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- Iristectorigenin B isolated from Belamcanda chinensis is a live X receptor
modulator that increases ABCA1l expression in macrophage RAW 264.7 cell
(Biotechnology Letters, 34:2213-2221, 2012)

— Taurine i1s a liver X receptor—a ligand and activaes transcription of key genes in
the reverse cholesterol transport without inducing hepatic lipogenesis (Molecular
Nutrition & Food Research, 56(6), 1613-4125)

— Fucosterol is a liver X receptor agonist that regulates the expression of key genes
in cholesterol homeostasis in macrophage, hepatocytes, and intestinal epithelium
(Journal of Agricultural and Food Chemistry, 60:11567-11575, 2012)

— Ombuine-3-0O-beta-D-glcopyranoside from Gynostemma pentaphyllum is a dual
ligand of peroxisome proliferator—activated receptor alpha and beta/delta (Biochemical
and Biophysical Reserch Communications, 430:1322-1328, 2013)

- The dipeptide H-Trp-Glu—-OH (WE) shows agonistic activity to peroxisome
proliferator—activated protein—a and reduces hepatic lipid accumulation in lipid-loaded
H4IIE cells (Bioorganic & Medicinal Chemistry Letters 24, 24 : 2957-2962, 2014)

- Ethyl 2,4,6-trihydroxybenzonate is an agonistic ligand for liver X receptor that
induces cholesterol efflux from macrophages without affecting lipid accumulation in
HepG2 cells (Bioorganic & Medicinal Chemistry Letters, 22(12), 4094-4099)

H]SCI
- Hypolipidemic and anti—-inflammaion activities of fermented soybean fibers from
meju in C57BL/6J mice (Phytotherapy Res, Epub, 2014)

T YT

— The hypolipidemic and hypoglycemic activities of fermeted brown rice fibers in
C57BL/6J mice (Life Sciences, Accepted, 2014)

- Effect of enzyme treatment on isolation of immuno-stimulating polysaccharide fron
fermneted brown rices (82159 ¢et3] AAL &, 2014 439)

— Structural characterization of intestinal immune—modulating polysaccharide purified
from fermented brown rices (Phytotheraphy Research Fil & 20144 28%)

- Macrophage-stimulating activities and chemical properties of polysacccharides
purified from fermented brown rices (3t 2]3%3}8}3| %] Fa1 oA, 24 F)

- In vitro and in vivo of the polysaccharides purified from fermented brown rices on

intestinal immune system (Carbohydrate Polymers i o, 24 <)
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- C-FBM-1, a Natural Flavonoid, is a Ligand for Liver X Receptors (12.06.13, 31t}
sha, s EerE, oj4)



- Small dipeptides, FBS-W1 and FBS-W2, are agonistic ligands for peroxisome
proliferator—activated receptor-a (12.10.31, & W&xnl, The Korean Society of Food
Science and Nutrition(KFN), #|5%=

- Fermented brown rice extracts activate river X receptor activates in vitro
(12.10.31, a2 gral, The Korean Society of Food Science and Nutrition(KFN), A%

— Isolatlion and characterization of immuno-stimulating polysaccharide from
fermented brown rices (12.11.01, Z7]Wjgxnl, 41th Anniversary 2012 International
Symposium and Annual Meeting, #5= ICC)

— Macrophage-stimulating activities and chemical properties of polysacccharides from
fermented brown rices (13.08.29, 4 7|tgril, 2013 Annual Meeting of Korean Society of
Food Science and Technology, ¢t dl<2] A

- Intestinal immune-modulating activity of polysaccharides Isolated from fermented
brown rices (13.11.15, ZA7|tig+nl, 2013 International Symposium and Annual Meeting of
the KFN, &5 Ads AWAAE)

- Rhamnogalacturonan, a promising immuno-active polysaccharide(14.07.02, 737]th&t
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o AHEgAE

» HAETET|ES VMo R dAn|9 9uE Ak TR hemicellulose S 3l
sl mars AL, o]l & FIEHA, T HA S dAnda Ve SRS

» AAFORE ke % opFe Al s ANARTS AMEeA] @Al dAntaEs
Aot A5 F7F AT Aoy, AEste AES o4 F7F AFE3 &l wet
G ATFA%RE AF40m et AMAEAA 7] g A dnje] FHS 77
AA ARG &85 A4,

» YU g ET AAE AR o® gdstA ol &str] HEliAe HAd Fitelke thgst Al
ol AF o] FrrA e Hash

» Tt o9 ARV TAAS Fosta FrE ST oY AEe] 488 3 g
FATE SE AFUIRE Fo® g e E © AFolA A8 AR ool
7134 w5, FF, /S AFE 5 T s d9s 8 A8t

» T AFAYRE 8ot A aEe Y ST (5, Ak, 28 5)S 4851
g mE g dEA B AL gAo] 7hes Egk Ao S e R g
=& AEFFo dAveaE A4 AEA 7HEAAY AT 9 P A g0 7HeE

» AujtaE 2aAe] AT FAE S8 B GR/AvE AAekY] 94 & A

v Folg /R VIS S8 ALk, AT UL FE EEe F T UE AF
M 7bsAd g4 7he

_10_



SUMMARY

e Development of function and flavor-enriched fermented brown rices and
applications

We studied the microbial fermentation technology to the brown rice which is natural
plant families and developed applications. Separated the mold suitable for brown rice
fermentation showed high enzymes activity. Studies have shown that separated mold
strains did not produce the aflatoxins and high amylase activity(a-amylase and
glucoamylase) to convert starch into glucose. Two kinds of mold producing enzymes
that break down components such as the brown rice cellulose have been produced in
mass scale and stabilized. After it was carried out in pilot scale fermentation brown
rice, the mass manufacture of brown rice fermentation was been in 100L reactor heat
exchange using a mass culture and fungal fermentation yield was measured.

Also, the development of the product which applied a brown rice fermentation
production and process optimization techniques was studied. Developing a recipe that
minimizes the browning phenomenon due to heat treatment in the manufacturing
process was completed. Fructose syrup was replaced by a liquid fermented brown rice
syrup in developing products. Safety sterile process conditions and the filling process
conditions was set.

After reviewing the functional concept application of the rice fermentation, the
developed products that oriental dressing, mustard dressing and BBQ was applied "No
added fructose syrup' in label. Because of delicious flavor is enhanced with healthy
brown rice, it can be differentiated with commercial products that use fructose syrup.
The fermented brown rice usage was displayed on the front of the product label with

the product name.

e The evaluation of effects of fermented-brown rices on glucose and lipid metabolism

Biological effects of fermentation of brown rice on the glucose metabolism and lipid
metabolism were investigated. We examined whether fermentation of brown rice
extracts (FBR) activate LXR and PPAR activity in luciferase assay. Results showed
that FBR without hull components showed significant activation of LXR but not PPARs,
thus selected as a target extracts for further study. In cultured cells, the selected

FBR (no hull components) revealed significant lipid reduction suggesting potential
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hypolipidemic activities. In animal studies, we isolated fiber fraction (FBRF) and
peptide/amino acid fraction (FBRP) from the selected FBR then fed high—fat-diet fed
C57BL/6J mice with 500 mg/kg body weight of each extract (FBR, FBRF, FBRP) for 4
weeks. Results showed that three extracts showed hypolipidemic and hypoglycemic
effects with the greatest activity with FBRE. The oral administration of FBRF to
C57BL/6J mice reduced their plasma cholesterol, triglycerides, LDL cholesterol, levels,
the hepatic lipid accumulation, and the adipocyte size, resulting in a body weight
reduction. In addition, FBRF improved glucose tolerance and insulin sensitivity. The
expression levels of genes associated with cholesterol metabolism, fatty acid
synthesis, fatty acid oxidation, glycolysis, and gluconeogenesis were significantly
regulated in mouse livers. FBRF feeding reduced the levels of pro-inflammatory
cytokines, which could improve insulin resistance. These results demonstrate that FBR,
especially the fiber fraction, shows potent hypolipidemic and anti—diabetic activities
that regulate the hepatic expression of genes associated with lipid and glucose

metabolism and inflammatory cytokines.

¢ JIsolation and characterization of intestinal immune system modulating polysaccharide
from ferments of brown rice

This study designed to elucidate the intestinal immune system modulating activity of
the polysaccharides purifed from fermented brown rices. FBR-4a and FBR-4b have
been purified by enzyme digestion(FBR-E) and subsequent two-successive
chromatographies on DEAE-Sepharose FF and Sephadex G-100 from the crude
polysaccharide(FBR-0) in the fermented brown rices. FBR-4a and FBR-4b were eluted
as almost single HPLC peaks and their molecular weights were estimated to be 62
kDa and 20 kDa, respectively. The high molecular weight polysaccharide, FBR-4a
mainly  consisted of neutral sugar(88.3%) such as galactose(43.2%) and
arabinose(21.7%), and wuronic acid(11.7%), whereas the low molecular weight
polysaccharide, FBR-4b mainly consisted of neutral sugar(50.8%) such as galactose,
arabinose and mannose, and rich in uronic acid(47.6%). Only FBR-4a strongly reacted
with B-glucosyl Yariv reagent, suggesting the presence of an arabino—-[3—-3,6—galactan
moiety. FBR-4a and FBR-4b did not affect the growth of on murine peritoneal
macrophages, RAW 264.7 murine macrophage cell line and Caco-2 intestinal epitherial
cell line. Murine peritoneal macrophages and RAW 264.7 cells stimulated by FBR-4a
and FBR-4b showed enhanced production of nitric oxide(NO) and various cytokines
such as IL-6, IL-12 and TNF-a. However, macrophage—stimulating activity of FBR-4a
was higher than that of FBR-4b at the same dosages. And only FBR-4a showed
enhanced expressions of mRNA expression for [L-6 and TNF-a by dose dependent
manner. In an i vwvitro assay for intestinal immune modulating activity, FBR-4a

augmented the production of IL-6 by Peyer's patch cells and also showed the highest
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bone marrow cell proliferation activity through Peyer's patch cells. And FBR-4a also
augmented the production of IL-10 and TGF-B which induced the production of IgA,
in a dose dependent manner. In macrophage activation by permeation through Caco-2
cell layer, FBR-4a showed significantly higher productions of IL-6. To examine the in
vivo effects of polysaccharides on intestinal immune system, FBR-0 and FBR-E were
administered orally into the mice for 30 days. Oral administration of FBR-0 and
FBR-E induced the enhanced productions of IL-6 and IgA by Peyer's patches and
increased the excretion of IgA into mouse feces and the production of IL-6 in mouse
sera. However, oral administration of FBR-E was more effective at the same dosages.
These results suggest that enzyme digestion process are indispensable to prepare
polysaccharide with higher immuno-stimulating activity from fermented brown rices.
On the other hand, methylation analysis indicated that FBR-4a comprised 13 different
glycosyl linkages and it existed as the mixture composed of two different
polysaccharides such as B-arabino-(3,6)—-galactan-containing rhamnogalacturonan
(R@-I (about 90%) and B-glucan (about 10%). A RG-I residue in FBR-4a was
composed of rhamnogalacturonan core substituted with neutral carbohydrate side
chains such as a-(1—5)-arabinan, B-(1—4)-galactan and RB-arabino—(3,6)-galactan.
However, the RG-1 residue of FBR-4a was rich in P-arabino-(3,6)-galactan side
chain. It supposed that the potent immuno-stimulating activity of FBR-4a may be due
to the P-arabino—(3,6)-galactan-rich RG-I which was released from the pectin of
brown rices during fermentation process. To determine the functional/marker
compound, three batches of FBR-E-1 (industrially applicable sample) were prepared
and their component sugars were analyzed. Total sugar content in FBR-E-1 was
36.8% in dry basis and it contained Glc (29.6%) in addition to Gal and Ara (2.4 and
2.0%). The result suggests that immunostimulating polysaccharides, FBR-E-1 should
contain more than 4.0% of Gal and Ara as marker compounds.
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Table 2. HF A¥ 2F FFol9 24 A A 23

(&9 U/g)
) Feruloric ] Neutral alpha gluco
3 = Cellulase | Pectinase
esterase Protease —amylase —amylase
SMF136
(Rhizophus 0.0 27.2 25.5 980.0 173.8 11458.0
delemer)
SMF138
(Aspergill 36.8 280.1 45.7 110.0 11390 520.2
us oryzae)

HF AdE 2% 3| E} I ZFo] sequencing= Edte] S geleksitt. MEBHIA 9
TS ¥ Az ZJF3 & 30CoA] 547 AEufd & AR S Nalgene filteration kit<
55} ﬁ/\}ﬂ]‘ﬂ% harvest3lith. 8 E 7 A 2] genomic DNA F%& ¢l freezing dryer
£ Abgete] dx AYS A F QIAGEN DNease Plant Mini Kit (Cat. No69106)2 -8 3}
o] genomic DNAE F%3}9 Y. Nuclear tDNAA O] E=A8= ITS1-5.85-1TS2 rDNAS] ¥ 7]
Aol o3t AZ Rasta B o] odle] 459 0™, universal primer pairs ITSIF-1TS4
primer:‘::— AL-g3slo] glstth 97 A E gl 7:1er SMF136-& Rhizophus delemer, SMF138
Ug]l‘:] AL, =% 259 ‘E‘oﬂ YHOH KCTCC’ﬂ Jrl“:q T-uO]'M

el

2 Aspergillus oryzae® Z}z}
[ex]
AR

W, 53 2% 959

Table 3. A 2% 3 53 924

3 = 5 KCTC ¥ s E5EdE
SMF136 Rhizophus delemer 11990BP 10-2011-0127759
SMF138 Aspergillus oryzae 11989BP 10-2011-01227758

2% (SMF136, SMF138)S AW ge] 9lo] gt A4S AYeA of% A Hrtstr] 9
3to] thS 3t o] WaYEtt. it FA =Ho| AL gEE 5 v A E<2l Pseudomonas sp. i

T FE2A3TH dFFAvAYEREAE (Korean Agriculture Culture Collection)ol] Al &kt
o} AR&3stal om, o & A (nutrient broth)& AR&sto] 37TCol A 2441 3F wigste] AL-8-stiot
Sty =48 - u X (Nutrient Agar)oll %% Pseudomonas sp. 7 02mLS =% 9
gHoR HES T yAaodAWY (paper dish assay)E Z& w11, ZF 259 #FE 144
ol AdojH FEFdd i), g thE FAYA|QJ Kanamycine Smg/mLS AdTFSZ DW
& 2T o 2 ALgste] At S S SAsHAT
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Table 5. 9+-8 &% glucose &3 &3 23
(9] %)
kS 2 A]7H(h) 30C 45T 60T 80C
0 1.0 0.9 1.1 1.3
1 2.0 4.0 45 6.7
3 2.5 4.7 6.7 85
5 5.0 75 10.9 129
7 7.1 10.1 12.9 15.9
9 79 12.9 19.7 179
11 10.5 159 22.5 19.1
13 11.2 16.7 25.7 20.9
15 115 20.5 26.1 23.1
18 12.8 20.7 26.5 24.8
21 159 21.5 26.4 24.5
24 16.0 22.7 26.5 24.6
HFE N3 Fs 59.8 84.9 99.1 91.9
UE4+E
o
1DD-| 84.9
BD‘l B9.8
S BD—l
T
2u-|
a0 45 B0 a0
Ble=e (1)
Fig. 1. 1§ =9 2§ & Jg=
(2) dwvj(h)e] HA Hg A gy
u A5 oot ok HA wg A7Fe FHAH wtg Z7 60CoAA oF 18A1 7k o &
TEO] 9%ZE =59 It weba dAnd o] mAES AFES FH A
g A 18Xt 2 A A sEH T
BELE
100
a0
£ 60
T a0
20 I
0 = !_._. -
a 1 3 5 7 9 11 13 15 18 21 2
BESAIZE ()
Fig. 2. &8 A7t & &8 =& SAH 2F
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AUMERS AxFl %A, Gl DR FoF RS Folnum FvWAES Axshev)
AFBAE Jolugth BAe] S @vlE BEPeld ARFd AnE Agegon,
BAS (F)ATRA/EATL Hse] AF o 254F BAL AAstarh ¥4 A
243 AF ok Ave ¥ o

, tricyclazole 15941 0.022mg/kg o2 &% Ao
I ug/kgoi Fn2 FAstE BANA gl 3
ToRE dAndass Az do FAA HA FeS g2 skt

o))

Bagr NERE-BY

b eI T T E T TR TN,

T T M T T e

1. 944
AaqHE 0213 F140805 FETE B 4-D5-0%
AE HEEme fEel R i E TRy EE L2

TEL - 8- EEi0 FaX MI-255-0575

L 1 TH YUT o Bl 4TI AR S GAdFd BFAY 19

R LR TR o L

24 L]

4.8 7| Rk 2014-08-04 ~ WAE-DE=11

oo g 9oy o e MEUE , HEFH

Al B RO mGika b
gl J'l.:n.r..lh':l. .!:L-.Lwr Aldeadd, MdAn Anigbeom helodss
HHT Tudal "HTH. Bilens Bt

ivng -Ma el Asocrs et Beadisast, Beaiel
=ianal Brscalid. Ersrsabarid. Brose:
Suzroizon, BJIl o l:m.:u.q: Captan, Ceraury, Carbendigin. C Tz Eerpsiki iumlhnl'. Gl
Chinglerapps, Salzrizariphus. Ch o Shlarsssoikis, -:hm.-u ke prs ples hacp
Chraxmlmzcd, Clobmizzns. l.lu'hul . Tl Cylidianmal. Dr".u]ranqu Cmbadcdur—Leaial Cobiluiiiis, ©
Cypermatirin Towdh, Srpraconoode. Cypredizil IH.:-T Ll Lri. IJumn CictlarveaTEAE, Dicloluz- l‘&
Cicorar, Dicalzl. B dr. Lifks. =n Diratburrnid, Damash 'Drr.:l.n:n:'—t
L@ tenptoe, lnonacake, ..tuh.uunl Capbeybmere. Ginabcion Gidiopr, Dburon Ediaphos, Exdwsd Tz, Bz, ZFH
ﬁpr curl, Eibsbazars, ﬂrﬂlll.r-.u ﬂnl'lm:l . Elbion, ELprophea’E ik, Efccagmdr, Eskinnmic. Elnmeza, Fumenecenz,
E . Pezitwlamg, Fonsbucr WEEMC, Feroddocerb, Pezrcazi, Feerapalbrin

. F Fiprzvil. Flaserypimue, Flaberrdismide, Flxyrizaie, P‘uhuxnﬂl Fhraleroxcraz,
P1u.'r|::-|:lu1 ummu: Im.lrxn:llml r‘mlmu Fhatziuzi. Faigpat. Forz| tlanml.m..PM-IIll:lll Frimadw Pu.-mn-:-h
Hezaul umaree, - lmmewil. [rad Irbrssdn. |
I.uﬂu:ll:w I.pnttwnl lpraalic l:h Imalzrphza, r:q.rmrh'u‘\u'll’l. Jv:rv.‘ln.-'lc Knmm—.nc’.‘n-l Lulemrmm. :l.llllu:r_:hnrbﬂn.
Biandpropamid, Mmpraai. Welalezd, M Bipthdwaia.
Mthircart, Yaibomyd, Mabcepchice, Methaaydeacaide, Mzichromoror. Saloachior, Meoicrt, Matribuiz, Masnphos, kolbats,
MycnTaianl, Nrproparde, Koeabron, Surimol, Olcrece, Oasdezen, Oxoergd, Ouoicnmulaer, Qadiadm, Fazizburezz
aralbizn Pazcommis, Pazcyortn. Pralbiorercibyd, Poendimelznbn, Feriozacsre. Pomeciben. Frendazals, Pacrae, Fhomsiona,
Pexpharzeane, Fipercphae. Primizerh, Priris lan av, Freirephea-metavl. Frazeraxce, Prechiceae. Prosyeedae, Srolealon,

Frovecyn, Fopnd, Fropacor, Podhodae, | Pyrazaphax. F 1 Penbarcart, fyridaten Pyndaiyl,
Pynchparration Penmsibal, Pyrimidtan, F :frIrJIH.I.I: revihyl. Pynproxzien, Pamogeiion, Burse arie, Qoiizaees, Sdallazlen
Sarazine, S I3, S brersma, SR Saromesiten, Tsbicoraomie, Ushralancaide, “lebradecpyoad, 1ebazinindan
Tellstencron, Ustthri, Tatberian, Tartarmm, Tas Tasadlen Theacizprid, Theameihozan, Tl

ThiMceamitis, Thichszzars, Thinghizate sefard, Tridica-b, Faicofus methy!, Tladiv], Takefusrid, Tr vivresiarir, Triafnsfon
Trerdarprz, Trisahe preil, Trinaz) r\Ml:"‘-l-.rru:nI.I Trilarymrshin, Trlcnbands, Trlumenn, Triloesir,
'n'..vlmﬂh_k':rmlir_ Frepiconamls, DAsern CHlordare, Thisbenadapals
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i.FF S 2014-05-11
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S e S mdﬁﬁﬁ"%ﬁmwﬁn T T e e
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(2) dvjo] Auk AE B
nAE HgE Fol AlxE dAvRaERY Gy, Ve A HuE AA Stk
Al duje] At AR FAS AAS Y v dubd R B St A EA T A B4 9
HE AASAY. A A Suiah dujep AR dAnje] dubAd R shake] 2 Aol d2 gl
o} AWML EES o] &3 AFY oA AunES Y FUYA HWE BE Ao A 8359
=
Table 6. @0l vt JE BN A}
g B THUAE &Av
2 n Sk 318 & n] A ok
B3 5 (%) 73.4 74.3
Z ok 2 (%) 7.6 75
Z:X] 1 (9%) 2.2 3.4
F(g/100g) 1 0.3
/\1 2l 0] A -8-(9%) 3.8 5
U E & (mg/100g) 26.25 34.5
v} 1Y) & (mg/100g) 110.98 165.99
Z+7 (mg/100g) 9.88 12.75
A (mg/100g) 0.89 1.58
Z 5 (mg/100g) 221.01 298.06
(3) AuTgEo] dnt A Y
Azd dnjdgEel dnk AF F dndgEe] EAS dolHux i BAS A4
AT TN(FE ) did Agako AL8-3F= Kjeldahl™H & AF-&3te] S48tk Kjeltec
Analyzer Unit, Foss Tech. 7|71& AF&3ste] HAE EallFAQ Hg, HgSO, =+ HgO<%
CUSO4 =L KZSO44 *“XHO}OHH TVE_LH ]?J C_H2SO4, EE}{T HELL%]'}C]: gqﬂ:ﬂ]— 7]'053]'01 %7]%%
A3 Azl TAlo AARS (NHy) 2SO.2 il NaOH LZe]Adox A=
NHs& dA o] HoSOso S35kl 29 HoSOE NaOH o= A7 3sko], NHzoll 4H]
H SOl A NHz;HS 738 & 24 338 A&, 0101 fok g A sk FA A
Shafoll w7 6255 A &35t AAsEE T AN(opr| e 2 4) 32 Formalin Al &FS A&
o]l AdlE 01N NaOH g=o =2 AlstA . A %=+ Brookfield, DV-II viscometerE A}-& 3}
of Aol A SA3A
Table 7. u|d g ES] vt JE B3
TN (%) okl 2 (96) AN (%) pH A% (cP)
0.38 2.4 0.1 3.8 250
(4) dnj() HFgEo] Hr4d F =4
A8 2 AFEE dnrt 7 B4 sheko] vty 9 F £Ao] HAlEx] Fu dudgE
of EAjst=Ae] AFE dolr 7] 93] 1A dHFS FHAY. T g 4L a2
FAALe BA oFE AAJSATE Table 83 Zo], dujdtgEol| Fr|do] v EAgS
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FoF 5 glov), o WE YTl WA Al % /149 B L &u]r} doitA]
Gt wE FH FYHULS FAL 5 9

Table 8. v T aES] F7d IF SAHAF

T sheF (291 mg/100g)
4 28.3
Ql 56.2
] 0.07
YEF 15.13
5 71.10
vit.B1 0.07
Vit.B2 0.03
Yol 0.43
Vit.E 0.60
Vit.B6 0.04
At 673.93
o} 0.18
i 0.14

G) Anrj(E) HegEe gdF % arabinoxylan 3% F4
o A

P
Fob Ay W&o dgFo] = arabinoxylan®]

Artg 5SS FAStE o ks ol
Botth dujdtg 58 FAStE Y RFE golR 7] 93] soluble polysaccharides #& A E
AAlEAT dntaE Als 3uY FHTE 7Fst A2elAl 3027 & $ 6000rpmol A
307t centrifugedte] s dwrs Hstdrh A HAF v= 75%7F HA Et-OHE 7}a}

o] F11 Ao A overnight reactions 2 A &Fe] soluble polysaccharldeﬂ AHAE g2 FA 3}
A AT 6000rpmoll 4] 30%-7F centrifugeE A AI8Fe] pellet?tS A% sl SF59
pelletS =A% MW 12,000 dialysis tube(Sigma Cat. No. D9402-100FT, Avg.flat width
76mm(3.0in))S AFE-3le] overnight dialysisE 2 A8t 471X E &3 powderdHIZ Al=
2 HoAdth A4 g9F 248 Gas Chromatography S =38 A QAR L, A4 201E

table 99} #t}.

Table 9. 74 U3 #4& $3 Gas Chromatography =7

Instrument GC equipped for use capillary columns

Detection F.ID
Supelco 2380 Capillary column(Cat.No 24110-U) :

30m, 0.25mm, 0.2um film thickness

Capillary column

Carrier, Flow rate Helium at 1mL/min
Split ratio 100:1
Zone Temperature Injector 250°C, Detector 270C
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Table 11. ¥& "AE I 2F dF 0| 25 274
i A A2k (h) Step 2% (0)

0 0 35.5
1.0 1 35.0
2.0 2 35.0
12.0 3 35.0
21.0 4 35.0
26.0 5 35.5
30.0 6 35.5
33.0 7 35.5
43.0 8 36.5
47.0 9 36.5
50.0 10 34.5
50.5 11 30.5
60.5 12 30.5
70.5 13 30.5
71.0 14 30.5
715 15 275
91.5 16 275
101.5 17 27.5
1215 18 275
141.5 19 27.5

0f

2) Awj(2hHe] mAE T8 F&

= v S I 2%5S AFE3te] 150L pilot scale® WEaE A
AFEES HZ working volume 100kg ©. &2 150kg reactor® AR&3slo] &mn| FsF 1 ¢
o mAE =3 ZF 05% (v giH] w/w)e]

AN o] F AR AR
2 AasE 237

Table 12. 100kg Pilot scale

=2 9 pilot test

g =
L=

AF skl MAE o EA 2

9§ A] glucose A&

Q.
2}

Alsksi T}, 1batch AY
7F 15

dEuE HAsIe 60Tl 18A17F vtk
8o 9]&] starch’} glucose

7S 4 A|ZHh) Glucose = (%) 1y F=8 (%)
0 1.1 4.0
1 75 275
3 10.6 389
5 119 437
7 12.9 474
9 15.8 58.0
11 195 71.6
13 23.6 86.6
15 25.8 94.7
18 27.0 99.1
21 27.2 99.1
24 27.1 99.1
HE daT-& 99.5 99.1
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nf, AujtgEo] g Ak ob A4
Antg =& FgEe] di# AL AE&S 98 GAE scale-ups AA UlF HaA] @A=
TARS gdadon, ojfd AL vigor ¥ 9 S HEsdnh Tgus At

AArEES A% working volume 70ton. 2 100ton reactorE Ab-g&3le] 3w -z 1 :
b 15 0 e MAE = 24 05% (AP EE tiH] w/w)el dEuE HdAste] 60TA 18
Al dAndras i s 8l AlEstel &85 8ol k7] Hs 371
A typelZ WE g8 T AAES HAAEAY dujdaE 98 aIUE HEH = AFe &
|old s flall HTHE o3 F cloud types A Fstar, &2 B FH7EAl FEiER ALE HoA
S AlFstaA filter press 2 MF o3} X &5 AF83le] clear type & &% typel® % 37}

A FHel dAvjtess AxsS

=g2E B

EMFLIE, SMFL3E
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Table 13. Cloud type AU L& E 9 oln =it A

e

ASP

THR

SER

GLU

PRO

GLY

ALA

CYS

VAL

MET

ILE

LEU

TYR

PHE

HIS

LYS

ARG

Qe |w|o|uo|w|w||ro|oo|~3|oo|53|co|

FA (%)

124
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Table 20. Lab-scale U2 3 ES 2 L3 2gdg =A AEF ARV &

olgtstd BAH A= (35T, 105°)

A7 | 0F 15+ 25 35 4= 55 6T TE 8 9 | 10
Brix 411 41.0 411 40.9 40.9 41.0 41.0 41.0 40.9 40.9 41.0
ALE 1.52 151 1.53 1.53 1.49 1.50 151 1.52 1.49 1.51 1.53

pH 3.89 | 389 | 391 | 389 | 388 | 390 | 391 | 390 | 3.89 | 390 | 391
= 12540 ] 2592 | 3.093 | 3.252 | 3.542 | 3.821 | 4.001 | 4.252 | 4.423 | 4.625 | 4.903

]Ilob
o

(1}) Lab-scale @v|eaES 283 ogqde = A= AW HAi3 A7
RHEA H2REOA Ao olxlo] AWM FH A3}

at7] $1ske] Al 74A 279

!

