEZE blocking reagent (Ultra Teck HRP, IMMUNOTECH, USA)E A}-8-3}
o] oA 108 5 A F, 1% antibody (1:2009] TBS bufferZ 3= AF20)A 14]

7t &<t incubationstil, ©]o]A] 23} antibody-peroxidase complex (DAKO, Denmark)E ©]-§

_59_



& WANAY. Slides A B4A7 T, BRAN Ao BRI,

e Glyceollins LPS| &3l F=H p65e] WdS TAAXY FAA pe5e] AASIE FA]
AA 3R, LPSo] 93 p652] PR =715 o] F 0] glyceollins (5, 10 pM) & &
o] fHaste AS S5t Y. NF-kB9F dimers A3ty A= Ik-Bao] WHHF a
LPsel] oa] #AFHJY Ik-BaZ}t glyceollinsdl]l 93] ZFAE FFO 2 FAHE AS &9
SRt} (Fig. 45, 46).

A. B.

p-p65 - > .

= = 1 po3 I
p63 —_— .hj'. _!. . .
S e LaminE D —-r--
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180 - #* B pp65/pes

160 - Ep65/actin 200 -

140

*
- 150 - i

B0 - T N i 100
60 - " # z
40 - 7 50
20 ]
il §l | o N M N N .

‘0 |D.3‘1_:‘«‘ 3 0‘0 |D.3‘1.5‘ 3

0

p-p65 and p65 levels
{"o of control)
g
P65 levels (o of control)

Glyceollins (ug/mL) ‘ Glyceollins (ug/mL)

Fig. 45. Effects of glyceollins on NF-kB. a Western blot of p-p65 and p65. RAW264.7 cells
were treated with medium containing 0.3, 1.5 and 3 ug/mL glyceollins for 16 h followed
by LPS (1 pg/mL) treatment for an additional 2 h, collected, and whole cell extracts (30 1
g) were subjected to Western blot analysis. The representative data of three separate
experiments are shown. *p<0.05 compared to control; #p<0.05 compared to LPS stimulation.

| CON ‘ LPS | ‘ LPS + Glyceollins ‘

IK-Ba

with diaminobenzidine, and dehydrated with ethanol (95% and 100%; magnification x100).
CON, negative control containing DMSO only as vehicle; LPS, LPS (1 pg/mL)-treated cells;
LPS + glyceollins, LPS (1 ng/mL) and glyceollin (1.5 ng/mL)-treated cells.

Fig. 46 Effects of glyceollins on IxB and p65 protein froduction. The cells were colorized
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v, 12-O-tetradecanoylphorbol-13-acetate (TPA)Z = T2 HSEL
(1) = F

FAHY ICR vl 2

(Standard feed, T YA &L, Korea)d} 55 A-FrH

o] AbFAANA HAS7E AAEE AT EE AF
)

& Thol=rel met AU,
(2) Mouse ear =AU TPA| 93 AFH %=

12-O-tetradecanoylphorbol-13-acetate (TPA)E 9% FEAZ AFEstATH. TPA= DMSO| =
o HFEE7F 5 mMo] HEE 3t 10 ple] TPA solutions mouse ear®] M3} HpPZZ: o
TX5hal 3087 WA, ARE FEHEE ear 9F, B WO OA] =ESIY 4A1ZF 3 WA
3t At Hydrocortisone (HC, 1%)< positive controlZ AME-3IATE Micew HAFEIZE A A|
7131, ear 23S EE3te] HA AT

(3) Mouse ear =22 W3}

1% mouse ear _%73.% Microtome (LEICA RM2125RT, Nussloch, Germany)©o = 7}7} 2.0
m FAZ AHE vHE3 Harry's hematoxylin-eosin® 2 @2gt % light microscope®} image
analysis program (i-Solution, Nikon)& ©]-8&3lo] 39} 29 Ay Fowists #Fh

* MouseE ©°]&3] TPAE FE¥ HSHW-3oNA glyceollins 2 aHE WP AP HH,
TPA A 2]¥ mouse ear sectione Ao} R uo] F3st T/ JF7iet AyFo AFHE SV}
3 FAHAE TPAY o]#3 EFE 1,000 uM glyceollins H2]Fo X #A3] 4 (TPA
A7 Blwste, AuFEy 58%, IPFY 23% SR, I FAFFS X
positive controlZ A}8 ¥ hydrocortisone (HO)¥ A H (Fig. 47 A,B,Q).

o Glyceollins®] d9=a 3=, LPSA 93l A=EH= 9503 FEE dAHEE Xu3t A=
AtE H T
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Fig. 47. Inhibitory effects of glyceollins on TPA-induced mouse ear swelling. A, Epidermal
thickness of ear. B, Dermal thickness of ear. Each value is expressed as the mean * SD of
triplicate determinations. *p<0.05 compared to control; #p<0.05 compared to TPA stimulation
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(1) 3T3-L1 APFAIZAA Qlad A5l o3 T F
A. Insulin response assay

3T3-L1 adipocyteE ©]-&3t <l&d wxo| we} 3T3-L1 adipocytes®] glucose uptakedl] 7|3
v FFS 2] fElA €9 0, 1, 3, 5, 10, 25, 50ng/mLel A 9] glucose uptake HE=E
=359}

3T3-L1 fibroblast= 10% fetal calf serum< 3%H+§+ Dulbecco’s modified Eagle’s medium
(DMEM) 2.2 10% CO, incubatoroll Al #j %k} th. 3T3-L1 fibroblaste 175 mm’® flaskoll HJ %
3t confluent® A 2¥o] A Fo] mediume] 1 ug/mL AEH, 025 uM dexametasone,
0.5 mM isomethylbutylxanthineE 2] 2¥ &< vl43ld adipocytesZ #3}A17]a1, o] & 1
FY U 2¢) FHA mediums w3 F, o] adipocytes= 12 well plateZ £ 713, 2
& vl ST} adipocytesE phosphate buffer saline (PBS)Z A& g % 1% bovine serum
albuming 3t Jev TEGo] = DMEMO glyceolling 05uM¥ 5 uM FTEZ
mediumo] 41¢] 8A|ZF=<t HH Folb % 37°CollA 30% &< digsta 1 uCi/mL  of
[“C]2-deoxyglucose 9} 1 mM EET-S FH7bstar 22°Coll A 308 &< wjsigict. o @Al
A BEHAAIE AgetidS el AgetA 4sks W dEdS 0 ng (basal), 1 ng/mL 1
i 50 ug/mLE A 3tATh glyceolling *&3lil 1 ng/mL J&EHS A 3ol F5= 3l
o] )< 50 ng/mLE A3 AVEF T+ 1 BHo ¢ X5 uptake’} F7FshE A oAF
ZAFSF S nonspecificdt Al 2= 2] uptake S AYEsty] Yl =
slo] FE2ES HYg 4571 glyceollind <l Bty X599 uptakeE 7
A71=A Flskinh W Fg AE= 10 mM X i BSo 2 AZ3ti 0.5 N NaOH
2 XS 2 (lysis)dtAth BalE AZE 2o g F3A 7 oA Fhd MCo FES
W E} counterZ ¢ ATt (Fig. 48).

o

ROl

(g mlm

®3T3-L1 adipocyteso] &L F>eda xg549S W] L9 uptake’} HlEZ o2 =7}3)
At

¢ 3T3-L1 adipocytes®] ¢1&H 1 ng/mL%} glyceolling A &3S W] dose-dependents}Al
=9 uptakes FT7MAZAL, 5 uMAAM 7 S7HAZAH.
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Fig. 48. Insulin-stimulated dglucose uptake in 3T3-L1 adipocytes. (A) Insulin-stimulated
glucose uptake in 3T3-L1 adipocytes with the treatment of 0, 0.2, 1, 2, 5, 10, and 20 nM

insulin. (B) Insulin-stimulate ucose uptake in 3T3-L1 adipocytes with the treatment
of DMSO (control) or 0.5 or 5 uM glyceollins (Gly) plus 0.2 nM insulin. Rosiglitazone (2 n
M) was used as a positive control. Each result is shown as the mean ( SD (n = 5).

*Significant effect of glyceollins at E < 0.05. ab,cBars with different superscripts were
significantly different at p < 0.05. ¥ ¥ ¥ Significant difference between the control and

rosiglitazone at p < 0.001.