AT 12 A5 T do 9alM (A 2uE= Aew Fdd ophiAHE Wado] It
Fol v st pH7F W2 AlFlME kAT FLEFA LEEAHSE A st
ddskat

AT 2= A AY T Dol o WS HAger] f&iA dAvEEaess tE 4R
g B EY d8e HER 90T At At £t WA oz st

AT 32 98 T oZHIA RS HEde] It Tl Hlal] shaA = pH7F w2 AllsEl
=R 3edERe] dHEAHeR dAS, dAnEies uE dEd 44 B 2T 9%
ob= HE® 90T A3t Aol Edsts WAz st

Table 21. 243+ 1, 2, 39 wig #H &

AgT 1 AT 2 A¥ 3

AA = Azgd | Wdn (%) | Az | wWEFH ) | AxdA | wWFu (%)
A 5 A 413 A 413 A 413
AzvsEZdola A 0.7 A 0.7 A 0.7
3 s A 0.04 A 0.04 A 0.04
ek A 0.13 A 0.13 A 0.13
=ik A 0.5 A 05 A 0.5
g & B 30 C 30 C 30
Z1 % B 25 B 25 B 25
Al Sy B 1 B 1 B 1
vhEE S B 0.5 B 0.5 B 0.5
o 25 = o B B B
TE]EAY B B* B
% B B B
YAz B 14 B 14 B 14
afuket7] C 5 D 5 D 5
& C 5 D 5 D 5
G 100 100 100
* D E AlHS o7k AlH o= tAlskSl =
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Table 25. 28 23 49 AdFE o3ty £ 43

NEAS 45 g pH_| Brix(%) | A=) | S F=(ZaE

o =t (715) ol7FHAIY A& 3.83 40.3 1.50 2.203

A1 TEHEAH 48 3.85 40.6 1.50 1.704

A 2 | dAvdaE H3x A & 5 | 385 40.1 1.50 2.096

AT 3 TEEAYH A8+ 3.82 40.3 1.50 1.960
A Es W A ¥ R

Table 26. &9 35T &L BHF 1053 o884 4 A

0+ 1= | 25 3T 45 57 | 67 | 7+ | 8F | 97 105
Brix 40.3 | 40.3 | 404 | 403 | 404 | 40.2 | 403 | 403 | 40.2 | 404 | 404
s 150 | 149 | 147 | 148 151 | 152 | 147 | 153 | 154 | 151 1.52

pH 3.83 | 379 | 3.85 | 3.82 3.80 | 3.84 | 384 | 3.82 | 383 | 3.85 3.83
T
(:L;:) 2.203 | 2459 | 2,767 | 3.126 | 3.245 | 3.354 | 3.517 | 3.745 | 4.101 | 4.306 | 4.567
= -

Table 27. A3 19 35C & BF 105737 o383y &4 A3

0= | 15 | 25 | 357 | 45 | 55 | 65 | 7 | 8F | 957 | 10+
Brix 406 | 405 | 404 | 404 | 405 | 405 | 406 | 405 | 405 | 405 | 406
A= 150 | 152 | 148 | 147 | 151 | 148 | 1.50 | 1.50 | 1.50 | 1.561 1.51

pH 3.85 | 380 | 3779 | 381 3.83 | 386 | 3.84 | 3.8 | 386 | 3.86 3.84
FY%
(ﬁ; ) 1.704 | 1.838 | 1.915 | 2.027 | 2.038 | 2.158 | 2.173 | 2.225 | 2.540 | 2.595 | 2.676

45

43
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—_————————
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39 dea
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Table 36. AL EE HE 2@ de =4 A Scale-up &3 FFH3 AZ HAAA AE
gy 7155 A A3

2m WA S 21 & (%) 715 %E
N NEE | Bus | BuSad | By | uSad | vews | 9w | g
Hurg 2 28
oalae S 3.8 0 0 29 64 7 36 | 3.8
At eS| g g 0 14 43 43 0 37 | 3.4
=77
ERSEY 0.01 0.71 | 0.09
w22 AT AEHI/ATYD WA F7H(n=14, 23] 95 2013.03.26)
(vh) AP agES 4L egde =4 Scale-up A AE A2
dujatg s A4 ouldg =g EAMG wpg Fd Wi ofF ¥y 9 o)ge/aAs
A HAAS EHo 7 30kg scale-up AAIFE AZS 23] Wysd o FHFAABAHS 100kg
TE g AnE o] g3k
Table 37. VL EE FL o8 deg =44 Scale-up A AE wgdu) &
H g A ERER wl) 3He] & (%) 30kg AAtA =4 H(g)
FEES 6.76 2,028.00
bk 6.00 1,300.00
AA e 0.30 90.00
AznpsZ ol 0.50 150.00
A AR 0.50 150.00
2 ek 0.15 45.00
Elntdd =7 0.12 36.00
k| -7 A 0.07 21.00
St A Y =G 10.00 3,000.00
ZAE|E e Rk 1.00 300.00
s 0.70 210.00
| &k 3.00 900.00
Hujt g 2 10.00 3,000.00
e S 4] Y 11.40 3,420.00
B Uz %2 20.00 6,000.00
oAl & 0.30 90.00
oF 2 7H4501 21.00 6,300.00
AT 0.40 120.00
3ol E &2l 0.10 30.00
7 e 5.00 1,500.00
C AN E 0.70 210.00
drEgpH A B H 2.00 600.00
A 100.00 30,000.00
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Table 38. A g E HE ogld¥ =d4A Scale-up AAE AZFTA
T4 TH zA H| 31
17 P8 &3 |28 9855 ¢33 T Ed & | AAlS o] Ho 1 5 o
2 7td 9R2C7HA 7+E gtk BoaAdg I TY
Auiatg & WHE|EAY, v fE
e 2ol =  or=z 7}xt o=
2_]_ 95 B & = 4, O]:ZHH, o-l—Z_]';fg501, A -
&, SolESRIS YW 85T 7HA
Akt 3o},
E ]l = XE._o] J S
Fxaz wq | oo THF ST wE _
c}.
Hj g2 o] <ln A 2 =S BA
-ﬁLZﬂ, 7&/\} _HHE"] ELW—'ILﬁ = o= = -
sho},
2 Aoz A3 AulzEa mX
AE SRS 30CAA WAz | T ° s - o j l=a mA
Wzt . &, Skg Al vro] e $ o
' 2y A sk Y7t
. Wztd wigE fAFE Yo S
R R . -
Ak & 733y
Auiw g5 HEslo] Alzxd egde =4 scale-up A A|El th3 Brix, 9% % pH =
A A, e AR fASE X2 81y o] Brix 43 £ 1, 9% 3.7 + 02%, pH 36 = 0.2%
At FAS AASAY. s HA A, Labdl A Alxd d=dE dib] wigtEd S7H30kg) =
Q138 scale-up AlAIFS] v G337t Tt meba] ZAAE el AR A[(700kg) & W
dst HAastE g HAEZ Ba3kS glat . ®g Scale-up Al AIEFS 35T 3= H st
w o|3letA Ay w77 Fo 2 nAE HAE APl A2 10 Y FE7|FS g
H A}

Table 39. Scale-up Al A E o|& sz 4 A

A AE Brix o % (%) pH
AR 43.2 3.75 3.66
Scale-up Al A% 43.2 3.65 3.60

* Brix(3 =7, ATAGO SMART, Japan), 94 %=/pHMMETROHM 877 TITRINO PLUS,

Swiss)< 33 Wk A F gk =3

Table 40. Scale-up AAEY o888 52 st L WAB/A5HA IHET, 10 7)
0% [ 1% [ 2% [ 8% | 4% [ 6% [ 6% | 7= [ 8% | 0% | i0%
Brix 432 | 431 | 433 | 435 | 435 | 434 | 435 | 435 | 434 | 43.6 43.4
d= 365 | 3.67 | 370 | 365 | 368 | 370 | 3.71 | 3770 | 3.72 | 3.69 3.72
pH 360 | 360 | 362 | 365 | 3.64 | 369 | 370 | 366 | 368 | 3.68 3.65
5335 | 3.036 | 3.042 | 3.042 | 3.066 | 3.107 | 3.124 | 3.176 | 3.185 | 3.197 | 3.225 | 3.259
VAR | A% | A% | A% | A9 | A9 | A% | A% | A% | A% | A% | A8
| A% | Ag | A9 | A9 | A9 | A% | A% | A% | Ag | A9 | 48
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* Brix(B =4, ATAGO SMART, Japan), ¥%/pH Japan), ¥%/pH(METROHM 877
TITRINO PLUS, Swiss)& 33] W8 S4 S Jd gk AHE8 9+

* FHEEHEE)E AlRE Ald 2y 13EHS AAG F UV-VIS
Spectrophotometers(UVmini-1240, Shimadzu, Japan)& ©]&3}to] 420 nmoll 4] 33] ¥t =73t
T Frgks Ab=EsSH
« ]

AFFA AFLW AFET VE v aAw S 2g 7100 o8k, = A o

A

ELT

dlo

* H BeAA 7= 53 HE ofml/o]F ofF 33 ol F(elm/olH gl=Al 53), VIEE 33
)

e d

e A e A5 edFe s AR FAE] dn ediF = vAdE ¢
Hgo] SlolA o] At RS AAA et 2Hu FEE Ve S A Ha
of HAoA IS 7HX Fn AEEY &l & Fv7t AstEA "ok S, AlFe F
v E3h= Aol oa] TASHA Ha o] meEh FAAIL g Hles Folal LA
o &S ¥4 Ir €3 =g HLdtekd

A g ES A8 cgdg =d4 scale-up AlAF AZES 93] 30kgo 2 WiFE F&
T/ W, FRAEE A 450 ol Bolx A dE T Al wigEe] F20] 7

E=7MA ZFAAIZ)E E AfE = Aol S7bE o Al F] d el

32 5 Q9 ohebd B ARk oy 98, FASE @ Wl £
& F 85071 JtdeEs Az TR WA

Table 41. dv|XEES A L3 28de =YA Scale-up Al AF v EH &

e &AM A= 71 &%) 7R e & (%)
AT 6.76 4.46
N g 6.00 6.00
A = 0.30 0.30
AzxntsEd o)A 0.50 0.50
A =R 0.50 0.50
ZHeb 0.15 0.15
Erty =4 0.12 0.12
oS A 0.07 0.07
SdrEPEIEY 10.00 10.00
ey R e A ! 1.00 1.00
R 0.70 0.70
] & 3.00 3.00
Avjd s s 10.00 10.00
THEAH 11.40 11.40
B Az 20.00 20.00
oA = 0.30 0.30
Fx1H4501 21.00 21.00
AF<= 0.40 0.40
3ol E &l 0.10 0.10
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Table 42.

— LIL 1rL ]‘_ JIL =
el To o ™ D oI |7on
T = oy re No %Ul Mﬁ ,ﬂm’ ﬁ - % il
s X CCI S~ - © o T
W N |2 w S G+ 5
— ojp © o
T O X :_o _ = L @vy oo s = T oK =
Non & 5 B a T FE g
§ 1
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o : < e e )
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Ho o R R || ¥R T 5o
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N iy I W |gm P il oy I < i
%0 = = X I S B S oy ﬂ,ﬂ m_a R
T o L _ L = -3 = N
o S L O S - wE o
L N A i Polo| % (% o g
BTk B[S WE W TR OB g P
- ks o0 =B M
S T B - R I @ N B Ho o] ©
R ot - I T < e B 58
do Ay X il ~ = ~ = %uw o iy
o= 0 G _— T
o S I o BT N u
. S o JJo — <| = |xr| A = N o}
) - O oW W s <
Nl B8 o & R ok = <0 =z 0
— N 8 I O < il N0
o FRZF g E | FgEpEE  iTs
) 93} X
Ho _mﬁ o Emﬁ 20 o fok T oF o] A NH Ho el B
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N 1ol 75| A Nz ) =) ol oy ) o N-| BE O |HE = T W
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W N = |= B % ur S =
o < o - o N o i N O_E |ty o _ op
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Table 44. /14 AE 7]&E Uy IH[FFE Al Y

. A TRNECY sE

T WEk B0z | Sused | uE | 9Eed | M90E [a#]
coad Sad

(7= 27 HL) 3.7 0 0 35 54 11 3.7 | 3.7
Sgdg =4

G aa | 38 | 0 0 29 60 11| 37 |38

+r o] &} 0.73 1.00 | 0.57

#Z2 Al AEdd/A7d A B7En=14, 23] W5 2013.06.04)

Table 45. AP EE A& 2gdg =44 T00kg &AA #f e &

g =4 A= H el & (%) 700kg HIEFAl T " (g)
A 4.46 31,220.00
N 6.00 42,000.00
A A= 0.30 2,100.00
AxntsEdola 0.50 3,500.00
A Sa = R 0.50 3,500.00
! 0.15 1,050.00
et =7 0.12 840.00
g Sxd 0.07 490.00
FrABEIEY 10.00 70,000.00
ErHEZAYEY 1.00 7,000.00
R 0.70 4,900.00
] % 3.00 21,000.00
Ane & 10.00 70,000.00
TEEA Y 11.40 79,800.00
B FEAx 20.00 140,000.00
oA & 0.30 2,100.00
FEH501 21.00 147,000.00
AT 0.40 2,800.00
slol E &}l 0.10 700.00
7hE g 7.30 51,100.00
C b 0.70 4,900.00
ArEGH IS HE 2.00 14,000.00
A 100.00 700,000.00
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MH alll w_u_ il
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jl i} ] Hiy
111 &
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uF m_u
i i
1t _ lof
51 - .|_.A | - izl
HW._ s Al OB e Hm = _u_° Ko
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! 1 L
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e D= o =n oK
oS [ R[] T0 0
wEl K] @ e & g Rd o
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(of) AvEEES A& ogdg =gy AF FEs AE
D AZE FTAA}E
Table 47. v EFES &3 22dg = AEY BAAG
F = FA W&
Al dAn g gy =4
-8 = 270g
TR 34 AT, AT RIS
TH98 F=F FA | AvLEE 10%(H 754
AEe ¥ =44
AT, FRABFEANFRIELD, 20D, 154, A99, G343,
FAI, FxAxMAAT, T4, Hok(=1h), L=T], TEHEAY, s
E[An(=4h), AAF], FF2A 2D, Jhadfr, A", HE d2E
A EE 2 AL B, 2R EAYRY dxutsEdela, HaA4, &
3} ar FEd ANE AALT, ofMF WMIEF e guid=iy 37
&, FulsA
o] AFS W, A, WY, B3, asol, A, Alg, "ALY], B
o, EnfEE ARG AT 22 AXA A Axsa sy
rE57]% A EA L 7HA
A4 |7]-rel, FAMH)-Eagdd
Az (F)EsHAEFE / FHOMIA F0d Als4 288
FEdEdd | MEAFFASNAL S AN T TR 2
W R WSk | defd g YA
IR LA 080-996-7777(8. w2 A x7F Fesiynh)
ZIALL A L 3§ Al Q. 5L Al A] © B & =R L&A T A
/\]_%_ g‘l E.‘?:]_'/\] *1/\]' OE‘j/\;E 'jol‘oq EL%\:LO]‘I];/\]J"O7H§ j;ﬁ [e} O*/%QLOL]:? 7]‘1:1 :‘l
Zopae | THE DAL, WEA Ege] EgAe. feel sl Fogloy F
Al T Al L
FRRPRRRERe: OAFES A 712 ARk Auxp A Al o, ulgh
S IEY S aae we 4 andn,
F4 B E Ao adglo] 1399
e W= 2], 57:PP/2} PP
Sl A} B B AES FESAAET ARTEA A E 7 s AR ol o el ] o
R
2 Ayt
@ #d Al
Zery
ol wn Qo Cali
ORIENTAL
DRESSING
?U\“;;%.w%
(Bl0]: 24
Fig. 21. &v 23 ogd%g =44 4 bl 2 AF
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(4) EE WFHE, EEAEY L 77 39

o

-

Table 48. Av|LEES A L3 oddeg =dA AFe EF v &
Hi gk 4= A= B $H1) 8-(%)
A A5 4.46
EUESRS 6.00
A A 0.30
AzxntsZgol=a 0.50
A X2 A7) 0.50
ZHer 7 0.15
Bl =4 0.12
k) =21 g 0.07
St AN TG 10.00
2 AE| =Rt 1.00
RGN 0.70
| gF 3.00
HAutg & 10.00
HE| EAH 11.40
B oF 2 A % 20.00
ok & 0.30
oF 2 714501 21.00
AT+ 0.40
slo] E ¢}l 0.10
Tt =2k 7.30
C A= 0.70
N ~EgH A &2 B 2.00
317 100.00
AAG, 22 Q85 2 dy Ags A Fste] 5T/HA 7FE et
gt EAA Ao the A EA A hEF B E Fw
n A& ol Aol FolEgorma BFFE AzHoT MAFY)
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O F7
Fredd tin = el FvE 53 AR UMY RS o] Aol AR F
v 7b - AR - 53, AR FvvF 2R 49 4% 13+ 3 +

34, AT Fn)7} oks

@ duk 4 AAF B

O TEBrix) : SEA(ATAGO SMART, Japan)E ©|-&3to =A 3t}

O 9% : 2/9% =AA(R77 Titrino Plus, Metrohm)2] A =8 A=S AF&3te] A3t}
O pH : A/d = =AA (877 Titrino Plus, Metrohm) 2] At=8 A& AFg3lo] =A 3t}

7hH F&71 2 5 =21 AA

At g ES A8 o =gA XA AES 35C 7S 2A0A g2 R 10
T3k Brix, 9%, pH, F§3=(Z¥%E) A A3 27] @ d¥] §AF Sz JEyom 1
AE A A3 AF 24 04 U Adstd] F871s A4S 101E= A

Table 50. @V RS HE&F 2gde =44 2% 7/IE AF 35T F2 2ad w&
=2 A% U3

0% [ 1% [ 2% [ 3% [ 4% [ 5% [ 65 | 7= [ 5% | 9% | 0%
Brix 432 | 431 | 433 | 435 | 435 | 434 | 435 | 435 | 434 | 436 43.4
A= 365 | 3.67 | 370 | 365 | 368 | 370 | 371 | 370 | 3.72 | 3.69 3.72

pH 360 | 360 | 362 | 365 | 364 | 3.69 | 370 | 366 | 3.68 | 3.68 3.65
A
(71; ) 3.036 | 3.042 | 3.042 | 3.066 | 3.107 | 3.124 | 3.176 | 3.185 | 3.197 | 3.225 | 3.259
4% | 49 | A9 | A9 | A9 | A9 | 49 | 49 | 49 | A9 | A9 | 49
gl | A% | A% | Aw | Aw | A% | A% | A% | A% | Aw | Aw | A

* Brix(B =4, ATAGO SMART, Japan), ¥ =/pH(METROHM 877 TITRINO PLUS, Swiss)

SFE TR ETARE

CEREREE)IE ARE A0 e 1gEAS AAY F UV-VIS

Spectrophotometers(UVmini-1240, Shimadzu, Japan)Z ©]-&3}te] 420nmoll A 33] Wk =A%

pul =]
© AEFA AEQU AFHF AT HLG2AASE g G100 o, =dAd HF oA
KW S|
o .

s}

Fo) WA 71E 58 AR olul/elH ol 3% ol (elvl/elH §eAl 57), V&% 3%
A
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o Aw 2 n
HAHE EEo] vty dudgEe] e duto® FrE FAA FE7IF d2 1071
of e AFL HER sto] ARg WYt
(1) HH‘G]—];]] o /\—lx-l
AlFolA Ay = HMAsE A2t ey AF9 oshshd A AT AlFolA duE =
UM 2HE &2 337 vads oy 1% U@ olastd $A8 $AY 4%, dre
1.86~3.39% Alol= HE3F L, Brixe 35.6~46.8 oAt pHE 2.79~3.09 & FAFs
A5 BHYgorw A=+ 0.90~1.38% Fo] ALt
Table 51. A|Z B F2 HAHE A229 &P AEY o3tstsy 84 A3
Bad=dy A & g Brix | pH | 9%(%) | AF%(%)
g Sy W aHE
CJ] ALATF s A= AA | 468 | 3.09 3.39 1.30
VIPS @ Eal= RS
CJ] ALAT oljﬂj 1 AU = A4 | 356 | 3.03 2.87 1.38
— [e]

o) Y WAEE A HAAdJ = HA | 445 | 3.07 2.00 0.93
57 Y HAEH= AT AA | 357 | 279 1.86 0.90
AFol WelEE AFe Fo QAR vaHEG B FFe A F TN BuEE A
E3 fAE FEQ AL FF 16%, F FF 10%2 x7] gl g Ao
5, DEEAY g5 7] AW g5d dAvtEaES FE5 egldg =gy fASE 5

ol AL FE 10%, HEIEAH 105% = %7] wigh] &S AA s}
Table 52. A% #HZFY MAHE 229 =34 AFES HAHE 9 2 33
B A = HAEE (%) = (%)
CJ] A dATF WA Y B AHE AX 444 14.0
C] AldAE | VIPS &Y H2HE =4 154 95
A+ Y HAHE A& 165 15
5F7] Y MAHE 155 8.0
Table 53. @mn| 28 43 HJ2gE =94 7] W&
A A 5 1l 8] & (%)
A A 4= 21.43
A ek 0.07
AzxntsZdo)= 1.00
7 A 1.00
Z A A A} 16.00
B dutg = 10.00
uLE] 5)\] =2 10.50
H 4 10.00
C Gz 20.00
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D qrEe AL gD
5]
27 GRS Aol HAHE mYA S
A

9.00

1.00
100.00
T AXT F A7 11EE dFor #F
=A vk e AR xRz §
AAFN s (w4, B, 2u7be, 5 &

Table 54. V2R ES A& HAHE =T AR AF 713= ¥ 2%

= [@vgizs A8% A o cak CF A=8= =a73
7 e % 314 3.34
T WAt 94 8e o
— = sl 18
AR |- Aol e A [ ol ge =
_ 131-0] %ii‘% N L-)\o] OO]'}" v——ﬁu

A= Bl 1] & (%)
AT 25.38
A 2w 2.00
WA 2.00
A R R 0.05
e 0.07
AzxrtsEdola 1.00
AADF X E7]F) 1.00
2= A 7 A} 16.00
B Arjd s 10.00
TEEAH 10.50
s 10.00
C FxAx 12.00
D 7} e 9.00
JAEZH I & B 1.00
A 100.00

2) Az 54 24

ZAAE WO #3189 9Rw AAgd 2 ga =
AEE AgelE MAaEE 229 =dy AEe

Az} ve £Fstel FAAAY. A EBL
Ag e @] el W%, BEHEAY SO A
)

AR Ftow Felstert

oo o rir
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ol

7F obd =84 AEFo®E M/S 1999 CAF HAHE =dAd S
T+

i

2 A AE gu] felHow EA FrE ATk

Table 56. AVITEES & MEEE=E =4 A 245

BF AAA AES BEAAE ANFAT A AES AF BUFA A

HAste] WL
Itk AEE 30g 8700] wol PuEer g AFSAL AvkH wEEs) 9
S 0 o E Hrtsiolt A A3 dwrd v % 38% (Top 2, 70%), B 713 % 3.7

FFU%e
A A4
L
] o

o —

o S oA & (%) New
T R ExnE2 ]
wse |gws| 0T | ng | wsed | s | dqu | w
ATEE A8
a jaii A 38 0 5 2 55 15 32 | 37
=H= =1l
A 2H =
¢ }Cu;wi 27 5 0 | 40 10 5 32 | 27
— U7
ol 3 0.000 0.755 | 0.002
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3 = FA W8
A% Hul g W AHE =
-8 =F 270g
37t AdIG FAARNE, F9FRER
FA7 a5 A | 2AAA 16%, AntaE 10%(3 1] @ A
A ENFY =7 A
A o AAG, ZAAR 16%[ =2 2%, AR 145%, AA 2w, 43 A
b ;.;%i - 9], G2 2[AAS, 4, Wol(=4h), X2, TEEAY, drda
E[du (=), AAF], B s, 94", AL, d2EfHT
SR, Azt a, AN 1%F U, 2ek, AAgA =

_73_



{o
ook
s e o w
iul. -~ 3 E o
~ ™ ol - ~
A %=
ﬂ.@ﬁ m oR o =
E SR P e)
e —
o_lﬂu_l I ‘% S
= T 4 ~ oy
N~ ﬂ.oﬂn_ﬂ e N_l
= X o — o ‘NE
X o S 0 =
& _E.W I <
— —_ ﬂ
Pl L 2E|F He
SN . a —
=] |B] .o <
Sl T "
)A )
- ML No| [E| X B R % M
T —
| 5| wrm <2l ML e
EE .Mm %ﬂe Wﬁ ) t ‘WH‘H mw._ H__I w.m
i O -
Jnﬁzo/ op| ¢ N NS %Wurﬂ mwt w|_m
0 —_ ko) ; —_— — *
S8 EF 2| ol = o | [E >
A B < M- - g ]M.l 1 Hin W Mo my B
| TR Y < S el
| || % Il P ol
Pl || B M | = go|H-HE
NEHE gl xHT ol T = ‘
== —_ A
A e e T R -«
S
s
o 1.1% < - " wmm 2g
i = || < . ‘s 22
m_m o H | o wm.w @ M| EF g =8
Mo X ] Y o S N = o= »
B o A B I £3
e .@u A g i = | = 3
k= | < 4 X

- 74 -
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Table 58. AW LEE S A 43 2gs oy BF g &

A= ] 2 (%)

A A = 25.38

AA| 2F 2.00

TR, 2.00

A AAFA = 0.05

e 0.07

Azt =02 1.00

AADF(HZETF) 1.00

Z A A A} 16.00

B ot g & 10.00

T EA Y 1050

HE 10.00

C oFZ Al % 12.00

T2 9.00

D Maegmasang 1.00

A 100.00
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0 | 15 | 25 | 35 | 45 | 5F | 65 | 7+ | 8¢ | 95 | 10+
Brix 345 | 347 | 346 | 346 | 347 | 347 | 346 | 346 | 346 | 347 | 347
AE(%) | 278 | 275 | 278 | 281 | 275 | 280 | 279 | 276 | 278 | 2.79 2.80
pH 320 | 325 | 325 | 324 | 326 | 326 | 326 | 325 | 325 | 3250 | 3.26

e
(7lt;1:) 2643 | 2704 | 27754 | 2.775 | 2.801 | 2.843 | 2.872 | 2.859 | 2.896 | 3.010 | 3.122
= 11—
NAE | A% | A% | A | A7 | 2% | A | A7 | 3E | A% [ 8% | A7
1 A% | A% A% 1 A% | A% A% 1 A" | A% | A8 | AE | A
* Brix(F =4, ATAGO SMART, Japan), ¥ =/pH(METROHM 877 TITRINO PLUS, Swiss)

) s
= 33 9k SA = Fdg A=
* FHAE(EHE)E AREE Ad 28 18 EL S AAT & UV-VIS
Spectrophotometers(UVmini-1240, Shimadzu, Japan)Z ©]-&3}¢] 420nmeoll A 33 ¥ =A 3

F BAghe HEIAL.

F AFEFA AFAL AFEF J1F e aAd S A g D100 o), meA JE dEE
&4,

« F) WA 71E 59 HE oln)/olA o 34 ol g(elnl/elA 124 5H), NEE 3%
NHATA B Bk, n=5 o)
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-'I;JE i EE 2z =% Solgtol FHE AT T
EDULHUSE 21 V1IN ETUSE SUBY RS N i
85°CTHR| 7HE
= E
HT'—' 'I'?=I s HE 20
8SC A £2
3
=7t a2 &7 =7 3
FHg 21227 3%
?—=|| ﬁ*l‘ Briv. 8@, pH ZETNM
LUTA O T HA
&7{ o o
=M 9 Uy
70°C 0| hotfilling
LHZE
o 0] ¥ Wi 2
EUHE ET00] BRTH 0O os
. = = o) 3 3E b
Fig. 30. Er|¢ 2 ES A &% vnl7F &2 AFY A= T4

Table 63. v L EES

&3 vhu|F A2 wWF u &

SR A= al S H] & (%)
A5 24.10
A= 2.00
27 9-9-H 0.80
A R 0.90
ek 0.05
SAE 8.00
Hag 5.00
EnlEgo|~E 20.00
An e s 10.00
g 6.50
B AR} 2] 2 12.00
FE501 3.00
3}l off = (8mm) 4.00
Zhekd A 4 0.40
C A AR 1.75
D T4 1.50
A 100.00
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o ?&16}01 A g5 o

g 44
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Ea

[e]

e )

A A3 Aubd % 398 (Top 2, 71%) 2 AAAL A% div] f-o09 02 EA H7}
HAoh o, B Frje] g VSR el T oo E HriHA vt A dAE o
ot Alub 1 J v AlFol] FufFel M/S 19 Al b H3E Aow HriEo] HF w)
&R dAI T
Table 64. V| HEES H LS vhu|F &2 BAAA AF div] F5HA 25

;d]ﬂ_;ﬂ' T o '(if H]El%(%) N HO s 7]5_5—1
o o)== 3| =3 u o

dutgE A

PR P 3.9 29 52 19 3.9 3.9 3.7

DA 8l=tel wf

NI 3.6 14 38 43 5 3.8 3.4 3.3
o] 2} 0.030 0.639 | 0.108 | 0.085
Table 65. AV LEES 443 vhF 22 o 4= 24 23
?G%E
T a0 REE 7
duitg s A& HPHI% Bt 2.9 2.9 3.1
DAL 3] &g] vpH]F A 3.4 3.7 3.1

T4/ E A (n=21, 2014.04.08)
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g g | T WA, JMoHi G, ), LT, WA, 74, 3§
= g%z A mea e, slemaz, 2rg] g9
# o] AF2 R, S, vig, BF, sl A, A, ALY, Beol
S A AFEY 2 AxAAAA Axsa gyt
5718 A A 7EA]
EAAE 71-rd], FAMHE)-EgE
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EulE g o] ~E 20.00
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C HA AR 1.75
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Fig. 35. #3424 =

<A=E> WEHEAE) 100g, FHla 100g, oA 3 & dAnEagE egdg =Yy HEE

A 2

1) FujFE= olF 7= A A, odAL Eo AP EV|S A A Fu) g

2) HEWH-S &rolA E7]E wit)

3) o Wil okujF oddS du A E o =gAS Y vEdn

¢ AL FE HAHE =PAL o) £3 YW A

1. 28 E 3¢ £ 271E4 Fol

<A Jm> F7FEA 22(200g), Y 100ml, W 2EHE =44 70ml, 25, $3F ok, &8 of
7k

Az Wl

1) HaHE =gAS Wb B wtog FoE u7hx] #EQlth

2) Aads i Zo] B9, HAHE IPAAE e

3) G7tEAe Ag9 FFE ogF By It dlo] AAEGHASYEFE FE § dHE
w235 A
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39 Avjdage % 9 ALgA AY 2% B

TR AE gA 2d V1-ded = o 7R We] gl ey, H 109 3F AR
= &% 7|do] AfEo]l dHA L Ut Al
7F Adste] A3 =M, 1.‘-?%%1]*‘: qog olFd & o
Fatol frAabgk diAbGA ] HosteE FHAES] dE S
| 7}& 1t peroxisome proliferator-activated proteins(PPARs; a, y, B/6 forms)¢} liver
X-receptors(LXRs; a and B forms)© 3 % A& dAE Zdst= dii4l d-8A=2 &
HA S

PPARaE— FE F AN Fo
Az HdS 24d%th PPARyE AW A
% (insulin sensitivity)E& <7FA1Z1th. PPARB/6= T=
. -

1F A (thermogenesis) S Z21A]7] & Aoz a1 x| 11 YrH(Fig. 37).
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PPARa PPARp/3 PPARY
| |
[ | [ |
v b \ AT - i@ B
t Fatty acid + Vascular t Fatty acid { Free fatty acid + Vascular
oxidation cytokines oxidation circulation cytokines
+VLDL 1+ Acute-phase 1+ Triglyceride 4 Visceral { Adipose
production reaction hydrolysis adiposity cytokines
+ HDL + Lipid 1 Insulin
production accumulation action
- . 4 L @ P & 4
Normolipemic Vascular Normolipemic Insulin Vascular
action protection action potentiation protection

Improved glucose homeostasis
Improved dyslipidemia
Improved inflammation

v Atherogenesis

Fig. 37. PPARs &4 & T3 3 2 AZ A =H(Gervois et al. Nature. 2007)
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PPARs 5 LXRs 4= &3 Ad 5 3 oAb AHdE A5 7
A Adel wxE dAvtaEY AAVITAAS T, AU A A T 2L feo] B
(Katara et al. 2007, Tomita et al. 2008; Shibata el al. 2006 &) oy T = A
24 a5 g A= Aok

b B AgolA = 484 PPARs 3 LXRs =4 3t
HrrelRa, FHAT7IH AFAA AT F 7kA] dnjd g

3w A EE)o] PPARs ¥ LXRsol o3k @4x4 532

< F7ta 318>

o o= @ do] b FEHojdow, ol waEaAZ FHudaEo= Aoldf H
ol FEf bRl ofn Ak, SEfo] =t Wol XFE o] S AORE oitHr

o A JpERE AHEC tho] FE| E(dipeptide) = T 9] ofni=ato] FElo]= AZo
2 A49 otv it FRFA el frEl ofnwAb Bk wEA A%S FI FEa g9
o ¢ultg 4 gomm gty AFFHoT FHS A £ IYE How IdHA
ATt 53] do|FEl = AAEAol v A EH duldo thk Adexdo] 948w
ooty el skshA Aol Thsste]l ookl A HE A AR, vYresh ExFA, FEAY
S Thge Eoke] Aot S8 FHLstA 2221t

» FAuprEEe] A & e volfEolEs F 40052 E A wdA HA FEE
W SRt telflEol=E BT BAE £ Qe Vlwo] YlernE, EAXANE F5HY
T AARAL EAo] e Aoz diaEs golHEl]=E 4 F AAF] olo U
tlo]fElo] =] PPARs ¥ LXRs 24 A4S Fr715 oz #Hrlstgdvt
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W 322 = ] 2
ol x3HE dArdaE)e AT E oty EeEs AHAN £ 02 um BEHE o] &3t
Aol AR-gs At

FJutg 5o LXRs &4 #H5S 93519 reporter gene assays AAgG T 54 712 S At
stste] g WEete= AES Fvlste 29 luciferase’t 2IEH A }i ’\P&E]?i‘:}
CHO-K1 M XE 24-well plateo] 2x10°/well 552 EF3slo] 24X 7+ v kst 3 Hllymaxéﬂ,él
HAA kS o] &3ste] pCMV-3xLXRE-Luc #HE 24A13F &<t AGAA A o] F F F°
duirg & A B 2832 A ERToE LXRaot LXRBE ==z &4z TO901317% 244
b Er A elske

72 Firefly luciferase assay kitE AF8-3Fo] luciferase €45 43+t
PPARs &4 #H3T2 LXRs 84 2Ady Fd3 WHo=w Fgsgon, A dxao=z
r=9 GW07425 AF-&38A ).

T A G ANEIA LXR, PPAR Z2RE @40] 77t 73%9F 25% 7t v
+e X BARANAME 22 26%, 13% F7Fekslvh (Fig. 39).
AtEE A, BAIES PPARsol widt 2 avs i fode F1e 5 sl W,
LXRsoﬂ ek 2 ashes A BAR EFAM S0d 5 Al AAETF BAREY £ 9 4
< ZI3E BolFth

500% r 500%

*kk

@400% @ 400% T
wvi vy
o ©
Ya00% ek L 300%

‘S : ‘S

b= | =3
=1200% -l 200%
wi * L
o i -4 ap
2100% = & - 100%

e e Tk .
N/C LXRE TO90317 A B NIC PPRE GWOT42 A B
Fig. 39. du| 2§ &9 LXRES PPREe d3t &%
(A: 4t v g & B: v|Z¥3st dudgs)

o] HnLFE Fro 93 [XRs9 PPARsel] st &AL 3kelslr] ¢35t 7k Al s 9
WA S 1/8(125%), 1/4(25%)5 =2 430] AlE AHEstH o A A F=afst Wy}
S

AdAY 1/8%EE g3 dn 2E HJgat A9 BollA LXRse &Ao] Z+ 7+ 83%, 57%
Ao ZrtEg oy 1/4% % Ao A9 LXRsY @Ao] 93|8] ZFoleye ARE B
el ot wEd mE wAe Fo] FojEo] JPie] Tl BE cellol FAH Al
7F o] F AR R Hok Azpeln AZEh e dujdrgE At A, B 25 PPARs A=
27F = Aow yEhytt (Fig. 40).
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= e
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| o

ﬁ 50% | | [ ; o 539y f ﬁ ﬁ

0% = ] M M M M L ) 0% | s HY M M M M M )

NiC LXRE TO901317 A(1/8) A4y B(1/8) B{1/4) NIC PPRE GWO742 A(18) A1) B{18) B{1/4}
Fig. 40. dv 28 &9 LXRE® PPRE° W3 F=d &%
(A: It ot g & B v xg dnjags)
ARE FFslo] B w) duLFE A EE LXR @A &30 9o, 53] n Aol £3E o]
A gFe dnt FnA g EA)7F v AR e EB)EY 3§ 2 AAOA 24 o -5
o

luciferase assaysS &3 LXRs¢} PPARs¢ & 5
AAAY A5 L9 7 et LXRs ’“EUHQ o] F7hshs I

U PPARsY €42 Ao ##HA skt (Fig. 41).

FE(1/8) A8l Al LXREAA o442 floy LXR &40 tha =

=2

o

facs

o AEES AB =
WS HAT 1 olFE A EFAAANA R 2] B &o] HEf X AolE H Il O]%— X
Ast7] 9ste] =S PBSol 4o] w%W stocke A Fskar wiA] 80%°l stock 20%E 4
AES A At

400% 400%

@ 350% o 350% Fkk
= E .

2 300% kK ‘33"0‘*
L o50m | — L 9508,

@ @

w w
g:zfm L * gzm%

‘§150',<. *k oo |§15(m ;
| -l
L 100% Ly 100% :
va 14
> 5o & sm
U% | warwarearn | 0% L L J

NIC  LXRE T0901317 :1;20] (110 (19)  (18) PPRE GWO742 :1120} (M0 (19)  (118)

Fig. 41. 9% @23 E(A)Y ¥%4¥ LXRE, PPRE 2#d &4-1

_9¥ ULEF A2 T S 8% 1% 166 Wt ARS Ad 4¥E Y34
43} (Fig. 4203 2& 298 A9

id

_97_



IB0% 300% raey

kEkk I
300% B
] 260% [ o
260%
2 2 200% |
% 200% é
g Kk S 150%
E 150% | E
100% -
% i i
50% 0% )

NIC IXRE TOO0I317 8% 126 NIC PPRE GWOFf4Z2 8% 126 6% 2%

Fig. 42. 4%t dn2 2 E(A)Y s=4 LXRE, PPRE 23 Z74-2

dut Fujdrg Eo] LXR Z2RE Wdo] zF =2 33.0%, 56.8%, 61.3%, 65.7% 2 S 7}
i A SR 4 9A9la, PPAR ZE2RE 242 7o #dEA Gt

AdEAor Mol Qe ARt FnEaEe LXRs 4 S98 I F dglen, dut ¥
R Es 22 500018k 500~1000, + 7HA £ E® vro] 2xbd o] A dnjE s
o F 3 AAYA 24s B Brterl2 ki

x

AnjdgEo= ddoe] F3) 4AHEd ofnwAl tholglEltol =, EE el =Tt FfE of 9
LXRs¢t PPARsel tigt &4 %S H7ts)

ofu]:=Ate] Zgte] mE tholflElol == 400F 0, A ol HA FEE9 v et
ol= o] FH/EY sk 7wl fle %‘d AHE Eote] HolfjEtel =S Ao, &
A3 tolfElol =] tid B F7hE H7heksl

PPARy®| antagonis®l = halofenate, metaglidasen, T0070907 o] &€& # Jom ZH t}o]
FAelol= F WE(Trp-Glu)7} PPARy® antagonist® 834 (G3335 g+ WA o7 A#5
AU

add WE volflelol == A5 7bA Bald antagonistE¥ 7x£7F B2t o] wiZel WE
of M3k 725 Zhe tolFlEtol=E dA et AP S 7ﬂJJr WD(TI”D—ASD) WR (Trp-Arg),
WL(Trp-Leu) ®3%+ PPARY antagonistic activitiyE Z& Ao =2 & At (Deng GH et al.)

webA B Ao A= PPARy9 antagonist® ¢# 7 ‘7} |3Elol = F WD(Trp-Asp),
WL(Trp-Leu) tholFElo]=of ot PPARS tE subtype?l PPARaq, §9F2] Z35S SPRA
HS §3 H7kstal, TR-FRET A3& &3 PPAR ©¥do gt tlolElol=9] S g%
2 A asol st Hrkekdnt

(1) SPR A& <& 53 volfetol =] PPARsel that 295 H7t

ot

7h A
tholfEefo] =7 23 A o2 PPAR LBD(ligand binding domain)®} ZA33st==] g<2lst7] <

3] Biacore 2000 7]17]1& o]&3te] W Zg=# ¥4 (surface plasmon resonance, SPR) 2 &
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4 0 2 human-PPAR LBD(ligand binding domain) ¥ &S CM5 AlA 3
tolgetel =5 FYAA FAoH o] W FARHEL B5CTE TI‘X] stk SPR
Ao A g% ¥ =29 human-PPAR LBD¥} ZA3%3sH SPR 1% RU(response unit)

ANeA= RU-AIZFHREY] agzs YeblA d dB8AIZE & HEE =
Aol Aleld W3 (10 mM HEPES, 150 mM NaCl, 3 mM EDTA, 0.005% (v/v) surfactant
P20, 1% DMSO, pH 7.4)%& thA] Zel B+ ¥, human-PPAR LBDSt &2 Alole] Aol 3
A= RU ghol 7HAdn o] sjdnkgolr e Ads(Ka ) ¥ A Kd b= o] &3t
AFAT(KD) #t= AxlstAd

A PPAR/WD B) PPARS/ WD
800- Concentration: 400- Concentration:
2.5
+ 6004 w3004 25
= 1 E
> 400 > 200 r—— 4
@ ™ @ 2
5 5
o 2004 3 o 1004
4 10 & 10
) r P
j T T T . T T " " t
100 200 300 400 500 100 200 300 400 500
-200- Time (s) -100- Time (s)
(o} PPARyI WD
2001 Concentration:

= 1504 f_' 25
5
4 4

o 100 r

s 5

=3 60+ a
10

& 5 ™ .

100 200 300 400 500
-50- Time (s)

Fig. 43. SPRZ =73 PPARo| W3 WD<2 binding affinity
TEE(mM) SR Fel ®A
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» PPARa/ WL 5 PPARS/ WL

- Concentration:
500 Concentration: 200+
r“"] 2.5
- - 150 F
= = "
= o |
a o 100
@ @
5 5 :
a a 50 &
. : L
x ; e T g . E'_ , '
100 200 300 400 500 PR IR
-100- Time (s) -50- Time (s)
PPARY/ WL
Q Concentration:
150+
2
-‘éﬂ]l]- 4
=]
o
2 501 5
2 8
@ 10
e 04
100 200 300 400 500
Time (s)
504

Fig. 44. SPRZ A3 PPARe| W3 WL binding affinity
FTEe=(mM) st w doll 1A

i PPARcUFF B) FPARSIGV\0742
120 2000 Concentration:
=100 Concentration: = 100
£ 80 2 190 50
3 =
S 60 5 10w
2 @
= 40 o Fi]
2 20 5 500 10
o | 5
£ 0 E 0 L. 25
20 50 100 150 200 250 e 50 10 150 20 290
Time(s) 500 Time(s)
Q PPARYTT
1000
= 800 Concentration:
5 100
= 60 ”
=
@ 400
g 2
E_ 200 ;ﬂ
& 0 , = 2.5)
100 200 300 400
20

Time(s)

Fig. 45. SPRZ =% 3 PPARY g agonist® binding affinity
FEE(mM) s ol % A]. FF= Fenofibrate, TT+ Troglitazone.
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Table 71. SPRZ ZA 3 PPAR W3 WD, WL} PPAR agonistE¢ 2% %5 (Kp)

Equilibrium dissociation constant(Kp)

Compound PPARa PPARS PPARy
WD 74.2mM 37mM 6.82uM
WL 6.46mM 110uM 25.2mM
Fenofibrate 301.02nM - -
GW0742 - 44.80nM -
Troglitazone - - 254.03nM

AHAT table 715 EH WD PPARy9Y Kpit2 PPARy antagonist® <& 3 WEY

Kp#kel 834 uM(Ye F et al.)9t AFsE Ao = eyttt WDe PPARy dil 2 ylo] Agse
6.82 uMo 2 YEelyth weld WD WESF H[S=3%F A =2 PPARyS Z2¢sts AL &4 = 2

t} (Table 71).
WL tolfgte]=9] 79 PPARy @@ 7o) 4352 252 mM=E YEston WES Htt
]

Bl Kpits zte Aow gelstgith. tholgele]l= WD Kt} PPARS vl dite] Adts
o] 110 uM=Z %2 AdsS 7= Aoz F7E Ao

SPRolA ZA3jtso] gle thoelgelel=o] AgA] = AdAe a5 47| $18te] F7t
# o2 TR-FRET assay 28 @33t

(7h) A3
tho] ME] = 2] PPARacl ™3t AFAe gz #gs ¢ dex Hrhstaz, 3244
RYE

(coactivator) & Ab-&3te] A aA|(agonist) &> A3l Al (antagonist) 24 ©] & E5S H7tshs
Agwel TR-FRET A &S =33t

PPARaol 2]3t=7F ZA3tstH, PPARa®] YA F+x27F Wgtste] F&d#9 Ado] &o|st
¥ 31, o] PPARaee] 93 AALE =34 ==, GST $AE &3] d=245°] 1A% PPAR
aoll 2]7t=7F A3shd PPAReo] 3oz X" F&AA 9 HMelol= Agto] o] Foj L)
Terbium-> 340 nm 3ol A & AEj7E Ha, o] odyAl= s feto]=9] YJFiT R
Aolx=d, o] A% E 520 nmolA Z4sAh wEkA PPARao] 2= Aol S7tedesE

TR-FRET Al S7kshAl €t

2 AFdAE FFxA ® PGCla $EFe]=E PPARadl tigh &A= AEstdor,
Spectra Max 7|71 & Ab&3dte] PFFu4S SAH3A T (excitation 340 nm, emission 520 nm).
g xZet ECH0#S  GraphPadM Prism® 50 T 2132 Alg3t9lon JAERFLoZEE=
PPARa®] Z 3 Al(agonist) = NTE GWT76475 A&3te] tholflEl= WE &%5& M4 st
At
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PPARw/ WD PPARS/ WD
A) 15 B) 0.5-
o o 04
E 1.0 § .
[ —
; Lol [1.i2]s1gl1
o 0.54 3 E I 3 i 1 3 I
= F 014
0.0 T T ! 0.0 T T |
10® 10° 10° 101 10° 10° 10° 10"
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®
14
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.
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0.2 . T 1
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Fig. 46. tto]HElo]= WD< TR-FRET A A3
A) PPARo/ WL B) PPARS&/ WL
1.0 0.3
508 2 ¥ 3
& s & 021 I 11 I
- : -1
¥ 54- o -
: s 0.1
14 e
F 0.2- k=
0.0 T T ! 0.0 T T |
10° 10° 108 101 10° 10° 10° 10"
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1.0
o 084
"
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|_
E 0.4
o
F 0.2
0.0 ; T !
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Fig. 47. tto]#eto]= WL TR-FRET &R ZA
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PPARy
0.77mM

, WL¢] half maximal effective

ECso value
PPARS

& WD

PPARY| 3

i

0]
o

PPARa
2.7mM

88.7M

WD
WL

Compound

Table 72. TR-FRET2. 2 =3

concentration(ECs)
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Fig. 48. @v|2a =9 #AFE N8 TE

[without bran (0]ZH]

MW < 500
(identified as peptides )

MW = 500~1000
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HAIIE Al¥E seedingstal 24417 Fo] dAnt g &S vdF 2ol d/(Poly), #AF=o] 500
olstel FElo] = /oln| =ik (Pep/AA), AREE(FBR)S FH 3F/F= Yol 22 100 ug/ml |,
500 ug/mle] FE== A dtar 2447 Fo] MTT assay® AX BEES ANOVAR 54 &
A5k

g Aol dt(Poly), &AkFe] 5000]8kQ1 I EFo] =/0br] ek (Pep/AA), AV & (FBR)
FEel AlmE AYI A3, Ax AEE FFS VAA FAUT o= VA AR BT AE
do] Sles ordnt (Fig. 50).

=2
ft
S
o

MTT
1504
S
2 1004 =
E = - Xy
m
™
& 50-
>
o
u .I. 1 ) L]
poly (pg/mL) - 100 500 - - - -
¢ pep/AA (pg/mL) - - - 100 500 - -
FBR (pg/mL) - - - - - 100 500

Fig. 50. 37}A] @nL¢ & & A5 54 F7t
Data are presented as mean*SEM. A value of P<0.05 was considered
to be statistically significant by one-way ANOVA.
Poly: polysaccharide, Pep/AA: peptide/amino acid with molecular weight less than 1000

g/mol, FBR: fermented brown rice

L

(W) dvjtaEe] A4 Zstiex

7}

e

T Ads S8, HAIE Alxol Ads FAA7IL ZakEe]l 500~10009! dAvjEss
(MW10002.2 327])3 &EAFe] 5000]stel AvdEE&(MW5000.2 £7])& At Ax 2

dadE dFt 44T FEFs BN Axl AdsEs A8 T dudddFes 4
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MW1000%! &wntE &3 MW500%! dvldaEe 242 & 5 7FA #5500, 1000uM) = Al
@33

@ A9an

MW1000%! drEasE AeZdx F 7HA v EFolA AE i SdzdHE3 S4A%S
FaA7= B YEuA 2ttt (Fig. 51)

MW500%!1 dndtas AgAa¥d, F 7H4] 5% BT Ax U FH2HES Fo4 U
HaA 7= 2t UrE‘r Wi, FARAAWE FE1000 pM) A el ME W AW
Fol fol4 A e weleksich

i Fm AUREES TAAY F, Lol A o, tolgeelsel g mew
AtRE T, kA o] % WM EFE o] &t tholFlEto| =9 A H e Be o HUMsHATh

Intracellular Cholesterol Intracellular Triglyceride
1.5 b b 8-
= b
a b b b
%1.0- = cé,e'
£ £,
k] °
0 0.5 2
('S I'I'Z- a
0.0 T T T 0 I T I T T
Lipid - + + + Lipid - + + +
MW1000 (uM) - - 500 1000 MW1000 (pM) - - 500 1000
Intracellular Cholesterol Intracellular Triglyceride
1.5 b 8
= b
& 1.0 = - a ° 6 bc c
g 2
£ £,
k] k]
S 0.5 T
e 32 a
0.0 T T (i} I T I
Lipid - + + + Lipid - + + +
MW500 (uM) - - 500 1000 MW500 (pM) - - 500 1000

Fig. 51. du|2¢ & E A2 F H4IIEY FAXZEA ZJd2HE =3
Data are presented as mean*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

(2) Phg-Zo A dAndE B E GA =2H &5 3

dut g9 in vivo &% H7IE 9& dvjHaeEsS vggd®{ Aoldf(Poly)w, Aol
10000]3FQ! FEfo] = /ot u] 2k (Pep/AA) T, AW E(FBR)T, & Al 7HA] #o2 YFdlom,
A fs] 4 ANse F2AFs 47 500 mg/kg body weight?] X2 D.WO o] A

22 s 72 AlgE aAWAIRE(HFD)E AHA 7] C57BL/6/Bk1 npg-2of 109 FoF
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%Atk C57BL/6/Bkl w92+ H]ut
xS 200 uLel DWE 4T F3

RN

Body weight
26-
G
= 24- i —— poly
Food intake (g/d/mice) = L — Pep/AA
< 224 — FBR
Date C poly pep/AA FBR D
2013-05-16  2.41 2.03 2.42 2.44 g -
2013-05-19  2.44 2.09 260 2.29 -E‘
2013-05-23  2.53 2.70 2.82 288 M@ 4g
2013-05-27  2.18 2.44 2.03 2.26
16

-
.
oo -
-
%]

Time (d)

* poly group compared with control group
& poly group compared with pep/AA group
$ poly group compared with FBR group

Fig. 52. 109 &< 29 Ho] YA ZFH} 557 A ¥
C: control group(D.W), Poly: polysaccharide(500 mg/kg body weight),
Pep/AA: peptide/amino acid with molecular weight less than 1000 g/mol(500 mg/kg body
weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as mean+*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

ANEE AT FoI3t7] A baselineo.2 @A ) 9, ZFe28HE, 4%, HDL, LDL9| &
538 &

& o}

- 107 -
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=

sl o]

-

RE ddy, Fd2HE, $4A%, HDL, LDLY] sxo 3l
A U3 2R ol T4

sklvh (Fig. 53).

17191 COBAS Cl11 71718 AHg3te] RAstarh. 244, $4d=T
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Glucose Cholesterol Triglyceride

250+ 150- 80
= 200 £l )
5, ) = 60
= £ 100 =
E 150- = E
2 2 2 w0
w 2 la
§1m- 2 50 g
o 2 S 204
O 504 2 £
0- 0- 0
< 3 & <] A <} A @
P @{}(‘?‘ & & @Q\Vr & & Q@Q\J &
HDL-<holesterol
150 LDL-cholesterol
3 _ -
Z
< 1001 E 157
2 3
5 21w
S 50 2
5 £
= 5
z 5
b =
2 ) s & 0
& & & o .
¢ & & e
@
Fig. 53. 27 %o A 4 ) 2F3=, ZY2HE, XY, HDL, LDLY =

C: control group(D.W), Poly. polysaccharide(500 mg/kg body weight),
Pep/AA: peptide/amino acid with molecular weight less than 1000 g/mol(500 mg/kg body
weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as meant*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

(th) OGTT(Oral glucose tolerance test)

g A 15417 S48 vpe-2 mEoq 2dste] dFSAUE
3.5 g/kg body weight?] HE=% D.Wo| =] 100 uL4 AT Fo] & 16%, 30, 60, 90
120—‘?'*”}‘4 @%% =43

=
=
1=
]

o 9
_E
it
F—LI
=
;‘.’*:
Ho
o _1
o_>L
¥o, I
x
W

EIE‘r (Flg 54).
OGTT 1#fxze] WAS AAEgE AUC gtellAl& tddi/ Aol df Folige] dzxael Hs|
30%7HAl el A FAEA S-S &<l
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400+ c
' AUC of OGTT
S 300- — ol
flng —— pep/AA 1.5+
E —— FBR
o 2004 a
n 5 1.0d —=—r=
: '
o 1004 =
=
U L] 1 1 1 ] 1 I.E 0-5-
I P N B L
Time after glucose administration (min) 0.0 -
(<)

* poly group compared with control group
# poly group compared with pep/AA group
$ poly group compared with FBR group

Fig. 54. 232 BT 53 HA 23
C: control group (D.W), Poly: polysaccharide(500 mg/kg body weight),
Pep/AA: peptide/amino acid with molecular weight less than 1000 g/mol(500 mg/kg body
weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as mean*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

(2}) ITT(Insulin tolerance test)

AF A 4N FAR vk mded A Adstel @934/l d9e 345, ded
(Sigma Cat #11882-100MG)< 0.35 unit/kg body weight®] sX= PBSo| o] 200 ulL® H7

FAL % 15%, 308, 60%, 0%, 12085kt e Skt
2AAS, TR Aol poly) ol A A4d B FAl

ohe el uls o4 QA Stk olE AMMERS
z7h e Fol wla) Aedd bl wasl wesel BYS UE A0 A

.
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ITT

N — AUC of ITT
%. 2004 —— poly 1.5+
= 1504 Q.'{""\.%ﬂ—"w' — —— FBR a a
2 et > 1.0 bc ag
8 100- H : 8
3 S
Q 5gd =
S 0.5+
0 1 ! ] ] L] L]
S e B & P P i
Time after insulin injection (min) '
F & &
QG

* poly group compared with control group
# poly group compared with pep/AA group
Fig. 55. Ql€d %3 A 23
C: control group(D.W), Poly: polysaccharide(500 mg/kg body weight),
Pep/AA: peptide/amino acid with molecular weight less than 1000 g/mol(500 mg/kg body
weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as mean+*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

(5h) wh§2 7 2A FAA W

ral
1o
o

L=,

A
10¢ &t dndaEs AT FoAg vpg-2ox HE3E IHS RNA isoplusE il 32
gl chloroform¥} isopropanols ©¢]83te] RNAE F
cDNAZE A3t 3 stAl®l ¢cDNA 1 plL, SYBR Green PCR Master Mix 10 plL, %7}
pmol?) %3k ZolH(forward primer)$t S W3 EZZlo] ¥ (reverse primer) Z242b 1 pl, Eit

H ZHF4 8 uLE 411 gqRT-PCR(quantitative real-time PCR)S A A&ttt ZF f-xxe] w+
&

(i
_O‘L
32
N
it
_?L
=
Z.
=
Ll
-
ofo
_O‘L
5 &

2 GAPDH(glyceraldehyde-3-phosphate dehydrogenase)E 7|5 7 A} (reference gene)=
Ewstste] A shsk

e APl EZIRIE QlEd A7 Aol qrh

A5 #HHS FA-A tumor necrosis factor a(TNF-a)<}t

interleukin 6(1 -6)2] a“‘?ﬂ% %"étﬂfﬁiloﬂ H|3] FBRFi*, FBRP+, FBR 5% EAF o=
o4 JA FastAdt (Fig. 56).