(2) 3T3-L1 adipocytesoll F3A%W %2 2 PPAR-y agonist® &

Ol FAAR FHE

3T3-L1 fibroblast®l] differentiation media®} &7 glyceolling 0.5 uM¥} 5 yM FEZ medium
of 4o wiekste] AAEE EAHH. 6 Tt B33 & T4 AW H2e SAH6

o &3l¥ MEZ= PBSE washdt § lysis buffer2 &3 AlA FAAE A kit2 5433

.

g

iy,
o
ol
ol
2R
&
a,
<

o

o,
5
flo
off
k1
\
N
o|N

e 3T3-L1 A EE #3) A] =
7hetol] wet A EE ] F3E AActe AEFS e T (Fig. 49).
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Fig. 49. Triglyceride accumulation with glyceollins.
(44) PPAR-y agonist=°] &g

Human embryo kidney (HEK) 293 cells transfection 24A17F Zell 96 cell platedl] well &
1X10* cellsS seedd} It} ©] A|Eol| Lipofectamine PLUS reagent (Invitrogen, Carlsbad, CA)
S A3} PPRE-luciferase construct (firefly pGL3-DR-1-luciferase; 0.12 ug DNA/well),
pSV-SPORT-PPAR-y expression vector (0.12 ug DNA/well)¢} pSV-SPORT-retinoid X receptor
(RXR)-a vector (0.08 ng DNA/well)S transfection A|ZTh. transfection®] B &S ZAFSH7]
| A renilla phRL-TK vector (10 ng DNA/well)E AF&3} T transfection A]7]3l 42A]%F
%o MEE serum-free DMEM containing 0.1% BSA®l 20A|7t& < ¥ $of glyceollin®|th
DMSOE 8417t &<t sttt vjSo] PBSE A& 3tal 1X passive lysis buffer (Promega,
Madison, WI)Z cell2 lysis A7l $°f firefly (PPRE-luciferase)®} renilla luciferase activities&
the Dual-Luciferase Reporter Assay System (Promega) AF&-3te] SA3Ith &AL firefly
luciferase activity®} renilla luciferase activity®] HIZ A 2Fs}S T

o Glyceollin® %] #ARe] PPAR-r agonist2+ Zr83}A] &t} (Fig. 50)

= : —4 Choecllim -.» . Fesiglitazens -

i = 1

2, ..

E l

= = it

! 4
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=
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i

- =

L]

=41 3 i i i
control Low dozage Hizgh dozaze

Fig. 50 PPAR-r agonistic activity with glyceollin.
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(3) Min6 Az A EZETF A= insulin secretion®} proliferationZA}

(7hH HERAIE cell line)] Miné A XA 1Fre ETEFS Az o Jded BHAHTE =
A}t Min6 cell line2 15% FBS, 2 mM L-glutamme, 100 IU/ml penicillin ¢} 100 ug/ml
streptomycin FAAAE E 3= high glucose DMEM media®l A 8 &3t . insulin &#¥H] 4
S 3l7] 29 Aol 1 x 10° cells & 12-well plate® £ 7]3 high-glucose DMEM, 10% FBS, 2
mM L-glutamine, 100 IU/mL penicillin®} 100 yg/mL streptomycin. &2 7191 o5 & 0.2%
BSAS E§3st= low glucose DMEMO 2 uHito] Fit.  FHIAPS = Tl 02%
(w/v) BSA®} AlF3taiAsk= glyceolling ¥ KRB &9 (pH. 7.2) ©& upito] Fi1 247t
Foll Ztzbe] well2 #E KRB &4 Xof Qg #=25 ST w7bA -80 °Coll R#s}s]
o 12 welldl = cells2 =94 homogenization buffer (1 M HCI containing 5% (v/v)
HCOOH, 1% (v/v) trifluoroacetic acid and 1% (w/v) NaCl)Z &3]A|7]11l, peptidesE AE
Z5H alcohol extraction method® = FZ3}3th mediaZ FHIE A A £ Q<= insulin
o] & insulin RIA Kit (Linco Research, Inc., St Charles, MO, USA)S.2 Z743}3l A3EZ9]
F& BAs7] HallA AlES homogenate®] T A kS Bradford protein assay (Bio-Rad,
Inc)Z SA3AT Min6 cellS 96 well2 &7 glyceollinsS F 7HA =2 A stal 4A17F
3} 8A]7tol| proliferations WST-1 kitE |83t At

I+ KRB &9 glyceolling T 7IA FEE

Ol-

e Min6 celld] 1&5%E X5 (20 mM)S X3
AtAS W s=ol Mt A& FHIZE DMSO] HIs) A 27}0}0%} (Fig. 51)
I8y o]u] vlo FDAOA 37FE HE2 GLP-1 agonist?] exendin-4E U= Ql&sd EH|7E &
k. EEFH,  glyceollin®  4A]7F3}  8AJZe] RF  DMSO Ao 611 FEol wed
proliferation® =7A1Z t}h (Fig. 52).

A O contecd @ 0SuMGy B SpMaly B 2500 Exandin-d
Ll
— m
= W
o oa
bl
5 4
SHE
= L et
Low glucosa {2mhd)
B O contro 05y Giy

[ lin (gl
O = M W RS

1 T—t—_'
Low glucose+palmitats High glucose+palmitate

Fig. 51. Glucose-stimulated insulin secretion with glyceollin
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Fig. 52. Effect of glyceollins on beta-cell proliferation.

@) Aed AsAG 7 24
(7h °FHEAIZ (Apoptosis)

Min6 MEZY o}lFEA| 2=, palmitate (500 uM)Z 0.5-5 uM glyceollins ¥ extendin-4 (2.5 nM)
S A3 F, cell death detection ELISAP" Roche Diagnostic Co. (Indianopolis, IN)S o] &
g ZAstAth o] W2 cytoplsmel EAI3F= mono-, oligonucleosomes 4 3te], o HEA|
29} #HAE DNA degradations F43NUl= Aolth o}fFEALE Ae MEE 405 nmol A
Aureon plate reader (Aureon Biosystems)E 7 %3} A F th.

¢ Glyceollins= palmitate®] 93] FE% OIFEAALE FEYEZFOE LA FH I, extendin-4
T3 X0 7 olFEALE TAAAHY. o]H 3 glyceollins ¥ extendin-4°] 23l Miné A X
U ol FEAE AT palmitate 7} EZFE A e HiAAAANME FAS AFIS YERPATH

Fig. 53).

®1 O econtret [ ospmchy B SpMcy B 250M Bxandin-g
a“g 1 ab

= |

-

o 1.

§ i

: & i | . ?
L .

Without palmitate With palmitata

Fig. 53. Cell apoptosis with and without treatment with palmitate in Min6 cells. (C) Cell
apoptosis in Mli)n cells with the treatment of DMSO (control) and 0.5 or 5 uM glyceollins
(Ely% with and without 500 pM palmitate treatment in high glucose media (20 mM). Each
result is shown as the mean ( SD (n = 5). *Significant effect of glyceollins at p<0.05.
“>Bars with different superscripts were significantly different at p<0.05. ¥ ¥ Significant
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difference between the control and exendin-4 at p < 0.001. ¥ ¥ ¥ at p<0.001.
(4}) Min6 AU ER stressol] HHE-3l= geneE <] W

Min6 AZ+= palmitate®} glyceollins % exendin-4¢} 24A17F &< *2]3ke] Trizol reagents
o]-&al &3t isopropyl alcoholZ F& H HHAAIHT. cDNAT superscript I reverse
transcriptaseS ©]-83) total RNAZFE A= U3L, RT-PCRS Tag DNA polymeraseZ 433
SRt Y volume® cDNAT SyberGreen mix¥ specific primer (totalX-box-binding
protein-1 (XBP-1), activating transcription factor (ATF)-4, ATF-6, and C/EBP-homologous
protein (CHOP)E#} 7 EFAIA real-time PCR machine® 2 #2413} ). Expression &
GAPDH=Z A &3}t 3ot

o Glyceollins2 ER stress®} #HE gene (XBP-1, ATF-4, ATF-6, and CHOP)9] %3S 5%
=403 FaAZY. Exendin4 3 22 AEFS YEpdoy FAH2 glyceollinsol] M 3]
o 34 Yol o]gdt 23S &3], palmitate’} Miné Al ZW 4] ER stressS £l B-AE
W SFHEAAE F71A7]H, elyceollinsS ©] #A oA ER stress AAAZ 2E3S & = A

o} (Fig. 54).

o

[ contrel [0 0.5uMGly B supiGly I 2.5nM Exendm-4
a

ab

Kelative mBEMNA ley els
r

e i e

XBP-1/GAFDH ATF4/GAPDH CHOP/GAFDH ATF6/GAPDH

F% 54. Expression of response genes to ER stress in Min6 cells. The mRNA levels of the
ER stress response genes, XBP-1, ATF-4, ATF-6, and CHOP in Min6 cells with the
treatment of DMSO (control) and 0.5 or 5 uM glyceollins (Gly). Exendin-4 (2.5 nM) was
used as a_ positive control. Each result is shown as the mean (SD (n = 5). *Significant effect
of glyceollins at p<0.05. *"Bars with different superscripts were significantly different at p <
0.0§ t ¥ Significant difference between the control and exendin-4 at p < 0.01. ¥ ¥ ¥+ At p
< 0.001.
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(5) GLP-1 #H] =73

A EQ NCI-H716 cell lines 10% FBS, 2 mM L-glutamine, 100 IU/mL penicillin ¢}k
100 ug/ml streptomycin Y A& E3sk= RPMI media®l suspension cultureE $ % cellS
Matrigel (Becton Dickinson, Bedford, MA, USA)S 3l dishZ &7 7]9H uliEd] AEZ=
2315tk GLP-1 £H A3L 817 29 Aol 1 x 10° cells Matrigel & 131 12-well culture
plates® &%l % high-glucose DMEM, 10% FBS, 2 mM L-glutamine$} A& 2o ujgst
Ath GLP-1 E8A S 3t= Yol 02% (w/v) BSAS}F Alf3taiAksl= glyceolling F %
2 A3 KRB €9 (pH. 7.2) & & u}Ho] F11, 2A|17F Fo] Zt2ho] well2 HE KRB £4&
2o3m, & KRB &9He 50 ug/ml phenylmethylsulphonyl fluoride (PMSF) and diprotin-A
(34 pg/ml) & H7lste] GLP-1 552 AT w71A] -80°Col B3ttt wellol e cells
2 F9A homogenization buffer (1 M HCI containing 5% (v/v) HCOOH, 1% (v/v)
trifluoroacetic acid and 1% (w/v) NaCl)Z &3|A|7]13, peptidesE HMEZHFE alcohol
extraction method®.2 FZ3I¥th A= EH|EH A ME A= GLP-19] %S GLP-1 (7
-36) Active RIA Kit (Linco Research, Inc., St Charles, MO, USA)S. 2 =743}al AM|EZo] &S
BA37] el A MES homogenate®] @A S Bradford protein assay (Bio-Rad, Inc.)Z
=g3190).

o AU AFZS NCI-H716 cell line®]
glyceolling F 74 HE 2 g3}
A& A Z7Fsk et (Fig. 55).

¥ ¥IEY (20 mM)S EFEHE KRB 899

}o] 21<E Euv)7F DMSO9 Hl&] 3

2
o
£ |
off
ki
2
R
r.
ofr

100

-

Control 0.5 pMCly 5 uMCly

S .

Fig. 55. GLP-1 secretion in enteroendocrine NCI-H716 cells. The total GLP-1 content of the
supernatants in enteroendocrine NCI-H716 cells incubated with DMSO (control) or 0.5 or 5
uM glyceollins (Gly) in high glucose media (20 mM). Each result is shown as the mean (
SD (n = 5). *Significant effect of glyceollins at p<0.05. *>Bars with different superscripts
were significantly different at p<0.05.
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U gl sEEIA A glyceollins®] FHAF 24 7|5

ol A Al FHE-2 glyceollin rich 35 80% EtOHS 713t & homogenizers AMS-3te F&

S 50C F=xAA 1AHEt d&EH o2 A"t 53 ths, 14,000 x gollA]
10 &3 AAEE At A4S 045 um PVDF filter2 o33k & ARE-sE ) gk HPLC &
< 53t MRERFAT glyceolline] o] Udth= AS &R

(1) A2y Ty FE EdoA glyceolling 3 TEFY I3 BI A}

(7hH 79 E3A: Glyceollinso] Z3d HaFTS FadEoz ¥3ste daFe Idd= &

}2 A9,

(W) 23 dAl - A2y = EdZ streptozotocing 20 mg/kg bw/daye® F H 57
FAele] FEAGS ok 10 ~ 12 mMS A28 =W vk (C57BLE] TH-2)E iAo
Hole} 20%E TEF, FIREF T JHAA (MET)E L] AXT Aol 8F &<t F

7 [e)
A% F olEe) Buwe AR AL P HExToR P4 pheas P

Table 18. Composition of experimental diets

Casein  diet Unfermented Fermented
soybean (UFS) soybean (FSG)
diet diet
Carbohydrates 39.6 39.8 40.1
(Energy %)
Protein (Energy %) 19.9 18.3 18.1
Fat (Energy %) 40.5 419 41.8
Fiber (%) 8.9 9.0 8.7
Total isoflavonoids (%) 0.010 0.012
Isoflavonoid  aglycones - 0.0005 0.0009
(%)
Glyceollins (%) - - 0.0014
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g vre %S vpehion], 29 3w W) (Fig. 56).

—p— Control =—f— Fermented sovy
30 —ie— Unfemmented sov =T ormal

Serum glucose {(mM)

D T T T T T T T T T T T T
0 10 20 30 40 S50 60 TO S0 920 100 110 120

Time (min)

Fig. 56. The changes in blood glucose levels during insulin tolerance testing. After an
8-week treatment period of administering casein (control), fermented soybeans containing
glyceollins (FSG), unfermented soaked soybeans (UFS), or rosiglitazone (RGZ), an insulin
tolerance test was performed in overnight fasted mice with an intraperitoneal injection of
insulin (1 U/kg bw). *Means were significantly different among different treatment groups
of diabetic mice at p<0.05. ¥ Means of the non-diabetic group were significantly different
from the control group of the diabetic mice at p<0.001.

(th 27 %5 HAL 235 344 ofe] WH(area under the curve)O = AXISAS i T
=W ovpeagto]l A whedto] HIE] WAl HWew ojAL XS AT FASAS W
doo] o AEt A FAFTE s Ut T3 G uheigo HaFS 4
stAs W, 4 ot WAool G mhgsd M) A, HEEFS HAZ B T
rh-2of HsjM = EAIRE I e a9t ey, HaFS HAHI B Hsi= A
At

() BT W3s AAE dte ¢ 8 Jed TEE SRS W 27|¢ 7] BT G
 vhgAato] HAd mhAitol] Hls| Wtom BnH wpeAdt FoM BEF HIHdo] HE
ol vle) 27] MaE Y= 0 ~ 02714 94 Jded =7t e a5l v =9k,
W 7] Wiste a5 Alolol]l ztolE YEh A Skt (Fig. 57)
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Fig. 57. Area under the curve of glucose and insulin.
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Fig. 58. Results of insulin tolerance test.

120

la_u_ L3 ROON]E (B8 Jo o,

, B v~ glyceollins®]

EE:}

J Y

(°hH webM, G vl glyceollins©]

(#h

wK
—
o

13
=

229 Al glyceollins©]

N
No

A A HFe] sekS glyceollins©]

UYER A (Fig. 59).

Trighyceride
(ug/s fissue)

_73_

ogen
(mg/'g tissue)

= Control
® Farmented sov
B nfermentad soy
Fig. 59. Glycogen and triglyceride accumulation in the liver.
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CoA carboxylase (ACC)
= ARAZT ol#T <
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N
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N
ok

rr
W
rlo

2 e =
@ Aed AsADe] Py AMPKIAES] Fe B
Xé =|

Al T AE Ao® Al ET 3 FAAFAE =
o =

A o
19 th (Fig. 60). Glyceollin®] ¥f¥8 TEFS (FSG) thxTol Hls|A Akt
7

), o] AL rosiglitazones (RGZ) Fogh WA zro X e} fFAFSHA
ol WENE FFHUAT FSGRE vttt o

A% yele Aoz B 4 o
[}

Sl
rlo
r o
i
ry
>,

dl FSGol A PEPCKS] W&ol RGZT9HE A4St

Relative intensity (AU)

1.8 -
15 -
1.2 -
0.9 -
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Fig. 60. Insulin signaling. The phosphorylation and expression levels of the Akt, AMPK,

and ACC and expression of PEPCK, involved in insulin signaling were determined by

immunoblotting with specific antibodies. The intensity of protein expression was determined

using an Imagequant TL (B). These experiments were repeated four times for the liver, and

the values are mean#SD. ab,cMeans on the same bars with different superscripts were

significantly different at p<0.05. ¥ Means of the non-diabetic group were significantly

different from the control group of the diabetic mice at p<0.05.
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(Eh #79] islet morphometry

B Hge wEepAxze] o] 7Hasld SEER islet morphometrys 33t A2 A2
S 4%l =v0] Ik FSG Fol7to] Il 2o HlslA B-cell area’} =9
= izl visiNE 1 Fol HAIL Bcell area™ USF-# RGZTOIME P tlx+
o _}017} AU ol g Bcelld] ] Ws= Bcell®] apoptosis?t THHO] USJA] B-cell apoptosist
T YMEddXE FSGEoA 7 Aoy A% WiMETE w3or, USFEs RGZEL HETH
O 75‘] A|F FSGroll vl A= =95 I EZ Bcell aread] Zto]= B-cell®] apoptosis®} #&o] Z
Atk =3 G Bcelld] %o ZAa9t S a-cello] B-cell2 infiltration®] & o] oA Firl Ao
A Bcell a-cell®] HI7} F7kehzt], o9 #AdA FSG F47F Bcell#t acell®] HIE WA= A
£ ZAIAEH FSGE B-cellt a-cell®] HIE A OU UFSE 3 RGZT-& i txa s Aol&
ER A ekSkeh (Table 19).