T3k Tt A o] 25T Al Aol HAastH 9 2E Qlaed AIYAAE ANAstATE. dn

FoJgl w929 FloA XEd A T F8 FH A carbohydrate-responsive

element binding proteins(ChREBP), phosphoenolpyruvate carboxykinase(PEPCK), & il

¢

mim

TR
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ojn

glucose 6-phosphatase(G6Pase)2] W& FBRF, FBRPw, FBRT X7

el

ToR

j—

</
o

B

1|

~
fite)

G-6-Pase

2+ 23 C: control group(D.W), FBRF:

IL-6
fermented brown rice fiber(500 mg/kg body weight),

PEPCK

61
0

97}

1

o

2.5
2.0
15-
1.0
0.5
0.0
K

to be statistically significant by one-way ANOVA.

WE<} WR2

ChREBP
=

Data are presented as mean*SEM. A value of P<0.05 was considered

2.0
1.54
0.54
0.0-

g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)

FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000
A4 7ol A

Fig. 56. 10¥ &%
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< =EWE&8 %>

 PPARy+v Tk, 95, ol dXd8ZF, 189, & 5 T2 A3 FEo xnHo] He qF
SA 2 dEA gt AAF A oW PPARyS antagonist, &2 F%% agonist
o] AgolE 71Ee] I X o)
AoZ deA MR Ty AEAZAN A& 75

o T3 tlo|HElo]=E = tryptophans Hrdtal U= tholFElol =9 A ¢

T AoR dHA

o et B AFHAAM= &8 FAFE &5t tryptophan &+ tholHEle]l = 4E (WL
WD, WE, WR)& AEstlon, tolfletel= 2F(WE, WR)®| &5 #45 st
o] T &%°] Hold tolgEtol= 2% Mdste] Bt FAAQ] RS HAsHA

antogonist® 24 &

i
> fr

<Fu1EFdH>

e The dipeptide H-Trp-Glu—-OH shows highly antagonistic activity against ppary:
Bioassay with molecular modeling simulation. Chembiochem. 2006 Jan;7(1):74-82.

o Tryptophan—-containing dipeptide derivatives as potent PPARgamma antagonists:

design, synthesis, biological evaluation, and molecular modeling. Eur J] Med Chem.
2008 Dec;43(12):2699-716.

(7}) thel# Elo] = WE(Tryptophan-Glutamic acid)®] &5 7}

Sh Agoll A Akl 500018k drTEES HYsIS wf, Mxy FdzHET T4
Ae] Fho]l facke ERE 2 s EWE Ao 333 g/moldl tholHEe| =(WE)&
Alsze] A2 P& wWe] PPARa 243 stel o AAA 2-d 85 A4E FHsAH

O WE¢] PPARa €74 &% #H7}

& A%
PPARc: 23S 2@l ols] 2488 £4 fa4e Zzue el waoq ANE
2AFE G58A AFOE AL, AU, Fe2dSA ] Bl FAAE B

ol JsHoz A#=ogtt. WES PPARa &4 E5H7HE 94311 WEZ A2 4714 %
=(10, 50, 100, 500 pM)E A8 ¥ PPARa Fd# 23e s FAddxTozs
PPARa®| agonist® 71&¥ GW7647S Al-g&3te] WES &%

2" A o2 PPARa-ligand binding domain®} WE? AgasS syl Y3 Biacore
2000 7171(GE healthcare)E ©]-&3t9] SPRAES 3t th human-PPARa LBD @ &S CM5
A A 1A A7)/ WEES 15 % 5 mMYEE AEE £oz2 FAANAFYL. BA3AL 2
5C= FAEAer, HBS running W3 (10 mM HEPES, 150 mM NaCl, 3 mM EDTA,
0.005% (v/v) surfactant P20, 1% DMSO, pH 7.4)= 25 pL/min®] £E=% AAHSHA S8 H
tt. WE 9 %, 2%¢] human-PPARa LBD#} Z@3sHd SPR A& (RU) 7+ 5718 =4,
NS =(RU)-A1Ze] =2 et Al fvk dBAZE ) HEE S4o] A9 Hynks
Al EH B, human-PPARa LBD$} =4 Alo]e] Aol sfjAl=w, RU gko] A3l

¥ o
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=, A FHkSol A el A3tz (Ka ah)H A5 (Kd #h)= ol &3ste Z3AT(Kp) #H= AAss
o} YA E 0 2= PPARa agonist® &7 GWT7647S AF-g35te] vl &435)

WE?] PPARa = &5 #A4% 93 TR-FRET 23S 333t TR-FRET A3
coactivatorE A}F&3Fo] agonist £ antagonist2A19] FAEFES HUtsk= AlgEHolY
PPARe] @]7t=7F Agsbd, PPARS QA T+Z7F WMEEe] coactivatore] ZAgto] &olstA &
o 2 Al E wpgo g GST IAE AFE3F9 terbiumo] ¥ A% PPARC #7t=7F Agshd
g oz ¥AH coactivator? J“E‘rol‘: Azglo] o]FojZ ) Terbium= 340 nmI}go A &&=
BRI HaL, o] duAlE BEJA feeol=e FFAsE HolH=t, o AEE 520 nmel
A ZA4stAth PPARel 2|t Agjte] F7bEES TR-FRET A3 S7bgH & AT-ellA
= PGClaE PPARao] ™3t coactivator® AF&&tom AL2ox F A7k w+&A71 5,

Spectra Max 717]1& Ab-&3te] Fda4dS =439 th(excitation 340 nm, emission 520 nm).
T2} ECsoak< GraphPadTM Prism® 5.0 227138 AFE3TH A Y222+ PPARa
o] agonist®= 1M E GW7647S A&l WESh &S bl mialsiech

@ Al z‘ﬂﬁjﬂr
WE®| PPARa &7 537} 2%, AT vasgls w100 uM, 500 upMe] 5=
WE H2]38t9S o %24 A PPARa LBD w#l A 3te] Agte] Z7tstlth (Fig. 57).

SPR A3 A3 Ax AT GWT647S 100 ptM~25 tM, WEE 5 mM~1 mM
flollA PPARa-LBD @¥d 3 Adste= Ao vebd. 24+ (Kp) kb GWT76470] °F 964
nM, WEZ7} ¢F 120 uM & YEebyt}

TR-FRET 2&d4dy, FAANETA GWT647 AP EZQ WE 25 PPARa®l agonist® 2}
S35t = ez veidt a8y @4 aTS 2te sk 50%el sldEE ECskol
GW76472 186 nM, WE2 834 yM=Z A4tz o], SPRA Y A3}¢} npxk7kA 2, PPARa agonist
2 A A GWT76470) vEte] WES a3 v Aoz eyt (Table 73).
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A B PPARa

250+

bc
OH 200 be
H NHy __NH = aa ¢
= 150+ -
2 a
S 100 ==
HO E
o] ~ 504
Molecular weight: 333 g/mol WE (uM) ~ W s Wby B -
GW 7647 (uM) - - = = i 1
PPARa
C PPARa/WE PPARa./GW7647 D 59 - WE
2004 80004 - GWTB47
= 5 .2 1.5
= 1504 Concentration (mM): g 6000 Concem:?}tﬂlon{pm}. E
= =
= 80 1.0
= 100 £ 40001 u 1
w [
= o 50 =
2 50 £ 2000 40 = 0.57
@ S
@ o 25
w
o 0 T T T é 0 ™ T T 1 0.0 T T 1
100 200 300 400 100 200 300 400 107 10° 10° 100
50 Time (s) 2000 Time (s) Concentration (ni)

Fig. 57. WE¢ PPARa 84 &% AZF
A) WE structure, B) Reportergene assay, C) SPR D) TR-FRET
Data are presented as mean*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

Table 73. The equilibrium dissociation constants(Kp values) measured by SPR and
half-maximal effective concentration(ECsy values) of WE and GW7647 to PPARa
measured by TR-FRET assay

Table . The equilibrium dissociation constants (Kp values) measured by SPR and half-maximal effective
concentration (ECso values) of WE and GW7647 to PPARo measured bv TR-FRET assay.

PPARu WE GW7647
Kp values (SPR) 120 pM 96.4 nM
ECs; values (TR-FRET assay) 83.4 uM 18.6 nM

(1) tholsEle] = WR(Tryptophan-Arginine)®] &% 37}

@ WRE] PPARa &4 &% %7}

&b 2@

WRe] PPARa €4 T 5H7IE 98l WRE Alxel 4 7FA] 5 %(50, 100, 500, 1000 uM)=
8 3 PCRE &3] #4319t FANETL S 2+ PPARaY agonist® NEd GWT7647S Ab
8okl WR £5% A selc)

A o7 PPARa-ligand binding domain®} WRe Ag¢asS &9l 1 &L

Ot

H71

ol
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Biacore 2000 7]7](GE healthcare)E ©]-&3to] SPRA &S 313t}
WRE PPARa 7= &5 w48 93 TR-FRET 23d& LA a8

;
WRE| PPARa 274 &3 7F A3, S8 vlustls o 2% %=(1000 pM)E WR A
Fe9S W 94 9A PPARa &40o] F71atdtt (Fig. 59).

SPR 23S EA3 Ax FAYEF GW7647S 100 ptM~25 pM, WRS 10 mM~25
mM H$elA PPARa-ligand binding domain¥} ZA3st+= Aoz YeEyt. Kpats GW7647
o] ¢k 964 nM, WRe] °F 604 pM& ettt o] % AFEd 2% PPARa-LBD w923}
A7t 58, GWT76479] A E &0l WRETH §oldS on gt}

TR-FRET A& 23, ANz GWT6473% A FEE WR 25 PPARa? agonistz 2z
3o e Ao Yeht a8y S aTS 2 Husre 50% dlEsles ECsatol
GW7647< 59 nM, WE2 437 yM=Z A4ts o], SPRA YA 79t vp3k7k4 2, PPARa agonist®
Mg A GW76479) Blstel WRE &aprp wre Ao vhebytt

>

Lo

PPARw
200-
HCI
)NLH g 1504
HoN" “NH b a o=
W 5 100
1 g
N 0 E 50
Hy L H
po u-
Molecular weight: 360 g/mol  wRg (um) - 50 100 500 4000
GW7647 (uV) - - - - - 1
C D PPAR.
PPARa/WR PPARa/GW7647 i
' - WR
o Concentration (m): oo & - GWT764T7
(,_..—v——— 10 =) i Concentration (uM): =
[id 1 100 - T
E 00 | . = 80 =
2 % 5 4000 w ¥
L]
2 a0l g.’::j i 2 50 : 0.5+ il
a 2.5 5 20004 40 =
@ e 25
o O prp—— & 0 L T T 1 0.0 T T 1
100 200 300 400 100 200 300 400 10° 1° 10° 10"
2004 Time (s) 20004 Time (s) Concentration (nM)

Fig. 58. WR¢ PPARa 84 &85 AZF
A) WE structure, B) Reportergene assay, C) SPR, D) TR-FRET
Data are presented as meantSEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.
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Table 74. The equilibrium dissociation constants(Kps) measured by SPR and
half-maximal effective concentration(ECs)) of WR and GW7647 to PPARa measured
by TR-FRET assay

Table . The equilibrium dissociation constants (Kps) measured by SPR. and half-maximal effective
concentration (ECso) of WR and GW7647 to PPARo measured by TR-FRET assay.

PPARw WE GWT647
Ko (SPR) 604 uM 96.4 nM
ECso (TR-FRET assay) 437 uM 5.9 oM

< =EUE&L%>

e F8 yYolHElel=  EA A Tryptophan-Glutamic  acid(WE), Tryptophan-
Arginine(WR) ¢ 4-%- PPARaZ/d & 5°] Hold AS= Yeyk s, PPARae 7= A
WaktiAbel eets Zlom delA lou 2Ly tiAtel] #efdte &EA(PEPCK,
glyceol kinase %) od L3k H/rHAHoR ZAHS=E Ao ATFHLW AL
PPARa®] agonist?l fenofibrateS =] 2] 3F ed UHE7t AdEE dTFAYE
olm] Wy wrt Qo= PPARa ¥4 A 2% tolfetol= WE, WR 9
Al G AF 2A-e S FES vE Aoz oAd. (J Endocrinol August 1, 2002
174 321-329)

ZhF 10000]8kQl dAmerEE F #AE 5009 ArEEES AlEX W SdUzHE 44

HEAZEA B F=APS st AvEaEe] A4 dak Ad 25S Hrhskath
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In vitro :

Fatty acid synthesis
Poly - Fatty acid oxidation
Pep/AA
In vivo :
FBR
ﬁOral admlnlstratlon Body weight change

for 4 weeks :
Fat weight measurement

Hepatic lipid analysis
Plasma lipid analysis
Adipokine analysis

qPCR

Fig. 59. Av|2a &9 A4 A AL 55 43 A9

$1al, 217F FFFAIEFQ HepG2 Al EZ seedingdtil 24417 3 A AL =247

H, O9F Aol (FBRF), &AF&e] 10000]st¢] v 8 =(FBRP), dv'2&&E(FBR)E A
el ste] WAt e #ashel o

S
O EYAZ o] &e WA Asl 9§
%!

32
-YC)palmitates =# A7) 1L

Apgat Arskel A (1 @& AZE EeE WY F AAE 2ol CO,
& NaOHSF HCIZ ol 8-8te] F&3ke] MCOE A 3712 st alrt

At Fgel A9 AAe FA8 R (1-"Caceticacid® H7heke] & A F W F A
ke FEEa NCE AL ATFIIZ S5
@ d94d¥

ezl HlE] FBRFI-& 195%, FBRP#<S 43.1%(P<0.05), FBR&
skl oy FBRF2 A4 fo]do] it (Fig. 60).

J& SAdY T Blel FBRFES 28.2%, FBRPw2 255%, FBR¥<
11.1% 71*8}2134 SAARJA ool sl

- 117 -



FA oxidation FA synthesis

7
Fold change

Fold change
2

o
o
1

(=]
(=]
L

Fig. 60. @v¢E &S A2 3 HepG2 AlFdA 2 At 413 2 A E
C: control group(D.W), FBRF: fermented brown rice fiber(500 mg/kg body weight),
FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000
g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as meantSEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

thomhe- oA dAmrE F9E] Ad 2 GojrL 24 &5 HUF

10000]&FQ1 s Efo] =/obm] .= AHEFBRP) v, AW 2 & (FBR), & Al 714 ++o.2 Y rglon, 2

S 98 4 AEE 4128 47 500 mg/kg body weight?] T2 DWeol =9 Alg
= 72t ANgae XA EMHFD)E A3 A2 C57BL/6/Bkl whg-220] 45 &<k 200

ulL¥ AT Foistth. C57BL/6/BKl vk H|vh G 9 Fu A Aol we Fo

2 28A A SAWEF(C)L 200 uLe] DWE 4 T3t

4F FO vhg2h WA Holel P vkere] BAE AL ool ZRANUTH (Fig.
AP AN, 4% FF w920 Hol HABE oA Aol7t A dih BRI wHE B

o
I LR ES vdF Aol (FBF), fEko]l=/ov] =2HFBRP), AV & (FBR)
[e)

= - =
A vhere] A% SHWRTO0 N3 FIHoE BRAL G5

A
3]
2l
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Body Weight Food intake (g/d/mice)

%0- c FBRF | FBRP | FBR
- - 2.22 1.98 1.93 217
2 = FBRF
%’25' ~+ FBRP
5 - FBR
2
5 20
]

il

15 T T T
Q N v L 3
weeks

* FBRF group compared with control group
*# FBRF group compared with FBRP group
S FBRF group compared with FBR group

C FBRF FBRP FBR
Fig. 61. 4% $¢ vh329) Wo] HAF B2/ ush
C: control group(D.W), FBRF: fermented brown rice fiber(500 mg/kg body weight),
FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000

g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)

Data are presented as meantSEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.
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Perirenal fat Abdominal fat Intestinal fat
0.59 1.59 0.6

0.44
= _ 1.0 04
o 0.34 o =
£ 0.2 il £ - - g
& < 05 = 02

0.1

0.04 0.04 0.0

< & ] - < & ] Q- o & < &
& & & & & & & & &
& & < & & 3 & & 3
Total fat liver liver/body

2.5 1.0 0.04
_ 204 0.8 G
3 . =
= 157 3 0.6
< = e 0.024
[ >
3 1.0 2 041

05 02 0017

0.0- 0.0 0.00

o & Q & < & Q & o & Q &
& & & & & & & &
<& & % & & < & & <
7 : |
e - X ”
C FBRF FBRP FBR

Fig. 62. 457 ¢ W2 EE FAF v 79 3+ 2 AW FA
C: control group(D.W), FBRF: fermented brown rice fiber(500 mg/kg body weight),
FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000
g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as mean*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.

477 St ArE g E S AT FAS v E et Y AWz S HEste Egel=
S A% & H&E G4 39 1 249 e 898 A AgAxe] dds J3 =9 4
17 Axio Observer D12 % 4008 &2 =433

v ZAod chloroform¥ methanols 2:19] H]&2 Yol H# Al FEH3I AFS 0%
ethanoloﬂ ol & dqatF3sEA7]7]190 COBAS Cll1& AFE3e SAAY 9 FH2H"HE
= 5*33}91‘3}

AdAH, 3

b 22 H&RE 94 ZA3 dudg &3S 1 24 24 F3o] dA3 ZAastic

o thH] @wn g E(FBRF, FBRP, FBR)T
el Hs FBRFT2 56.3%(P<0.001) |
A3kt (Fig. 63).

HU

FBRP+* < 55.3%(P<0.001), FBRw 2 56.7%(P<0,001
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oxAe Ad wE A4 Ay A vEv FAUETe ¥E FBRFYE
435%(P<0.001), FBRP - 34.8%(P<0.01), FBR 2 33.7%(P<0.01) A& {4 Sl
srora, FY2E g9 vRE SAUERT e vE] FBRFT S 36.2% (P<0.05) wkA1¢F FBRP
2 o zelg WolA gttt
7

¢

=1 =X ] =1 =2 =1 pi ‘ZI"E
£37h 9 Ao ARt mAY A o8 APAZA vehHAm el A Pe] FH5]
= Ae AdSn Anse] ol A Ay BAst Je Ao JuH
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Fig. 63. 45 ¢ dAv2 a8 FAF mls= 9 3+ 2 A 23
: M E A7)
D%k 22 H&E @4 A 2 2 i A" w%

ol
N,
01.1
BN
Y
sl
@o
sl
julss
12
>
>
™
S
N,
o

C: control group(D.W), FBRF: fermented brown rice fiber(500 mg/kg body weight),
FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000
g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as mean*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.
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=, 44X, LDL, HDL ¥ d49° %5 dAAs3 247|721 COBAS Cll17]7]1& A&

A s AT
=4 A3 AR EE 47 Fol dee EdsHE, $A44W, LDL, HDL ¥ @9 527}
g Aol gl 45 Fol Fels o 3 Aelrh yud. 45 FdsHE vsEe 24
iz di¥] FBRF& 30.3%(P<0.001), FBRP& 24.7%(P<0.01), FBR2 16.5%(P<0.05)
FAACR o4 A e

UA T+ FBRPT-S SA o= WAH 01 AT

] FBRF#*2 39.3%(P<0.01), FBRP-& 33.6%(P<0.05), FBR
& 223% SEAATE FBRw 2 FAHoR fFode] gldith vkd HDL s%+ 1&F F F94
o1 o]z} ¢l AWt LDLel tid HDL2| "] &2 FBRPwo] tixdtol Hls) 8oz F71st
A THP<0.01, Fig. 64).
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M
el
™

DAY Aol A whsold UEhbe 8% LEY BE FA4e A4d UPE gaw
Ag UAEFE FAelw, FrwaRe Fold 49 FH WYk FBRFES
36.2%(P<0.01), FBRP* 2 31.5%(P<0.01), FBRw < 23.1%(P<0.05) Atz vl F<94

dritasel Fo= dv FUXHE, 4, LDL 55 gaA7le 250 e 3o
gel=glar 53] FBRF= ve dvjdasd v 25 A2 = f2a 250 Hojd o=
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Fig. 64. 4F &< @Av232 & g oub-a "o B4
C: control group (D.W), FBRF: fermented brown rice fiber(500 mg/kg body weight),
FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000
g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as meantSEM. A value of P<0.05 was considered
to be statistically significant by one-way ANOVA.

A3
ax

(5) &5 oft] 7} (Adipokine: A M A - H] S 2 )

i

F29 dds AHs 4 Fy F 2 U =
=10] 749- Millpore AF2] Mouse Leptin 96-well Plate
9] 79 abcam A}F2] Adiponectin Mouse ELISA kitE A}

& F vt
E]

-

(o2

o
0
0
o8]
<
E
(—F

) 0]'/\/\‘4-

4 Y #¥Eld ¥xE FBRFS 91.3%(P<0.001), FBRPw*< 65%(P<0.001), FBR-<
717%(P<0.001) Azl Hl&] EAHoz2 FoA A 2t vhd 3 o ol ®
Ul o] w5 = FBRFT 70.1%(P<0.05), FBRP#& 34.9%, FBR¥S 525% 24tz H]
3 =718k A vt FBRP«* ¥ FBR¥ 414 f<9Ao] gl (Fig. 65).

g ) FE FErt 2ol o = AL Aol o &) AW AlE7F v ts) A
Al e zto g wol HAHAE AAey] fa W Y JyES ERAZ AR A}
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Fig. 65. 47 59 ADLEE F g2 o 1y o} EsQ B
C: control group(D.W), FBRF: fermented brown rice fiber(500 mg/kg body weight),
FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000
g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)
Data are presented as mean*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.
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=2 T O
47 s ArA R ES FT TS vtz A] HE3E HS RNA isoplusE ¥l o & 3)sth
o] chloroform¥ isopropanols ©|-&3te] RNAES F=3tt. F=3 RNAZS o] &3] ¢cDNA

= A3 ) et ¥ cDNA 1 ul, SYBR Green PCR Master Mix 10 pL, &%7} 10 pmol?]
sahek Zoto] v (forward primer)$t 93 Zolo] v (reverse primer) ZH2F 1 ul, B9 =57
+ 8 uLE 41 gRT-PCR(quantitative real-time PCR)S A A&ttt z2F 4zt wdd
GAPDH(glyceraldehyde-3-phosphate dehydrogenase)& 715 -7 AH(reference gene)® ¥
sto] 4] 35}31

r ol

@ Al 647337,].
PPARaw oA A Ao S 24d3te 78 A AAZE A4t Abshel #AS s
A s ze] gol@th, AvILEE FojF @ vh$29) oA PPARaHHA wHo| §o4

UA 7k (Fig. 66).

PPARa®] 39 FAAtolx} AL Abghel]  dojslbeE kel wdS A Ax
fattyacid-binding protein 1(FABP1), carnitine palmitolytransferase-la(CPTla), 131
lipoprotein lipase(LPL)2] &2 SAtZ+to H|d] FBRF#9 A% SAKCZE Fo4 A
< 7ksk A

i FA A Aol A Ak 442 15 1 74 2ot 1]

o gk mp-29] TR Al A A B-S FHAAEY 2de S UERTd vlE o4

Aol 7k et

A AL 28| #ost= 584 LXRad LS o 7F Zol7t gloy 1 2 &9
Azpel el a3 des GEdesn Al FAdel o] Fed 71Ed
manlonyl-CoAE A ¥t 98-S 3l Acetyl-CoA carboxylase-1(ACC1)9} A WAb g4 o

A fatty acid synthase(FAS)e] @& Az H]d] FBRF+*, FBRP+, FBRv EF
sAAR  FYA  UA FHaxsAT. delsb sterol  regulatory  element  binding
protein(SREBP)¢] ®19 % 7l&& A7+ &S insulin-induced gene 2a(Insig-2)¢] &
d2 AWz Blel FBRFw S 4% AR o4 A Hdasd. E=3 ~HE &

el S = SREPPlce] wde yujzwol s FBRF

o® o4 AA FHas
S 2HE tiAkeE Brdste]l LXRa®l skl Aol AlEetel A LDL Zd 2H &3 233
=

o

H
of A2 W2 F9YA71% LDL-receptor(LDLR) 9} H554F A4S S7FAI 7120 A lﬂ =2~
HES #48s 938 3 CYP7ALY w2 A uzvo] vl FBRF9 4% FA4C
= FoAd Al FresiTh

Adrbel #EE FAA Tl BAS S8, vk dAvgaes Fod 4§ 3relA
AR absk g ZE2EHE oiAbeE dEE FAR 2do] Frbeke v AGAE FA 9 #E
W Ak dddo] sk AL Flskidnh olH 7 A W] wste dAnjEEEe] Fo
b AW A 54 8 85 Ad RS A4 Gl Ve sew And
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A: PPARa

HE oAl &
C: control group(D.W), FBRF: fermented brown rice fiber(500 mg/kg body weight),

FBRP: fermented brown rice peptide and amino acid with molecular weight less than 1000

D, E: 249

g/mol(500 mg/kg body weight), FBR: fermented brown rice(500 mg/kg body weight)

Data are presented as mean*SEM. A value of P<0.05 was considered

to be statistically significant by one-way ANOVA.
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AS T/ T AW 34 3 Ao Hd S HAAI

& AYoA FntEaEe PPARa ¥ LXRa & &4 &% dddgEo] opd 23
S A7 2 Fe ERER s 7eAwe] o] wiel i AEAFHAE Aot 9l
= Aow AztHE.

s, Ant g ES PPARa o 2HdS z4dsle] A4k 4ks 2 A, ada ZEa
HE dAMS 2433, LXRa HdS 243t & dale 2 28HE dAME 24 3soh

et dAntgEe Ad 2 9 grtE 2dste] gAlsSael 93 AWuSHS As)sta
d&Ed A F dF A 2RI S NAAT = £5S 71T &

(FBRF,FBRP,FBR)

Fermented Brown Rice

PPARa

LXRa

Fatty acid synthesisl,
Fatty acid oxidationf}

| |
1

Body weight l
Hyperlipidemia l,

Fig. 67. % 24 &
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44 AR EERERY FBUAF) A oA Ba L B4
37}

MEAEF) NN I8 dvdase 1 LY 39 29 vAh~%)9 dees 71sta 85 5
Qb wRkSH A thds AT o] % AR (6000 rpm, 30 min, 4C)E F3 Fe A
AEs BHA OF Z5dS F9715 &3 A7sta JAdEns sgsddn. sad A4
=22 1 LY /75 718 A& Iz 5 A 4n) 9]¢ oe-&S sbetar shF sk uwykel
A s AT o] w FdE S A 716000 rpm, 30 min, 4°C)E ©] &3}
e 2 Fgetal, olF A" Eo &AZ ¥ dialysis tubing(MWCO 12000714000,

. 2 21 _
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i
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ftlo
o
ol
ol
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Mo
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N

d& AAG A olE 5T F, 54

(2) B-Amylase ¥ a-glucoamylase®l] 2]3F 7} 3]

FBR-0 (1g)
- Dissolve in 10 mL of 0.05 M Ammonium
formate buffer(pH 4.9)
Enzyme treatment
- B-Amylase 100 unit + glucoamylase 10 unit
(40C, 3 days)
- Inactivation (100C, 30 min)

80 % Ethanol precipitation

@ - Lyophilization

FBR-E (106 mg)

Fig. 68. Procedure of enzyme treatment for removing of limit dextrin in FBR-O.