Table 19. The modulation of islet morphometry

Diabetic UFS FSG RGZ Non-diabetic
Control (n=5) (n=5) (n=b5) control
(n=5) (n=5)
B-cell area (%) 3.1+0.7° 3.5+0.7° 4.3+0.8 3.6+0.8" 5.9+0.8"
Apoptosis (% 2.36+0.32° 2.03+033"  145%031°  2.06+0.34° 0.91+0.32"
apoptotic bodies
of islets)
Ratio of B:a cells 5.9+0.8° 5.4+0.8° 4320.7° 4.9+0.8" 3.9+0.7"

Values are mean*SD. The control group was fed a casein diet, UFS group a cooked
soybean diet, FSG group a fermented soybean diet containing glyceollins, and the RGZ
group a casein diet plus rosiglitazone (20 mg/kg bw/day).

“Nalues on the same row with different superscripts (a, b) were significantly different at
P<0.05 by Tukey test.

" Significantly different from Px control at P<0.05.
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t}. Glyceollins 3 SHA F(H&AF) o] JAANTS 53 T 24875 B}

(1) A5 W

Oh g 2

A= 184 o]/ 654 wwkel vk (A A FA|G7) 23 kg/m2 ©]7F3] AFghelH A T8 9
©] 1000]7¢%1 EWZ (glucose intolerance)e 7}31 30 o] ATt
[ 9] 71E]

D BA Az RS GAAY @A) A2 dBoz A7 A B

@ AR g FHE

Q@ ZAFA e FTFTE oo ndq}; A

@ Yoz A v kB X8 F ALY

© FAA 28S dAA Fa e &A

® P, T

@ TS| Ae A
(th ¥ <=9l
drolF 37} glyceollins 3+ LEZE AAuUstn AP wsdo] Axste] FFYL, R
< FY dEPES nEst AR, FUIER HAES Aol 2E dFH TS TIEAS
LEZT golge FHay] Aol B2 AHY F A 0% F% A F ALY
(th 49 =
U AF A 308S e R 17l 1084 3702 F29 2 (double blind)y+o] 1
T 2T, 272 Lolg, 372 glyceollins &+ H&FS 35g HHAA AT

EhH A A

ZAZAESY A, ATS AR CH, JAASo R ARH ATsS SAsta AL
A4 (body mass index, kg/m’)S AAME % AAW (% body fat)¥} <5 (lean body
mass: LBM)< Body fat analyzer TBF-105 (Tanita Co., Japan)E ©]-&3t 23 ZA 3t

FTE ZAMAALY] AT AF 5L inbodyE ZA3ATH BAS AHIT T Aw 2%,
2 ts), 72 (200 mL), AP Foly ET 35 g& AN (o= ks A 100g9]
EEFE FHIGS), 1AITF 243 Fo] 8-S A3 A
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Table 21. AFWE5 A AT A& E& G &FAa vl
g g3l = A vk ol g
A+ o 530 keal 399.3 kcal 78.5 kcal 56.1 kcal
(74.8%) (14.7%) (10.5%)
. 14.7 kcal 27.3 kcal 27.3 kcal
T e xS 70 kcal
(21%) (39%) (39%)
SHA| 600 kcal 41.1 kcal 105.8 kcal 83.4 kcal

() NEAS) AP

7

T (BMI)o} A =

AL gdAEY] HITEE YERd = BMIE oF 2352 JidAe AJAT A AFS HA
FHEE AJAT dF= F3e] ninkgt PAEE A, AALEE FAZA= ARG T
ZFo] 433 =& dAAERE AT 1Yy #EE = BMISH A AW Zol7t T (Table
22)
Table 22. t/gAt52] ¥ A A FA 9} A A
=+ wolF et

BMI (kg/m2) 23.5+4.2 23.36+5.1 23.8+5.3

AAE (%) 20.4+4.8 20.2+3.7 20.6+4.9
(hH A7 Wds AAF A F5 W AW profiles
A s T8 YW FFE2HE, LDL Zd82HE, HDL Zd2HE, SN ==
Zol7b IAT e FEwE &HE3 LDL iﬂﬂi‘ﬁﬂ%ﬂ TEe AGHANA JAT ZY
W FolAE o =& Fol &3y, FAALY sEE %—;—% BHE AL AATH
AW 9% AEE UHetl= AKX ol sl @4 hsCRP =% Al Atolo] ztel7F itttk

(Table 23).
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Table 23. ti’dA=9] & E 3 AW profiles?} hsCRP &% (mg/dL)

= dholF g3
ZEZY2HE 205.1+33.3 209.6+35.3 207.3+37.4
LDL Ed2HE 114.0+20.3 117.4+22.6 117.1+£19.5
HDL Z# "= 59.3+8.9 60.3+7.3 58.2+8.4
= A% 153.2+26.3 159.3+23.4 159.6+24.1
hsCRP 1.02+0.33 0.99+0.28 1.04+0.31

ATWRE AAE A wE 92 37 Abeldll AFel7h It Glyceollins ¥ HEFS A7
FEAF B 1217, 2407 347k BE tizEe] wa] fe] wgky, 247k 3AI7kel
WolFol Bl Yol glyceollins 3t AT S O E AF A HAHARS o €9 F4
a7t e Ao=w FHHEY (Fig. 61)
ol HF HAT HETo] MM P AFL RAAW SAHCE K5 AL @
stk
=—+#=Control == Glyceollin-containing soybeans ~#= soybeans
160
‘__140 . i ]1.— §
—= 100
% 80 -
%‘ 60
E
= 40 -
” 20
0 -

Time (h)

*Significantly different betweenthe controland glyceollin-containing soybeans at P<0.05
TSignificantly differentamong all three groups at P<0.05

Fig. 61. 37 Wds HAF &<t d3e] W

T AlTArelel zkol7h AN

FTET 2A 7R glyceollin &
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A gk glyceollin =&
W7t 3 Aoz H7kE R digosporus 94 g0 23S wFLol Fol HFTsk dEAF
SRR H ‘% AR APe AA. F2 obEH vFFe AR, wEe] TRE

Table 24. Sources of molds used in the soybean fermentation

KACC No. ATCC NO.
Rhizopus microsporus var.
) 41363 22959
oligosporus
Aspergillus oryzae 60166 11493
Aspergillus sojae 60354 9362

Te A2oA 5~6AMt FHsAL, FAHAA R FA F Wit plated] 20 g A=
TS HE 5, FY FE FAE A8 plate el @HFE FE3] A4 D filter paperE
21, Zhzkel ol IAE FHFstal, 23~25TolA 29 FF wiFet A ol el et & 3ol
9] Ul

T FR9 FRold FTRE Delste] WolF Fol A7) gl TAE WF3e] 37
o wE §2F Ao of2lel Table 25 2 Table 269 2},

Table 25. Characteristics of germinated soybean and fungus-inoculated soybean

obrt3 v %3

R.oligosporus A. oryzae | A. sgae R.oligosporus A. oryzae A. sgae
1day o} o} o} ol o} o}

oAy, 22} oAy, E2} | T 24 s L PR o B
2day i} _ oA, 2AEA ] ]

ke Riges ke i 273

#42  H9Q | #aE 8| 2= 99 7 | 24, EA | FAR
3day AL, EZAF -

T2 i 73 g9 73
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Table 26. Off-flavor and characteristics of fungus-inoculated and fermented soybeans

°PtHE s
R.oligosporus A. oryzae A. sgae R.oligosporus A. oryzae A. sgae
1day - = = = - = = 5 > =
oFzte] iR, | WiFH, o1, 3, ol#, olFl & WiF
TAHY A TAHY A TAHY A TAHY A TAHY A #H, A
EEEE SEEIEE
2day | A o153 o1 % o3 Faz H9 | o3 A,
@3 FAH
7} 3} == w o] = == w == u
ot‘i_ EH‘I“A = O]_/ﬂ ‘;’-‘l ﬁL/K]- ]‘14 EHT‘A = o]% tyll ﬂ' EHT‘V] =
say |k AR | T R LR LS
3] - 9l 3 e ST Ay

A

T ARA 143 A= dotel Fgolo BaTVE 3] o] R A A Fgront, 294
o} z 5]
u1

l o]
Fo} FFolo] FALY] A o] BF o] Fo]H ol s AR Hgol #37 84
. R oligosporus®] 75-= Bl AZE olH7E UAle @key dFFH7E A, o
A ayze A sgae A AxTe 39 F7 4Rl o)A dehgta, F5o] A 9ol &

e kg
o
2 2o

wolg e BHo|E o) fd W B F, GAFOT 23 HEAIE AWE ANAAY. BB

o= Rhizopus microsporus var. oligosporus KACCA41363%} Aspergillus oryzae KACC41363E A}
&3tRaL, At Lactobacillus plantarum KFRA402%} 3-8 5 35S AHE3ISth

Table 27. Source of Species and Medium used in this investigation

Lactic acid bacteria Source
Lactobacillus plantarum KFRI 402 KFRI 402, Korea
Lactobacillus casei 1L.C-01 CHR Hansen, Denmark
Bifidobacterium infantis BI1710 Culture systems, USA
Lactobacillus acidophilus LA-5 CHR Hanen, Denmark

BFE FEAA 56N FHSA, FAAA 8 A, MR, Plteo] 20 g I
ge

2 o)
&l plate vltgtell A& T3] A4l E filter papers 21,

#
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Table 28. Chemical and sensory properties of yeast-fermented soy product

o0

Table 28%} %t

o T
o B
%urm
-
T o
mﬂ
EN%
X <
Lttl_
@ 7
o
Maﬂmw
<~ ™
K
N =Y
B -
— 5 g
o ° =
o B
ESS
~ 2
AR
/iﬂ_/l
<
b2
;uwwﬂ
o~
w2
__ﬁnMOME
o
%i
= M
}_ﬁ
T
o
%7
ﬂﬂ
R <
Ho 7ol
o
»
X
o= 3

X<l

glyceollin®] F%7} ¢t HojA 3

A

A 2]l A glyceollino] #

=

-

Fig. 6314 1 wlsh go] AHHon,

T

glyceollinfr= &3}

}

k)
il

o 9

7b AR AA

2

Nlo

—_—

X

Ho

To-

o

_84_



Fig. 63. View and schemtic diagram of Vacuum dryer System.

Table 29. Specification of Vacuum drying System

o 5 o
A |5 o W
— |0
" ioi%
B M
2
w9
N ooy B
e 4
@ g R
RS
w24
o} o
B 8
S|
—_— X
N a3
20X
2 2

o
B
K
7
puy

AFYANA ALE A

_85_



[

3=

HuA A

o

tel Ax7F uf$-

°

o] <

Rol7tA & AesHA ¥

7HE A

3

by

7} dokar

]

2H v YED Eao B3

Ho

st 28

S

AT

o

t  Rhizopus oligosporus®-

%

©

°
pal

&
&S

Jirolst Aol wlm

PO g X

el

Z£

A

i

°
pald

%)4

=

=

2o ol
glyceollin<

el

_]%

&

H
gl

Mo g FUE Au A 28

Q)
=

L

r

Tor
_

i3
4

}ith. ole} Table 22& A

©

E

)
=

Y

N

8

=

)
FUZe Az A 9 A18Ew

ol o] 14

-
.

o

p
ar

7}

Aeration 7 X
=

ps|

Table 303 3ttt
SAolo} Aggole] Bl

H]

AA 9 7

o

=

t}

| —

.

Table 30.

23

Hr

‘_00

E!

)2 o]/ké

]

2]

npeb zro] At RLoj A
2 Holw, o] o

o

}

ks
pud

A

ol
L

g

okt A

A FEoA H]

=13
=

oltt.

Al

K
=

£ uE

_86_



Table 31. A5 WE FUEo Bl AHx

Al &= Ao () -

(©) 5 6 7

17 O O ©) O : BA3lx e

20 O O O 0 o]=

o 5 - - + :10% ©]3}

30 + ++ ++ ++ : 10~20%

(FHEAEE 1998 A= A8)

T Wolell A A FAlS WA S flste] 20T/ dwbH oz AZHI gl=d], o
S wolg el = Aol Wl ol A8d 4 Utk 223 Fgole HAH AgLewr}
25Co|mg Fo| wolew S 25CE = AHo| HFPF Aoz Helth

& da8 v §la, glyceolling f+=317] 913 439

A AF3 A9E vy o 2 39S AAFYT 397t

A oAl 7| Y7y W™, Rhizopus FF0|% T3] AEFER glyceolling {3}
A

1T AT 2T Aspegillus oryzael} Aspergillus sgae 18|31 Rhizopus oligosporus & ©) 3%
A 2 5 SHolM Rhizopus oligosporus’t 7V -8t on®, o] H#FE Wolg dF
2 Adedd. aga Al Aol dntald el LAWAE HelA Lactobacillus plantarum
< A7ty ARl Lactobacillus plantarums& 37} Al pHE 39602 FFglonmz
A gddate] B A A 5+ A, Al Rhizopus oligosporuse A = A]
Z Agton wotd #of AV F3o] Ado=® Qleto] wlg AUTH(Fig. 64).

§2 12
a2

o3 F317T L. plantarum 37} RhizopusAvit) + Lp  Rhizopus(*8) + Lp

Fig. 64. Soybean sprouts germinated for 3 d at 25C in the absence and presence of

various microorganisms.
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ot Fo MR E prffeE] HGTES wHEEE UrolA HIVEE st HF AFY
FEl7h AA L Bfole AEart v AYsiu, BEd dfdde Axsted 4EE =9
o] BRTA HolA AFel wet FE LS Ure Zo] FEF Aer Bin. mI
o}Fe Y8 E 39 Rhizopus$t Bacilluse &7142a7F Besteg nddas s, ool
AT S AR E SRR FHo]REE whEolA 23 BAE g Aol /M F& FOE
AESIAY. ol axe fFAdd A FFst FASGES STt ARE Baclluset 37
HEAS W= Bacllus®] 5o AAH= As BAst] o|FHE = Baclluss WA HAF
Zoll FAtty aRE A Taste ZowE WASAHY

2 st A SAF 5}
2} a-Amylase’= FAlo] FHojok d=H|, o] Y Fut
7¥ebe= Zlo] Fasty] wjZo|tt
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Fig. 65. Schematic Outline for Soy Fermentation.
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3 al o 3 HaFES AESI A Al

S A9 B8 g vAEZ M= Badllus subtilissS Sh=2% A
, AE 2 &R e 13dxe $U93 Lactobacillus  plantarums}

Sacharomyces cerevisiaes A3t T a3 AR HAE FAMHH X9 ATFE MRS
Agar W] A9} Potato Dwxtrose Agar BIA|Z ZtZ} ZA319 a1, 849 H7b+= protease A4S

z37) AFa

T}, Protease activity

@D Caseins 100mM Tris-HCI buffer(pH 7.3)°] 1%7} =5 &3t 7|2E& Qo2 ALE-sho)
@ 7148 05mlo] AZ&Y 05mlE 7hate] 30TCelA] 1A ¥hg-A] 7ot

o] W Ag&Ae BLAAEE 10%, 575 90%E EF3IY paper filter2 224 FH] 3]
@ Trichloroacetic acid(TCA) 40%(w/v) &4 100~200ul 7}ste] W85 AAA7]aL  15&3F
A= g

=S4

2}, a-Amylase activity

nE £

@ Soluble starch 1%(w/v) 0.5mle] A& & 0.5mlE 7}sted 30ToA]l 1417 HH-E-A17]
@ A7 IN HClIE 7t ¥h8-& A A X171 & Lugol’s Todine &< 0.1mlE 7}3te]

)

—

@ ZFFTE 718t 25mlE 9331, 415nmollA] 3 EE =t
@ FFZLHE maltoseE AFE3de] ZAsta, 4284 @9 127 soluble starch 0.01%E
ZolEd A85HE 49 %S 1 unitE® A3}

ol

T3 A F 500ge 154 FHI Fo FTEFS 1,088geE =olubA 118%4 S7hekdt
0%t E3Fsh= 2o F77F v 59 Avld B399 HE TE Fo Ads

o) WFF L ALY

g = n 7% A7k & Hrh
Akt 9.8 x 10°/g 8.5 x 10°/g
ax 6.3 x 10°/¢g 44 x 10°/g
protease 450 unit/g 299 unit/g
amylase 85 unit/g 50 unit/g
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Nol o agm | aean REFE w7
2 oldd F
1 | T+ 58 Ad 139 oy o] siFS AAEs
79
FHET 7PHE o|E23 BAL olE
ol E-A A~ . °©
2 152 AA 01Hr | A
_ H1—o}° SEAF
3 EF 3 AA | 01Hr | Bel A Fome 3L AARL | T CF
= 1
4 | A 01Hr |32E% B3 &4
A== #Ha
) 20C W9 A 12~15417F A&
5 | 43 11.7Hr . ° T AL E 24
= -
A7
6 | &o} 25Days | ¥%°l5 AHFst @A LopAIY. | Lol 25T
3 A 3Days

_91_



OREE

Table 34.

k!