=& B)& 9 glucose’t T4 5 o]
] 2 o2 Atz lth webA FBR-0
= A% 50 mM ammonium formate buffer (pH 4.9)°] ¢l % 100 U] B-amylase(Sigma,
from barley), 10 U9 a-glucoamylase(Fluka, from Aspergillus niger)S A ZA7} Al&3F =

dxis A4 3ol sl S8k AMgstdlen, oAy F HAE w5, A % s44
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%22 gslo] Anta s G8 £448 29 FBR-EE A %3519 tHFig. 63).

Q) dAvtaE Fd =ude EA

(7F) Anion exchange chromatography(AEC)

g2ax8 =99 FBR-Ex &%9 FHTF & F  FTHFE HIsd
DEAE-Sepharose FF(Cl form, 55x30 cm) &°]<& 35X o FHAZ & ZHIFE L5}
of MEHIYRS sl o, o]F 005 M2 M NaCl §do=z gdAHoz §E5AH 33
s 44 2gesit S0l wEsFAE T &8 449 ¥&-& fraction collector(1200
series, EYELA, Tokyo, Japan)& ©¢|&3dle] &838la, 4T, 24T 9 dd s A3}
o] elution patterns 24 8t9th Peak patterns 3] 2% FBR-Ex 1719 v &3 &
(FBR-1D# 6709 &2 (FBR-277)2 2 EgHen, 2t7te] e 55, 74 2 54
AzxE T8 drgasE Fd a4A48 209 BAgE R A=A oHFig. 69)

Fermented brown rice (FBR)

[E—— B0% ethanol precipitation

1

Sup. Ppt.

< Washing with 85% ethanol, 3 times
Washing with 90% ethanol, 3 times

Precipitate

ls—— Resoluted in small volume of water
le— Dialysis

ls—— Concentration

l<—— Lyophilization

Crude polysaccharide ( FER-0 )

E(— B-amylase, a-glucoamylase

Enzyme digested polysaccharide ( FBR-E)
DEAE sepharose-FF

FBR-1 FBR-2 FBR-3 FBR-4 FBR-5 FBR-68 FBR-7
Dw 0.05M 0.1M 02M  0.3M 0.4M  0.5M

t Sephadex G-100

FBR-4a FBR-4b

Fig. 69. Isolation and purification scheme for immuno-stimulating polysaccharide from
fermented brown rice. The column(5.5x25 c¢cm) was eluted with DIW until sugar was no
longer detected and then eluted with stepwise elevated 0.05 M™2.0 M NaCl solution by

stepwise gradient.

(1}) Gel permeation chromatography (GPC)
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Anion exhange chromatographyS ©]-&3F A 24 Oﬂ A e "HYgddol 9l
FBR-4 i 3 ¢ AAAAESE APs7|=2 stk =, FBR-4 AA g+ 05 g& A%
=5l €33 & 50 mM ammonium formate buffer (pH 55)2 H 3 3sl¥ Sephadex G-100
column(5x100 cm)& ©]-&, gel permeation chromatography(GPC)E 33}t &5 4S5 mL
A 120709 gE o= %QO]—A}\———U%, Zhzbel & TAY, AT 2 did e EAAYS

A Aol Aolek 2719 FE FBR-4a¥ FBR-4bEs 2< 4 AUSATHFig. 69).

g dueEg 49 99 54 2 354 24

oL

Auda s o e 4Rk s 7] =
2 3} phenol-sulfuric acid§ o=, 24 ‘%}?4 Shako D—galacturomc acide Z+=4
m-hydroxybiphenyl™} &2, wWwWzo] slake
Bradford®} &%, TBA-positive material®] &2 2-keto-3-deoxy—D—marnno-octulosonic acid(KDO)E
¥+=EZ 2 3lo] thiobarbituric acid &2 7}z A& 2849t}

l:L:
N
o o
fil

bovine serum albuming ZFEER o

(2) 747 &4

T4F 42 Albersheim 59 WHES A% WYty 7k & 28 FA4ES alditol
acetate® FEA3}5te] GCE o] &-3fo] #4515t}

Table 75. Analytical conditions of gas-liquid chromatography for component
sugar analysis

GC ACME-6100

Apparatus (Young-Lin Co. Ltd., Korea)
Detector Flame ioqization detector (FID)
(Young-Lin Co. Ltd., Korea)
Column SP-2380 capillary column (Supelco, USA)
Column size 0.25 mmx30 m, 0.2 mm film thickness
Oven temp. 60C (1 min) —> 220°C(12 min) —> 250°C (15 min)
30C/min 8C/min
Injector temp. 240°C
Detector temp. 260°C
Carrier gas N; (1.5 mlL/min)
=, U3 A5E 2 M TFA (trifluoroacetic acid) o4 121°C, 15417 WFSA|A 7}=53)

3 % 1 m -4 1 M NH, OH £t £313te] 10 mge NaBH = 4417 3HA A Z T} Acetic
acidE® A g% 71sle] IF NaBH,E A A3 %, methanolS 718w whE Azxgtozxn wfeko
2 7} A acetic acid® A Al 7+ FAG] A= alditol® AEsEATh o] & zhzh o]
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alditol2 1 mL9] acetic anhydrideZ 7}sle] 121°Coll A 30% &<t wWHS-Al A alditol acetate®
HAZAH o o]Z chloroform/H,O 24 &WiA R HEdte] F&H8 1, FEES A% & 4%
o] acetonedl &3ste] GC B8 A= AFE3A ). Alditol acetate =42 Al x

< Table 1% 2Zow 7zt 499 mole%+= 2t 249 peakW %], x5 9 FIDo| sk

AFEstke] Altst T

O:
[0}

=

molecular response factors

NS
N

(3) HPLCY| 93 AA tde ExzF =4

Hu g Eo| A AA3E FBR-4a ¥ FBR-4b9 EA#% =4S& 98 Superdex™ 200 GL
(GE Healthcare Bio-Sciences, Piscataway, NJ, USA)S ©|&3}o] Table 29 #Xz7io=
HPLC (High performance liquid chromatography)& &3stth Ex=E &4 Al o|g&d =+
522l pullulan series (P-200, 100, 50, 20 % 10)& o]&3}lo] Z+zte] retention times -3

[}
L7 BAGO] 0@ Kav @& AEde] 9 pEmdoniy fiteel BARe A4

o

Table 76. Analytical conditions of HPLC for the determination of molecular
weight of polysaccharides

Pump SP-930D (YOUNG-LIN Co. Ltd., Korea)
Detector Refractive index (356-LC, Varian, USA)
Superdex™ 200 GL (GE Healthcare
Column ) . )
Bio—Sciences, Piscataway, NJ, USA)
Column size 10 x 306 mm
Column temp. 25°C
Flow rate 0.5 mL/min
Eluent 50 mM ammonium formate buffer (pH 5.5)
Injection vol. 20 uL
Autochro data module
Integrator

(Young-Lin Co. Ltd., Korea)

Ve - Vo Vt : total volume

Kav = ——m——— Vo : void volume

Vt - Vo Ve : ellution volume of sample

(4) B-Glucosyl Yariv reagentE ©]&3%} arabino-B-3,6-galactan (type-11)9 &A &9 <
A

Arabino-3-3,6-galactan®] &A1& <213t7] 93 B-glucosyl Yariv reagent (Biosupplies,
Parkville, Australia)2}e] ¥H-8-4 ZHE+= Holst9} Clarke2] W ol we}l single radical 2 g4k
How =43t QoFst™ B-Glucosyl Yariv reagent 10 mg/mLE &3k 0.15 M NaCl

agarose BAES ZFAsL A7 25 mmY wellE e xR A3 FFEZFD gum
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arabic¥} A& 5 mg% SHsk S NS wellol 242 =98 o] HAS SR el A 25 °C

##3le] arabino--3,6-galactan
9} B-glucosyl Yariv reagent2}9] WHgAd2S A E A g
o}

2,
>,
—_
33
>,
N
)
o
>
Y
[-'E
~ oo
>,
N
1—4
~
oX,
rﬂ
o
rlo
_1;
i
=y
rlet
o
:

o] &4 %‘?‘% Bzt Al

(5) Methylst £ 2 7= 2 AR 2A

(7}) Methylsulfinyl carbanion® ZA|

Methylsulfinyl carbanione 7]3}stoll A A7) 2 &34, = 23 A (nucleophile) & #+
&3t dE= F(R-0- R)O Absete A2 2 gl Ak o] ¥k carbanions &3}
7F FE2 gahAAtd 9AE e FrIsRERE FE T4 FUIEAEERH ddetE 9 4
S J_—g—, g}tﬂ;@ Z7EA=Z

U Az A ASA & ‘31 718} gto A T2 EZo whE-
A FEAEEE 35}@% o]t}. Methylsulfinyl carbanions ZA3t7] €8] ¥ NaH 1.26 gol
4= DMSO(dimethylsulfoxide) 20 mL< H7Fet & AA= F73H 90T oil bath el Al <F
10715+ 3¢ ‘ﬂ}g/\]'ﬁ‘jr HhE-do]l gL A4S HE AHS TUHHSE oo ¥hgE F4sta
A2 7kA] WzEA Zl 3 3,000 rpmoll A QLA E 25 © W, methylsulfinyl carbanion®] &% A
TAHE F7 HFo| YEE HAE X Zeto] A BT & WEsRA (-70C)stH AH

of AH-&-3} .
(4) Methylation

AAE 7] 93 MethyldlE Hakomori WS o]&3dto] 2 Askst)
Fwel Axg 7 g AR mg)el 1 mLe ¥ DMSOE 7}shal
71 %, 500 puLe] methylsulfinyl carbanion (MSCA)E 7}sto] 4A17F &
Fol $43] polyalkoxide® #3dE F A=HE Fag F¢ MSCAE

% MSCA?®] £ o]F = triphenylmethane® 2 3213} t}.
Polyalkoxide® 239 A 8% 3 # CHilE 7}ele] methyl3) stglow, #& CHsl:= N, gas
flushings %3] A7 ¥ Sep-pak Cig cartridgeZ ©]&3lo] A3td methyldt thdS 3538
=3

(th) Methylst 03¢ 7t=E3] 2 acetylst

Methylstd ©d2 2 M TFA 1 mLE& 7Fste] 1217C, 1.5A1%F HES-AlA 7E&E 3 &
AzxsAT. 7FEEE T A8 25% NHOHZF 4= drop A 7FE ethanole] €383t 10 mgd
NaBH4 E 7}Fsto] 4A17F B¢t 718k 2 k39l 01 acetic acidE A% 7}8Fe] @& NaBH,
= A A3Fa, methanolS 7Fsty whE Axsto g2 ko g 71afZl acetic acidE #| A3+
ok o] & 1 mL® acetic anhydrideE 7}star, 121TColA 3A]3F &<t HESAlA  partially
methylated alditol acetate® 73l o™ o= 24 &vlA (hexane, H.0)Z =&, F&3}9
acetone®] &3]A1#A GC 2 GC-MSZE #2433 th(Fig. 70).
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CHOH CHOH CH A CHOMs
o o -0 o Acid CH DM CHOM CH AL
- 0 ={ O o={0H 0w Metytstion = 0=V o o ={0V M iyr  nydrolysis o O o
2o e v O on Fou oH {0\ Y OH
o\ o? Carbanion o o? INLEA WO LD
OH o Ol o oH [T
HO " O < 2>

on § Ole
A
R CHy X' - metylated

2. metylated monosaccharide

3>

Polysaccharide

polvsaccharide

1. Reduction
(NaBH,)
L Acetylation
(Acwtic anbydride)
(=19 [-1% OAc
A I sl b 5 (‘( (] Ol OAe e
Analyvsis by GO an
J . MO e L0
el - —
(’('-\ls oM A Ol
(Colamn : SP-2180) OAe OAe O
ol Ol Ol
<1 €22 <3>

partially O-merylated
-alditel acetate

—

Fig. 70. Scheme of methylation analysis of polysaccharide for the determination of

linkage formular.
(2}) Partially methylated alditol acetate®] GC E GC/MS &4

GC EAS SP-2380 capillary column(0.25 mmx30 m, 0.2 gm film thickness)o] &2+&
Young-Lin ACME-6100 GC& A}&3sle HA%= 27 [60C(1min), 60C—180T (30C/min),
180°C—250C (1.5C/min), 250C (5min)]ell Al split injection mode (1:20)& 213t om o]uj
carrier gas (No)9] 82 15 ml/minZ Z4 3t

kA, GC-MS+E SP-2380 capillary columne “&2gk Agilent 6890N GC system¥} 5973N
Mass spectrophotometers ©]-&3to] GC #2437 5d3 HAH 2% A splitless injection
mode® FA139th (He pressure : 1.5 mlL/min). Methylated alditol acetate™= Massel] 2|3k
fragment ion #2413 GC9 relative retention timeS *3%slo] HA3H o™ ZF peak? molar

9%+ peak area % molecular response factor® - A
o VL E Fd 09y 9952 &4
(1) uA A4

(7} A4 ¥ A (Normal human serum, NHS)9| #| =&

A% Aolel Holg AAste] AedA o 1581 WA ste] $uA F gud P
Awsta of 587 Aol WANATL o Pl thAl 4°ClA of 2087 WA T
AR(2,200 rpm, 15 min, £C)3ke] AHTE Feld ¥ o APRAE Fool 1 mLy P
Fato] 70°Col A W wabeluA Aol A gt
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(W) A g4 573

FHA g2 Meyerd S ©]83le] Algo 93 BA A H](complement consumption) $ ZF
E3l= HAo] o3k HEF 83 AL S + complement fixation test W o= =% 3}
Gt oy FE2 FFFd 88A7 AJ5EE GVB'(gelatin veronal buffer, pH 7.4, 0.1%
gelatin, 0.15 mM Ca™, 0.5 mM Mg~ ) 2 Adlel dd 3 zZ+z 50 mLy &3sd
37°CAl A 307F 12k HES-AJZ T o] HEg-o] GVB'™ 350 mLE 7FslaL, o]l & 10wl A 160w
HA AS: FAAZ & 750 mLel GVBTF o] 7H2AA E Tt (IgM-sensitizated  sheep
erythrocyte, EA cell, 1x10° cells/mL)E 250 mLE 7}&le] 37°Col A 60%-3F 254 ‘ﬂ%/\] 7] 1,

PBS(phosphate buffered saline, pH 7.4) 2.5 mLE 7}8}o] WSS XA Al Fth o2 2,000
rpmell A 1023 diZelatlon, dofxl A5 412 nmoﬂ/ﬂ FHEE %7‘35}04 E L
dg4ds SA4SST. drA 24 FAdY dH Y GVBY, TRTHE WA AU x

79 = HALIB0% total complement hemolysis, TCHs, ‘V)Oﬂ th gk A #] & (inhibition of
50% total complement hemolysis, ITCHsy, %)ZX YEFHA T FANZF 2= A HA
] WS A 2l PSK (polysaccharide-K)E AF-&-3}o] 1] w3} tH(Fig. 71).

NHS (50 mL) + GVB"(50 mL) + Sample (50 mL)

- Preincubation at 37°C for 30 min
Reaction mixture

- Add 350 mL of GVB'""

- Dilution (10~160 folds)

- Add 750 mL of GVB"

- Add 250 mL EA cells
(10° cells/mL)

- Incubation at 37°C for 1 hr
Reaction mixture
| - Add 25 mL of PBS

Supernatant Precipitate

Read absorbance at 412 nm

TCH50 of control - TCH50 of sample
TCH20 of control

ITCH50(%)= x 100

Fig. 71. Scheme of complement fixation test of polysaccharide for the determination

of anti complement activity.

() F50l2 EAd 23 BAA 2435 v

I

BAAS &4 AEE ezl 9l GVBT buffer®t Cao]&eo] Adexo=w AAH
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A= BAS A3 A7]a, PBS 25 mLE 7Fst &
NS 412 nmollA THFEE A3t FE 2SS G0N HAA FAI}TS v

&t At

(FH) 2219 HAA7|FGEl g% EAA 84 B2 AE

mL#* loadingd}il, 4°ColA] ¢F 3AIZF &9t 13 A 7195 (75 mA/plate)S HAASAT o] F
1% anti-human Cs7} $F+¥ agarose gel plate AollA] 4°C, °F 15A)17F B¢F 23 7] % (25
mA/plate)S A A ettt ANE gelS bromophenol blue® F 10&27F 9A & g-ste] 27}

A (precipitation line)& SIS =H Cso &3 o F-5 A3
(2) vEEE Fd I HAAE &43
h) AExeE 2 54 54

AvkA| ol e Alme] MESAG oFE Flstiizt C3H/HeN, C3H/He] 3 Balb/c wh-2=
ol 5% thioglycollate medium 1 mLE& Fste] 96Abset Fed =7 dAAE, RAW
264.7 M EF L Caco-2 2% HY Ay AEFE 247 25x10° cellsymLe] sz A3
% flat-bottomed 96 well plateo] 100 pL® FF3dct. sz ZAH A zs <
plateel 100 uL® Z7}ste] 37°C, 5% CO, viF7]ol Al 347 njekst & Mx 5442 Mxned
S E%F AAZ F Phenol free-MEM(Minimum Essential Medium Eagle, Welgene Co. Inc.,
Daegu, Korea)oll 58] 3]41¥ CCK-8(cell counting kit-8, Dojindo Co. Ltd., Kumamoto, Japan)
welld 100 pL® 7}t & 37°C, 5% CO, wiF7]alA 30~6027F ¥H-8-A1 7151 450 nmeol A
Frs SA4s v

o=

r

ooy o

(Y4) th2] Al £9] Nitric oxide(NO) ¥ reactive oxygen species(ROS) At = &4

B A AE, RAW 2647 tA A E= 244 st v st
g & AEZ wjgd s et o, mdd T AAdE NO
2 ROS AAsS 3elsdrt. Al vjokol o] NOXE Griess reagent(Promega Co., Madison,
WI, USA)E o]&, #AxAe] AHe uwegt A3 o, ROS+= 2, 7-dichlorofluorescein
diacetate(DCFH-DA,  Invitrogen, Carlsbad, CA, USA)7} &4 Ak 2] o] &
2/ 7——dichlorofluorescein(DCF)S 3dAsl= WS ol&, HlYg Fo Axe 10 uMY
DCFH-DAE #H7tsto]l 2A17bset midAzl & A2 E §alAA dedY FFEE FFS5A



71(Victor-2, Perkin Elmer, Wellesley, MA, USA)E ©]&3] excitation 450 nm, emission 530

mmol| A =74 3131
(th) A A E9 cytokine BAF = A

np9-~9] B o A 5% thioglycollate medium = F 5% 2 AEZ e} RAW 264.7 A EF0
ol AAFE  cytokine?l tumor necrosis factor-alpha(TNF-a), interleukin-6(IL-6) %
interleukin-12(IL-12)¢] %<& sandwich ELISA set(BD biosciences Co., Ltd., San Diego,
CA, USA)E o]-&3 AxAS Aol whe} #2433t

(3) RAW 264.7 A|£ 2% E cytokine mRNA 2&d =3
(7}) RAW 264.7 A|£2 %€ RNAY F=

RAW 2647 A X = 1x10° cells/mLe] % 389 flat-bottomed plate®] 1 mLS 53 5
Aol EAAZI ARE FEEE 1 mLY At 54 dlZ v (negative control, NC) & =
= AE A wixl 1 mLvke HUbeklew, SA v Z(positive  control, PC)o 2=
lipopolysaccharide(LPS, 5 png/mL)S AF£3t$th Cytokine mRNA & el W3ale= oA 59
SHA| 2417 vl E M EE cold-PBS® 33 A& &3l Trizol(Molecular Research Center Inc.,
Cincinnati, OH, USA) 500 uL& A glate] oAl Mz &3 Al chloroform 200 mLE <& st
of Ao 35 AXSFAT o] % 12,000 rpm, 4 °ColA 1587 AR st A5dS =

= as
A2aAqA Hs & 52 isopropanols ¥ Aol A 103 GAA AT A7+ ste] Ao
©

mLell ¥9]a spectrophotometer(Nanodrop 2000, Thermo fisher scientific Inc., Waltham, MA,
USA)E o]l &, S4=E 54319 total RNAY x5 A3

() First-strand cDNA #A4

1 pg(10 pL)e] RNA A RevertAid First Strand cDNA Synthesis kit(Fermentas, Ontario,
Canada)E ©]&3}4] first-strand cDNAE 439ttt =, RNA sample 1 ug(10 pulL)el oligo
dT 1 pg2 p)& &3t 65°ColA 53 7FEsla 21484 W2hA It 1 % 5x reaction
buffer 4 pL, RNase inhibitor 1 upL, dANTP 2 uL, reverse transcriptase 1 pL7} &3¢
mixtureE 8 pLA &5 F 42°Col A 1 AIZF BESAIZ] & 225 72°CE &9 583 vt
71 cDNAE FAAZA. §4% cDNAE 1 mM tris-bufferol 108 3|4 ste] A} F§a
A (RT-PCR)®l o] &3}t

oo
>,

k>

(t}) Real-time PCR (polymerase chain reaction)

DNA A#HS AAtez AgaA ZAHs 7] 9 CFX96™ Real-time PCR Detection
System(Bio-Rad, Hercules, CA, USA)< ©]&3te] IL-6, TNF-a cytokine®] DNA W& &S
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=43 th 2x SYBR Green Mix(Bio-Rad, Hercules, CA, USA), sense primer, antisense
primer, template DNAE Y1 ©@o]24E5 H7tsle] & 25 yLZ 3t real-time PCRE <33}
Aot AFE3F primer= IL-6 sense primer 5-GAGAGGAGACTTCACAGAGGATACC-3'<t
antisense primer 5-CTCCAGCTTATCTGTTAGGAGAGC-3, TNF-a sense primere= 5-
GGCAGGTCTACTTTGGAGTCATTG-3 2} antisense primer
5-GGTAGGAAGGCCTGAGATCTTATC-3, glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) sense primer 5-ACCACAGTCCATGCCATCAC-3'¢} antisense  primer
5-TCCACCACCCTGTTGCTGTA-3& AF&3ttt. PCR =72 95°C-3%, 95°C-30x
(denaturation), 60°C-30% (annealing), 72°C-30% (extension) ©. & 393] &% DNAZS FZ& o
™, melting curve =42 FTZ3}H 95°C*10§, 60°C-5%, 95°C-10% % sample data9
Y¥oE22 GAPDH 3% cDNAY dH & 2 WyHoz
AAkate] A&kt

comparative Cr#kg 73 &
Zsho] 2784CT M S & 3)o]

(2}) Reverse transcription-PCR(RT-PCR)

RT-PCR<S Tag DNA polymerase kit(Komabiotech, Seoul, Korea)S ©]&, ¢cDNA 2 uL, 5
unit/mL Taq polymerase 1 pL, 10xTaq PCR buffer 2 ulL, 25 mM 10xdNTP mixture 2 pL
2 10 pM primer 1 pL& A3 THFTZ HAAE 20 pL %3 PCR 3% A1A #dE mRNA9
ds gl

primer+ IL-6 (sense, 5’ ~-GAGAGGAGACTTCACAGAGGATACC-3’; antisense,
5'-CTCCAGCTTATCTGTTAGGAGAGC-3'), TNF-a (sense,

5" -GGCAGGTCTACTTTGGAGTCATTG-3'; antisense,

5" -GGTAGGAAGGCCTGAGATCTTATC-3"), Fc receptor I (sense,
5-TTACCACGCCAGTGCTGAGAG-3’; antisense, 5 ~ACTGAGCTTCGAGGTCCATC-3), Fc
receptor II (sense, 5-TGGATCCAGGTGCTCAAGGAA-3, antisense,
5-CTTCCTTTGCAGTAGTAGTCC-3 & GenotechAHDaejeon, Korea)oll 4] A Z}&} o]

AF-&-3F A T

Cytokine®] PCR< 94°C-5%, 94°C-30*(denaturation), 60°C-30%(annealing), 72°C-30%
(extension) ©. & 353] FE F 72°C-7H(re-extension) 2. & 25315 21, Fe receptor I(FcR 1)
94°C-5%, 94°C-30%(denaturation), 63°C-1+-(annealing), 72°C-13(extension) 2.2 253] &
& 72°C-10%-(re-extension) 2.2 253}l Fe receptor II (FcR 1D+ 94TC-5%, 94°C-1&
(denaturation), 57°C-1i-(annealing), 72°C-1:*(extension)©.Z 333 F3% < 72°C-10%
(re-extension) 2. & DNA thermal cycler(Takara bio., Shiga, Japan)ZE ©|&3te] 33t th
PCR %F& A= GelRed™ (Biotium Co., Hayward, CA, USA)S ¥3& 3t 1% agarose gel 4
oA 100 VelA 15%, 50 VelA 153 #7953t & Gel-doc system(Bio-Rad Lab.,
Hercules, CA, USA)olA a4 vg uo] ¥rE AaFstsl

e rlo

(4) Av|LEE F 939 FAAY &4
(7}) Peyer’s patch M EZHE IgA ¥ # ¥ cytokined BA =
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@ o] C3H/HeN w929l 27 9Ho Z7|gej& F£A3l= Peyer's patchE 343}
PBS7F 9GAX petri disholl %7132 100 mesh®] stainless 5 & A E o] &3te] x2S I3t
o Peyer's patchZHE HAEE WEAA AXdgd s AU AXTEgHL 200 mesh
FEA 2 st e, 10% FBS/MEM(Welgene Inc., Daegu. Korea)o. 2 A& 3alo] 1x107
cellsymLE AEFEE ZA3 Z flat-bottomed 96 well plateo] 100 ulL® EF3+9ct. Fad
o gAS SAeA o= /\]EL kst se®2 A5t w3 HUFe F 37°C, 5% CO. Wi
SV A 3YZT WSt W 5 F A5 HS 3]F3te] Peyer's patch MEZ=ZFH A
¥+ IL-6, IL-10, GM-CSF(BD biosciences Co., Ltd., San Diego, CA, USA), TGF-B
(eBioscience Inc., San Diego, CA, USA) % IgA(Bethyl Laboratories, Montgomery, TX,
USA)x= ELISA kitE Ab&-3ko] AlzAabe] A el whaeh 2493 th

(W) 2542 484 33

i i
Obtain P.P '

P.P cell + samples Culture 5 days

Cervical
C3H/He Dislocation F\
mice P.P cells in RPMI1640 Supernatant
(2x10 cells/mL)
g .
\“
B g 3 = = ~, | Culture
A ] = ULIUT 6 days
c i@l ' B.M cells § A )
ervica
Dislocation r\
C3H/He Obtain B.M cell B.M cells in RPM1640 CCK-8 kit
mice (2.5X10%cells/mL) ’ !

P

Measurement of bone marrow cells
proliferation by
ELISA reader(450nm)

—

Fig. 72. Assay for intestinal immune system modulating activity by measurement of

bone marrow cell proliferation.

FAZ FABAE Yu 5 WS 294 o710 w}a} AR MY stel ZHesinh 65
o CH/HEN o928 24 slue] E/1%HE A5 Pever's patch® 515ke] PRSI

AZ petri dishel %713 100 mesh® stainless w4 % ]*EE— O] st 2SI on,
Pever's patchZ24%-E A EE WEAA AEXAEGAS ZA5A}. AEZHEHRL 200 mesh =<
AR e en, 10% FBS/MEM(Welgene Inc., Daegu. Korea)o = A|F3ale] 1x107
cellsmLZ AEXFEE A T flat-bottomed 96 well plateo] 100 pL? #F3FAch. kA,

TAE= %‘”5 npg-2o) tlER W ZEE 3|5ste] o3, AlA s 25%10° cells/mLe] Al
EEER2 243 5 96 well plated] 100 pLA EFstG k. B8 FFAEA oA AF3
Peyer's patch A9} A|59] Wb-go2HE 3|43t 5 d3 10% FBS/MEM<S Ztzt 50 plLA)
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A7bstar 37C, 5% CO; i &7lelA 643t wisttt. e = A5 Peyer's
patch Aﬂ;g}«l s 5 3 Aeds EFAEd NEAA aFAETE SAHe A
e, $4 % 543 WST-8Hdl 93] ol gls A AAdGA A WEs=

Aol ol BAso] wAHE FAWS ALEHAHEIE. 7,
(5) Caco-2 MES AGAL EFMIAE o] &8 AGALY AF2H

e FHFAAEE Tt FaE T AW WAMEER] WS, S5 AR E
3171 93 Transwell® insert7} F&¥ 12-well plateE ©] &3] &3 in Vjtfo E 5 oA
Azseh. R HAEF Caco-2 MES wlFslo] 3x10° cells/mLZ 243 F Transwell®
insert7} =¥ 12 well plate 5l 100 uL¥ &53kal 10~15¥€ 1t HH"‘EO}Oq monolayer=

rﬁ
il av

@A H T 3}%‘:‘01] A A ZFQ RAW 2647 AlEE H 3ol 3x10° cells/mLz %43}
A Eeel 200 Lok MEMMIA 300 w4 EFE 339l Caco2 ALE PBSE A
EREN wg—% Zqstas e ARE 43F FEE 45l 500 iLY A=t

2, 3
24X w e T S5 Ho] RAW 264.7 AlE v & ﬁ sto] IL-6 A 5S FRlstd =,
Alm Al s wiA 7 Hokd 'Q‘}\—]EHZ;LLEEE‘ LPS(5 pug/mL)7F A7 A d =TS Al

ot Tedl® ZAE tUd AlRE RAW 264.7 Az HH A std . webA
| M= AFFoE ddude] G FIMNEE SHste] Fad F Al A9AxE
I e 1E5S G4 ¢ AdrteE PSS =9E) HSH Transwell® insert’} &€ 12
well plates °o]&3sto] H3a AdAstAtHFig. 73).

- Transwell® insert

Upper compartment

Microporous membrane

Lower compartment

Macrophages
Peyer's patch cells

Fig. 73. Appearance and application of well cluster plate equipped with Transwell®
insert.

(6) FHAIA A5 vX= vERE FI ZUIFIELY u$x A7 Fod o
E d984 A= a3 (in vivo)

Oh A¥dsed dvdae 7 29IIELY AT FH9

M

NErAZAL] AuBED F T

ofl

o o B UF Hsde BAtng FTT

- 138 -



oF T3 AT ES AYFH 29 E HESAEH, 495ES 65799 C3H/HeN 925
STUARAETEENE TdT F 15797 AAA o2 ALV 7H 5 Aol Abgeid. A
o E AlRYE X35 ke A A A (saline)E Fo 3 ) Z+(negative control, NC)¥}
And g E Fd 2w (FBR-0) % ol& &aAz3s g (FBR-E)o=, Z+7F 10, 100,

1,000 pg/mouse &

k1
t

R
2 M

¥ F 7He groupe® il Zb group® 6vHEH 149 13 F
i BE Aol ARSI T W9F

2047 FoJskt. AgE AFEA AHGEE i o WA
BAEAT AASAe &5 23+1°C, 5+ H0060% = FAstg o ZHE 1247 F71&

i

(B dn2aE fd 2999 ZAF+ F97} Peyer's patch cell?] IgA 2 cytokine 4
ke WA= &3

ATF7F grEE v 24 YHo EA4 3= Peyer's patch® 23 3 10% FBS

7} 3-¥ MEMeo] 942 petri dishel %713 100 mesh®] stainless 544

S 9fste] Peyer's patchZ2HH AELE WEAA AExAGHES ZASHATE. AELTE AL

200 mesh &A1& o33 & wix &2 28 AFHa L 1x10° cells/mLE A ¥E% z*

< flat-bottomed 12 well plate®l] 1 mL%? #3831 37°C, 5% CO, ¥l &7l A 54
¥

43 ¥ ELISA set® Abg&sto] zlzAabe] Ao upel 2241519t}

(th dvjgas dl 20939 27 F97F €9 T IL-6 R #9 F IgA FFd A

(=

ATEA7 2859 Sdups-AE 26 G needled o] €3te] AFAIE S A o)
1572 mLE& AFHsE Wdae] 302 By T 4AE21(2,000 rpm, 202, 4C)ste] EH S 34
stk 28 e Aol EHEo] d= IL-69] 42 ELISA sets AR&3he] AlZzARS] A 3o wh

Z} group® 2 WS 3|48t 24]7FE <t
S, PBSel 100 mg/mLe] v=2 EWHS 343} 34y e
al el
2}

p
2
Ll

- 18k o, AR (2000 rpm, 203, 4°C)3ske]
At el EHlEe] = IgAe] F2 ELISA setE ARS8kl AlxARe] A

24323 IBM SPSS Statistics 215 o] &38to] SAA}A o LE
H 1t (mean) ¥ 3E¥ *F(standard deviation, SD)E YWEFHAT. A8 7F 9
A

[e]
Aol 2ol p<0.05 FF oA Duncan Y Yujx] B4R o7 2 A5kt
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2. A1+24 3

7t A gAY ggArt 5 dujdase A4

(1) t+¥3 dAn) it E o] Peyer's patch Al X4 v XE 43 B 7 (in vitro)

to rlr =
MO R oA

iU S A I3
N .
N
N
A
{
ox,

L3
o\

ftlo
N
)
of
ol
2
o
oft
ftlo
o
2
>,
X
R
[N)
w
e
Y
1
>
o
Og)(é
ol
ol
2
N
N
1o
=
for
il

2y (v/v)e] 95% ethanol

Zu9 g E[fermented brown rice(FBR-0), rice bran(RB-0) ¢ t<*, sample-F1, F2, F3]<
A A

A) B) C)

=
o ®r E o
£ -3 L
£ s 5
5" e —
@ 3 s < 1
= wl - - =4 o - 53
o =0= 50 e
. 2 - e ~w- Sarpe s
SF - el o ZameS
- sl —B- Zarpes
J " : A A i i "
NCPRC 1 10 100 1000 NCPC 1 u 100 100 NCPC 1 10 100 1000
Concentration of sample({pg'mL) Concentrabon of sample{pgimL) Concentration of sample(pg/mlL)

Fig. 74. Effect of the crude polysaccharides from fermented brown rices on
immunoglobulin A(IgA) and cytokine production by Peyer’s patch cells from
C3H/He] mice. A, Interleukin—6(IL-6); B, Granulocyte macrophage-colony stimulating
factor(GM-CSF); C, Immunoglobulin A(IgA).
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o},
9, immunoglobulin A(IgA)©= AAGA AitE = F WYS2EA] oF 6%E AA| 8=
1 % o1 7

x4 Yy FAZA F2 EA T E 3 A2 9 Al (mucosal-associated  lymphoid
tissues; MALT)AA] EujEn Huts Eslo] oAz 2ss HAT AAZS 9dds= A
Aol HAHdE HEshe AR A 14 |

of Art wEtd B AYolM = 7z HEE
gate Jddlal 9+ Peyer's patch Ao gk =}
Zkzkel v ARE wREER AES A wYsta olEo] Aiteke= IgAdh W
cytokine?! IL-6 2 GM-CSF9 AitsS =AHsd=d, 2 Ay C3H/He] mouseo| A &
Peyers patch Az thaA R 88 Al FAAT = YWEHHA & Wb,
LR EFBR-0) =vd e A5 FdeA IgAE MIESte] L6 #
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Fig. 75. Effect of the crude polysaccharides from fermented brown rices on
immunoglobulin A(IgA) and cytokine production by Peyer’s patch cells from Balb/c

mice. A, Interleukin—6(IL-6); B, Granulocyte  macrophage-colony  stimulating
factor(GM-CSF); C, Immunoglobulin A(IgA).

3t TLR47}F Wol®l C3H/He] w927} ol BALB/c mouseE iAoz Fd3 29

A HAntg &9 [gA % cytokine o] A thE w g
24 S BEA(Fig. 75). A drdas o Wy 2409
q3s "Hdots FHAgAel FEsHA HAE AA G

(2) %3 dndFEo] B o)A A Z(macrophage)? cytokine A2t "X & A3 (in
Vitro)

Macrophage:= Alitoly o] &2 & ¥ A AS= FA4oA thd3st cytokine

R

ftlo
ME
=
_0|L
£
)

- 141 -



A A, Fdol B WK g FFHA TS e AERA, FLAA G P2
o M 5olF WL gel] pAGM, FEAE disNE AHHA dABYL depdt =

3t TLR(toll-like receptor)ol] wF$3t= E2(LPS && HAE)E macrophageE A 3tsto] T
AEet B A2 T4, A3t 288 fgk g Alxe] &4, vAE ol gk Wof Fo 23
W3S 243 4 dE= IL-1, IL-6, IL-10, IL-12 2 TNF-a¢} 28 cytokine2 AJAksic}
IL-1, IL-6 ¥ TNF-a© macrophage®l 2]3] FE%+ x4 cytokineoZ Aol wE
oSl oM FFA0 TS ot ASTHAAAA 2 do] FUHHE Aew dHA e
g, IL-6= IL-13 @502 28sto] T Axet B AlxEe] E3lo #Hojsla &g yrt
A BuEgow TNF-a& SAHUAE ek Alx543% 3 wlolej A A8 ,
2wy d5AES A dojub= ofe] A ARGl = %35} g9 g 4, IL-
NK cell®] &3} 2 Thl typee] W< HH&-S °
ﬂﬂ%’“oﬂ gt S ol #ES o
e v g s Fd 29 A859 AFAA A= 93 macrophage?] cytokine AAHs
37 <&, Balb/c upQ-~oj| A 3423} peritoneal macrophageE 3] 8te] AFS % 3
duler g E FBR-0= B #a&E Alzrdes €8 IL-6, TNF-a ¥ IL-12 o AiS &
o2 F7MAHH(Fig. T6A, 77A 2 78A).
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Fig. 76. Effect of the crude polysaccharides from fermented brown rices on
interleukin-6(IL-6) by peritoneal macrophage from Balb/c mice. A, crude
polysaccharides from  fermented brown rices; B, extracts from commercial

immuno-stimulating products.

L6 5ol A%, FER-0% AREE 6 pg/mLol¥el 51 SAZAY 715 e
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AP SR et o= dneEs o B Al7E NK celle] &793F 91 Thl type®] 9
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Fig. 77. Effect of the polysaccharides from fermented brown rices on tumor necrosis
factor-alpha(TNF-a) by peritoneal macrophage from Balb/c mice. A, crude
polysaccharides from  fermented brown rices; B, extracts from commercial

immuno-stimulating products.
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Fig. 78. Effect of the polysaccharides from fermented brown rices on
interleukin-12(IL-12) by peritoneal macrophage from Balb/c mice. A, crude
polysaccharides from  fermented brown rices; B, extracts from commercial

Immuno-stimulating products.
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AEE APt =, ABAFY A Sl =Tt Almuttt Aolste] the S A
of galu A &YW yeast glucanS FE A oA FAS ERA

lipoteichoic acid ¥ zymosan A+ S&3 &4 4

Aol wet thge &4 A4S Uehd= 3o E Asd F UJT

1“)4

(3) AUIBEE Fd 20F L WPLEE F9 209 35y 54

FAH A AR Peyer's patch AlX &Ad3te} A HAA A ESQ macrophage 243371 717
FId dArdEs 2FH(EBR-0)F oo thst tixwow mAUHEE o 2tHFH(RB-0)
< A48 A3, FBR-0v $423915%)¥% A A=Fe] A (7.0%) 2 @z
g8 FATEFE FAdHAT HEa el RB-0= FBR-09 AR =4S 7=
S, =, 91.3%9 Y A Ao A E(62%) 2 G AR25%)s
Az FRAHdY. ¢, F o203 AERe BT AEA FEEAA U4
TBA-positive material(KDO)= &% AA] &kt (Table 77).

Table 77. Chemical properties of FBR-0 and RB-0 prepared from fermented brown
rices and fermented rice brans

Sample FBR-0 RB-0
Chemical property (%)

Neutral sugar 915 £ 001 91.3 £ 0.02
Uronic acid 7.0 = 0.01 6.2 = 0.01
KDO?-like material - -
Protein 15 £ 0.02 25 = 0.02
Sugar component(mole%)”

Rhamnose - -
Fucose - -
Arabinose 3.6 15
Xylose 2.5 1.3
Mannose 2.9 1.2
Galactose 4.1 14
Glucose 36.9 94.7
Total 100 100

DPercentage (%) against of the dried crude polysaccharide
YKDO means 2-keto-3-deoxy—-D-manno-octulosonic acid.
YMonosaccharides were analyzed using alditol acetate method and Mole% was calculated

from the detected neutral sugar.

&, Table 77 Hol= wpel o] = xud A 5o 74T & X+ alditol acetate -fr = A 3}

=2 53 GCE #4314, FBR-0% arabinose, xylose, mannose % galactoseZ 717} 3.6, 2.5,
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29 % 41%9] v vlgR il WY, 53] £ W89 glucose(86.9%) % et AL

w, w7 B E =20 RB-0(Ara : Xyl : Man : Gal : Glc = 1.5: 1.3 :12: 1.4 :947) 44 %= FBR-0
oF M5:@ PAF2 Wit olel @ SotA S grwe] B4 thy FBR-0l: A4 BACE

& % amylased] 9af ¥ A & limit dextrin)o] ®o] Ex13-S AAetl o, o] 5& A7
=2 A4S A4 S 7hsetE et AR E AT o] Ay EFE ERIE %], deggdAdo]
T Ant e E Y 299 A(FBR-0)+= 5 AdAsE Adslar o] 3o 28-S 3s ).

. M wEEe] BIPAE 24 2L 2E Ay 84 Bt

= i #el AEAEE)T ¥
ostel HAL WYOE YLE L BN %W FBR-OS ATk o5 AR A
Zol wE B WAL EAFEA oRE HAS] A3 A% 4F WADYS Pl
49l 494 oRE FrlstaA ek

() @922 %4 FBR-O 99 FuA 24

NHS" (50 uL) + GVB"?(50 pL) + Sample (50 uL)
- Pre-incubation at 37°C for 30 min

Reaction mixture

- Add 350 pL. of GVB™

- Dilution (107160 folds)

- Add 750 pL of GVB™

- Add 250 pL EA cells (10° cells/mL)
- Incubation at 37°C for 1 hr

Reaction mixture
- Add 25 mL of PBS

Supernatant Precipitate

Read absorbance at 412 nm

2 TCHsy of control - TCH50 of sample
ITCH5(%)” = x 100
TCH50 of control

Fig. 79. Assay procedures for anti-complement activity.
UNormal human serum

YGelatin veronal buffered saline

9509 inhibition of total complement hemolysis

AA Y] Z7] #E Wolol o] Fod IS T JE HAA dsle] dAvjtaE
g5t ARE =437 9a Mayere W9 (Fig. 79 vt 3R il g S
2= AW Al(Coriolus versicolor) & HY &4
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(polysaccharide K)& AH&3 L, SA4HETOZN Al5E H7telA] ¥ SHTE ©l&st

Ao AN Y &4 st Xélw:_g ITCHs (%)% sto] ZF AlRe] &4 stsS A H

stk dAv2EE frd FBR-09 4% 1,000 ng/mLe F=oA ¢ s=5 7Hg PSK(¢
o

60%) B th w2 FAS dEtligloy, i oR ek oF 42%°] 24 HATHTFig. 80).
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Fig. 80. Anti-complementary activity of FBR-0 prepared from the fermented brown
rice. Anti-complementary activity was presented as the inhibition of 50% total
complementary hemolysis by Mayer’s method. Polysaccharide K(PSK), a known

immuno-active polysaccharide from Coriolus versicolor was used as a positive control.
(2) dujZ2 s E 38 FBR-0 t39 ANX =4
Balb/c mouse? B7Fo =ZFE 3|43t macrophageEs tAe® dndtgE F oo

FBR-0¢] Alx 54 of s HESAH ddd A& 2E F%9 FRB-0o 3l

3k
macrophage®l] gt 542 SR gon FALHE A A G rh(Fig. 81).
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Fig. 81. Cytotoxic effect of FBR-0 prepared from the fermented brown rice on
murine peritoneal macrophages from Balb/c.

(3) dujtEE F FBR-0 ©t2o] o2 Al ¥ (macrophage)®] cytokine A4to] w x+=
R

]2l z=roll 2]+ macrophage®| cytokine AAFS in witr

oA Z4% Ay, A2 A FBR-0E BF vk EH o2 L6 IL-12 2 TNF-a9 A
s Lo wE RS pattern =¥ F A =7 FARES E<lskdd

(Fig 82). 1ejvt 2 A7l AR&3F macrophage”t Balb/c mouse® H7Z oA TG medium® &
T AZo]EE moused] ZHAC wel &4 WL e F JoerE o Y ¥ HE
FE3 TYAY mouseE ©]8, macrophageE Eddtal AlZo] wE cytokine AP AT
NAESA 3ttt (Fig. 83). £&sH ™, FBR-0 & mouse?d 7HAlo]l F&3HA 27 W of
HAEE A3l T2 oFE4Q IL-6 2 IL-129] AAsS Hgorm =2 FBR-02cytokine A3
Abe& b Aol Esitta ddE AT (Fig. 83).
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Fig. 82. Effect of FBR-0 on the cytokines production by peritoneal macrophage
from Balb/c mice (I). A, interleukin-6(IL-6); B, interleukin-12(IL-12); C, Tumor necrosis
factor-alpha(TNF-a).
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Fig. 83. Effect of FBR-0 on the cytokines production by peritoneal macrophage
from Balb/c mice (II). A, interleukin-6(IL-6); B, interleukin-12(IL-12).
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o2 Zxﬂd FBR-0¢] #3#dHY &4&s FA457] 98] C3H/He]Z2FH F%% Peyer's
patch Al25 Aoz FBR-09 IgA 2 IL-6, GM-CSF2| A4t x5S FAskch o2 2
3}, CSH/He] up9-»of A 23k Peyer's patch Al X E FBR-09} g7 BH & Al vl Ak
& =4 gokoy IL-6 2 GM-CSFE w% & or Aisiqlon, 53] IgAd 49 1,000
ng/mLe] AlEFXolA 53 AiErt FAs UEhth(Fig. 84). webA] dAnjdaE
09 FBR-0+= Z#HAA ] disl] Fast sx1&4do] vt HF AA45H3
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Fig. 84. Effect of FBR-0 on immunoglobulin A(IgA) and cytokine production by
Peyer’s patch cells from C3H/He] mice. A, Interleukin—6(IL-6); B, Granulocyte
macrophage—colony stimulating factor(GM-CSF); C, Immunoglobulin A(IgA).
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FBR-0 (1g)

- Dissolve in 10 mL of 0.05 M Ammonium
formate buffer(pH 4.9)
Enzyme treatment
- B-Amylase 100 unit + glucoamylase 10 unit
(40C, 3 days)
- Inactivation (100C, 30 min)

80 % Ethanol precipitation

@ - Lyophilization

FBR-E (106 mg)

Fig. 85. Procedure of enzyme treatment for removing of limit dextrin in FBR-O.
(1) E4&AHg 93 FBR-0 ttg 9 3s EA W3

FBR-0& &4 Ae|st A3} Table 780 Hol= nle} =1
dE BYErT ] o] &= limit dextrin®] A A o Aoz A=A F s44E * FAHD

2= glucose el F43% HAE Holu jow, 4" Aol HEHA @4
rhamnose$} fucose’} A&EE ¥ oYz}, -2 H|E&E arabinose, xylose, mannose, galactose®
ZAEY S Foad = AUtHTable 78). ol#d AL A ygdow Iy
hemicellulose®] ¥ %<l arabinoxylan® pectinfo] < A13t+= rhamnogalacturonan(RG)¢] =3
T2 & 28 A SA0lRE F5T eV vt AU

Arabinoxylan< hemicelluloseE 43l tEd R ddo=z Ik &4 & 8
B35 3 991} hemicellulosee] EA44 A x®o 7 1} cellulose THH&3 ZatA A (4
A%l T o I FFEEE EEVF ode vder dEA A =E Ad
(pectin)= X383k #HElE A (pectic substances)E< 152 =2 12 Al XY (primary cell wall)
¥ T4 (middle lamella)oll F& At ddFEAN ASAEH FA9T7F T 7 55
St fﬂﬂ]i ZAst Ao FAEE- L 3 D-galacturonic acid(GalA)7F a-14 23 oz A4
¥ a8 2 EA(a-D-14-polygalacturonic acid)®, 74 GalA2 carboxyl”]”7} methylester3}
Q‘ﬂ 9\)«74"}  FH, &2 free acid FEE 7FA AL dthal 4 A ot AAE AAA ] =
Aots A2 olnt F4 213 F2E A dval Basa ik Pectin AAEA F
W2 F&2 homogalacturonan(HG) o2 A5 o] AdX|qk of7]o] T ekdt oligo- H
polysaccharide® +#] ¥ rhamnogalacturonan(RG)F7} &F24 o2 ZAdgEo Y= Aoz Hi
2 AN
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Table 78. Chemical properties of FBR-0 and FBR-E prepared from fermented brown
rices

FBR-0 FBR-E

S 1
ample (Before enzyme treatment) (After enzyme treatment

Chemical property(%)"

Neutral sugar 90.2 £ 0.1 626 £ 4.8
Uronic acid 51 £ 0.1 6.8 £ 0.6
KDO?-like material 03 £ 0.1 6.4 + 2.0
Protein 44 £ 0.3 242 + 1.2
Sugar component(mole%)”

Rhamnose - 24 + 0.1
Fucose - 05+ 0.1
Arabinose 1.0 £ 0.1 10.9 + 0.2
Xylose 1.1 + 0.1 6.2 + 0.2
Mannose 04 + 0.1 59 = 0.1
Galactose 0.7 =02 23.8 + 04
Glucose 96.8 £ 0.3 128 + 0.1
Total 100 100

UPercentage (%) against of the dried material.
YKDO means 2-keto-3-deoxy-D-manno-octulosonic acid.
YMonosaccharides were analyzed using alditol acetate method and Mole% was calculated

from the detected neutral sugar.

A gReld  Hels A% ggdAdL FE - pectinFol  EAEE
rhamnogalacturonan(RG)2] +x24 zlo], & AT} FAd T T/ & Z23dEa el zol9f
A Aol ot Hauxa glerz duE wgsis BAHAA dojz FBR-E &2 ¢
T B FEEERE BV I arabmoxylanﬂr pectin & ¢] rhamnogalacturonan(RG)tHd 2
2 7484 FEE FAHAT
(2) EaAg 9 FBR-0 29 A% £X9 W3}

HPSECE ol&3te] a4Ae d dvEas @ v FBR-0%
FBR-E9] 2% Fxet AAEE S4s 22 FBR-02 i
Aol broad?dt peakE At AAEd, o= ofnf= E&7F @9 limit dextrin® &A=
4= A (Fig. 86A).
8442 & FBR-E9 AT #3x+
19Bell H.o]&= vhe} o] FBR-09 S AW limit dextrinO]
HA RG99 peak’t S7HE A= AMREAGY. olHg A
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A. Before enzyme treatment B. After enzyme treatment
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Fig. 86. Changes of elution patterns of the polysaccharides prepared from fermented
brown rices before and after the enzyme treatment. HPLC equipped with Superdex 75

GL column.
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Fig. 87. Changes of macrophage-cytokine producing activity by enzyme treatment of
FBR-0 by peritoneal macrophage from Balb/c mice. A, interleukin-6(IL-6); B,
interleukin-12(IL-12); C, tumor necrosis factor—alpha(TNF-a)
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Marophage”} AA4tsh= IL-6, IL-12 @ TNF-a2] 44t v aud 7é3ﬂr, E% éﬂ‘ﬂw
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(4) 248 AATZ FBR-EEZXE WIEA ttdIJ 2 AA
njalbg Bol A EE 2 g4xgd WogdAd vdl FBR-EQ AHA = Superdex 75 GL
columng ©]| &3 gel filtration chromatographyol <& <3stAdct dAnLdaE Fd oA
FBR-E+ 50 mM ammonium formate buffer (pH 55)% #H3¥3}A171 Superdex 75 GL (1.0x30
cm)el loadingstil &Y buffers o]&3ste] &EFAIA EARF] Aeld 3 R, =

FBR-EL(E- 1), FBR-E2(E-11)¢} FBR-E3(E-T)& 3 &} tHFig. 88).

2

r (

2.5

—&— Neufral sugar
--{x-- Uronic acid

Asorbance (nm)

Fraction number
Fig. 88. Elution profile of FBR-E by gel permeation chromatography packed with
Superdex 75 GL resin.
FBR-E was subjected on Superdex 75 GL column(1.0x30 cm) and eluted with 50 mM
ammonium formate buffer(pH 55) at the flow rate of 0.5 mL/min. @, Neutral sugar (490
nm); B, Uronic acid (520 nm).

et gel permeation chromatography& ©l-&3 g4l FBR-EI, FBR-E2 3 FBR-E3+=
R HPLC ZellA th49] peakd HEIUE 5 £27F @2 EA7F 2yt oH, mepa] 4
AE7b S A7 e ofdk F3e 2, 3xd R A FAHTt ddE o] Fig. 83
e vhel o] FBR-E9 AAl= 249l A3 column chromatographyell & A =3}
At =, FBR-Ei= WA DEAE Sepharose FF(Cl- form)® %% % anion exchange
chromatography 2 & 1719 &2 E(FBR-1)3 6709 &8 ¥ (FBR-2 ~ FBR-7)o.& #
g 3ttt
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Absorbance
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Fig. 89. Elution profile of FBR-E by anion exchange chromatography packed with
DEAE Sepharose FF(C1™ form) resin. The column was eluted with DW until sugar was
no longer detected and then eluted with 0.056M ~ 2.0M NaCl solution by stepwise gradient.
B, Neutral sugar(490 nm); Vv, Uronic acid(520 nm).

FBR-0ZHE]2] A& 3 Hol =8 Table 5o YEFHF #vle} Zo] 0056 M 2 0.
ol FBR-2 ¥ FBR-47} 247t 137 2 23.0%% 7} -3ttt &3, AAw =

st A3} macrophage X]-:%Oﬂ ojgt IL-6 ¥ IL-12 *3" }
F

‘r‘N
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Table 79. Yield of each subfraction of FBR-0 by DEAE sepharose FF(Cl™ form)

anion exchange chromatography

Recovered amount from

. . PN
Fraction Elution buffer 1 ¢ of FBR-0 Yield(%)
FBR-1 DIW 64.8 mg 6.5%
FBR-2 0.05M NaCl 137.2 mg 13.7%
FBR-3 0.1IM NaCl 65.1 mg 6.5%
FBR-4 0.2M NaCl 230.4 mg 23.0%
FBR-5 0.3M NaC(Cl 65.8 mg 6.6%
FBR-6 0.4M NaCl 45.7 mg 4.6%
FBR-7 0.5M NaCl 13.2 mg 1.3%
FBR-8 2.0M NaC(Cl - -

Total 623.1 mg 62.3%

A1600 B1200

—_ )

E E
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5 i

%5 800 | « 600

o —— FBR-1 g —#— FBR-1
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S —— FBR3| B —y— FBR3

3 400t —— FBR-4 S 300+ —A— FBR-4

2 —&— FBR-5 g & FBRS5

a —— FBR-6 a —0O— FBR&

ﬁ —&— FBR7 ﬁ —4— FBR7
NCPC 16 8 40 200 1000 NCPC 16 8 40 200 1000
Dose of sample (ug/mL) Dose of sample (ug/mL)

Fig. 90. IL-6(A) and IL-12(B) producing activity of subfractions of FBR-0 by
DEAE sepharose FF(Cl” form) anion exchange chromatography on murine peritoneal

macrophage from Balb/c mice.
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Fig. 91. Elution profile of FBR-4 fraction by gel permeation chromatography packed
with Sephadex 75-100 resin. FBR-4 was subjected on Sephadex G-100 column (2.590
cm) and eluted with 50 mM ammonium formate buffer (pH 5.5) at flow 1 mL/min. @,
Neutral sugar(490 nm); M, Uronic acid(520 nm).; ¥, Protein(280 nm).
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(5) AulLEE F# HA o3 FBR-4a % FBR-4be 3373 54

ol

dntg & fFd A FAHAA =S &Y WIFAH S EYd FBR49 subfraction?]

Zﬂ—
RS = O R4
FBR-4a ¥ FBR-4b%& Superdex 200 GL°] *#t¥l HPLCE o]l&3sldo & % EAHFS &2
stath 7 g8 BE o peakE UEUWAE 2o} F opeakE: FA o8 BExpEFo] Alo] gt
2o 4ol 299 g vud 53 AR &R

P
A A gholE ¢l o, ¥ <5 2 (pullulan series)
% standard® AlAker A3} 717 62 kDa % 21 kDal & 32l Atk (Fig. 92). ®=3 FBR-4a

= |

FBR-4b9] dut 3}stEAH S Ay E Ayt Table 800 el HE = A9
(883‘7) 2 A FA17%) o2 FAEO dRon, dutHgor AEFEFEZAAN AEHe O
A 2 KDOEALS i3t dA &skth. FBR-4b9 7%, 476%°9 =& A4 sS4
@ o Eros ofke] KDOE #ishi g Aow BAHAT

TR A A v R R Fach PR L TTAT) FERAAE FRF L F R AR T
FBR4a | *} FBR-4b
00 40

3 T p T 1 1 T T T

Fig. 92. Elution pattern of FBR-4a and FBR-4b purified isolated from fermented
brown rice. HPLC equipped with Superdex 200 GL.

FBR-4a ¥ FBR-4bE 7}4=E33t9] alditol acetate =2 st FATS 43t
7}, FBR-4ai= galactose, arabinose % glucoseE Z}7Z} 43.2%, 21.7% 2 125%9] =& v &=
Sl o, FBR-4b9] 7% 476%2 GalA+GlcA <¢]°] rhamnose, arabinose,
mannose % galactose(Z}Z} 8.1, 84, 88 % 122%)= 1 H|E&E R SHF3tar ATt (Table 80
2 Fig. 93). ©o]# 3 ZA¥+= FBR-4a’} @v]o] £A3}+= pectin ©3 2] rhamnogalacturonan I
(RG-Dell A +2]l¥ arabinogalactan® 7}sd o2 7F8 3] AJAME o™ FBR-4b dw|e] &
3 B4 T AAE tds glycolytic enzyme®l Q‘FSH Add RG-1 2 RG-II @H o= &3}
IS FEIS £ Aot 3, AEAEdo] E£A35E  pectic polysaccharides
homogalacuronan®| rhamnogalacturonan I (RG-I) ‘i-l rhamnogalacturonan II (RG-ID7} &
Hox AstEol Aot HuF i =" 53 RG-19] 4-$ rhamnogalacturonan core®l
arabinan, galactan, arabinogalactan % oligosaccharide®7} 1= 2 A ®H F+XZ 7FA 1L 9l

A QAT

ih
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Table 80. Chemical properties of FBR-4a and FBR-4b purified from fermented
brown rices

Sample FBR-4a FBR-4b
Chemical property (%)
Neutral sugar 833 £ 4.1 508 £ 1.7
Uronic acid 117 £ 0.2 476 £ 0.6
Protein - -
KDO-liked material” - 16 = 1.7
Sugar component(mole%)”
Rhamnose 28 £ 05 81 09
Fucose 02 £ 00 20 =02
Arabinose 21.7 + 3.1 84 + 1.1
Xylose 24 = 0.7 42 + 1.2
Mannose 55 = 1.1 88 £ 1.8
Galactose 43.2 + 2.4 12.2 £ 05
Glucose 125 + 1.8 71 £ 1.1
GalA+GlcA” 11.7 £ 0.2 476 + 0.6
Yield” 21.8% 46.5%

DPercentage (%) against of the dried material.

YKDO means 2-keto-3-deoxy—-D-manno-octulosonic acid.

YMonosaccharides were analyzed using alditol acetate method and Mole% was calculated
from the detected neutral sugar.

YGalA+GlcA means amount of galacturonic acid and glucuronic acid.

YYield against of FBR-4 fraction.

701.2230 1 l 208,6490 l l
3 FBR-4a & l FBR-4b
[1]
<2

-
<L

Gal

159.7979

E22 5937 =
1G]
=
§|°
=
343.9643 112,9469
o &
B i
[ g E
165,3350 £6,0959
-13,2943 - + . 0 19,2445 - - ! .
5.00 10.00 15.00 20,00 25.00 5.00 10,00 15.00 20,00 25,00

Fig. 93. GC chromatogram for the determination of sugar composition of FBR-4a
and FBR-4b purified from fermented brown rice.
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(6) FBR-4a 2@ FBR-4b¢ B-glucosyl Yariv reagent$}d] vr¢4 AE

FBR-4a % FBR-4bi: arabinose®} galactoseE ¥& HE&Z g3l Qo] o]E0]
arabinogalactan®.2 &3 7tsAdo] Eva #AdEHJov=z olE A Ay s B
-glucosyl Yariv reagent¢}®] WHgAS HES AT B-Glucosyl Yariv reagent [1,3,5-tri-(4-8
—glucopyranosyl oxyphenylazo)-2,4,6-trihydroxy-benzenel]:=  arabinogalactan % 113 <]
arabino—B-3.6-galactan?} So]A o g Hkg3ste] AN HAS FAs= FHoe=E LdHA Atk
(Fig. 94).

B-Glucosyl Yariv reagent Type Il Arabinogalactan
52 B

. I -
3 T

-

o 1
’ﬁ Specific
binding

NVLOVIVO-Q-dH9e 1]

(1-53)-3-D-GALACTAN

Formation of red precipitation area

Fig. 94. Scheme of the reactivity between arabinogalactan and B-glucosyl Yariv

reagent.

ol @ SolHor whgshe U A Ao duA Jormm o dYE o4&,
FBR-4a % FBR-4bol ™3} single radial ®342HS 33ttt 5 arabino—-3.6-galactan®!
= Row, FBR-4a2l 4§
To| A& wkgto] #AEA FUTHFig. 94).
e Ao F 60-70%H == UEsoH

gum arabice T o|EH o7 HHEo] F7}s)
A3 Aol #zE v FBR-4be oW 3k &
ok A AV sdYY ZFEHol H
(Fig. 95), ©o]&13 A3+ FBR-4a¢ +% ol =
A eI AT

0%
o
o
fz
2
N

Fig. 95. Single radial gel diffusion of FBR-4a and FBR-4b purified from fermented
brown rice by B-glucosyl Yariv reagent. 3-Glucosyl Yariv reagent has specific binding affinity
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to arabino—3,6—galactan. Gum arabic was used as a positive reference.

A) B)

O B FER-4a T
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3 A5 ] o
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£ 4000 | ! T
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pricipitation (mm-) pricipitation (mm?)

Fig. 96. Reactivity between [-glucosyl Yariv reagent and FBR-4a purified from
fermented brown rice. [(Glucosyl Yariv reagent has specific hbinding affinity to

arabino-3,6—galactan. Gum arabic was used as a positive reference.
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Fig. 97. Cytotoxic effect of FBR-4a and FBR-4b purified from fermented brown rice
on murine peritoneal macrophage(A), RAW 264.7 cells line(B) and Caco-2 cells(C)
in vitro. Each cell (25x10° cells/well) were treated with various concentrations of FBR-4a
or FBR-4b in 96 well plate for 72 h. The cell cytotoxicity were determined by cell

counting kit (CCK) assay. NC(medium) used as negative control.
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E fFd AA U9 F =2 & d9gF2dS 249 FBR-4a ¥ FBR-4be
2] 3k macrophage® murine macrophage A~ RAW 264.7, 3

3 AEZF Caco-2¢ tfgh = ’ﬁﬂ o] A RE =AstuA} skt 25x10° cells/mL®E %A
-4a

2 FBR-4b: 1671000 pg/mL7MA ¢ thakst w=x =2 7bste] 39

7F wjeke = oAz o xg%oqﬁré gelatglon, o1 Ax Fig. 979 vebd npel o] mE
AELN A FA4L UeEtYA Fkon, 53] nsroA AFo Az AFEA ok wt
A olEe] AYAE 9 A FI Az digt H7hE 1671000 pg/mL7kA 9] FEE Z18E7]
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Fig. 31A°l AAg AAE, @dvdaE Fd A tbd FBR-4a 3 FBR-4 =
HoR WAAEE x}-fs}o% NOE A7dsh= 73?‘2}% B shARE 54 el NCoF vl
g w AEA g FBR-4be] NO AASE 94 Aolg HolA &2 bl
g g2l FBR-4at 1,000 ng/mL 5ol NC9 oF 3o o]2+ =& NO A FS v
Won R FA4T7E FE FlEHA vEE T

(4) 2] Al £(Macrophage)9 cytokine AAd] w x]&= o 3F

a8 ggEEel FBR-4a9t AEA ttdEE FBR-4bi= Balb/c mouseol A it E7}
WM EE 2=35F] IL-6, [L-12 2 TNF-a9 S BF T JEXoR zxul 7= A
< YeEATH(Fig. 98B, C 2 D). IL-69F IL-12 BA 52 4% 1,000 pg/mLe] iFTolrE
FBR-4a¢} FBR-4b7} frAMeE &4 S HAARE 10 pg/mLe] A& X0l A FBR*4a“P°] TS
Hel A th(Fig 31B 2 C). A% TNF-a AatsolAs IL-6 2 1L-129] ZAzpets wkgidl
A#}E YetydEd, 10 pg/mLe] A% %S A 98t FBR-4b7F FBR-4adl H]&] A2 o
2 =2 24& Yehdth(Fig. 98D). o] A¥E FFE = uw, 1A v EE2 FBR-4a™
TNF-aE Al¢lstil NO, IL-6 B IL-120]4 Ao = A&Ex vl FBR-4bel H] &)

S5 A FESS e Ao FAHAh
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Fig 98. Effect of FBR-4a and FBR-4b on production of nitric oxide and cytokines
(IL-6, IL-12 and TNF-a) by murine peritoneal macrophage from Balb/c mice.
Peritoneal macrophage(2.0x10%/ml) were treated with various concentrations of FBR-4a and
FBR-4b in 96 well plate for 24 h. The concentrations of NO and cytokines in the medium
were determined by Griess reagent and ELISA kits. NC(medium) and PC(LPS 5 ug/mL)
used as negative and positive control, respectively. A, nitric oxide(NO); B,
interleukin-6(IL-6); C, interleukin—12(IL-12); D, tumor necrosis factor-alpha(TNF-a).
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Fig 99. Effect of FBR-4a and FBR-4b on production of nitric oxide and cytokines
(IL-6, IL-12 and TNF-a) by RAW 264.7 murine macrophage cell line. RAW 264.7
cells(2.0x10%mL) were treated with various concentrations of FBR-4a and FBR-4b in 96
well plate for 24 h. The concentrations of NO and cytokines in the medium were
determined by Griess reagent and ELISA kits. NC(medium) and PC(LPS 5 pg/mL) used
as negative and positive control, respectively. A, nitric oxide(NO); B, interleukin-6(IL-6); C,
tumor necrosis factor—-alpha(TNF-a).

Reverse transcription-PCRS o] 83 #xxe wdS 3shelst 2FoA%E FBR-4a:
FBR-4bX.t} 7} sxolAx ¥3] =& [L-6 mRNAS #dS vedlon, 53] 10 ng/mLe A
oAM= FBR-4ax= FA gl Bl of 62 IL-6 mRNAS ©3d& H<Ql ¥ FBR-4be
A9 FA4S Yl A &skth(Fig. 100). TNF-a®l mRNA 239 Z$o|A %= FBR-4a’}
FBR-4bell H]a] °oFit =2 HAALEE UEHHAAR F A58 BEF 5% &4 A3 B
o] FA] ¢ kH(Fig. 101).

11-6 W = e - e —-—

Bactin -—— TGN TS T . -— T T . -
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{fold of control)
= [=7] oo EJ‘

mRNA expreesion of /-6
N

(=]

= mi sl
NC PC 10 100 1000 NC PC 10 100 1000

Dose of FBR-4a (pg/ml) Dose of FBR-4b (ug/ml)
Fig. 100. Effect of FBR-4a and FBR-4b on mRNA expression of IL-6 of RAW 264.7
murine macrophage cell line. NC(medium) and PC(LPS 5 ng/mL) used as negative and

positive control, respectively.
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Fig. 101. Effect of FBR-4a and FBR-4b on mRNA expression of TNF-a of RAW
264.7 murine macrophage cell line. NC(medium) and PC(LPS 5 pg/mL) used as negative

and positive control, respectively.

AdeAoz, B Ao Balb/colA Fadld 54 Wl diAAE L oA AEF RAW264.7 Al
E= 717 FBR-4a 3 FBR-4bell 9sf 247413t A=50S o, 579l Uﬂoﬂxﬂgsﬂ e
A3 o]l e 9S54 cytokinel 2 EF¥ = TNF-a 3 IL-62] A4t 3 AlZd HF 9
Fgsish A9 wedol A IL-128 FAHOR fEst BHo Yol I Ea,
IL-6 2 TNF-a+= mRNA leveldl A= 1 A4k =717 &9y, ol A=Ay, dvy
5% %2 WA th¥ FBR-4a % FBR-4b: AAbiolo] zHgsts dAnedAg @4shshs
7)ol Tk B 5 9lv
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3) AvTEE 7 AA ©939 FAAAA N W &4 (in vitro)

(7}) Peyer’s patch cellol] 93 cytokine A4t A= &4 2 ol 53
g4

il
olN

FAT 24

Peyer's patch™= T A|¥¢ B A¥ T o= ?L“ ¥ o] Q3 TA¥+= macrophage®} A4 =&
&to] Tt cytokines AAFSHA H=dl, olF =5 T4 #olE s IL-6, GM-CSF &
I S cytokineo] fa HAWFor Gyt dojuA Huh ol &<lsty] fdte] AR
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Fig. 102. Effect of FBR-4a and FBR-4b on production of GM-CSF (A) and IL-6
(B) by Peyer’s patch cells. Peyer's patch cells (2.0x10°mL) were treated with FBR-4a
and FBR-4b in 96 well plate for 5 days. The concentration of cytokine in the medium was
determined by ELISA kits. NC(medium) and PC(LPS 5 pg/mlL) used as negative and

positive control, respectively.
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Fig 103. Bone marrow cell proliferating activity through Peyer’s patch cells of
FBR-4a and FBR-4b. Peyer's patch cells(2.0x10°%ml.) were treated with FBR-4a and
FBR-4b in 96 well plate for 12 h. The concentration of cytokine in the medium was
determined by ELISA kits. NC(medium) and PC(LPS 10 pg/mlL) used as negative

positive control, respectively.
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Fig. 104. IgA production by Peyer’s patch cells and related regulatory mechanism.
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Fig. 105. Effect of FBR-4a and FBR-4b on production of IgA by Peyer’'s patch
cells. Peyer's patch cells(2.0x10%ml) were treated with FBR-4a and FBR-4b in 96 well
plate for 72 h. The concentration of IgA in the medium was determined by ELISA Kkits.

NC(medium) and PC(LPS 10 pg/mL) used as negative and positive control, respectively.
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T2 Bd w5 183 AH W (mucosal-associated lymphoid tissues; MALT)ol A 2 FH]
H Aes Fste] AR Hdete HATY AAE D“"}O}L Ao o] HAHdE Tt
T FAE AZFe 1Y Hr oF 3 g9 IgAE AtelE A2 HaEo Q) H}B}H ol g
T U WY @409 A FEAE A T8 Q‘%%% Gt FHH A Aol FEsH
HAgS AA AT & AU

(t}) Peyer’s patch celldl 93 IgA A4 #™H cytokined] A4t
Antg &2 0 E Fdd A4 tbF 2 FBR-4a ¥ FBR-4b+ Peyer’s patch cell& A=3
s oEHor [gAo S AFAATUE AL LS IgA Astkel B E cytokineo] WIE
Ae = 9tk wElA FBR-4a % FBR-4b9] F A<l z=o] 23+ Peyer's patch cell®
cytokine AAHS in witrodlA SAstaA sl om AEFHOR FA Peyer's patch cell
FBR-4a % FBR-4bell ¢l&l] IL-10 % TGF-B< A4S F7 €S AT 5+ AAch(Fig. 106).
IL-109] A%, F Alsv EF % o&AQ0 Asbde] 717 dZHJAN a4y g4
FBR-4a’} 93913 FBR-4a©® Al&3% % 100 pg/mL ©]/dolA g &

s HAdowEZA dAndas Fd AA dFgiE FBR-4a9 & €4 HdlsEe ©
g/mLY Aoz FZHAH(Fig. 106A). 3+, Peyer's patch cell?] TGF-g A2kA= JJr
A2 gl FBR-4be] 745 w9 v Aoz Ay vk 132 thd FBR-4aol Al &
A Z=(NC)oll Bls] Hd 109 o]de] =& AAES Bt FBR-4av 100 pg/mLe] 5
ANA TGF-B Aits HU=E ASsA oy 1 oo shdAs Aibde] ases AEs
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H 9 H(Fig. 106B).
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Fig. 106. Effect of FBR-4a and FBR-4b on production of IgA by Peyer’'s patch
cells. Peyer's patch cells(2.0x10%ml.) were treated with FBR-4a and FBR-4b in 96 well
plate for 120 h. The concentration of cytokine in the medium was determined by ELISA
kits. NC(medium) and PCLPS 10 pg/mL) used as negative and positive control,

respectively.
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Fig. 107. Effect of FBR-4a(A) and FBR-4b(B) passing through Caco-2 cell
monolayer on cytokine production by RAW 264.7 cells.

FBR-4b°] 79 FBR-4asti= 2] oF 15% vnte] &do] o] Fozjow o2 &
&5 AAA st ol g A= FBR-4a’t +E arabino-B-3.6-galactan FESl T4 o
g]+o]al, FBR-4b% galacturonic acid(AH3 %) $FaFo] -2 pectic poysaccharided = 319
Zk2] ¥+ FBR-4a7} F#ALIANELE & =3
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Fig. 108. Immune response in the Peyer’s patch mediated mucosal immunity
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Fig. 109. IgA production by Peyer’s patch cells and related regulatory mechanism.
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g T ALt s IgAd S A3 F TR ARAdA BT FEEHS IgA &
v YEtddtHFig. 110). 53], FBR-09] &4A2l&<Q FBR-ES A%, AE%% 10 u
g/mousedl| A 5-8] FBR-0°] H|3] ooz =& [gA #H]%S eyt

IL-69] Z$ol%= FBR-0 ¥ FBR-E= 7 5 Peyer's patch A3 2 HE
IL-6°] Adfregddo] sxolEdor F7hstalith(Fig. 111). kARt #4123l FBR-4as
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Fig. 110. Effect of oral administration of FBR-0 and FBR-E on the production of
IgA by Peyer’s patch cells from C3H/He] mice. C3H/HeN mice were orally injected
with FBR-0 or FBR-E(10, 100, 1000 pg/mouse) for every 20 days(n=8), and then Peyer’s
patch cells(1x107) of the mice were seeded into 96 well plate. Cells were incubated for 5
days, IgA in the cultured medium was determined by ELISA kit. NC means water injected

group orally as negative control.
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Fig. 111. Effect of oral administration of FBR-0 and FBR-E on the production of
IL-6 by Peyer’s patch cells from C3H/He] mice. C3H/HeN mice were orally injected
with FBR-0 or FBR-E(10, 100, 1000 ng/mouse) for every 20 days(n=6), and then Peyer’s
patch cells(1x107) of the mice were isolated and then seeded into 96 well plate. Cells were
incubated for 5 days, IL-6 in the cultured medium was determined by ELISA kit. NC

means water injected group orally as negative control.

shA g A A T AE, BITA 3 2} 48| (natural killer, NK) A3 Gol A 2AAAH w1y
T AAAJAAR FEe, 2VAE7F dHHEFTT, Q7 AT g E AAst=
2 z=slsE By G-t A ZF =2 ZH(granulocyte  macrophage—colony  stimulating  factor,
GM-CSF)¢] A=524ds <13 Z23= Fig. 1120 YetlAdth. GM-CSF= WA AEe &
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Fig. 112. Effect of oral administration of FBR-0 and FBR-E on the production of
GM-CSF by Peyer’s patch cells from C3H/He] mice. C3H/HeN mice were orally
injected with FBR-0 or FBR-E(10, 100, 1000 pg/mouse) for every 20 days(n=6), and then
Peyer’s patch cells(1x10°) of the mice were isolated and then seeded into 96 well plate.
Cells were incubated for 5 days, GM-CSF in the cultured medium was determined by
ELISA kit. NC means water injected group orally as negative control. NC means water
injected group orally as negative control.
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Fig. 113. Effect of oral administration of FBR-0 and FBR-E on the production of
IgA in feces from C3H/He] mice. C3H/HeN mice were orally injected with FBR-0 or
FBR-E(10, 100, 1000 pg/mouse) for every 20 days(n=6), and then feces were collected and
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dissolved in water. IgA in the solution was determined by ELISA kit. NC means water

injected group orally as negative control.
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Fig. 114. Effect of oral administration of FBR-0 and FBR-E on the production of
IL-6 in serum from C3H/He] mice. C3H/HeN mice were orally injected with FBR-0 or
FBR-E(10, 100, 1000 pg/mouse) for every 20 days(n=6), and then serum was collected in
blood. IL-6 in the serum was determined by ELISA kit. NC means water injected group

orally as negative control.
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Fig. 115. Principle of methylation analysis for determination of sugar linkages of
polysaccharides.
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1359 92 Ao A=A =d(Fig. 116), =2 galactose(Gal) 23 T 4d7F 71 &2 v &
2 2R YN0 M(43.2%), I TS O 2 arabinose(Ara) 23 % glucose(Gle) Aol +=
olF 1 AANIL(ZHZ; 21.7% L 125%) A mannose®t rhamnose A% A7 EA =
o2 yetwth ARt 7Y A B FHe 540 ® nFo FBR-4a st ©d od
of olyeg}t ME T& BAHS Ze 2T vdo] AR vE HER EihEo] A%l AAL
A tHTable 81). FBR-4a v@eol= AAA, o 90% o]d9 71 =2 HE&E2 EAS= B
-arabino—(3,6)-galactans 33 RG-I, EA2 <9 10% vwo g &A= B-1,6-glucan®]

EFeol 2A%E F4T 5 A

!

2

Table 81. Methylation analysis of FBR-4a purified from the crude polysaccharide of
fermented brown rice

) . Composition . .
Glycosyl residue  Deduced linkage Polysaccharide Organism
(mole%)
Arabinose terminallf] 3.8 RG-1 Brown rice
5-linked 4.1 RG-1 Brown rice
Rhamnose 2,4-linked 2.9 RG-I Brown rice
Galactose terminal[p] 3.3 RG-I Brown rice
3-linked 14.7 RG-I Brown rice
4-linked 56 RG-1 Brown rice
6-linked 13.0 RG-1 Brown rice
3,4-linked 2.4 RG-1 Brown rice
3,6-linked 31.5 RG-1 Brown rice
3,4,6-linked 1.9 RG-1 Brown rice
Glucose terminallp] 3.3 B-Glucan Fermenting M/O
2-linked 16 B-Glucan Fermenting M/O
6-linked 6.1 B-Glucan Fermenting M/O

FBR-4a$ 43+ % rhamnogalacturonan-I(RG-1)¢] g—iﬂ% sk A3ke] galactose,
rhamnose % arabinose X7 2HE FA 7}53tH(Table 81). A& o] A= galacturonic
acid®] 2@ S22 gAT F gldlon, HluEd =2 H&=2 2,4—11r1ked rhamnose”} &3+
AP 2 X E FH7F —2)-Rha-(1—4)-GalA-(1—2)-¢] disaccharide ¥t Mgz FAE o] glo
1 rhamnose® C4 XA thgs F7F Ad45o S¢S & F AAH. A vhgs 2
kA9 arabinose®t galactose®] 7152 RG-I9] =47} arabinan, galactan Y+
arabinogalactan®. = Wojuzt Fx2 EATS gRlstA 3 th(Table 81). Arabinan®] 7 -5
5-linked Araz} E£Ast= AFA ZH-F side chaindll €] ¢+ arabinan< 152302 4y
of EATS & F AUAAT AN 2= BluA e FFoRRYH HEAFFT T RGI

==
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Agty]o] EA)3t= arabinane] A9 - 12 EAetd Fal AbEel nvls] @Wol Huhy o
=A%s ¢ 4 9o 3 galactan®] A S Oﬂ% 4-linked Galp® <&=AZHEH (11—
4)-galactano. 2 A3t Y F 471] O}M_Ui galatan A}& 9 C39IX|olA Az ==
galactose’} AT A F4 & 4 AT T3 arabinogalactan® “d-%-, terminal-Araf
o] &)l & arabino-3,6-galactans A 4%+ 3,6-linked Galp residue % 3-linked Galp,
6-linked Galp residue(ZtZ} 315 2 14.7%, 13.0%)7} =< H&= #HEH AMEZHEY B
—arabino—(3,6)-galactan®] <%} (main chain)= (1—3) 2322 AZAH galactose A= A2
Ho] glom, F3 galactose?] C6 YA (LH Ch)olA Zd7} AZAFo] Mojyries 22 5
o] A& FF £ YUY =3I 36- E= 6-linked-Galp E T-Arafzz} 315, 13.0 %
38%)7F =& H&=2 EAst= A EHE, B-(1—3)-galactan backboned] = (1—6) Aoz
AZAE galactose’} THA] AFES o]F 1 lom C39 XA A=A+ galactose’} AAES B
—arabino—(3,6)-galactan®] A& 2 7IE2FxE FAstL Aow, o5 nHZkdTT
arabinose”’} AAEo] EAFS AT+ UJATHTable 81). ol FBR-4a® @
$-3l= B-Glucosyl Yariv reagentel] °F 60%0°]A4re] wk

::‘

Mz
r{o
(e

o
g

—arabino—(3,6)-galactan®} A g A o g Hl
$4e BIW Ads F 9Nsgeh oldel AwmyE FY5H: FBR4a % B
-arabino-(3,6)-galactan® F% 3$t#3dtal A= RG-19 AA %% Fig. 1189 I A3 wfe}
Fiany
B-arabino-(3,6)-galactan moiety : about 70% E -------- E
I (G |
o i I
> I A I : z |
GH G N 5 2 P ¢ & E
d 5 o IS 3 6‘ o s ! ) !
G M G 4G B ; 4 r L
6 6 G ° 6‘ o 6‘ : w :
I
(€] G L € G L g G v QY i i
Q. G 0 0.0 0. |
RG-I J. - G 1 G ! G G =g ; i
. C N
| @75 |
300060
. B
p-1,4-galactan moiety : about 5% € ! e |
! SO
R LS
% :S,A-.-:-"zl/ls 'J\:l & i
A A i -k
a-1,5-arabinan moiety : about 5% lL :
Rhamnogalacturonan backbone : about 10% | _o
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B—Glucan
2-linked or 6-linked glucan : about 10%

n=60~70

Fig. 118. A proposed structure of immunostimulating polysaccharide purified from
fermented brown rice.

AukA © & grabinogalactane LS5 A EoA FE WALE gyFe dFor FxFH EA
o wet 18, 0¥ % 7ggdoez FEHAT. I8 arabinogalactane Z3jo arabionosyl
oligosaccharide %715 2zt&= B-(1—4)-D-galactan = TA4¥E o3, I3 B-(1—
3)-D-galactan 4ol galactosee] C6 ¢4 B-(1—6)-D-galactosyl =4 2 H|&d Hot
arabinose #+7]Z zt:= arabino-B-3,6-galactang, 1831 7]E}& & arabinogalactan =& 2zt
+ pectic polysaccharideE XA gtty. welA] FBR-4adl EA8t= RG-12 Type 19
arabinogalactan©]™ T2 UAFE<Q dAwu|o| A F T pectinCZHEH TEINAH T vAE 9
3 EaEe] EAstE Aoz FEHHJAY ayy FBR-I 9 RG 1 dhtdoz HaH
RG-I9 wl&] S 2 AZA% a-(1—5)-arabinan (¢F 5%)3} B-(1—4)-galactan (&F 5%)o] Z a1,
B-arabino—(3,6)-galactan®] °F 70% = RG-I tt3d 9 i8S A3 EHA FHS HoF
At ole dno HEyA F nAES Fhol 9 pectin® ZHE RG-Io] 3 ¥ i, #g
H RG-1I vt = w3 Fx7F 1+a3F a-(1—b)-arabinan® B-(1—4)-galactans 8= o
Al vl Eo] Asket Falaiel o3 Jd Fite] EHEA N B-arabino-(3,6)-galactan®] 73

T, 1=2 BAE G Agoe=z Qoo BIlaiavF #ETE 7 e FHA YA AlEEA
oo} (steric hindrance) AWE % &1 F& Aoz o]5o] Ao F2 FTIATL =3 4

AN Pectine A =A2] MAEYI middle lamella S0 EAst= 84 ddHF=2 AAEA
o] we HELO Aol homogalacturonan(HG) &2 A (¥ €] smooth region)¥ o] A7k
o 7] theFgk oligo- 2 polysaccharide’} 3 =2 #X](branched)® RG-1 ¥ RG-II7} &4
o= A (HA" Y hairy regions T4)=Ho] v AoZ HiuxE ), mepA AvjdaE F
o A3t &4 v FBR-4a< &1 9 pectin®] a4 Fol HG regione] F& o] £
FH RG-I°|H, E3] o] RG-19] =4 o]+ B-arabino-(3,6)-galactan®] < H| &% &3}
e HE g2 & 5 AR (Fig. 119).

|TEeE 2 FBR-4aolA HA=9 B-(1—6)/B-(1—2)-glucane A &A1 FAAAE

EI ]
o2 #FAHE A9 =8 53] dAvjgle I/ AR B Ut AEHo Rad d&
e ol 4= Qlth. wlElA FBR-4aolA <% B-glucand &A1& waE 5 AFEE HAE
of| A ﬂQrEHéf} Aoz FAHST dArtaEY AXE sl dulo] nAES wjgsHA He

J{m
ol
HH
&

fungi)ol 93] == a7t JdAr}. F3Folo AEY-E B-glucan chitin?]
TFTATORE J—H 3t 2] Ztoll mannoprotein®] Ee]%&o] EA5tE AR HIY

AR T HBolF ATHEA O &S FEHUSTS FED T AUATH
o EAgte 78 WYL vd il FBR-4ats Hady & #allFA &
s < &)

Aok, FEAQ FFole] AlxY 7]de] i =d=2 F



o,

o]

B-(1—-2)-glucan 9 o] B-(1—6)-glucan®} AZAE 7|E F+Z= Ao 2 PF7hE S thH(Fig.
119). B-glucan®] &AL 2 dejx AN oA or w9 Fe& grgFor EAgth= Fol
Al FBR-4a®] "W g 333 7tedS & 3ow AdESd

o]’fe] AxE qoFst uf Fig. 1189 A|A|lgt upe} o] &wnjwt
¢l FBR-4av A=< @AW pectino] EEAA T &
rhamnogalacturonan backbone®] B-arabino-(3,6)-galactan®] %3
2 FAHY des AT AEAS 7 AMTh

FBR-4a¢ T4 t}d glucane 2-linked, 6-linked Glep Z+719] HAEH =0 Ay 22
&

4

,d
ol
X
A\
o3
fr
rO
iy
i
O
ofl m
o

Rhamnogalacturonan |

Raw materials ‘ Structure of cell wall ‘
&
Microorganism 1111 11!

HG ‘RG-I HG |RG-II| HG |

”II Pectinl" .

‘ Xyloglucan ‘ ‘Xyloglucan ‘ ‘Xyloglucan ‘ \
= =] '
Cellulose |
BrOWﬂ rice s £ P ] ) SRS EIT A ¥ 4 s R . .‘\
Bioconversion
(during aceticacid fermentation)
| Manno-protein | T T —
|
|  GPiremnant |
3 O p-Galactase
| p16-Glucan |{ chitin | r @ t-Aravinose
I 7 @ D-Glucuronic acid
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i B G A A 4

Fermenting organism FEREN i i Arabino-B-3,6-galactan
Wil (gpé ")9

Higher immuno-stimulating
polysaccharides from
fermented brown rice

Fig. 119. A proposed bioconversion mechanism of immunostimulating polysaccharide

purified from fermented brown rice.

AbZEES 84 939 A 74T R 4F 44

A F Rt A AN = ALV FAEFA gk EA #AYPYHS FHse] on F dHA
AZ7152%F 7154 d50 dsty #egd 2AE Rl O 7RSS wela dddF
& (acceptable daily intake)S 3dto] LAt QT wela] SO 2= owdt 7Aool &
npkE SREo e ARV ES AFASHH A9A AFFA 2 S =Fo] Ay A
S HetH oz AW ¢ ojopyt strd. ey old Wik ARV AE VA duel &
3t = 7% /A FA E(funtional/marker compound)& A &3] EA 8] @ S lojof v}
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(1) ArdaE 7 I 2034 AR 749 £ FF 273

Table 82. Sugar composition of FBR-E-1 isolated from fermented brown rice

Component Sugar content in FBR-E-1 (mg/g) Sugar composition (%)

sugar 1st prep. 2nd prep. 3rd prep. Mean = SD Mean + SD
Rha 1.6 1.7 19 1.8 + 0.2 0.2 £ 00
Fuc - - - - -

Ara 19.3 18.4 215 197 + 16 20 £ 02
Xyl 15.1 15.7 18.0 16.3 + 1.5 1.6 £ 0.2
Man 10.7 10.3 13.0 113 £ 15 1.1 £ 02
Gal 229 21.2 26.9 237 £ 2.9 24 £ 0.3
Glc 274.2 282.4 329.9 2955 + 30.1 296 = 3.0
Total 343.8 349.7 411.3 368.8 + 37.8 36.8 + 3.8

Table 82¢] WElH uviel o] FBR-E-1 T 9 T At A3l 368%% FAHYS
W Fo3 TGO RE 206%9 glucose?t 2.4%¢] galactose @ 2.0%9] arabinoseE -3t

ftlo
Ay

Ao Vet webA, FBR-E-18 Z#WY &4 Sxldd E8& & F U+ A4 == A

Fo7 sl $837] Y= AEAH RS Z galactose®t arabinose?] ] o] 4.0%

ooz AAst= Aol Adsivta AdH Y dvjdEE FH &40 FBR—E—loﬂ A

gt =2 glucose 2 AR AvlolA 7Ag AEFAH S a-glucan¥d Ao = FAH Y

om o5 JAARo R VT ot ‘gﬂﬂ“‘: Hiso] QA Forneg AEYORE

AAs=dE FErt dS Aoz AdH A 3 glucose ¥ T dFv Ao & A 3l
)

=
A 7SR oy o5 AdUAoewm ug w2 o r EAgiteE HolA
FBR-E-1¢] WA FdT 7tedS @2 Aoz A=At Fig. 12000 AAg
chromatogram< FBR-E-19] A& % A4 patterne] t}.
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Fig. 120. GC chromatogram for the determination of sugar composition of FBR-E-1.
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o AMLEE 7 FA B dAAL B4 BA BA /)3 7Y

A5 719 Ao WS AEA, ddda 2 Vel e WA T MRS A Z
o8 Ydoju= Aow ®WuEI glon ZAiH
H,

=
(e}
- = =2
o] &AstE fEeto] QAe] Wol Alxdls ZHeAIvhaL g A Stk

Int Immunophanmacol 6(2006) 317-333

Fig. 121. Signal transduction pathway through polysaccharides in mammalian cell

2

A AAA AE F Az @48t AE FHl S 12 (recognition) 3= 5]
4 A (specific receptor)ol] l&] F =% =], ©]5<S Pattern Recognition Receptor(PRR) #A}=
e Az dst gwds JoRkg 27l 2R ligandE AT 7 Av FEAGL B
1% drh. M EE= toll-like receptor-4(TLR-4), CD14, complement receptor 3(CR3),
scavenger receptor, dectin-1 ¥ mannose receptor 52 Adte] AE 7Y v = T
ot ol 7hestthar Halx o] it o5 FE&Ae 248 dHo dSd AxEd 4
< Latol MAPK @9 (ERK, p38, JNK) ¥ NF-kB Z=2& @43t AA A4 o
2 8 YoA #-d FHxte] @d 2d 2 cytokine(IL-6, TNF-a 5)¢ A4 24 & = 3
o}

A

Ho
_?i[

o

o e A ArkFig. 121)

o] ZAstE A AMEE E F A=l 93] ALtE = cytokineo] Y nitric oxide F ol ©
3 TAAR HHAoZREEH QAAE Wolsta, 28 HHE FUE processingste] A A A E
24 2gste] HegdAe &3t =

(1) AvTEE AA bl NO Ao mA= 9F

AAAGA MxE] NAAEe InAE 7d F AsA FAR dldste SdAAF
(reactive oxygen species, ROS) ¥ &4 A% (reactive nitrogen species, RNS)& 7] o]
7] wjizell, AnAEA (microbicide)= <& A Qo] WAE T Al 7] HojHdo=zm F

qdds kLA vk

fo
ol
Rl
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AutaE AA thd FBR-4as RAW 264741 E00 244175 A 2ldt A3} FBR-4a2l &=

EFH 02 NOE HAstE 43S B (Fig. 122). £3], FBR-4a A 8% %= 125 ug/mLY-E
100 ug/mLe] FE AT HAME &3t AR FA dlZ= LPSeF fAFeE 759 NO A
350l YE E]r(Fig. 122).

60

n InHHI

31 | 63 | 125 so‘mo

NO (uMm)
N 5 R w
o o (=] o

=
o

FBR4a (ug/mL)

Fig. 122. Effect of the FBR-4a on dose-dependent production of NO production in
RAW 264.7 murine macrophage cell line. RAW 264.7 macrophages(1x10°cells/mL) were
cultured in 24 well plates and stimulated with the FBR-4a. After 24 h, culture supernatants
were collected and nitrite was measured using Griess reagent. Equal volumes of Griess
reagent(1:1 of 0.1% N-1 naphthylethylenediamine in 5% phosphoric acid and 1%
sulfanilamide in 5% phosphoric acid) and sample were incubated together at room
temperature for 10 min. Absorbance at 540 nm was measured using a microplate reader.

—(medium) and LPS(100 ng/mL) used as negative and positive control, respectively.
(2) du AA go] IL-6 Aitel v X& T

cytokine A}7}&H] (autocrine), % 4| (paracrine) % W& 4] (endocrine)5 2 543 o}
A (pleiotropy) 71's& &3t ©@A XS fFE w3-S doyjma WHAuESo QJojA vl
3l olzlolt}. T A o] oa) A4tEE cytokine & IL-6% F-SHAAL B HEZF AL
Aot A EHlel #egvia delAd vk drdEE AT E FBR-4a= RAW 264.7 Al
of 24417t A& st A7, FBR-4a v % JEA 2= 1L-69 Ato] 2= Ath(Fig. 123).

kil
8
=
o
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Fig. 123. Effect of FBR-4a on dose-dependent production of IL-6 by RAW 264.7
murine macrophage cell line. RAW 264.7 macrophages(1x10°cells/mL) were cultured in 24
well plates and stimulated with the FBR-4a. After 24 h, culture supernatants were
collected and IL-6 was measured using mouse IL-6 ELISA kit. ~(medium) and LPS(100

ng/mL) used as negative and positive control, respectively.

(3) drEaE F AA 9T HAAZ &3 71d 24

o

A (pattern recognition receptor, PRR)S

AR 54 BAES & HAxE =44

%71 o, FZA o7 dAste] HPd WLA

o WhES yEtdoa ¢E A 9k Fig. 1240” LER mRel o],

2 A 3 0]+= Toll like receptors, mannose receptor, CR3 % Dectin-1 5 LPS (E] ) =

beta-glucan 5 54 A5 JAste AT = A= T Q sfE 1A FE&AE
stttk o] 59 Alxd 43 Asdd ATHHE

ofgt A WA 243 AEUd A5 A Th

pag

ot
—_

TOROE
%0

9

m -
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o
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o[ T oot

om
AN
ol
ol

4

ol tZ rlo & o X ok
QL
K

=2 e

(7h) drEaE AA g3 93 MAPK 2 NF-xB &4 3}

A A Eo] EAstE YA FEA A o A= Aadd dMd T gEAoR
MAPK (mitogen-acitivated protein kinase) % NF-kB(nuclea factor-kappa B)ell thall “d|3}
Al AFEAA At MAPK Asdd A2+ 2add ga459 dA4 43 A== Léf_’_
AEZ FPolA BAET GRA Aztel A AIAAEL HYoA Aoz BEH
o] =< p38, ERK, JNK¢| Al F/F= ?”5]01 non, HFHoRE I YR o]sst E]r"oh'i*
AAI AL S E8teli= AP-1 familyE &4 3t A7 cytokine ¥ NO 52 AAS fF=3itia &
A AtH(Fig. 124).

NF-kB+ B¥H X~ 79| kappa chain enhancer protem_i Hzx2 dAEgor HAgAY B
ool et b A oA o] dAF WY, MEAL LS AN ol FHESstA o

D EERE R
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Int. Immunopharmacol 6:317-333(2006) -

Fig 124. Membrane receptor in macrophage as innate immune cells

NF-kB+ Z9g dAARIAGE 7 &4 Alxd el EAsts vlitste Fefe] IkBell 9
3l Aol Atk NF-kBx= H|QlAstE IkBeol Adste] Alxde] igso] b7t IKK7}F Ik
BZ wwwu& NF-kB7} [kBEY-E fal5a o olFd = oA . doz o3l
NF-kB& AW Ae] a8 veur] 93] 28 g fFa459 dALE A g H 5
5o A NF-«kB Af o AR vt cytokineS AJASHAl sk, T FZF9 B X9
ANz AGHZNAN T2 JdS @Esy] wio] JeAaGANME mf- Fag QA=A &
2121 Qlth

A g e f A9 AA tdel FBR-4as ZAAAQ AzHHEE £ 23 Zx)
MAPK(p38, ERK, JNK)¢] <¢l4t3l= FBR-4a 2] 20856 Z8HA fEso] 30874 A4
R, 60FHE =AM Hi= oz FAHATHFig. 125). ¥HH, NF-kB p65e] <l4itsh=
FBR-4a A2 10&5H <I4tst7h Al&E o] 1202 7H4] A&E= Ao 2 eyt ol& F3
FBR-4acll ]3] AlXuje]x MAPKel &3t 2 NF-«kB p6be] &As7F doju}, AP-1 A}
oA B NF-kBE 53k dA7 7AAHo] IL-6 2 NO2| Aiko] o] Fojxtia o =38 4= 9]
t}(Fig. 125).
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FBR-4a (25ug/mL.)

5 10 20 30 60 120 (min)
p-p38 D G —
P33 [ -
PERK T T R
ERK S S ssssSSasas

p—JNK — .

p-p65 —— e — —

ST p———

roin I = S

Fig. 125. Activation of MAPK and NF-xB pathway by treatment of FBR-4a from
RAW 264.7 murine macrophage cell line. RAW 264.7 macrophage cells(2.0x10%6-cm
well) were treated with FBR-4a(25 pg/mL) for the indicated periods. Whole cell lysate
were immunoblotted with specific antibodies indicated on the left side of each panel. Whole
cell lysates were prepared with Ripa buffer(50 mM Tris-HCl pH 7.4, 150 mM NaCl, 0.25%
deoxycholate, 1% NP-40, 1ImM EDTA, 1mM DTT, 1ImM PMSF, 1ImM sodium
orthovanadate, 20mM b-glycerophosphate, protease inhibitor cocktail). Cell lysates were
resolved by 10% SDS-PAGE and transferred to an Immobilon-P  nylon
membrane(Millipore). The membrane was treated with 5% skim milk in TBST for 2hr and
probed with primary antibodies for overnight at 4C. Antibodies were detected using
horseradish peroxidase-conjugated anti-rabbit, anti-mouse, anti-goat IgG(Santa Cruz), and
visualized with the ECL system(Amersham Biosciences). Antibody reactions were carried
out in TBST. The specificity of antibody was confirmed by the molecular weight of the
band detected using Precision plus protein standard(Bio—-Rad, USA)

() EvEEE AA bl o4& cytokine IL-6 2 NO A4 B2 &4

Anpt g s AT FBR-4acl 93] FE5+ IL-6 2 NO9| AAFE 7141& dolr7] 9

st 2la e wald MAPK % NF-kBe| specific inhibitorE A}F-83}¢], signaling pathway
E g9l At SB203580+ p38<e] sFYl signalingS ¢ A|gtE= 75 = 3, SP600125% JNK
o] GAS AA R JAAZITL delA vk U0126<2 ERK®S 49l &4kl MEK1/2E <

AA1D o2 ERK signalingS 9 Astal, BAY11-7085% NF-kBe] subunit p65 % p50 o] =
Aot Agsle] olES HEA HEHZ EAAIIE IkBad Q1Akst JAAZA 752 sH(Fig.
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2 Specific Inhibitor : Target molecule
H e i SEOOBBB0, i P8
—— l SP600125 INK
TAK1/TABS Eor3 uo126 i _ MEK1/2
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Fig. 126. Specific inhibitors of signaling pathway molecule.
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Fig 127. Effect of FBR-4a on IL-6 production by treatment of specific inhibitor
from RAW 264.7 murine macrophage cell line. RAW 264.7 cells(2.0x10° cells/well,
24-well plate) were pretreated with inhibitors(SB, SP and U0126, 10 uM; BAY, 5 uM) for
30 min and then stimulated with FBR-4a(25ug/mL) for 24 h. The concentration of IL-6 in
the cultured medium was determined by mouse IL-6 ELISA kit. —(medium) and LPS(100
ng/mL) used as negative and positive control, respectively. Specific inhibitors and target

molecules refer Fig. 126.

e

Ao MAPK (p38, ERK % JNK) ¥ IkBa®] inhibitorE ©]&3}o] ojwl Hx}of 2]3)
IL-6 Aite] fEx= A &detuxl sttt RAW 264.7 Aol Z+2+e] specific inhibitorE
30% FoF A Esta, FBR-4as 24417 &<k Atk 2 23 JNK @22 9] inhibitorE
2] gk 7 §-oll A FBR*4a°ﬂ ot IL-69 Aite] AAstA AA DS gl rt. =3 NF-kB
NF Aol #3870l BAY117708501] o= IL-69 Aite] Fejdoz oAads A=A
tH(Fig. 127). o]# 3 A2 S =3] JNK signal pathway®] sF¢lol A8t &= Asdd o
g o] F= cytokine IL—GJ Arbe] A3 Z& PHASE JAS HA e HoE FAEAG.

- 189 -



80

w3l NF-xB A 2% FBR-4acl 93+ IL-64 4o o3-S & = A (Fig. 127).
70
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Fig 128. Effect of FBR-4a on NO production by treatment of specific inhibitor from
RAW 264.7 murine macrophage cell line. RAW 264.7 cells(2.0x10°cells/well, 24-well
plate) were pretreated with inhibitors(SB, SP and U0126, 10 uM; BAY, 5 uM) for 30 min
and then stimulated with FBR-4a (25ug/mL) for 24hr. The concentration of NO in the
cultured medium was determined by griess assay. —(medium) and LPS(100 ng/mL) used as

negative and positive control, respectively. Specific inhibitors and target molecules refer in

Fig. 126.

O AAFE29 9= cytokine IL-6 AAFE =9 o274 p38, JNK
FotAl ikl AoEH= AS el th(Fig. 128). wehA, dAnd
A Al EZ o] NO9 A4 7172 cytokine IL-69 o]t =}
2 s, g wo JAE Ay dastta Absd
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= MTTE &3 54497 92 3
= PPAR/LXR B 34 2dx
A AT AT

al
&3 insulin sensitivityz2d % 9

O mxoq AW BYE FA 24 B F7}
- BEolg Fu 44

= PPAR/LXR B}l HF3x 232 AHS 53 EIEo Yujrl 2HE5H

7}
= A 2SS 3 Z2FA FUiA o A fAA L G w24
S 53 7 Ay

O 7] AAHE AABZHEYES o] &ty MIFAEA R vlf2oA A2

gAF 2d &% ¥ 717y AFH 97
= PPAR/LXR 5 &4 S4x2dS T3 AdgAla s AT
= olE|xb/FElolE W 84 Aol dF HEF Ui

O MFAMEA R h42E o8 FUA 24 BF L /189 ¥FH @
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ESE X

A A AL vlo]l 2wl B4 (PCR, Westernblot)
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O PPAR/LXR BA #7AA ddZzAL £33 HDL Zd2HE As7)A
2 AEY JF FAAIA/AEER )AL T

= 7F P ZyaEHE PR

» HDL/LDL H& =4

» ZY2EHE gaEd vy 24 (FFA 24)
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ERRYE FRues 848 tIAel 2o % 54 9t
i FxATEE gy A7
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O A#HWY A3 tUFAN} THES dvd
» U EEERE oeE HHWHS F3 HEgE Foyd FE[fermented
brown rice(FBR-0), rice bran(RB-0) ¢ t}<=, sample-F1, F2, F3]& %
A5t
= FBR-0 &9 H$ FY3HA IgAE vlE3te IL-6 2 GM-CSFe] A4t
7]t— o]:/\L% Hoo

E‘:'% —‘7]’/\] © AT .
= Balb/c & peritoneal macrophages 3]43te] WIS A3 A}
FBR-0% B} W&% Agoks e L6 IL-12 2 | INF-a8] S s

oJEA 0w FIIAAH S
. FBR*O A O015%) 7 A7 A (7.0%) 2 G A(15%)2 T4
FATETHAS.
. FBR*O:? arabinose, xylose, mannose % galactoseE A% 3Ff3t vk
189 glucose(86.9%) % SHratal o, RB-0o)| % H S8 4

100%

S RIS
= ol A= FAEY FA4 vd FBR-0o] A4 220LE 5 amyl
aseo] el EafH A %S limit dextrin)o] ®o] EAIFS AlAlEH oH,
)

5L AAL A% BH Fot besEn ArHAe

o) a‘j]‘d’i%iﬂﬂ FIEHY %"45} oA £, A
= FBR-0Z &4x83 23 =9 3o F43 A8 Ho
A2 Aol ]74§ rhdmnoseﬂ fucose’} AEH R, THEZ arabino
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» FJudEEelA w8 R ZaAdgE W9ged tuwdd FBR-EE DEAE
Sepharose FF(Cl" form)& ©°|&, 1719 v]&28 & (FBR-1)¥ 6719 &
23] B (FBR-277) 0.2 2|89 2.

= 1Y Z43 o] ¥EId FBR 4 BEL Sephadex G-100 columndl
olaf) ®Expeko] Aloldt 27) B % FBR-4a$t FBR-4bZ A A5 2.

» FBR-4a®} FBR-4bt FA}=F 62 2 21 kDa°]%l e, FBR-4av= T4
(88.3%) # AAHF11.7%) S T3t om, FBR-4b2 47.6%< 1=
A s g E}%Qﬁo]‘}*%
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» FBR-4a¢ %% B-Glucosyl Yariv reagent®} w2 43 A3 wiA,
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(in vitro &

in vivo)
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* FBR-4a ¥ FBR-4bt mouse® &7 3 macrophage®t RAW 264.7,
Caco-2¢ MEEAA 542 YEUA] 3k,
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= 749, Methylst 4], &2 £ o& dAndagE F &4 v
A AATZE FHIA=.

* FBR-4at % 13%F9 93 AFeo] A=A, oF 90%9 unj&= &
A8k B-arabino-(3,6)-galactane =4 3} rhamnogalacturonan-I
(RG-D3} °F 10% vlgte g EA3}= B-1,6-glucano] EFF o &A1
FAT T IR

* FBR-4aE +43l= RG-I2 main chain®] —2)-Rha-(1—4)-GalA-(1—
2)-9] oY {7} RiFRE = AE VB Fxd HFe Fxo 7 A
A Fxdow, g RG-Io vld] S22 AZ% a-(1—5)-arabinanz} B
—-(1—4)-galactan®] # i, B-arabino-(3,6)-galactan®] ¢F 70%% RG-I
vl gEES AAsE 5-A s noaF9 2 B-arabino-(3,6)-
galactan®o] Ao F2 FATS & F AL
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o] 437 doju, AP-1 dARRIAN: 2 NF-kBE &g dA7E 7HA =
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1. A8 7k 34

- 2011 A7 T2EHER B JiErlE dE 2R (111013, A4 5 (5),
AHAAN A, aT AlE)

- 2012 AN AL, TAEH TR R AARVle dd SR (12.09.20, AR E(F),
AHird A, aT AlE)

- 2013 ABPAA AR, 22EER 2 JlElEs B SR (13.09.26, AR S (F),
AHAANA, aT AlE)

2. FH: 17

- <FA2FE> A1y 5 b 7S ARAE N v AES R (13.07.30,
s sta, E=AGA v AA)

34 53, %, =

Sl
ol
X
s
=
[ W
e
b
o7
)
ot
of

1. 23 29 44, 52 14 31

- dup-ofdatolA B SR Fotd oA 1G] 5 S THA = oA s #F 9 O v
H (2011, AEAF(F), dgils, S9HE 10-2011-012775)

- dup-opdtolA W FF Il AR TS VA E BERFs dF 2 O v
(2011, M EAF(F), evl=, ¢4 E 10-2011-0127759)

- PPAR 24 —% A 24 EYrd FE2ES dhste 24 EQ012, 1y uitstyd
e 5E=HE 10-1193730)

- AL —Ec-aﬂ Th S AYe FF9 AL 92013, AEAFGE), dE
10-2013-0042296)

o

N

- Iristectorigenin B isolated from Belamcanda chinensis is a live X receptor
modulator that increases ABCAl expression in macrophage RAW 264.7 cell
(Biotechnology Letters, 34:2213-2221, 2012)
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— Taurine is a liver X receptor—a ligand and activaes transcription of key genes in
the reverse cholesterol transport without inducing hepatic lipogenesis (Molecular
Nutrition & Food Research, 56(6), 1613-4125)

- Fucosterol is a liver X receptor agonist that regulates the expression of key genes
in cholesterol homeostasis in macrophage, hepatocytes, and intestinal epithelium
(Journal of Agricultural and Food Chemistry, 60:11567-11575, 2012)

— Ombuine-3-O-beta-D-glcopyranoside from Gynostemma pentaphyllum is a dual
ligand of peroxisome proliferator—activated receptor alpha and beta/delta (Biochemical
and Biophysical Reserch Communications, 430:1322-1328, 2013)

- The dipeptide H-Trp-Glu-OH (WE) shows agonistic activity to peroxisome
proliferator—activated protein—a and reduces hepatic lipid accumulation in lipid-loaded
HAIIE cells (Bioorganic & Medicinal Chemistry Letters 24, 24 : 2957-2962, 2014)

- Ethyl 2,4,6-trihydroxybenzonate is an agonistic ligand for liver X receptor that
induces cholesterol efflux from macrophages without affecting lipid accumulation in
HepG2 cells (Bioorganic & Medicinal Chemistry Letters, 22(12), 4094-4099)

H]SCI
- Hypolipidemic and anti—inflammaion activities of fermented soybean fibers from
meju in C57BL/6J mice (Phytotherapy Res, Epub, 2014)

L b

- The hypolipidemic and hypoglycemic activities of fermeted brown rice fibers in
C57BL/6J mice (Life Sciences, Accepted, 2014)

- Effect of enzyme treatment on isolation of immuno-stimulating polysaccharide fron
fermneted brown rices (32215923 AAF 5, 2014 43¢)

- Structural characterization of intestinal immune—modulating polysaccharide purified
from fermented brown rices (Phytotheraphy Research il & 2014 28%)

- Macrophage-stimulating activities and chemical properties of polysacccharides
purified from fermented brown rices (3t=2]% 383 x| Fa1 oA, ZHA F)

- In vitro and in vivo of the polysaccharides purified from fermented brown rices on

intestinal immune system (Carbohydrate Polymers T3 oA, 24 =)

3 deuuy: & 774
- C-FBM-1, a Natural Flavonoid, is a Ligand for Liver X Receptors (12.06.13, 7]t dFul,
F5 4 ke, o)

- Small dipeptides, FBS-W1 and FBS-W2, are agonistic ligands for peroxisome
proliferator-activated receptor-a (12.10.31, & &, The Korean Society of Food Science
and Nutrition(KFN), A%

- Fermented brown rice extracts activate river X receptor activates in vitro (12.10.31, i
&l The Korean Society of Food Science and Nutrition(KFN), A%
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71t etaL,

7ZA718tnl, 41th Anniversary 2012 International Symposium and

Annual Meeting, A5 ICC)
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Macrophage-stimulating activities and chemical properties of polysacccharides from
fermented brown rices (13.08.29, 7 7] th&rul, 2013 Annual Meeting of Korean Society of Food

- Isolatlion and characterization of immuno-stimulating polysaccharide from fermented
Science and Technology,

brown rices (12.11.01,
- Intestinal immune-modulating activity of polysaccharides Isolated from fermented brown

rices (13.11.15, A 7]d8rul, 2013 International Symposium and Annual Meeting of the KFN,
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