—_ %0 50
e == —=
T T
& @)
Ne) o)
IS} <o}
Hlo
T
oo _ N
= o | Mo ~3
n- | Mw @
T G | N | so ™
j £ = | T |9
‘nﬁ_A.n_u ~— .ﬁl =
e of R
0 0 il _ N &) ~
S| Fm || A B o | T
T o s T | Tk
D | H e F | S W
w ] = n%J = — > & o %J
of L0 N =) N L0 - | 2 o)
A _.w — =] ol ) =) — ol ) <
Bo
[z0) _
Ho Mo | 0 | Mo 5 (S
L DO N e = I
Xl ||| B x5 "™
Njo — — e\ ol ~ A
o
Z Nl o o 2] 2 H e

Table 35

1
o
o
!
mo|
|
ﬂ
- >
2 | o | R
= | ® Nfo ™
il oy | BV
o | g | B | B
|
o | Mo | mo |x° Hip
TR Mo | wo| &
N .
PA' = = — — — H
i S| 5|5 5| & S
s
g | ™
0 1 —_—
il R | X <
WM | B
"W R oM | o
> 2125 8|28

_92_



8

74

6

54

49

3

24

14

vze)

Ho

O

Ho

7). Az

folx] The
o] sojo}

e
T B

ofat

=]
=
AFS &

@
5

7373t Z5-E] Rhizopus$}

711

S

A7 Al 3}

g 2oy FAlEt=

1
R

3

ol
=

1
T

HAET} A7) Aol

)

o} ¥

a7
v

o
h

=iy

&

No
e

A
o0

N
e

_93_



GO g
E@ :.L 1__‘_ oy —~
= of B P 7
— fﬂﬂw% T E =
i o:__w__/lqm. B T
ﬂ b KA U_.O __0:._._ JE|
P B O B e oy 2
W oo = O Ho Ho o =
g Ew e o "
) la,w/_ﬂJXI,o| =__/7 —
e AN E,mev X mLu_
i oy B By a o/ o
) ﬂmaulomae No o njp
e i 2 N e
2 EE e 7 o i i
iz 5 - :
T TG o " W
o A T = o8 ) <
MME%QW_AW ° W_ - R dl,.ﬂrl 5
oo 2 oM W drwrﬂa.ﬂq.lu e °l
ﬂu&lﬁl N ﬂ_m.LaLPLPU dllaue [
I = o ) = °
| R
B VR B o E S, op -
BT T E g S i i
T8y s s R R
™ N Leﬂ;of ol o W K K o o ey Ho X o
) AP Fo M BB D = =
X E._ o Ll —~ o o) ol ) o Ho ‘N N 3K L.
Wl N N & Fo Aol Fo Flo & G ) i
5 ~ ol ° 1y T duo 7ﬂl1r1rﬂr Ho ) = B
o N e B E T N~ Ly Ly B B T
o Wy I= W T T o N o s
K E.o E ) _ o_a Ll].lMdl‘mﬁ]r Loﬂ E._ o
o o T Tk o o ol T T 5T s o) o = =
w 'l oD m 5N T o K = c
AN ﬂumni 70 an_:.ﬁ o oy n He N A Hi
SN o o %0 ne | e g up o M BIE | T
o#ﬂil.l S N~ o o o ﬂAE"_ o ==
ol o % "R S - ~ F R " N = o T TH
2B of R — " 5 N N X o ., F o o < BV
i 1 iy MG IMI AN B0 BE
2 T Ajo o o iy ) ajo N ) o B . kg
S ]1*1@1 Mo Egeoﬁaﬂ_’zo A & ik K
S = u 2 Uil - n ﬂvev%% Ty =) T = _@_@é s
. ET T B R PO B A I
o PLETH B - Hxee o By | 83T
ol J/L ! o T ﬁ‘._ OT < _n;.w_ EO .. X —_ R T = 5
= =< T B % | =5 zommmw%ﬂ; %mw_: o o @rm-moﬂ
. — 0 ! o | %O X
Y @ﬂ%ﬂ] o ia w5 ﬂ}hmmz %}% w1 5 o o
0 N o ) T T NN N F N e 57 ol ofp
REEEE . ol & O O 0F 2 20 N T I
o5 = A 0 VH T % R < N sl e TR
LoedT | DAREe b3% | & R by
N F i N = ~ X | TR
0 ef® . T w5 N
[Jle) a
T Fe DT}.)M,
ol <H

- 94 -



9. ¥EFH A

_95_

Fig. 67. o} T #2374



o T WolFA A glyceolling FE3l7] Aste] FFo] F#FE 371X Awste] Hlwsyoh
1

=

Rhizopus oligosporus, Aspergillus oryzae Aspergillus sgaes ZY7Zt A ZE3sto] Woldt A3} Rhizopus

oligosporus’t FW|7F 71 Fdsigleor @k F HA &gty A7) fAES FUHE HF
st Hlwat =t Lplantarum KFRI 4027F A23F FrjE Uy 2 dS WA= a94% U=
s A FAAR A&t Ao HutHAY. FAAANM wFolE A vt T2 L HS
WA 7] 9ste] Wolg oA Fgo] Al BEEY {AHTE glyceollin f57F 7H53HA] 891
371 913t Saccharomyces cerevisiae®} L plantarums AH83 Ay} § = G371 A9 gt
Hola g =S B v S5 Aelaos M, 2= 25TTF A E3 Aow v
ofsf oty wgolot A wotd F& FAste] A vy updYAdy fAky, SRTO
2 22t ¥R E AT oW o] FAES FA AEsHH W= st ou, uAY AT
0]

F7F Aol ofsto] & X}E‘rxl%%}%izﬂi 19A 2 v Ads5 ”*Xi HEst 1~2
G &, 29AZ R} fAbds HFeto] v oW wMid=L F 100%=
= 20% E9tato] wjFst= A °l Hg= & sa amVlaseE/\«l

A o] A doprH EHES T %1,%
|

jus)
=

r\r ru

(-'\1

Hﬂi NOUN
=

o Fgch @

28 NASHUE AT ¥ =

< glyceollins 22!

"-Mklg

_96_



3) =

i
™
ki
o
—

=
T

e O

=T W

_97_



2010.04.15

2010.02.09

20100402

2009.04.21

7

7

L T
<0
ROl

Nai\a

7
:.I

=0
ROl

—

Nai\a

Ehv!
Tor T

[Ete

A5
PR-13
- T

Ehv!
Tor T

[Ee

A%
PR-13
T

10-2010-0012125

10-2010-0030537

10-2009-0034438

-

o

5 A7

&

—_—

=
=

A1 4

E
_Eo
J»Alo
o |
Hin
% |
Hr
B
g =
SIS
gk
5
=
%%
ol Hir
F ]
o
e
o |y
;._; Eﬁ
J:mO
ol
Eru_a.e vﬁ
Hr
2 <

A 2 A.

op 9

ﬂo_uﬂ 2 oo
RS

:Eﬂonﬂ

N

~

=24
= dAlE

_98_




A A
A A = B al gt 2" (Vol.(No.) :—[;’H SCI(E)
A e FAR | DAAR FFAA TS T o | TR
10k
Glyceollin-containing HoE,
fermented soybeans A3
2011 ilﬁlprove glucose  |HFAW | HAH] NAA Nutrition |in press| = 2] | SCIE
omeostasis in 737,
diabetic mice NEA
ournal of
Antioxidat Activity of A1&kzl, ]A cult
i} ricultur
Glyceollins Derived N A4, 8
2010 HEA| AR al and 24 | =% | sd
from Soybean Elicited Bl Food
_ 00
with Aspergillussgae T4 .
chemistry
A%
Induction of A= Journal of
2010 Glyceollins in Korean WA ] Microbiolo
Soybean Varieties by |o]v|& | 7143 ;‘;?;L; gy & 208) | =W | SCIE
Fungal Infection "~ ° IBiotechnol
0744
339 | ¥
Antifungal activity of Journal of
glyceollins isolated A3 g, |Agricultur
2010 from soybean AaA| AAA | 9hdq, | al and | 58(17) | =¥ SCI
elicitated with X314, Food
Aspergillussgjae chemistry
A 8h3l,
Estrogenic Activity of A3
Glyceollins Isolated PUtES Journal of
2010 from Soybean | Z&H| 7AA H‘l;;’ Medicinal | 13(2) | =< | SCI
Elicitated with : ;;r' Food
Aspergillus sgae. =4,
148
Glyceollins, one of
the Phytoalexins o2l 4, |Journal of
de:ved fro;n A%, |Agricultur
soybeans under
2010 Y 9pdgl | updR | olmle, | aland | 58 | =9 | SCI
fungal stress, enhance
o e 1737, | Food
insulin sensitivity and _ _
exert insulinotropic =% | chemistry
actions.

_99_




A 4 4. 3L FA A

1. Anticancer activities of phytoalexin derived from soybean isoflavone by biotic elicitor.
Hyo Jung Kim, Chae Lim Jung, In Sil Park, Jong-Sang Kim. $t=2]%33}3]. 2011. 06. X2

S

2. Potential protective role of phytoalexins derived from soybean by biotic elicitor on
inflammatory mechanism. Hyo Jung Kim, Chae Lim Jung, Dae Hwan Nam, Ji Sun Lim,
Min Young Han, Ye-Seul Hong, Jong-Sang Kim. American Association Cancer Research.
2011. 04. (Orlando, USA) ¥ 2~¥ Wit

3. Modulation of inflammatory state by soy phytoalexins in vivo animal models. Hyo Jung
Kim, Chae Lim Jung, Dae Hwan Nam, Ji Sun Lim, Min Young Han, Ye-Seul Hong,
Jong-Sang Kim. gt=<dFets]. A& 1A= JETH. 2010. 11. ZXLFH EHE

4. Regulation of lipopolysaccharide-mediated inflammatory response by glyceollins. Hyo
Jung Kim, Chae Lim Jung, Dae Hwan Nam, Jia Park, Ji Sun Lim, Min Young Han, Ye-Seul
Hong, Jong-Sang Kim. th3+ &refwsts]. 2. 2010. 11. Z22F U3

5. Glyceollins as a potential cancer preventive agent. Hyo Jung Kim, Chae Lim Jung, Dae
Hwan Nam, Eric di Luccio, Jia Park, Ji Sun Lim, Min Young Han, Ye-Seul Hong,

Jong-Sang Kim. ™3t ¢teilntsts]. Y. 2010. 11. £2H 2%

6. Effects of Glyceollins on Progression of Atherosclerosis. Hyo Jung Kim, Byung-Yoon Cha,
Chae LimJung, Dae Hwan Nam, Jia Park, Ji Sun Lim, Min Young Han, Ye-Seul Hong,

Je-Tae Woo, Jong-Sang Kim. thgh Srel®sts]. 29l 2010. 11. £2F ER

7. Nrf2-mediated Induction of Detoxifying Enzymes by Glyceollins Derived from Soybean
Exposed to Aspergillussgae Hyo Jung Kim, Chae Lim Jung, Dae Hwan Nam, Eric di
Luccio, JiaPark, JiSunLim, MinYoungHan, Ye-SeulHong, Jong-SangKim &= 2]3% % &F2}8}3].
7 JEEILSE 2010. 10. E2E

8. Glyceollins inhibit PDGF-mediated human arterial smooth muscle cell proliferation and
migration. Hyo Jung Kim, Byung-Yoon Cha, Chae Lim Jung, Dae Hwan Nam, Jia Park, Ji
Sun Lim, Min Young Han, Ye-Seul Hong, Je-Tae Woo, Jong-Sang Kim &= 2] % SF7}+3].
g JIEE2EY 2010. 10. £2H I3iE

- 100 -



9. Sunmin Park, II Sung Ahn, JEONG HWAN Kim, JONG SANG Kim. Glyceollins, one of
the phytoalexins derived from soybeans under fungal stress, enhance insulin sensitivity and

exert insulinotropic actions in vitro and in vivo. EB10. (Amaheim, CA. USA) 2010. 3ZZ2-H
dl 3z
= 311

10. Hyo Jung Kim*, Ji-Sun Lim, Jia Park, Min Young Han, Dae Hwan Nam, Ye-Seul Hong,
Jong-Sang Kim. Antioxidant activities of glyceollins produced in soybean exposed to
Aspergillu ssojae. =7 21F 383 (1%, =7 Ao} 2010. 6. EE .

11. Hyo Jung Kim, Jiyeon Seo, Ji-Sun Lim, Jia Park, Dae Hwan Nam, Annalene Garcia,
Jong-Sang Kim. Antitumor activity of glyceollins through induction of apoptosis. American
Association Cancer Research (Washington DC. USA) 2010. 4. ®=2¥ 3.

12. Sunmin Park, II Sung Ahn, Jeong Hwan Kim, Mee Ryung Lee, Jong-Sang Kim.
Glyceollins, one of the phytoalexins derived from soybeans under fungal stress, enhance
insulin sensitivity and exert insulinotropic actions. ¥F=r g 3sts] (= A Al E]) 2009. 11.

(=R S4) FRUE

13. 1787, i+ Isoflavones ¥ thARA| ] &5 P ZHE-7]F. International Symposium and
annual meeting (<) 2009

14. Hyo Jung Kim, In Ae Lee, Jong-Sang Kim. Estrogenic activities of glyceollins
synthesized from soybean. §+= 2% 3}3}3] (WA A1) 2009. 5.

15. Hyo Jung Kim, Chan Ho Jang, In Ae Lee, Ji-Sun Lim, Ji-Yeon Seo, Jong-Sang Kim.
Inhibition of adipocyte differentiation by glyceollin. Experimental Biology. (New Orleans,
USA) 2009, 4. 18-22. E2~F I3t

e A9 g (39, A5 L EEE
29 [k [ A [ A [ i | g [ o | FEd | wd [J1EAY
2 2 2 1 1

- 101 -



o

M S

/\EI

A1 A,

Ho

> A AAFelAM B S

oﬁ

R

7_
—_
fite)
o
o
B

M2 28

3

A £

3. Glyceollins o248

R3S 4,

S

ted elicitation

S

&

Aga3s ©]

T HW 0.1%°1H,

olgoz

=
<

Hin

> 2 Aol ARSE o

!

el

3}
Ay

H glyceollins

o
T

3}

obF AR
2 A&

S}
.

50 g)& A&

1
T

=12
=

FdFO = 50 mg (

AN

3
[}

4. ElicitorZ2# =

=, 283 vl 3 =

or

o] jasmonate &}
elicitor24]¢] 7}

[} R
PO

at

5

A

1=

o 3

5

A<

[e)
d=

T
Rt

A 23 1w

2 GRS ASE F 715H

1

np

YA 2% tstae] e

A A7
4

]
1Z

=
s

Aoz tix7t 7}

Ho

ofell

Tor

2. 2 HA7L

AN

7k, BTl

=
T

A 44

1. 871 A 3

- 102 -



A v Sl P R |73t
AE Ao N2 9 F4 FARALA G5

grel YAAZA 1eE
(Neuroprotective effect of food-derived ?gu e,{’lc%lr? 1o ei%%%%h 3 years
phytochemicals from oxidative ompo%ez}zf LSEARS (2011.05.01-2014.04.30)

stress-induced damage through
Nrf2-mediated antioxidant enzyme (&
induction)

A8 xglo] HE wlolZ 87 gh}toalexins

ATH] 141,720 H YY)

EH/\]-XJ]-J ﬂoﬂz 2 Nrf2 ¢ el mt
E# -Ff‘ﬁ “‘ 287 X4013,1 e N t%onal earch
(Anti- mﬂammatory and Nrf2-dependent ougaIon Oﬂbﬂ_orea 3 years
anti-cancer activities of phytoalexins and O‘H}‘Oﬁ}ﬁ}xf 17\}04 (2010.09.01-2013.08.31)
their metabolome derived from (FA74] 150,000 %)
germinating soybean infected with edible
fungi)
3 . Sundalan ok Reteq"
so] ot g5 A 3 years
542}% e‘}?%%éwégﬂﬁc Actfons of o) b n A Bk o (2010.05.10-2013.04.30)

(A1) 179,548 Q)

HMed HAMZagoM =8 sfeutsty|s8E

X-” 7 7CC>|- X7

]
(o [ RN

rot

Boue SM, Carter CH, Ehrlich KC, Cleveland T.E. Induction of the soybean phytoalexins
coumestrol and glyceollin by Aspergillus. ] Agric Food Chem, 2000, 48: 2167-2172.

Chae BN, Lee SG, Hong EK, Kim Y], Nho HL, Jung YS, Lee KW, Kim HM. =<1 A23
T o] HeloA clad EHlTd Aol dd TFixH. 1998, 22:491-503.

Chun J, Choi I, Kim JH. Fermentation of soymilk prepared with green tea water extract.
A FFEFHes 20061 g71StetiE] 2006, 10. 18-20, AFAHESSE. P10-159
(p.323-324)

Chun ], Jeong W ], Choi I, JH. Lactic acid fermentation of black bean added soymilks. 3%t
A F 53] A 742 shEdid] 2 F71F3]. F4F BEXCO 2007 6.20-22. P12-078.

Chun ], Jeong W], Kim JS, Lim ], Park CS, Kwon DY, Choi I, Kim JH. Hydrolysis of Isoflavone
Glucosides in Soymilk Fermented with Single or Mixed Cultures of Lactobacillus
paraplantarum KM, Weissella sp. 33 and Enterococcus faecium 35 Isolated from Human. /
Microbiol Biotechnol 2008, 18: (In Press)

Chun J, Kim GM, Ha H-M, Kwon G-H, Park J-Y, Jeong S-J, Kim J-S, Kim JH. Conversion of

isoflavone glucosides to aglycones in soymilk by fermentation with lactic acid bacteria. J
Food 5ci 2007, 72(2): M39-M44.

- 103 -



Feng S, Saw CL, Lee YK, Huang D. Fungal-stressed germination of black soybeans leads to
generation of oxooctadecadienoic acids in addition to glyceollins. J Agric Food Chem 2007,
55: 8589-8595.

Hennige AM, Burks DJ, Ozcan U, Kulkarni RN, Ye ], Park S, Schubert M, Fisher TL, Dow
MA, Leshan R, Zakaria M, Mossa-Basha M, White MF. Upregulation of insulin receptor
substrate-2 in pancreatic b-cells prevents diabetes. / (Jin Invest 2003, 112:1521-1532.

Jang SA, Son HY, Cha BY, Moon SD, Song KH, Yu SJ, Yoon GH, Kang MI, Lee KW, Kang
SG. @% AAAANA A, AALFAF 2 TEY FEo] BE FH A« FE P,

1997, 21:433-43.

Jhala US, Canettieri G, Screaton RA, Kulkarni RN, Krajewski S, Reed ], Walker ], Lin X,
White M, Montminy M. cAMP promotes pancreatic beta-cell survival via CREB-mediated
induction of IRS2. Genes Dev 2003, 17(13): 1575-1580.

Juhl K, Hutton J. Stimulus-secretion coupling in the pancreatic beta-cell. Adv Exp Med Biol
2004, 552:66-90.

Kulkarni RN, Jhala US, Winnay JN, Krajewski S, Montminy M, Kahn CR. PDX-1
haploinsufficiency limits the compensatory islet hyperplasia that occurs in response to
insulin resistance. / (Jin Invest 2004, 114(6): 828-836.

Kwon CS, Sohn HY, Kim SH, Kim JH, Son KH, Lee JS, Lim JK, Kim ]S.Anti-obesity effect
of Dioscorea nipponica Makino with lipase-inhibitory activity in rodents. Biosci Biotechnol
Biochem 2003, 67(7):1451-6.

Lin X, Taguchi A, Park S, Kushner JA, Li F, Li Y, White MF. Dysregulation of insulin
receptor substrate 2 in B cells and brain causes obesity and diabetes. / Clin Invest 2004, 114:
908-916.

Sinclair DA. Therapeutic potential of resveratrol; the in vivo evidence. Nat Rev Drug
Discovery 2006, 5: 493-506.

Shafrir E, Ziv E, Mosthaf L. Nutritionally induced insulin resistance and receptor defect
leading to beta-cell failure in animal models. Ann N Y Acad Sci 1999, 892:223-246.

Shin DH. -%-2jue} AFatde] Ay AFAE BF AFA483 72 2005, 5(1):31-46

i

- 104 -



Soo Bong Choi, Sunmin Park. Does fluoxetine administration influence insulin resistance in
90% pancreatectomized rats? Metabolism 51(1):38-43, 2002

Soo Bong Choi, Dong Wha Jun and Sunmin Park. The insulin sensitizing effect of
homoisoflavone-enriched fraction in Liriope platyphylla Wang et Tang via PI3-kinase
pathway Life Sci 2004, 75(22):2653-64.

White MF. IRS proteins and the common path to diabetes. Am J Physiol Endocrinol Metab
2002, 283(3):E413-422.

Yi X, Schubert M, Peachey NS, Suzuma K, Burks DJ, Kushner JA, Suzuma I, Cahill C, Flint
CL, Dow MA, Leshan RL, King GL, White MF. Insulin receptor substrate 2 is essential for
maturation and survival of photoreceptor cells. / Neurasci 2005, 25(5):1240-8

Young AA, Gedulin BR, Bhavsar S, Bodkin N, Jodka C, Hansen B, Denaro M.
Glucose-lowering and insulin-sensitizing actions of exendin-4: studies in obese diabetic

(ob/ob, db/db) mice, diabetic fatty Zucker rats, and diabetic rhesus monkeys (Macaca
mulatta). Diabetes 1999, 48(5): 1026-1034.

Ikeda Y, Olsen GS, Ziv E, Hansen LL, Busch AK, Hansen BF, Shafrir E, Mosthaf-Seedorf L.
Cellular mechanism of nutritionally induced insulin resistance: the desert rodent
Psammomys obesus and other animals in which insulin resistance leads to detrimental

outcome. J Basic (lin Physiol Pharmacol 1998, 9(2-4):347-385.

OJERY A3 1992 YsrF FA AR, 1993.

- 105 -



N

FH71ENTAd e AR AU,

3

R

soF St

A9

ol

3. =7 E 71E

ol U,

- 106 -



	대두의 발아 및 발효를 통한 glyceollins강화기능성 식품의 개발
	요약문

	목차

	제 1 장 연구개발과제의 개요
	제1절 연구개발의 목적
	제2절 연구개발의 필요성
	1. Glyceollins의 일반적 특성
	2. Glyceollins의 합성 경로 및 작용기전


	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	제1절 발효에 의한 기능성 강화
	1. 콩 종류별 glyceollins 생성량 분석
	가. 곰팡이를 이용한 glyceollins 함유 콩 생성
	나. HPLC 및 LC/Mass 분석조건
	다. HPLC를 이용한 glyceollins의 분리정제
	라. MPLC silica gel을 이용한 glyceollins의 분리정제


	제2절 Gllyceollins 최적 생합성 조건 확립 및 발효제품개발
	1. 연구수행 방법
	가. Glyceollins 최적 유도 조건 조사
	나. Glyceollins 유도 두유의 발효 특성 조사
	다. Glyceollins 유도 두유에서 유산 발효중 glyceollins 및 다른 isoflavone 화합물 함량 변화
	라. Glyceollins 유도 두유의 향균력 검사
	마. Glyceollins 수율에 영향을 미치는 요인들 조사
	바. Glyceollins 생성 유도 콩을 이용한 대두 요구르트 제조

	2. 연구수행 결과
	가. Glyceollins 생성 최적 조건 조사
	나. Glyceollins 유도 두유의 발효 특성 조사
	다. Glyceollins 유도 두유에서 유산 발효 중 glyceollins 및 다른 isoflavone 화합물들의 함량 변화
	라. Glyceollins 유도 두유의 항균력 검사
	마. 포자의 전처리가 glyceollins 유도에 미치는 영향
	바. Glyceollins 생성 유도 콩을 이용한 대두 요구르트


	제3절 Glyceollins의 기능성 평가
	1. Glyceollins의 에스트로겐 유사활성
	가. E-Screen(MCF-7 cell proliferation assay)을 이용한 glyceollin의 에스트로겐 평가
	나. Yeast를 이용한 glyceollins의 estrogen 활성 측정
	다. pS2 mRNA expression에 미치는 영향

	2. Glyceollins의 항곰팜이 활성
	가. 항곰팡이 활성 측정
	나. 곰팡이 최소억제 농도(minimum inhibitory concentrations, MICs)

	3. Glyceollinsd의 항산화활성
	가. DPPH scavenging activity, 총페놀 함량 및 FRAP assay
	나. Mouse 조직내 지질과산화 억제활성
	다. Hydroxy 라디칼 및 ABTS 라디칼 소거능
	라. Singlet oxygen 생성 억제
	마. ROS 억제활성

	4. Glyceollins의 항염증활성
	가. 세포생존률과 염증관련 단백질 발현 조사
	나. 염증관련 사이토카인 함량
	다. Nitric Oxide (NO) 생성량
	라. NF-kB activity와 발현
	마. 12-O-tetradecanoylphorbol-13-acetate (TPA)로 유도된 동물염증모델

	5. Glyceollins의 항당뇨활성
	가. Glyceollins이 당대사에 미치는 영향 - 세포수준연구
	나. 당뇨병 동물모델에서 glyceollins의 당대사 조절 기능
	다. Glyceollins강화제품(발효제품)의 인체시험을 통한 혈당 조절기능 평가


	제4절 Glyceollins 강화 발효식품 개발 및 산업화
	1. 곰팡이를 이용한 콩의 발아 방법
	2. 곰팡이 발효 발아콩의 2차 유산균 발효
	3. 진공건조장치의 설계
	4. 발아 공정 평가
	5. 발효공정 평가
	6. 효율적 제조공정 연구
	7. 발효한 제조
	8. 발효 환제품의 법적 유형 및 규격기준
	9. 발효두유 제조


	제 4 장 목표달성도 및 관련분야에의 기여도
	제1절 연차별 연구성과 목표 달성도
	제2절 특허 성과
	제3절 논문 실적
	제4절 학회발표실적
	제5절 인력활용/양성 성과

	제 5 장 연구개발 성과 및 성과활용 계획
	제1절 실용화·산업화 계획
	제2절 교육·지도·홍보 등 기술확산 계획 등
	제3절 특허, 품종, 논문 등 지식재산권 확보계획 등
	제4절 추가연구, 타연구에 활용 계획 등

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌




