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SUMMARY
(FE2°HE)

Goal of our research is to develop highly valuable eatable materials obtained by cytochrome
P450-catalyzed reactions toward stilbenoid compounds from the mulberry. Futhermore, we have an
object to make new materials of highly valuable stilbenoids which were evaluated by validation
metods using animal models. Finally, we will further set up application systems of stilbenoid
derivatives to new drug targets and establish infra for reinforcement of natural resources using P450
enzymatic conversion. Our vision is to be a leading group in the fields of P450 related research.

Specific contents of our projects include as follows:

(1) Generation of stilbenoid metabolites and their derivatives

* Generation of human metabolites of resveratrol, piceid (polydatin), and pterostilbene
* Production of derivatives of the stilbenoid metabolites and chemical library

* Development of drug leads for hyperlipidemia, hypertension, and chemopreventive funtions
(2) Development of P450-derived genome library

* Genomes and their libraries of cytochrome P450s from plant and microorganisms

* Generation of P450 mutant library by domain swapping and error-prone PCR

* High-throughput virtual screening of chemical library and P450’s DNA library

(3) Generation of engineered enzyme with human P450 enzymes

* Molecular evolution of bacterial and plant P450 genomics

* HTS systems for P450 expression, catalytic activities, and ligand binding

(4) Evaluation system by in vitro and in vivo assays

* Model system of animals for chemopreventive functions

» Effect of stilbenoid derivatives on the animal (mouse) model for hyperlipidemia and other
metabolic disease

(5) Systems to use stilbenoid metabolites for the drug and lead diversification

* Analysis and separation of metabolites of drugs and lead compounds

* Generation and analysis of combinational chemical library

* Mass production and separation of drug metabolites and lead compounds

* Combinatorial chemical library with increase diversity

Expected contribution are follows:

(1) Application of human P450 enzyme engineering in various industrial fields

* Platform technology for plant P450s to the industrial application

* Screening of biologically and physiologically active materials

* Detection and removal of environmental genotoxic chemicals

(2) Development of human P450 genome library

(3) HTS system by directed volution techniques

(4) Scalable and cost-effective production of P450 enzymes and related products

(5) System development of bioconversion using P450 monooxygenase system

(6) Systems for the fields related to the pharmacogenomics

(7) Development of drug and drug candidates related to the P450-catalyzed metabolism.

(8) Needs in the field of biomedical materials

(9) Market expansion in the oxidoreductases related industries such as drug development and
environmental engineering

(10) Research experience and education for Master and Ph.D. course students
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& AT MALRY 2 5F Yol FAVE T ouir} £UE A, weA
AR orle) g 8 +9 ede WEd ouated S orle] AT SAo
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3. A E-FAAE AFAEe Hes

7},
O

O

A 1A -3 4]

st 2 A4 2 ) AFANA FEUA ATE TSt oy AVl LA ¥
Aok 7ol BA o2 St AT/ mHIE A Y.

B AF "ol A= chemical library A Z7]<&, P450
e ZYAA 71, P450 E40] A Ax TE, AMEY Ve, AYEdEE 24 7
% 59 p4509] AMAI7)eS HlELOE p450 W TH F 40 il

B AFEL in silico design 7|&, AE AR HAE A SR,
3k HTS systemT3, combinatorial chemical library”] &S 1.
ATFEHLS HAE 7 resveratrol, statinZll &3+, alkylbeneAl $3E &§ 7|HW|&S
H,
2}

b
o

Ax Ed gl Ao

Ho

= ¢

Ho
A
a8

S

PCR

i

o]t} 2 DNA shuffling® & ©] &3 &249]
a4 At = AI=7F ot o] A
—_1

2 BEAJEE ot Fe BR

A

Ak e A3
o

A<

A4 HA, 28

8

a)

ror

i
S o
(o} >{$—1
oy I

=T I -
of o

0

o
(E

&
Ed
d " sh= Bl AR Paso LAY W2 (Yun et al, 2007).
1999 # Kitasato TSt T. Omura n <& ©] “polyketide anthelmintic macrolide &3]
Ql avermecting s FAAC] tE Aol I =S AEIFEE P50 FHA
7} A A avermectin®] A =L3S WFIYP L.

2006 2 20093 H]= Caltech®] Arnold T8 ©] P4505 &-83le] QUIF P450 B4V A

Lot
o 2

O

a4

ik
ox

o
=
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© 3 F o
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AFeh= drug?l  propranolol o] tHAMAIE AAME = U= P E P450 AT
Aok Abgoll H4ZQl P450 4 H HHEAFELS vl=2] BD Bioscience ¥ Biocatalysis
S 719 Eel Yol AFStH] AuHL A5 A B, FEUAREA, A &
=2 olg3d.
il Aﬂﬂ]ﬂ O P450 o

F (4, http://www.icgeb.trieste.it 2 linked sites).
fARe] Tate) sAmols]%

=3

A 7P B He 729 Aol
mutagenic PCR*{ |3l Ztds}al ol Ak, EdA WMol &o] Y. MaxygenAtS] DNA
shuffling”] &2 7H4 ZEHg 7] E£3] vH%3 F1A718]19] family shufflingS o -$-
23 7]=olth CalTech® Arnold <=7} 7] StEP 2 random priming 7]<&=©] oM,
Pennsylvania==H t ¢] Benkovicx 52| ITCHY(Iterative truncation for creating hybrid enzymes)
7€, €] Itaru Urabex 52| random elongation mutagenesis”’| &, ™2 mutator-f7 2}
< o] &% WH Fol MIEHIUF

Eddold &4 WHolAY FAy|e F3E: P]= Texastl GeorgiouBHAME 2 Fluorescence-
Assisted-Cell-Sorting (FACS) flow cytometers ©]-83}c] H|AE EH d3dd gz 2o
g E 238dd F dv 7IEs dHsSAS. vI=9 Genencor International Ab=
subtilisin®] WolA & L&A= Bacilluset S PIA#ES Fall 28] AdE + e 7Es
gy

- AR2AF-A

P4502 2 EA A8 &FE YEM= Natural products $H/dol] sty

Al &4 2 natural products= T Fol o2tk 9 7R 9] TRYFSE P450

AAE FAol #ASt= AL=Z FAHHI Uth. 53] Arabidopsisoll AT H1& 2 P45
A7F 250 Fo kil g A EolAE B FTF P450 FAATE AFo

[e)

SHAIRE 71 7]soly A AEIVE SAE B A& 450>
A EoA 1 7]Eo] BEF4A vt ofAE A&EsA dAW F&
Al Zro Al sk A2 o]l P4509] H o] o3 FRF T 2xhAMEE
Aol 7hsdel I 2AE T2 A+

7157 A E AeFREoke] $8A wEO 2 Merck, Pfizer 5 AlAl A9 A|LFIALE
o] P450 ¥ HE ATd ¥ AETAH Vles TET P4509] thFAYLLS obF A=
H A 3=

A F7FA P450 #H 7E> =

ofo| I3tE I AEATFTH Foke AF7F o] FoAAA o} 4 :
A 74 11,200 @%91 P450 F-ZA7F BrE o A& P450 FAAE 83 YL &
ol digk A2 ARSI
weba], A& P450 Eho] HHEE AYPE AFaLe] NI AA HERE AERHE 97
HLofolB g oo tigk AT+ A P+ A
o FAEHE FES A4ES

A A,

l

o
@]
=
=
oo
=,
2
a
w2
1o
s

l

a0l WE, AUA B BiY A Y FIS AT B
&
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@)

A7154d EEAMNEE 213 P450 GenomicsE &3 F8& drug lead 54 /N2 AA H
ZE ANEHE A7 Bokol2E ol tigt A7+ A= AT siE MAE FFoE
gA &2 F S Brro] ofvgt HAEHE FES AAdEES A¥de 29E As
T Q7] "W Zo olol tig AF7F AlTF

AL G40 NFE A EATEE S Tt== 7]<(4d, mutagenic PCR, DNA shuffling,

Random priming, StEP, ITCHY, Random elongation, etc)> TFF3HAl /EEH Ao @ H
o|A FolA Y3t target EA FHAAE A&SHA AT + A& Ve BA &5

A FA7|Ee W OFF Ard8aELo AESIEHTE case-by-case® A&
A 712 AV AF. BHAsH A8 F e HEHNVIe FHFo] Tadh

N

A3 4| F- 324 A]

sl s el o9
&3 =713k,

A H3ES tiokrE Y # A%t
Aol Me oy Hope =&

A ARAT Qe 24E GAY ABe A=

2 = 9X7 BobsE) wEol
AA S ALAGUSE FEATE NBHY e W24 Te)w N5 GAS o §
o] A2 AAE ot Aol A8HI e

d, 4% 728 B, 1HEAEN) $34 22 93 e 7}111 9 A 7k fﬂﬂﬂi—% EA
FEAE T HIABAE olF BE-I5L F s AR 7I€=2 FF 108 el &4
o A5A AFe FES Aoz 94

A, H=oly A= FEE FEAES T A8 A zA ] i TS AR
dAolojA HeFEEd FEAES Tl LVlsA, HFgate] 7HsE & dtes Ao
B AT AR es, ANRAAY e old AHE A AAF del 274
AT =9 714 AFol W3 dAdel Sl wet a2k, AzvZtEE, AN o
Ttk Her)e 2ddd B3 A7 AR JAFHAA L A= Aol A AUt 2
T oeng wE dy F3Po] A3 a7HAL, ot HAFE=2] F=AE T
A7lsskeE G714 ol 2 4 e Aol AsHM 1Ued £ tgdde=

A 1 e 2
zo ojorEnt Ay AAHT AFA FFR T 5 s AAFS AL 5 Ae
J

Zolgt AtsH

AfHR o2 QA F4do] AF gle AEFE2E9 FEA(derivatives) & &3l ALF7171HX]
o o5& AELA VAN ZEHE MIste, o]F EHE Aol A @u%ﬂi A A
v SR o =2X, Herls A3t 2 Zdso] ol g
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71548 =4 AaA /NS 9 combinatorial biocatalysisE ¥ VA= P450 &8
TH5S TFste 7€ ofF oFdAx 7de] td deHolH, do= Agshy &

1999'd W)= Caltech®] F.H. Arnold 2 5¥ ©| peroxide shunt pathwayE ©]-83 A P4502] &
Az13t Ve S8 =TOE P450 B4 4HYGEH 8§ 7HsAS AAl (Otey et al,
2006).

20023 "= Vanderbilt T &S] Guengerich =7} P4507F A|¢F4F  (Combinatorial
chemical library), &3 (AEXASITA) 2 823 (BE T2 A4 9 AA) Fof
o AdA & AAL

AYE B2 FHolE FRE: UG Bao) AFE AT & F EHR BRI A
Arte] ERE/ES FudA Y WAIAE] AT v ME £E2 YT S
&AL AEe B A =,

ol FEHQ 7548 F54HE -8 Chemopreventive Phytochemicals

u}.

Turmesric

%é\t" Curcumin m Resveratrol

Chill peppers Heney 2 3
; Clpsa\cm Cafteic acid phansthyl ester

Cinger Garlo

[6]-Gingeral . Diallyl sulphide

Creen faa

[- y " o
<\ HE H
e\l e ™ Indole-3-carbinol
; Eplgallocatechin-1-gallate
Sovbeans Hrocool
- - . o
€ ‘%{ ¢ o
=38 X Sl el

Genistein Sulphoraphane

AAAARAI A~~~y

Lycopana

Tomatoes

Figuee 2 | Reg hemopraventive phytoch Is and their distary sources.

2~& ] = o] E(Stilbenoid) 33E2 EA

2" o]l U Al Al(heartwood)®] OJAFTHAME O™ A& XA o] 4EdtE F=A4
42 Fo] EL A A (phytoalexins) 0.2 2F-&3 2B Hl(stilbene)d] F4H7]



AL B

(1).

%Al (hydroxylated derivatives)©] ™
¥ 'd = & 39} = 0] = (phenylpropanoids) and share most of their
biosynthesis pathway with 78 (chalcones)®] A HZE F73 I e Gl
Resveratrol> U322 Q1 2" H| o] =(stilbenoid) 0] ™ TFFSE SH AN 22
A A7l Feldk AR dEA e
Stilbened] 7| E =%
(E)-stilbenoid= diarylethene®] 3+ FFZ trans ethene °lFZAFS 7HA 1 Jom o
phenyl ring®] A%Eo] U=

2gle 271#] ol AAZE EAstH EWM 2~ FE|Ql trans-1,2-diphenylethylene((E)-stilbene
T+ trans-stilbene)9} Al HFENQ cis-1,2-diphenylethylene((Z)-stilbene & cis-stilbene) 2 &=
A AN2FEe BOAFH e mE=7H(5-6 °C)2 7FAY (E)-stilbene® 7%+ 125 °C
Aol F 7] ol dHA Y EF A0 HEI] HE.

2~ &l (Stilbene)2] &4

2% OﬂE S A—Eﬂxﬂ O]E’J— B2 /\]-_Q_Q

Wl fF2A4Q 29z o] E(stilbenoids)= AFAA A A& EA8tH tHEZQA Ao
22| 2L E E(resveratrol) ¥ ZH Z 28 Wl (pterostilbene) Y. ©]23F FEA =L E(EH2) o]

A= EA) 5 estrogenic activity= S YE Y, Diethyl stilbestrol, Fosfosterol, Dienesterol

[>

Olﬂ O_L, &,

A
i
{o

2 non-steroidal synthetic estrogens= TrE=+=U] ©o] &3,
Aol F8F of Fof thEA 2D wo] =(stilbenoid) Al SFE| 54

g 2~ W 2} E & (Resveratrol)

8517z

- trans-3,5,4'-Trihydroxystilbene; 3.4',5-Stilbenetriol; trans-Resveratrol;

- (E)-5-(p-Hydroxystyryl)resorcinol (E)-5-(4-hydroxystyryl)benzene-1,3-diol

- Resveratrol(3,4',5-trihydroxystilbene)- polyphenolic &%=l 43h= stilbenoidsAl &&=

- grapes, wine, grape juice, peanuts, blueberries, bilberries, cranberries 5 olA4 WA H.

Resveratrol<> 1940%d w]ug] o}xjn| o] 2l &9 Big]of A o

Hz B3tk olF o8 TR/ AFAHA T3 &9
oF-g A& MejoA EEE. 19929 #HE 9419 N
ANGHA7 AR BREo) 58 208 A7 AR YL HA] O
BAG BA B, 1 oF thkd AW, dzaboluy i, |

AdH A3S ot s A7 27 FEH. (Kim et al, 2009)

o
o
T

HAs, 94 =5
A7 T ZdolA = &) rEEH vgd T A FaATIe 2t



@)

3)
O

AT A7 HS 98% 7R FFY FUF AH.

JdEF}: Resveratrol cyclooxygenase?} lipoxygenases X33l= 2] inflammatory
enzymes= A3l NFkB, AP-13} #2 pro-inflammatory transcription factorsE #] 3l &
g4ksl a3} Resveratrol THARA|E©] low density lipoprotein (LDL) 4FStE <A 3.
A3 A~ &3} Resveratrole] H|FF MHO +FHS VA7), S ¥y A& A3 a8
OE 83 Hivkad dW EAe ZAE fE xS 34%% Za &AFE vERd.
Atherosclerosis-o/] Z fﬁg quﬂ’s}‘:* k=l T’}E A

A% &3} Yeast, worms, fruit flies, fish, miceoﬂ FEoqA AAHEAR a3 JERY.
SFEAL - a3} Resveratrol©] AR ¥ 3t= F8 human cytochrome P450 3A42] A
2 Zg3o M ke T gt

. I Al o] =(Piceid): polydatin

spsh =
2-[3-Hydroxy-5-[(E)-2-(4-hydroxyphenyl)ethenyl|phenoxy]-6-(hydroxymethyl)oxane-3,4,5 -triol
Stilbenoid glucoside®]™ resveratrol®] =8 FXA|.  Polygonum cuspidatumol| A= 74 5.

oA WHAE = resveratrol> T2 WG AR piceide] FENZ =R
P450 & 4o 93] phenol ring®l hydroxylation ®F-&-o <J3) F=4] A3 (3H4HE)

o
il
o
f
4
iy
2L
)
oo

71%: resveratold} FL

3] A o} E} = (Piceatannol)
stz
5-[(E)-2-(3,4-dihydroxyphenyl)vinyl|benzene-1,3-diol O
Piceatannol (3,4,3',5'-tetrahydroxy-trans-stilbene)= stilbenoids®] <F AN OH
ol AP A #HEA 53E(phenolic compound)¥. O
resveratrol 2] THAFA©] ™ red wineo| Al ¥ .

OH

715

ol 2 & leukemia, non-Hodgkin's lymphoma % Epstein-Barr virus ¥ 2 H o
¥ viral protein-tyrosine kinase?l LMP2A°] &4 A& &3

et E I anti-cancer E anti-EBV drugl 2 7EEH I Q5.
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4.
O

).

| 2 2~ "l (Pterostilbene)

=

4-[(E)-2-(3,5-Dimethoxyphenyl)ethenyl|phenol; 3',5'-Dimethoxy-4-stilbenol
3,5-Dimethoxy-4'-hydroxy-E-stilbene

Resveratrol®} +AFSH 29 2" 0] =(stilbenoid)e] 3+ FF©|™ blueberries®} grapes©ll
A A, Al Eo] AMld/mlelel 2 el thakstr] el A4kt phytoalexinsoll <3

OH
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N4l PPARS S| 2 Ads}
c FaEd FE (o] ZHZAEHS Fo3HE =

R d
% i
2

N
glo B oft

N
J5
N
N
b

4 A& B3} blueberry, strawberry F+= spinach extractsE FH 3 F(rat)oll A <l
a7 dA8] AEHAY Ao R I EH S S5 A
E TEREYEE o83 AFAdA ZHE2gHlo] ZFHe Iistan P g
dvgEES a3t FAS EAsA S ZHE2YH S Y
< &

Moo

XN e

g
O~

flo ¥ a2 off
L
L B

& Y ok

C ZHEzz2gdle] gy gavgtEE] adEY ¥ Y3 Aor HuH S

2} €] 41 (Rhaponticin)

stz

Rhaponticin)< 3',5-dihydroxy-4'-methoxystilbene 3- O-beta- D-glucopyranoside©|™ twH; Hg]
< 7] (rhubarb rhizomes)ol Al 7= = gl wlgA(stilbene glucoside).

J

A OCH,
Hom, O
o}
HO -

End g 3 AHoA GES ASFA|7]2L Alzheimers diseaseS 7| A A 7]+
o
=
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L A77MeEe HAF58 o —er_LH%—
7V HSEHE

oY #3 2"EHlolE

(derivatives)Z A st MY7i%S 2d A2 F A= 177

S o8 AEHE

il
A
Ed
et
ok

. Faug
O ¥ dA+Ho] B3t U= P450 genome, 43S W G5F A 3
silico design, ©A3138}71&, = A (derivatives) A|Z7]&, AR & ]%
o] E(stilbenoid)Al M H 7% A Ao ofiA] TRHEZAS Y P HAF Al

3}
.

O o] A3} Ao 3 <~"u o] E(stilbenoid)Al B2 A Ao ekiA] >
AN2z=" 50| 7HsEh

O A= ATHA= B AF"Hol EF3tal U+ <in silico design ¥ EAZI8 7| &>5 Hf
[e)
o

Bo g2 <2~"H|-o|E(stilbenoid)Al 3t¢E FEA ZE7]E> 9 <% A 2E 75 9
AS71e>s &8st <Ad 7ss 7HAE 1971% 22 AogiA>S AN szt
5

O AFEE AL AT ATHY Q4 B J1E% B AFARANA AR AFUE

22 HoNlE 93 HSWIE 913
BANY @ ASH0IEN as BIAY
sSdE s fTH 88 718 FE R EE =

o i o =

:ﬁg giuzeﬂ 28 AEHI=0IEH Z=0ed —BEmIAAY S
e oES —T5A | =]
iRk B —ssEIHIAY AS

=0 3 2
_HTS system JHg REH E8IIS il B As
-QEH HEIIS ~RE RETH WS HE _BIOYEE AlOJOATH N
-H B dSE -BIR A AOJORATH I
" " \ y
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2. JARMA - FE) d7hEe] 2 3 g

7F ANAF3A):
P450 &4 E o] &3 A9 xd A4 A&A /Es 2guzoltA f5A /W

D AT HEE®
2

- o9 #
A FEAE N
- 7188 AAl F ARRZAFSF o]8E F e IRIIIX AF ML JNr&
3) AT &

O 249 #F3 2guxeolt gFEANA HEXHS VI 84
- P450 B4 83} Z:%Hﬂ“o] FE] AE
v

O z2gEdolE 33 E F=A Ax HAsS
- 28 olE 3 E F=A Az A
- A& P450 E4 o] SR H3FH 3

O z'ixolE 3= F=4 FR=Z A=y H

Z
- 2geolE s A FREFH B4 ¥ ssrx
- P450 S5 ASUE o] &3 29HeolE 39E FEA FHEHEE A=Y 23

- AP FFY 2giolE FtE F A AAIFY Az

L A2 A F- A
AEu] 8715 AE P4509] U= 9 o0 gk olt 3%tE Z23dd

1))

IH K

AL B
AEolA tgd HARE A BeIst: pas0 FHA Belsted 1 54 73
o8 At A whgol TEAT EF ABo)A WA AARA U
23de AR ol F FEBY Yuo| /B YN Bg

2) AT Exo A4
- AEET Z8 75T A B/ P450 S U A4 2 paso A EZT A EF
- Natural product$] oA sigEe Ee WH gy ¥ A=EE xEd o= I

FE Z20dy AGstal olF FEEF Aty V8 ARE F8
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3) A7 W8
O z"gHxol=A 3FE FAo Fostes A EF P450 A
- Micro-array data 5 2l& XA E DBE ZAE 2gH|xolA 3¢E 9 o9 FEA
3gtE Aol Bt P450 AT AE

O 2B AEr] TEAZ AL7FS3 P4s0 FAA B 2 oiF A4t
- 2]E DB P450 A HRE 7|22 sl 2 EoA P450 A £
- A= P450 FAARe HE (WA=, AE) B o FAAAL
- A=ArEl P4s0o] BAHE FASY ASSuE 28 Vhsds AAstal LMol =A
shit=e] fF=A Fgel o8
- AEfE P450 EAao 835 HeA BA 2 e

O A EAA 2dHo|=A 313E] =23

- Target AAEA A4 AEoA A A4 75 2o =4 SIHEZA P450 &
ao) o3 AEHAE 7heet dAEE A

-0 FEEERY EF 29

- 2h 2EHo=A SFEE Z29dY

o} A3AFE2A:

ot 67 2gu|xolE $EAZREH WAz d 84 E2 g 1 A=

) ATALY] HEBE
QA FEHIMA MG/ 5e 2HAY & Ub 2Wimol A FFBERE o4
FEAS G4 3% AUstel Wer)S 28 A% AT oy APl B

24 AN g e AR AAFS Eetal Ak sket

A

il
o
=

3) A7 E

O T4 ¥ B4R oUERE W2 Y AL T B )5AT
- FusEY 2 Ag2d 84 2L A4
S vhes mHelN WAAZ 34 2 wel gude] W ATE F /%A AaA @
A9 A A7

O EellEA HFE fu fEAe) WY B YA
- HEFE B8 A mdolA fEAY WY By AT @ /)W ATE 5
SISk

o
fx
i
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S mho mAlold ¥ Ao Wexd B4 w4 9 &3 A7

O HF 1 BF HA % delivery system 7%
RdoA HAgxd a3 38 2 SHAHPAE T FERELY A AT 9

rok

=4
=
- BoAR Bog# D formulation FHE 53 THEZA delivery system 7N (FAL,

O AAIFE ME 8 5% HAS
- “7§ B4 5% #AF
3 delivery systemol] 2%+

=)
>,
2
e}
=
i3
yg
t:o{l
off
il
o|N

r
)
2
N
ol
P
)
2
B>
2
il
)
fu)
o
0%
>,
N
=
-1
A
NE
o
ofo
o

2k A1 sHA: ASE o) §

) AFALY AFEE
HEAS APEE o83t 2@ukolSAl SR FEARRE W saE AiA
o) RN, HEFY AN AAE Az

2) AN F3e] 44
- 2h3F A AAE ?%6}04 AFdT 2 g 99
- AlaA |
st HH t&%éﬁ—% ﬁms—m 98 ATyt 9 d
A H A3} OJ%L g Edz A=349 a'ﬂ?—‘i Az
3l =i

statr] 97 B

- 48 AAE 2 saAFY A7 B A8 Fdde AgeE B Jd7ERYH e 2
Adg=dol & 719d 749 Know-howsE HEAA AAF ol Sdstd = e 1L
25 AF T B 383

- BT xd A 24 UF A F wEA B A AA

3) ATUE

O z"gol=A & F=A Axdd HAs)
- A E 283 2ol = R RE A A T4 N

O ZgH|o] E(stilbenoid)Al 3+&& - =A|(derivatives) SR =2 Ax3H FH 23}
- 29 eo| = e FEA AxEsd HA )

- A ZEu] o]l & HAZ)

O A A gL TS
AU ol 8T Yot AR AEA M B A=YE AN

0 WY s=d MY 2 453
- W) szd A4 B4 AAE AE
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- AYrlsxdE A B AAE UF AT HAHs)
O &3 7§k =
-HYTexd AR 49 dEF AL F FEA 9 P AA
- O A 2 EE/AA TS AT A¥E 1E'EE HH A" ANE
3. AxbE AT 5% 9 W&
7h 1ZPE S (2011-2012)

ATNde) &3

A7 g

ol T 3t= P450
FHA W=

- P450 E45 83 29| mol=A ItEY A
1. 2H "
2" o)l =4 83 E9
W EATHEALAE - Aedgd 2gueol=A e fEAle B4 Uy
=4
- Microarray data 5 & FXAE DBE <A=E
) NEZHEE HAEA Phenylpropanoid & ©]2] =] 3gE Ao Tosl=

P450 FRAATLS A

215 F-72A DBE o] &3l P450 F-ZHAE search SF &

full length P450 ESTE +4

= 1

= T A&l A P450

gl wa) e

s

Z]

AN Aol 27

a7 cDNA A4

mRNA

=

EA@AY7 S 2EAH)
M5, Ig A4, T/B cell

cytokine =45

ot
!
)
0% 9

nigh

o,

o\ M
B
i)
(D]
B ox

BN
)

(2
it

Lo
>

A=A

s

it
¢

2 &
ry

, Proinflammatory cytokine =&

2" o)t A 33E

FEA A2FR Ao

y

A SEZRH F2A49

_25_




. 223 % (2012-2013)

AT 25

A7 T W

1. 2guol=A 33E

FEA Azg Azs

- 2gh| o= 33HE
- A Zu) 450 EA o] 8 FH A5

- "ot 33E FEA
etz &<l

- P450 EAE AZuE o] 8
54 SHEF Az HA

&3 2gu| o= 3=

2. 21EF P450 T =
2" ol=A 3}E
zZEodyg 9@ A E)
g8 7Hs P450 o FE-T

- Al Eol A P450 FAAF cDNA T4 2 driAdE B4 3 &
Ul WEo 224 st i 2 AE P450 F-A A
e g B

-0 Y EZE E¥sly 2ol IFE
29y

- AZEu] Wkl o] &8 ~Agu|oltA FFgE AA

- A= P450 FAAE Ldshs AES AS NS
g

- P450 §AAE U 2 FHHE HEZHEH &8 VE
P450 o =&

- QoA gFo R wdE = ~HH oA EES

A5t td A= target AAEZE HA

3. 2gH|xol=A &
FEAe Adzxd &4
Slo

[}

J
¢

1
=

N
i

12
X
b
ofx

> T
off

o -

AZAAN

-

N 12 ot

of do o A = I
o
b off

= (survival rate, tumor mass
- R o Bof A
as &<
- Aot 1A EF vk o of] A]
g5 I aAES, n¥F & vk

283 A3 oA fF=A1o W
, AAAAS A3 cytotoxicity 7],

cell cycle, &

)

TEA FEREH Hegxd &4 3l

TR Wz

4. G0l =A 3lgt=
oA $REE AxFA

EEE!

2gH| o= 3w FEA A=
Wz ol gy A3

AEZoE o] &3 2wz o|=A 3
Az HHs

_26_




o} 323 % (2013-2014)

ATNEe =%

AT g

LT A target AA=4 2| AA A3
P450 &4 AL H A5t

A=
A= P450 && HH 3}
2. 28 o| = 3= el ElELE o e =
ewa AAE AL D S0l B ShekE frEA AAE A=
A g oA SRHE FEA AAF i ATy

= % 3}

EA 4 kA AANE ESF THE

HAF $H =42 AA

i

o kg Aol 9

?l_

1=0 Ei &HE
“TE FE FaEd sREde] Rz 9 T4 Y
I_XO
S HEZ] delivery system /W % EF5HS
HelzgEde 22 9 943 /)& 3y
Ao zd gz gAY 93 HAo T Y}
. 3 HUZ 2] WIo|AN 2EE HAZHEA]
4, HSEF”7 _ -
TES 859 AT
NSNS 1t741 33 N
s AAREZ AF] AE3E 3 scale-up 71HF =
AAE Al HYrexd A4 BE AAE Az
A7 szd M4 B4 AAFE g Ay J13

_27_




. 42Pd X (2014-2015)

ATNEe] =%

AT g

Fr=A Az

2 %) 5}
R L

(AdEEs F=4)

Resveratrol-glycoside, Piceatannol-glycoside,

Pterostilbene-glycoside

a4 3 A

A%

- AEE A

2" o= 33E |- AE P450S FET | Az A&EHQ ZUEHY 2

FEA &g 7w 7= =ANE s F

- Aatd A=A S AFe =9 sehy 4As e

AT Ay SAE BN FIL AT AT A%

gl ol =7 sh3HE o

e N - Hersx2d A =49 FEstel Al F At

T #FE4 2 IRY AT

4. A &3}t oA
)\Eﬂuﬂl—-olc ] 3‘5}3;1-%
A

FEAS) s F3

R N
2

oz

W A D Re A FAe A% Aue nagel H4
AES
E 27, $F AR (VBEA), JF)FE A ZA Y
% %7}

A4 AP D Bl

714 (M) (FEB Y, LG A

_28_




2
ax

i A

-
at

A7 =

A 3 4.

3 o]

AT s

29

10

14

31

A A

il

=)

o
i

2]
Hr

28
Hr

2
Hr

2
Hr

2
Hr

2
Hr

12hd %=

3APA

AP

S

4

4

& A

484

I=E

%744

7hel e

_29_



W A4 A4

A A A GBS, A8 o, 4H, 7)), AEF, ZEIAFAL Sov pielw, Arsen
N3, 2e)Ql B9 WA 2yg J)s g
o ow | AHMEEwy = =4 i
@A B sa0 | 299 | 29us | 559 559 s2us
HhE| got A EAF
P450S ©] &3t
2| 2} A 4k b o | A
ﬂj}“(,gng Ay 2H ]l o 2 FE b3 4;231 2012-07-| 10-2012-00
L_E_a o 4ibabE o] 2lfgh 9= Lalf‘ 18 78057
T gy 8 o g 9% <
e
HHe| 2o} N EAFE
P450< ©] &3
Z] &) 2] Ak = e | AY
;}ﬁ(%ﬁ% 179 E}-o| 2 E gtt}o] & |t & Mg};* 2013-07-[10-2013-00
Ty [EH TIARRE A= g 15 (83009
T me) gangn 9 o2 ok
A =AE
P450 EAZ o] 8T o
2] 2] 2] Ak . o = | A
{}?gjuﬂ ofef=Ae A5 W ;;g 2013-07- | 10-2013-00
gy TR A mE AW LU0 15 82602
= 58 4= e
ANEAE P450
47234
2] &1 A AF e ey L | AY
ql“(ﬁamg LOFEES Xost= (U AP;?} 2014-06-|10-2014-00
“E3) Ehcut: A= g | 24 77026
B A o w2 e
A8g FxdE
AMAN S 5 o o | A
4 oty 2T F2) CaCPRI1 | yayg |2014-07-110-2014-00
L—E—ﬁi) F22 8ol 85 Rl=| Ly 18 91048
han BREE
Hhe| ot ANEAF
=) 2 A A P450< o] &g A
A py AHzHde=RE - Hd 84k |2014-0 [10-144605
ngﬂ) AR o] AlfgE H= ge | 9-24 |1-0000
B A Bl o] 9J7 o
ESCES
HhE ot A EAF
P450& ©] &3t
| 2] A 4k ° _ A
i}ﬁ(uj%} 178 Efe 2 Egir}ol & | of & ;;;ﬂ 2014-1|10-146951
=) ZERE AR = e | 2-01 | 4-0000
N A gl olE A% R
245
2] A1 A AF - o A
;}ﬁ(%ﬁg 15 fr#f CaCPRI o & Mg};* 2015-07-| 10-2015-01
L—‘E—S%) T4 8 oole] 8= W= Ly 17 01837
b A
Ik =s
2] 2} A 2 | o E
;}j(%_ﬁtﬂ oOFREYR AxE S| st Ak [2015-09- | 10-2015-01
Lia)° 253 28 E U= gEE | 10 28399
B o

_30_




v 3r

=& (=Y AEg=A) AA
N _ T il e SCIo| H-
W R &2 2 v A - =
n ¢ A% g || T 717 |(SCI/MISCI)
Interleukin-24 attenuates
beta-glycerophosphate-induced | Biochemical
calcification of vascular ~and o1/ 428
1 smooth muscle cells by Biophysical ’ e Elsevier SCI
inhibiting apoptosis, the Research |7} 2) (1)
expression of calcification Communicatio
and osteoblastic markers, and ns
the Wnt/beta-catenin pathway
Potential in vitro Protective
Effect of Quercetin, Catechin, Biomolecules
5 Caffeic Acid and Phytic Acid & +235| 20 e PMC Sl
against Ethanol-Induced Therapeutics Zsk2al| (5) -
Oxidative Stress in SK-Hep-1 P
Cells
Bacterial [3-(1,3)-glucan
prevents DSS-induced IBD by Immunobiolo o] Elsevier
3 |restoring the reduced 8l vk w1 | 219 |Netherlands SCI
population of regulatory T Y Pl
cells
. . . Kl
Regioselective hydroxylation uwer.
of 17[-estradiol by mutants | Biotechnology 36 Academic
4 ) % Netherlands| Publish I
of CYP102A1 from Bacillus Letters t (12) etherlands| Pub Sls . 5C
megaterium
Heterologous expression and
. . Plant
functional characterization of .
Physiology o] 7}<3 .
5 |the NADPH-cytochrome P450 and 218 82 France Elsevier SCI
reductase from Capsicum . . nee
Biochemistry
annuum

_31_



N DT

S H A &3 LI (FEIUS AFHoR AN (AYER) /158, welel Ag wieA] a9E V)5
o aTsae SaAsE wEe AT ARt
s BEE a7} YA e =
1 2012 Z=A=AH 33 Za: | 2012.06.08 | T&5H /AA=sE | D=
2 2012 F=A =AY T3 nhd& 2012.06.08 | F&HO /MAEsA | dig=
3 2012 19th MDO/ 12th ISSX A 2012.06.18 | Noordwijk aan Zee | U@T=
4 2012 19th MDO/ 12th ISSX A 2012.06.18 | Noordwijk aan Zee | U@
5 2012 19th MDO/ 12th ISSX e 2012.06.18 | Noordwijk aan Zee | UWET=
6 2012 19th MDO/ 12th ISSX APl 2012.06.18 | Noordwijk aan Zee Haae
7 2012 19th MDO/ 12th ISSX HEH A 2012.06.18 | Noordwijk aan Zee Haae
8 2012 ICNPR +4d3 2012.07.30 New York City v =
9 2012 10th ISICR/ICS 2179 2012.09.14 Geneva 29
10 2012 10th ISICR/ICS AR & 2012.09.14 Geneva 292
11 2013  MSK 243 2013.05.02 AF A5 en o el =
12 2013 18th ICC P450 i 2013.06.21 /\l NE )=
13 2013 FEBS Congress A g 3 2013.07.11 Saint Petersburg 2 Al o}
14 2013 FEBS Congress g3 2013.07.11 Saint Petersburg 2] Al o}
15 2013 =4 =A™ &5t 1A 3] 2013.12.05 Z}gj;}g ﬂ;}zé &=
16 2013 k=2 =AY 353 47 2013.12.05 X}ngj Eﬂézg o el =
17 2014  FESPB/EPSO 2dw 2014.06.23 Convegﬁgﬁncemre oA
20149 % T3FdAsts R R
18 2014%;74]35??%;1 A1 2014.11.06 Aﬂ%ﬂ]?_ﬁh’ﬂ ﬂif‘&‘ﬂ%
19 2014L4§74@§§§g6@ Z:]TUJ 2014.11.06 Aﬂirﬂiﬂ ﬂ%zﬁ%
= s 83 A sl 3o
20 201&:@74@5‘1?@ . 483}t 2014.11.06 ) o St ol =
21 Lﬁﬁ@éﬁgﬁ h o] 7kl 2014.11.06 Al F g o &l =
22 2014  13th CJKES o] 714 2014.11.18 | A5 W= 9 | gigvl=
23 2015 ILSBE A4 3 2014.12.18 At g
24 2015 KSABC Q3] 2015.08.17 | A&t BAAH2 | @S
25 2015 KSBMB Conference | N&4¥°m T 155150512 R PN o g =
Huong .Ha
26 2015 KSBMB Conference DoanTE)l MY1 2015.05.12 RERNE DPN o gk =
27 2015 KMB 42th Meeting +43 2015.06.24 735 Hico o el =
28 2015  FEBS Workshop 2 2015.09.16 | 2E A Zo}E|o}
29 2015 FEBS Workshop o] 7} 2015.09.16 =i RN A2 o}E] o}
30 2015 FEBS Workshop F435 2015.09.16 Zgl g ~" F 2 o}E|o}
31 2015  FEBS Workshop A4 2015.09.16 R R | A= o}l o}

_32_




gt 7leAd 2 VleR
71eA () A)

ny T
A

;O._
g

|

do
o
1

K

ofr
E

M

juy

B

oo

N

‘._D_.O
g

;O.#
C:

k. Abe) st
71 At 8t

R&D
7199 &

NJo

AL 7le BAlE Y

No

p—

0

Hin

K

A

7k

i]in

olo
Nlo

o7

;O._
c
Njo

—

o/

o
NJo

0

@
Njo

0

T
Njo

—_—

0

pild

_33_



o

B
jzel

[
T

p—

0

gl

ar

el
X

sha} | 71g}

44}

A9

03

il
e

N

uha)
1
3
\:‘71_1

2
1

H

T

zlf

2015

i
iz

dTAE EE/FE A

Gl

AHEE NG (EHAH 3

H/HA]

3§

A

4%

=0

H

’

b7
<7

1

(

nAA

i3

M

]

B

TEUE

4

XO

o A ¥

Hn

s

X

Br

olo
el

)

ERE

k2, CD A% %)

e

=4

;o.#
=

s
oF

‘.ﬂo

\.mo

o

AA 3 T FA(HA3F, B3, A

(2) A3

e

217}

;O._
o

_34_




7} 71€}

(1) =A15} |=4d2t

A3 ¥

Ho
!

X

st9)

st9)

(2) BF Ar7EAr]iel e &g

B A7 EAG Y 28

A

23

<0

.

B

oo

~

B

‘._D_.O

—_

P

s
Mo

~

BT RO TP

R A

—_—— —

M A

ol
o)
wr
Ho

s}
=

stofof

)
5

A HA 2" (NTIS)ol

87244

= =7h%

el

_35_



Mzg =uel 7Ieiz g
A1 A AEad 9924 e TR &%

A
T
O HAE 7|54 EZo U3 A7 53] oy XS Hole 7|4 &3
Sk 1A M A A HARCE A7 12Y~2x49 wiE&H ujE9 20-50%2] ol #F

Fol 5d Ee BA &AL 7 LRI B9,

O AAZANE oful A A EEais AANZTo U AAH BEAAE Wose B
=

o T 4% Fo Huel FHsn o, JERVE A/EA JA%E A4E £
Baste AAA AT ZAe WA g

O AZ F WY TE W PBEB) W, Ho) A PP} FHAOE AT WA =
oaxy gl gF A3A Adel =UH we AR g =Dt AEPelA
PO WD GoA e Aol FAHUA Bt SWOE et 4
AL Aol FEER F7H

N
Fo
N
0
i
rr
r_\'L
o
57
1o
)
&N
2
=
2
N
L
N
N
ot
ol
o
f

Jlsd AE

cERER AZ 4L . « DI Ep| Al
PRl Convenience 28 £el A&

A L * On-the-go A&

Rl Al

CRAY A

Pleasure

+ Ethnic food
- Z20jY AE

CEN B A

{Datamonitor, Reuters Business Insight)

_36_



Al 2d =9 AFNT ZVesdF 2 AW

O Fa=o AF7&d JH7|Eiof

w<A B 5817, Auol e Bop S8 EFRA KA (2008)>

O "= 19609 ©]F NC(HFHUYATAR)E FFOE A M-S A AFE HAAS
Fom, o] ZEZIPL 1,550% 3,390F 0] AEZFE 114,000718] FEES Axsto F&
ANEE A% AMES AASAS. o] ZEOHE HZ FuiEo], dAGAE 7,000 F
©] 23,000o478 Al&oll thdk AIDS Hpol# 2~ HAMES HAASt X8 753 2o AdE =
3T H=3h

O Taxol, Vincristine, vinblastine, halichondrin B, Ileurosine, leurosidine NCDDG (National
Cooperative Natural products Drug Discovery Groups)oll 2]3l] 7%= Topotecan, Ellipticine
of FE=AZE AENE WE=dE AAHAE. 1980 =, Bepdite] iSRS 7
of /N¢E ACE JAAEY A UIESET Fode of 209 28 (h2x4x194)
o MjEE 7|53 A 5. Taxusd =2 FHOEZHRH /NLE 3YATaxole] A&
oF 12998 (1220009 )2 FAHE. WdH HE=s TAHCE Vinca detzolE A4
we =& dgtor, HZAE Corey groupon 23l ginkgolide &A% A FE .
® Merck/\}‘— A st Ak stell 1087 5,0008HES F4ste g EA5= <F 50
T A= i AHARESR o]S2HEH HAE A 25FS 100d ol sty
= ZRAE 243

o B

2 rlo ox S of

O AFAAL NS £ANE BFE BW F2 {A) AAHE ABLRE J54 27
£ AUSEE ATE0 FRE 4N % o9 B AFTHE e o] Adsie
AAEERE 7154 aE BYsEs drzedest NE FYgdaTac) A9 o
scoldBErfsty Yolgusel fEeAnze] FEE AYHDL L.

O AEGFAEFS FAa7] dake] 597 NIHe} MG AT Ake] AkS Wof ejop
F AoA b Qe SgEe Beste ZEadel ARHL, AN National

B Aok, Fofo] Bk HE

I

Center of the Development of Natural productsoll A= HAEE

_37_



AAT HAEAH AEJHLE A3 FRAF, AYstol] 2 =3 A4S 3
o
=

YELS mAE, IFA=EREH 44 A7 HFska Aok 90 o) okF
= AX], 91'd Human science FSA T 92'd Pharma Dream A8 7MAl &
of 54 AFMNLEAE stAS. Bl=4F 2= Croton sublyratusZF-E 34 &
plunotol= 7|3t &R} U/dell AF8E. Sophora SubstratateZF-E & Y & sopharedin
S YA ER FASIe A SFFE sophalioneS 7NEEAS. B A E2] nantenosideS
desgEz gAste LU 279k transilastES NSRS FF(EEH)Y] FA RO
baicaleine T E=3IEZ FASHY] amlexanox 7NEsle] gLy 2r|foz AGAIE F.
HAFZEQ E H(lantinan)> 43t HA Y] WEFEFSRE AlA FH.

S
o e

YE =8t kR Sankawa T2 ASFEES AMSIY UACFFE ), AuGEM)
59 gt il & PAF (platelet activating factor) 2F-80°] & B3 O1, Centipeda

minima F==Z5F SPAF 2I-8=72 armicolidesE <3

glycyrrhizin®] ZFEX| 5ol AMEE 1 9lom, Aok Qw|xte] A E2] gomishin
g I3 AGAE FolH 77k A JFAA e Abgo] ZIgiEA .

A& FEo%EL A HZ3(Terpene), Wl 3 A (Glycosides), &Z=Z o] =(Alkaloid), Z 2]
A BE T 5 47HA BoFE UFoAH HEAAV FE M & AFES B Ao

Taxol# 7|8} ZHFSAAZ AHEHe ZHEOE

1= =]
T

e

oo
AT Stk A EEE

=
=
235 Y A= AL Taxoids

A= A=, AFYE

A &2 soll A54d A T

592 70d0 olAFE HAESAE AP AASIE FUF AEE rtdEste WA= okl

HAFHd FA A7/4Ee AZste] HEuyF=RE fdzFAQ] Salicine 7)@sto
& Ax SEEARE 3o olxmAS 7H%8}911, =3}3}21 &2 Silybum marianum ©. 2

FH F Re28 =29l Silymarin® = 3t

f
nR
km
2
Ll
=
1.
0%

2319 ginkgo-flavonoid &S N 3 Aol XBAZ MEste] 5L U 1] F5A
Aol 29 1100‘43(19965 2 3 19 AF3ARD FotAlef A3t T mE (k2

of A=Al /M SH2E7F FAH

_38_



THe TERS 13473 Y 9 oYt eSS Bista glow, daEd A, &
BT AdT4E T B2 dT4st Vo] SAHE JAALE FHEs AT 1,0005 ©]4
o] SkEAEES AHAAMS JNFE (Artemisia annua) &2 H-E, 7]E9] 3 UEa-E]O}xﬂ?_] quinine
o WAES zte detgotoll FES Artemisining WA 3005/ ©le] FEAE T4
ste] gelelobAl ArtemetherS NTE. HAAWHL) A TFae} A8l L) FEATA

AT ez w04 719 Z1edEH e Ao AREEo] & Aokl ?_%%L(?)ﬁ:"ﬂ‘i%)oi

HEH M2 dZ=Zo|= huperazine A, B 7+ AES FE|38l1 ©]F huperazineS =83}
AR 2AZ AT Foll . SF=EFY (Trichosantheskirilowii)ZF-E HIV 7 A3 &2
trichosanthin®. 2 & AIDSFEZ YA Foll o, BFgAsta nj=o] A k3] AL
o] FFEATE T SoNA PAF 84 AId2ES 7FA= kadsurenone©] E#EH o] FX=

7} AARE. 8% (Sedumsarmentosum)ZF-E nitrile= 7}A = Wl ZA] sarmentosin®] F&] FH
o] 21l FEsHS A5t e, FEXZHH nitrile’] S 7FA+= #lE A sarmentosin®] &
gEo] 1 AEXEAZ Y Folok A oF 2507 o] AEHES FE 3

U AN VlEed B2 A%

e A el 1099 54 S0 RAY S0 Aston, B
5¢ 53 @A AAHY A7 4He = A3} 3

=3 Al E3F ZF AFESF T} 48702 46%S A AEtY A =
< AFES Holal 33, Hgl® e ESSE 45%4 Hol, =3 v=o] YeA
BB 24 71N AN Fadol & Z7te B4,

FE kol 2.0l ekdsv) st kol 4 FE5%) 0l W AAFa Q, vt
27, mhole A, FRAH 2 B AFUNE, Hlol 23

Ho] @4k A4k vl & AFAIFH

)
N
N
Lo
iy
o
u

FOAL QA BEE BB BAFE oty T F At
59 A% % 97asl % A GTAAN JSHEN AT ARE 95T o
B8 4FPHEC) P ATV WL Az &3 2L oy A3 O 4ERY %
T S

_39_



5253

14 o2 :
45% B=EY  FETUI
46% S
12 - =
10 + —e—[032HEH :
I saEs .
10 | 87 ) H
= 7t ——YEEH i
£ 6 I :
Z2 31 A 5} ——FZEF :
& 2 4
2 : | i
- |
1
1N ,
4+ 1981 1984 1957 1990 1993 1936 1999 2002 2005 2008 i
s=ug i
2 -
0 _._._._._._‘_._A_._A_._‘_._‘_.i:}._‘_. ‘ ‘ o
1984 18886 1988 1990 1892 1884 1996 1998 2000 2002 2004 2008
b=l
<A m: 554, abgute] 2 ol B35 FRA B 114(2008)>
[07d AEAMY Eopd A Za $E 9 ] H (R A AHA )]
Hiole =38/ _
S 28 wol colun/ =R st | @ | s
BHo| 27 At et
o9, Hiolz& 2748 gtol 22| ek 1,685,795 420035 792,331
2/ PHLI%
- Htol 25Hst 233,895 45944 85466
Hhol 2 &3
6% -
HHol 24 = 1,316,067 932813 12016
=H
b0l 2 ol oF gto| &3 200,771 8063 5367
46%
BHO| 241 2 B0l QF At 57,802 | 35087 954
35%
Hrolz=d 2 212 84,765 20289 121108
Btol 2 ol Rl & RHHE 25,422 520 3496
Btol @318
6% Hhol =2 d&/8 28 T 108,258 8838 141
BHOI S AN SOR WA S Rl
O I AEFd 7154 L &3t Aol AxdFue o2l A=A A4 ¥ ol
oy 7R EAZE EfH o R Agagov reHel FHe EAME Ve LR A

F5 g

_40_



A4 A AFATI 9] A EARRAGNA A G A
7F. =9 Fax9 JAHI|eME EoF H %

H<A T 553, Agute] o Rof BSEFEA BILA(2008)>

O "= 1960t o]F FHUATAE FFHOE FUA /IS A AFE AT
o] 2L 1,550% 3,390F9] A EZHE 114,000719 FE2E& ARt FAAMNE
S 93 A AANIYS. o] TEaHe HT o, Céﬂ%zlo“‘% 7,0004] &2
23,0009 7] A&l gk AIDS Hiolg 2~ A S HAA St NESREH 35 T3

O Taxol, Vincristine, vinblastine, halichondrin B, leurosine, leurosidine NCDDG (National
Cooperative Natural products Drug Discovery Groups)oll ]3] 7]3¥ Topotecan, Ellipticine &
-o/] %Ejﬂﬂ_ 0]/\]-/\]6‘4 q]le-t';gi /\-]X-]QO-LQ_ 1980@‘3]13_, Ea].;é]ﬂ-g ug%/\ég_,g 7]3_3
of 7ZidHE ACE AAES] A% UIFET a2 of 209 @3 (h2=x431 Q) o4
o] MES 7153 Aw. Taxus®H AEQ FHO2RE /Ed FATaxolo] AZu]EY S
oF 12998 (1220009 )2 FAHE. WdH HE=s FAHOE Vinca detzol= Ao
B =9E dgtor, HZAdE Corey groupon &3l ginkgolide &A% A3

O MerckA}L FAst} Ak stoll 10A7F 5,0008HES FYsted e EAlsHE 2F 50

F 59 E*‘”Oﬂ ﬂ%fﬂ A A RET o225 HAE AF 2552 109 o 7Nasty

-

4

9'1"
rlr
1>

L
Iy
N
flo
> 2 oo >
@ A o
Y
H
]
30 02 nfl
o r2 |
%
o
2

i
Kl

zroldA st Yogu ]l FREANRY FrE

O AEGFHEFS FA37] Y5te] 53dZF NIHSF vgE AT JAdge] Aoz @y, 7}
2 As oo sgES Budtes Z2a80] ARE QAL WAIAIF S National Center of
the Development of Natural products®ll A= HAEZHE Al Fofkd A3 A=E4d A
AT, AAERE AEAF, AP & 2E3F ATE AW ol A+



~

O &2 HAE, i =E2FE GAHEE Ao HFst Atk 90d o okF 4
= AX], 91'd Human science &AL 9213 Pharma Dream A& 7/NA] & M
of AIFA AXLNLEAES ]-Oi‘%. Bl =4k 2] & Croton sublyratusZ 5 A 2t
plunotolS 7|&3te] &= U gl AFEE. Sophora Substratate ZH-E & Y E sopharedin
< fesig=E=E 94 O}OE] ]% °FF sophaliones 7H'Z3t 5. F% A<l nantenosideE
gesitER Ak L%}H]E' 719FQ1 transilasts RS A Ba(EH)S FAHEC]
baicaleine B =3 =2 FA3E] amlexanox 7Leted FLE 270 R AGAE FH.
HAFSE?] #E d(lantinan)> $H3FSF QA o] HEFFO = AT F9.

71

5
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woF
3

)

)=
Rl

O ¢ =xthel oFsHH Sankawa 52 ANFE=Eo HAMst FRACEET), Ja(EH)

59 gadAdEe] & PAF (platelet activating factor) 2}-8°] US& B3 2™, Centipeda
minima FEEZ5H FPAF ZE=4 aricolidesE &<21E.

glycyrrhizin®] ZFEX 2o AFEE 1 9low AJeF Qujzte]l A EQl gomishin
A =]l B AR FolW Ik A dAolA Y ARl ZIHEIL UE.

O A& FZF%Ee A "H =3 (Terpene), Bl 34 (Glycosides), &L Z 0] =(Alkaloid), = 2] ¥
A AE T T 4A7HA BolE UroAH HEINAT FF UMY & AFES BY He

O HEZS MAFSZ dg dHZ Taxold 7|8 TSFTHAAZ AEEH+= ZHEOE
(Steroids) Al LFFFoE FAHH A+

O MFA AA T A4S FAHT A pobw H=Ae HE AT Utk HEFEE P
o ofofF Thedl HAAFANA GIAY oofFow AWM EHNE Wi A= A2 Taxoids
9} Camptothecins Al go] thHEH

O WAL PR, APNE
4 2o 5o A3 B4 Y

O FYL& 708 o]HFEH ABAE AEE Uk 37 AEE vtdste] ddE ok

HAFHd T A7/Mds AZste HEUFEHE OHQX]EZ] Salicing 7 ¥ts}¢]
18 AE FEHE 3t ofxydS /MLetdil, =8#42E<] Silybum marianum .=
BH 7+ »e28 5492 SilymarinS 2 FAXBAE ML

o
m\m

O 23219 ginkgo-flavonoid S 2

ZhE g o] 29 11009HE(19963)E

&% Ao NBAZ st ZY W 1)

B
W19 AEA BobAl} A F Ee (R

i
12 2

4oL

3}+= Natural product poolS 19963
of dae] AP AS g
(]

AAEAF Nt FE 27 AT
o] 7laL Qo FY2HE, #EYE, & 5 AHH HAAE o FAE sfto] FHSHA

o] Fof A AL U=

_42_



X

%l

o
§

rlo
=
i

kil g Fte S BAsta glow, daEd A, &
T48 7lEo] 449 AFAL S '—.‘51—0}51 AT 1,000F ©]%
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M3 ghEsd g X 24
Al A AR H2UH

L ANAEFAA Q74T B
B Cytochrome P450 E 23§ WY

- P450= A AHEla A2 A ]9 ok
[e]
o

o

P4502] ®WHg-9o] A (Lamb et al., 2007) <o}g] 18>

\ I |— RCI—0—— ROH
C-hydroxylation R(‘DH — RCOH Chlorine oxygenation RCl
|
+ - X
Heteroatom oxygenation RX — RX—-0 Aromatic dehalogenation X— OH —HO OH
R—— 0oBn OBn: ¢ 0OBn
eteroatom release X-Rg —= +HXR
Rf 3 R):O ®  Dimer formation @ @j@:ﬁj
2
N |
o] N
Epoxide formation >:< — >Q< H oo H
D — N
Ry Ry Ri 0 Q_QN . P
Group migration ):( — RE—'—< Ring coupling N N
H  Rs R H NH,

O CHg o) A NH,
Ring formation i% —_—
R
-
Ring contraction N N

Current Opinion in Biotechnology

ks S =3 (Yun et al, 2007).
C-hydroxylation®] AF4% §8&/Ado] &2 W¥HEo]™, heteroatom

oxygenation, heteroatom release, epoxide formation, group migration®] 23 2<l Hl-g Zuj,

HgAHQl p450 wE

Eo]2 P450 WS Chloine oxygenation, aromatic dehalogenation, dimer formation, ring
coupling, ring formation, ring contraction, oxidative aryl migration &% ®¥H§E& Zuj
(Guengerich, 2002, 2006).

i o)l= 33E F- = A (derivatives) A Z WY

S f7180 2Ho A FEF 269 chemical libraryS A &3], o] & libraryol Tk
kst A S 7= P450 EAE AEstH 71E9 chemical libraryell AYE3HA <

hydroxyl group F7F ¥ C-C ZF cleavage, dealkylation 52 WH-gOo2 TS T Thefsh

S} 3HES X F3l= combinatorial chemical library A 27} 7153 53] ©]21§ oxygenase

< FtARl W ogE BUFsE WS Suishr] wiiEol ke FeEjo =

< A= (Cirino and Arnold, 2002; Urlacher and Schmid, 2002).

1
o&

r°“

(1=

- Parent compounds® =% H| 0] =(stilbenoid) Al 3FEQ! @ 2H| 2} E E(resveratrol), 3] A 0]

E(piceid), ZH Z2=YHl(pterosilbene), =FEE 4l (Rhaponticin)= ©]-8&3t] AZujl P450
E4E HHSAIA s AsHbgAa A= diversityZb S7HE derivatives® A E
chemical library A .

T35 o2 A AAE hydroxyl group(-OH)l UDP-glucosyltransferaseE ©]-8-3Fo] thoFsh wjl
FAE BAAsEY ThFdt 2guol= 3= chemical libraryE A &3t ©] chemical
library2 5B H7]5S 2EAN |+ 524 dES L83t 84 & 15T

_46_



d i b i D
e o = .
Piceid(resveratrol Bi ﬁxil) Pterostilbene Rhaponticin
ol
Ho N A OH ¥
|
LA u O
I HACO et ol
oM 3 S X HC)A/M\\/o N N gy
oH oM
Resveratrol | I = .
l\ TN on OCHy
HO #
- T - . > .\ &

A S| 1 O] = (stilbenoid) | 9.5 K| R Fe

L 202 2H ot AL 0|EA =S PAS0 aatlSS SoliM

CHALA[(metabolites)E Az 51 E4: HPLC, LC/MS

3. 4208 OALH|0| alkylation, carboxylation HIS 52 Sl ST H| chemical
libraryXl| Z=: Preparative LC ALZ
4. Hz=ot REME =+ 2510 HYY|s
5. 52 Melfgut=E LEte fREMe & 24 3 =2l LO/MS
z

632 QCHS thy Y460 IXUS TACSANN BY 2

B AEoQ P450 54 A 23

- Spectrofluorometer ©]-8: Z} P450 &49 A& fluorometerE &3k WHoZ =H3
o] HFHL directed evolution® A4 Z 42l HTS (High Throughtput Screening) system©l| 4]
&S 4 AJ+. 7 human P450 &40 5o]F FAHS SAHTL F e 7122 4HF
o2 Fujgd 4 A5 (Yun et al, 2006).

- Spectrophotometer ©]-8: 35 €83 Z human P450 &4 5ol 45 AT
T e 71ER AIWHE AT HY [spectrophotometer HPLC
Z7F gHEal s (4l p-nitrophenol, '
aniline) (Park et al., 2010).

- HPLC 3 LCMS #-&: HPLCE &&73} |
] Z} human P450 &49] So|% &4
= SAY F A= 71EY AFeEe
AT FRET A (Kim et
al.,, 2011; Kim et al., 2008).

- GC ¥ GCMS: GCE &3ty 7
human P450 &49] Eo]d A4S =
AL+ Ade= 71EY AAHE A7
AJNA7E GRS S

- B34S Kinetic parameters (K, 2 ko) 2 Catalytic Efficiency Z273: 7t &40 7149
1-500 uM 9] F=olA affinity®] HEQ] K, & 84848 54 o
g9 7™ U Kk @S A4St 29 HdE §4 SHETES 2T (Lee et
al.,, 2014; Kang et al., 2014).
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B DerivativeS A| Z3}=tl] Al83}= P450 B4 9] E3353F EA

%3

- P450= active site®] ZAEE A U= heme oFF 83 chromophore® ©] 8
o Zol active site] 2] W3S Aol o] & & U Heme? spin-state H3}o]] mWE

spectrum®] W35 ZH3}] active sitet] o] BHWH3S} =4, Heme high-spin(Z Tl

390 nmA)Z low-spin(H % 417 nm=A)e] 2EF9 spin-stateE UEFH™ ZF P450

ot £ A2 spin-state equilibrium “FE]E YEFH (Kim et al.,, 2007).

RE.E P450+ high-spin¥ low-spin state ¥ AT HFS o|F1 Jed 71Ho

inhibitor 52 A3 T= E49] conformation®] W&o 2]3k active sitelf] 2] 27 o] n}H]

A = olH3 HIFGENIF low E+= high-spin £ 2 WHE 7 AVIA Ho o] HgH

spin-state 13} active site W& WSS st &8 .

e

ool rnlo\' %0,
ol o N

B P450 B4 FolBEE e 214 2T HTS) Al2H

1 Gene Library

l expression

Library growing on
prescreening media

Colony Picker Multi-well shaking incubator

B P450 54 Ao & ~TEY HIS) A2H

- P450 &40 EAL fluorometerE 83 WHOZ ZHIIEE 3 o] WHS directed
evolution®] /] F <291 HTS(High Throught Screening) systemo| A &-&7}5.

- P450 WHEAMES] FFE o] 83 GAHSALH: HTS systemol &8 7153 substrates
7-ethoxy-4-(trifluoromethyl)-coumarin, 7-Ethoxycoumarin, Coumarin, benzo(a)pyrene

3-[2-(N,N-diethyl-N-methylammonium)ethyl]-7-methoxy-4-methylcoumarin (Kang et al., 2014).

B Diversity 57}A|Z] combinatorial chemical library #|=: P450 ©]&

- AA, B P chemical library7} A3 [foeremErorEwGeeiETes

FAujEal Qo™ o] F libraryE ©| &3+ Alek it R =
e

Parental  error prone PCR ——

ML QA7 BLE OlE libraryS THFE | e e

recombination oo % 10% = 10" variants

e #Ae THAE P40 BAE AEEH Wy
b) Library evaluation
7 ] %94 chemlcal 11brary°ﬂ /‘3 = ——]’ ;ﬁ, ?l Life or death Colorometric, fluorescant or Whaole-call
salection chemiluminescent screens biotransiormations
=

hydroxyl group H7F 2 C-C 2% cleavage
o WO ¢S ¢ e IdES 23

3+ combinatorial chemical library A Z7F 7F |, = —
2 S 3 5] S 10° - 10

5%, 53] o]H 3¢ oxygenase WHg2 3}31F lvariams

?l L]:% ‘: %7}‘ 6‘]‘ H]_ ~ —-‘—HH 01-7] r'ql TRE::::?SJS -
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ol gds FH SFEES AXY F dS. Mass profile] Floz2Z F7id
diversity &<l (Otey et al.,, 2006; Sawayama et al., 2009; Kang et al., 2014; Miles et al.,
2000; Fasan et al., 2007).

B Whole-Cell Biocatalysis

Hﬂl:o Hfﬂ 1:11 X%;ﬂ J,]_Zé]o] hoa]

=
A S Ay 28T 5 A

s o
0
l_‘
E
rlr
in
O_L/
o
_\,L
T X
}ﬂ
X9,
rr
2
Y
]1?_{:
=)
o
it
flo
o

2. A2A|F-IA QAL Y
B EST libraryoll A P450 22 &=

2E FAA DBEHE P450 F-A Ao tigk X B3 3 natural product A4+l
8= P450 AT A,

RT-PCR¥Y R0l 23 Full length P450 F%A #2]: 2&E EST library DBEH-EH full
length7} FEE P450 FAATS AES & FAAF specific primerg A &3} Target 2
EO)A] total RNAE #E|3+ & Reverse transcriptase?} oligodTE ©]-83F RT ®H-&& 3
skl cDNAE A4 FAE cDNAE templateZ ©] 83+ ZHzhe] P450 specific primer
£ o] 83l P450 FAAE SE3F F cloningste] H7IAE &2l

3¢ racing ol 23 Full length P450 % £2]: A& EST library DBEH-F 3¢ &
ol ARV mgRE FH2 +& AEE F P450 A9 3¢ exon F-EollAl SPI,
SP2 primerE A|2+gt. Target 2] &4 total RNAE 2|3 ¥ Reverse transcriptase®}t
oilgo dT anchor primer?} SP1 primers ©|&3% RT ¥H3<& T3t Ist strand cDNAS
/33 Anchor primer®} nested SP2 primerE ©]-83}le] P450 A AFe] 3‘exon F&& F
Z3 3 A7IAE FAF WA 3¢ exon FEO] @714 € EST DB 5 exon 7]
AEe Bt o2 514 full length P450 F-H A ZZ314] cloning 3 & G714 E &<l

5¢ racing "l ©| ¥k Full length P450 fr
A2 E2]: 2]E EST library DBEZRE 5| .

Overview / 5' RACE

e (A)y-3"  synthesis of first strand

B H z T -““l“:‘-;;';-ll cDNA with primer sm
FEY AR} v|gR Ha 3FEFS HH l
(o) :
"f é_ T 2}]\'1:' Tl';\(j_;(]' :;L A‘] Hei §_]_' :?: cRNA g (A3 degradation of the mRNA
Purify cDNA with High Pure ;*c';:‘L:’i‘;l; 'L'Ivhlch%ggrg‘l:u ;:,,
(e} PCR Purificati Kit 3
P450 SHAS] 5 exon WA SPI, | | sy o e T

A)-3°

SP2, SP3 primergs A 2tg. Target 2] =0l 3'(”"%—1 g i e et CONA
4 total RNAE EEIT T  Reverse | oo pimer

ha ¢ i
—_— (1, TTTTV amplification of the tailed

(A)y-3" cDNA by PCR using the Oligo

transcriptase$} SP1& ©] &%t RT WH&& M R et o5 gt
PCR Anchor

Ta3ted  1st strand cDNAE FAAE. | &=, _ |

RNaseHoll 9|3l tempalte mRNAE A AT o l ng;:'i'cﬁnlw‘éaﬂ

T @4" cDNA £83 ¥ ©] cDNA °f

d_ATPg]_ termlnal deOXynucleotldyl i B = analysis by hybridization or cloning

tramsferaseE ©]-83 polyA tailE 4.
Oligo Td-Anchor primer$} nested SP2 primers ©]-83l% cDNAZRE P450 F3A &4
gk}, Anchor primer®} nested SP3 primers ©]-83l P450 A 33 & A7|A<E
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g3t B8z 5¢ exon FE9 H7IA 23 EST DBE 3’ exon 7|4 ES vy o =R 3}
o] full length P450 F-AA FZ 3} cloning 3 & A4 LD &9l
B Plant P450 expression in E. coli & purification
- Plant P450 X A& His-tage X3SI3L 9= E. coli expression vector (pCW)©l| cloning
3t E. coli Rosseta (pLys) lineol| A &3,

- His Tag affinity columns ©]&3}y E. coliol A HAAZ] PA50EL FET.

i

B Plant P450 expression in plant & purification
- Plant P450 % A& His-tage E3SFAL A+ plant expression vector (pMBP) S =243
3 Agrobacterium tumefecience C58C1 strain® A UAIA Arabidopsis©l| vacuum infiltration
Yo s FEAs AF.
- His Tag affinity columns ©]&3} Arabidopsisoll Xl HHAIZ] PASOEALE FE] (Lee et
al., 2014),

B P450 SA A
- E coli®t A EoA d Az ZHzre) p4502 AEm] EAS 2ASIL "YW ot 3}

SHE- derivatives A %ol &8 7t5AS &AL

B 2] & Glucosyl transferase 3 £ 2 ¢4
- EulX(Solanum lycopersicum cv. Micro-Tom)°ll 4] total RNA FZ&

- oligo dT2} AMV reverse transcriptases ©]-83}¢] ¢cDNA &4

- Sol genomic network T|C]EJH|o]~E ©] 83} glucosyl transferase FHAE &#H 3
sequenceE 7|E S 2 FHA o] primer A&t

- Nested PCR ™S o] &3le EulE cDNAOA glusosyl transferase 32 =
pET28a(+) vector®l cloning

- E. coli BL219A] &3 A1 3 talon columne ARE3le] £ AA|

B 29H|%0|E natural product 23U T
- water, ethanol, haxane ¢ =A°o] OIS Buld W3 ‘IPE ZfolE o] &3t

o
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fractionation.
- TLC, HPLC, LC-MS, GC-MS ¢ #AYHS Fa 2gixol= 3ggES glstn
oA 28H|xolE 3Ee T2y,

M.W.<2000 M.W.>2000
! |
Organicsolvent Water Organicsolvent ‘Water
soluble soluble soluble soluble
Hexane | | MeOH&MeOH-Water THF Ionic
soluble || Solventsoluble soluble GPC
Normal Nomal || Reverse Small Reverse phase Reverse Ton
phase, phase, phase, Mol Tonization phase Exchange
Adsorption || Bonded || Bonded GPC Control Paried ion
Gel Ton Reverse
Filtration Exchange || phase.
(Aqueous) Bonded

3. ABMREHA Q7L HE
B §AA O9E BA

- HeLal} Raw 264.7 A|3Eo|A HIZAH cytokine
z

Translation Transiation

So WAL BASY] AN 7 ATZRE | Tt i g
RNAZol B &9& o] &3¢ 2] RNA & T

- F= ¢ AA RNA(10 ng)E HZAE 2 (RTase), s —
dNTP, PN6, buffers F7}3k EIES 37C Reverse ranscriptase. dNTPs | Random sequence primers
water batho| A 1A]ZF WAl A ¢cDNA A CDNAS, Orreverse ransipls  gme————

‘—
- A E cDNAOA HAS sz} b= PCR: primers from adjacent 1"’ &
o . = Q= o Ex =3 exons, dNTPs, Taq polymerase

Z(jxl’«] primers= 01 © o]—OZ] PCR= 5 OH © —'}\] Duplex PCR product, distinctive —=—=
7:1 %—ﬁﬂ_% §:_|]—?_]_’c:>‘:]- for mRNA

m o a2 (western blot)

- HeLal} Raw 264.7 MXo] $H EHE A3t
36 A1 & &3t protein lysis buffer (20 mM
HEPES PH 7.9, 100 mM KCI, 300 mM NaCl, 10
mM EDTA, 0.5% Nonidet P-40, 1 mM Na;VO,, 1 CELL cuLuTRE FLAg O WITH PROTETOTENE RELEASED
mM PMSF, 100 mg/ml aprotinin, and 1 mg/ml K‘:’;;ﬁ:! romens Dmkc::;ﬂmiv
leupeptin) & ©]&3F lysisE A7l FE53 o n\?f::mm ="h i
2 (50ug)2 SDS-PAGES F3)3t.

- SDS-PAGEE 33t gelol Al PVDF membrane &2 CNEARIZE
Gl A S transfer & blocking bufferdl]l 2A]ZF ST
incubationdt 1l Yst= A O] A E taggingstal ZH7Fe] @z

lo
iz,
ol
J {
rO
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B E4A9E B4 (ELSA)

QAN ZAAN FEHe d58d A T WHslE dotRy] 93 avsA
derivatives Z3gt=S Mg g & wjFA S 96well plate S
ol W 1A7HEQ ZEE F 22 Al W AES § ,75/61 =)
blocking buffer® ZE wello] 7FE5¥ 3 1A7HEQF uHS AL 38
g =2 A H AHS & d53E FAE 1AEEG s
Hk-8- Al & HRP congugated ¥ FAE 1A HE @'
< A EE A W AF F 7EANE &ds ¥ o " ] l“"'“”““"““”
S 3087F WS AA ELISA reader® o] &3t F3== | N\ :
%53 -
Enzyme Linked ImmunoSorbent Assay
B SAX 24 (flow cytometry analysis)
AEERE o 7HA AxEd EAE N & e IR
Ag olgdte] WAy flake] 2-5x10° AT Lol ?Z‘j
2 x5t FALF8A(1% FBS, 0.01% NaN;7t O o

E3tE PBS, pH 7422 13] A& F ANNEXIN
V X+ PI Propidium lodide)E& Al&0l 7}sle] 4T

A 1587F HEEA7)7 HA =g oz 23]
AR T AX ®H BExEY 2HdES  flow

cytometry® 233},

B SHAE HE B4 (cell invasion assay)
- 4 Alxe] HEFHES dolR7] 93, modified
boyden chamberE ©]83}] filtere] oFAF-EES

chemoattractantZ% 5 pg2l type 1 collagen® =

coating 3}l surface®|= matrigel 20 pgl =
coating 3F.
- 9] chamberE transwell® &2 well®] low

compartment®] 10% FBS< X3}35l= RPMI 1640

WA 800 p0e PI AEE 10% FBSS E3}a
T = RPMII640 ® Aol 5x10° 2 transwell]

upper compartment®] seeding .
24N ZEER ¥ & AP filter= HFSHA X

S cotton swab O.F o} Y filtere

S AXES

Wilet 2 o)5F ATSS Wees uA AYw

°of & St A=z JAeAEE 49
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2 filterol]
eosin® 2 HFAS}A filter F randomd}Al 5T E| 2] microscopic fieldE

» ?

*J\

Ny
& t, 4. cell culture,
analysis, etc.
2. staining of U \g
membrane, X
cytoplasm, flw

and nucleus 3. cell sorting

RHZE 24 Y

Cell suspension placed in upper chamber

&

l 24-48 hr

Invasive cells pass through basement
membrane layer and cling to the bottom of
the Boyden chamber membrane. Non-
invasive cells stay in the upper chamber

After removal of non-invasive cells, invaded
celis are stained and quantified

By

& Media/FBS ® Cels W Staining Solution

[ Serum Free Media ) Basement Membrane Layer

FAE H

[= R =] H

Al

o] =

A= < hematoxylin}

x
TE & QaE AE

=
=

=
|

Promoter assay 2 electrophoretic mobility shift assay (EMSA)



- %?ﬁ F A9 promoter’de AAZAAA Ade] tlg TR B A A
3l A} constructE A 3ol transfection$t & S A 23t luciferasedd 4.
- 3R EFS AHEd MEZHE nuclear extract®: 23 F PP dCTPS} DNA
polymerase 19| Klenow &4E A3t 3-Z & fill up 3t probeE labeling.

- DNAS} sichza o] Agerg-2 5-10 g2 nuclear

0

extract, 2 ug] p01y(dI—dC)7]' £ A= ‘?l’%c—’l,q(lO —F—— e .o
mM Tris-Cl, pH 8.0, 100 mM KCl, 5 mM MgCl, Sy e "

0. mM EDTA, 2 mM DTT, 250 ug/mé BSA)°ll
competitorS H7FsFAY H7EeHA] . -l

A 203083 HEEAIZISL probe(0.5-1.0  ng, N ey e — Y
100,000-200,000 cpm)S H7}3 F 20-3087F A& T e -
Flel A HhEAH. i G o o RO
- o] B-gN-E 6% polyacrylamide gel®ll loading¥t TF ;'“ém .0 oo Ve
< 150 V, 10 mAZ 2~3A17F B¢k AV|YF5sta t '
vaccum gel dryerdl Al AZAZ] F Xeray filmol] &= |
ZA1A autoradiographys 4. Promoter assay
B M| X o] F%5 &4 (wound healing assay) o A
- AlZ9 ol FeyS dotrr] #al, wound healing .1.\.4{...‘.,[‘
assays ©|-&. ]:‘,‘,;‘.ﬁ:;',"““"“"]
- 6 cm’ plate®] 10 % FBSS X 33l+= SR
- MEM HIAZ 5 mle Q@3 AEE (1XI10° cells) | (e ’
seeding 3t1l, X =2-& A L
- MEZ7F 80-90% AsLS W, blue tip= ©]-&3} Diinpr i —
scratchs Wil HWiAE wE3 & HNEZE HYF3 ———
23 24, 36, 483 F k50| AL BlaLste] —
Mzl o|EHED =A) Electrophoretic Mobility Shift Assay
B AX F24% E4(cell proliferation assay) . —" T
Az 2ABHe ohnrl s, Hela (XI0celly) | o M LI
7 RAW 2647 (3X10° cells) AMEE 96well plate] R
seeding 3. P
- 0.5% BSAS 3= o-MEM HIAIE 100 wE P | s
EdS A - ”'"“:mud .}Md 3
- T2AZEERE WY F Cell Titer 96  AQueous o BT
NON-Radioactive  cell proliferation assay (Catalog. wnuﬂim
No.G5430)2] MTS(I ml)+PMS(50 ul)E 25 pliwell A | 1 T cate s o
AT F ODwmol A FFEE ZHS e A F25 | e W .
< BEA4%.

0|55 24 (wound healing assay)
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B HNESAHS E4C'Cr release assay 2 LDH-release

HE
o4

assay) :
- AEoA TR EFo 93 MEZT =EAS

o=
8 TH E2H2S 2447 A7 &, NK M )
- %A AME2} recombinant IL-22 A=3F EA3tE
NK A=Ze} 1:10, 1:2, 1:04 59 vE&ZE o] Hkg

o %

f] o
Lactate

Al 713l 4A]1ZF 3 NK  Al|3E9 oF A E9

Formazan

lodonitrotetrazolium

release

specific H&S O'Cr
LDH-release assayE ©]-83lo] 4.

lysis assay

M Z=4 A (Cytotoxicity test)
- FEAEL AESAA O 7}

TAE AxzujFAel 7t

-
o

de Hrlstz] sl HEE plateo] oF 2443 Wi &

o
T

M| 3Z ol MTT(conversion of the tetrazolium salt) 37°C, 5% CO, Z18]al 1+£3

3 FHEZ 570 nmE SA T
- A3zl X Aol e A 59 50% (Toxic dose 50)= A&
B FEAEY AYFZ FHIIAE AA
- B SAA
G A AR s, dFU 1g AAE S, T/B cell 4%, 975 SXlcytokine ¥ 245
- A S28 SZIA|3E: Fibroblast 545, Collagen &, Proinflammatory cytokine W& 245
- FUlE A E SAESA T, AAYSAME cytotoxicity 7|5, G olE, MEAAA H cell
cycle, & XY E==A(survival rate, tumor mass)
X
ks o =2d A3 Q
b2 QF eSS AZFSE7] 918 A], sublethal dose(650 |- Initiation
rad)2 gamma-irradiation$- 7592 Wild v}-$-2=¢} K/Ov} |z = = =
S5 olgdte] AWL FUAYIL FH BAL Fo e
stel AW wdl A%, e
5200 A
B IAEF X5 5 HS: ¥Y TEED F & in vivo B AF
— A3
O 2AEF 78 APEE Fo AR 179 A7E A4 Fo A 71 5 40% beef
tallow AIN-76A redent diet(Dyets Inc., PA, USA)E & g3t 1A EFS Fdsty AUz

A= GHFE X F pellet AARE FLS WHOZ FH.

@ fEFA: 2479 statinA FEA 3FES stock(400 mg/ml in 100% ethanol)= H
£ ©]&3}4 200 mg/ml (in 5% ethanol)©] =Al 3243} 10 mg/kg(body weight)
ZF oid 13 AFEA, g FET o= simvastatin 10 mg/kg(body weight)<
of &aAA T3 oz Fo AHA B HFD(high fat diet) oAM= 2+

F9 % 5% ethanolS TY3 HHHoE Eof,
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Q@ #F FJ=
i e AR &

-t FF

@ e ve gy | 08 A0 AT BES EA
(A2 RS vE 9 A 27 W)

IAEFo) vX= 9 | @5 LDL, HDL, 4 A% 9 total cholesterol &F W3}t

a8 mA = FF gde] W3l
-AFe] MSFH(F7HE)
gAY FFY Ws)

H|qke) w X = G A T vy W B AA o] AW ez W
(AGAEZ =79 Wl 9 B2 F79 W3l
A AA 5 2 A7) (organ)e] AW EsHE W)

— AT A& &3 AFE A% Y FEED A=" 75

HIRKIAE ) Rlnp¢-2E Azxsigon o RdEE

a3} %o

o
=

A A9,

statinl] =A< A EF A

WTND TGND WTHFD TG HFD WT HFD

TG HFD

& &1 ohe. 2. DXEF MojA] @A ope o] 1E. UUAE MO| DR At DX YALE MO| Ot A0
1% ;:‘-ﬂ:?;!fg“ g nperel _L_H;él;m%yao;l %Icﬁ aue ke B 2| 3t Epididymal fatil Retroperitoneal fat2] < 7H2F H
aoT [=]
3. A ETA AT Y
B Yol {EA|(derivatives) AZFH HAH3)

- AEE 83 AgdolE 3EEZRE F XA (derivatives)2] A

AF

Iy

=]

-
578

N

B 29 ot S A (derivatives) FREZ AxFH HZ 3

- 2" olE {EA|(derivatives) A Z&H 23}

- A=) ol & XA 3}

B A = dFY NS
- AEHE ol &7 A B Az HA 3
- HezxdEde & 2 A3 Ve g9 WY
g3t7] fg FLE FE9 WS|4 F29
- AF AE83E A% scale-up 7IRF =

B AYrexd A =4 &85

W7l szd AA B AAF Ax
Ho7| 5=
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- AR BezdEd AEe) Bel sty s $us
- we)sad A BAe) astel BHEA UF AN F

Aol 2AAA

2 74 AA 2 9

£4Q ATFAL 9] o ATPeR TAT §7142 ATE A
7 A7de AFsARAL T BrleT AmATe Whste] HEH

rB. r}l
+

L] ASHI=0I=HI LS 31! - | AgH-0I=H 8=/

FEH & SANSIGAE HE8A o 420 HAY

=4 =4 B o

~CISIEOIT} HS AT} -HISRIRIOIT SSTHHAT
— ~2IAILE 291 — AL 221 mET — 241321

AL 201 AAHILE 491 AL 501 «2HAE 191

-— S S b

T T — 2 R o 1

A70)= oAD]= g a3 pd LEVRIED]

JMSHsIme ma JIE AHHI0IEH Z2M2R || DO xR BASD ay 2 BHI0I= REA
—| +BAHS RTH HE | Al PASD L B SIS TEE mi=7re

E X M= t HSEI} AAE 2E . Mgy o

ALl ] JHE glycosyltransferase k'ﬁEﬁl A=z &7

o
—

- ™~
T TS e ass N =g ol mHggEs
ngg=s me =25 S5 Cugk AGL0E AH0E FEH 220
| «2CH 22 Iz L -Z2MAUS gystem Y — %??EHI o= = == — AEH-0E RH ST
BT ST MOIotAT REH HIZ0| 222 P450 JDIO| £ AIOAEAT]
s |_ % givcosvitransferase HZ SSE T el oy Tn L J
) =

W A R3A L] AA A

M5 0Hh1ZEe] A

M

AHIE THE

2 oHHY AS
TAFSE J[H e
MAEAMS I Jha

AHIE JHR

LA HE/E

PELEET
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!.M
]
3

=
=
=
—
&
)
=
=
=

0z-Lioarmt b |

(GL0Z-vL02r2t ¥

A S| 0|E SiEE =20pd
or 7 2EH=0[=H
stetE 24 —>
k4
v L4
2B AL 7| == AlAT| EFAR
: PA50 genome 2 AR SED A0 B4
| |
v
— 2EH -0 EH stEE FEH
H=E 7| =H
220l = stels R4 _’l
e A28 FHEE | HG=" S5HI ALH T
L ]
+
” S0l CH stEtE FE4
F: H=E 7l #Es}
~SH|-ojCH stEE Fei > l
M 7= = ¥ 1
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Al 2 A A7NE FFUE
1. 13 = (2011-2012)

SEEE

ARATEE

AFINY FA &

P450 42 83
2~E i - o] E(stilbenoid) Al

-BaciLllus megaterium +@] P450 Wold & (30F
Sdie:

2EH|solBA FEAS A4AstE
2% A4

S AE P450 A oA S o] &3

] A E P450

ZEH o=

>

Forfod il |
Qo2 2
=2

A

slal 2ol AEAS Ay | Al FHE 3T F=A AT
[j]gxﬂol'j‘ﬂ]} e = 1. #|2=W2tEE 3’-hydroxylation — Piceatannol
:%HF:_OI = 2. ZE| 2G4l hydroxylated derivatives 2%
(sj[ilbenoid A 3. YA o] = hydroxylated derivative 1%
3H5E 9
A&7 3 _
(E 473 -P(I)PLg, LC/M]S, gC/MS% 71& 101% P450 ﬂ@zg_i&%
= oA AlxH Z28Hol= A B4z
WEAsd s | 5 g ] N h
(stilbenoid) Al Stet=2] | xgucol=A §FE 3F
;{?E_Xﬂi(](denvatwes)?% <4 Resveratrol, Piceatannol(resveratrol THA}A])
¢ H 2. Pterostilbene, Pterostilbene =4 2%
3. Piceid, hydroxylated piceid 1&
I\C/)Iic%ro%rray data & :}%
244X DBE 4AE = EnlEe &xz2 DBES
Phenylpropancid 8 o12) "SRG HENONG 20z o
derivatives SHeh2 8 | pgs) full length FH 31
[A2 A 5 FoJ 3k P450 AR B

A& 44 DBE
o] &3l P450 FHAE
search ¥k % full length

)

S HE P450 A %

O

A el 2] ) BFE W E o clonin
i g =4 g ma gl paso FHA V) B E
mRNA #2]3 & 2F S B2
2| Eol| X P450 F-7 A}
cDNA 34
et ey ol melzd
g4 2Hd@Y7)s P4S0EAE FE3F g o]
ZAAT) A T fEAse] ATEAAYL
AEEAAD Fanas | FAS9L, @43 24 9 @
. AR5 1g A, T/B cell 975 Z4 cytokine®d] TS
[A3 A ] =2 Uﬂogl7].‘:_}_x-l 3}o] 5}
Nz e (iS22 BEofA WA
g a9 g0 Z 00 RN e maely pasog BEH 2Duo=A
1y A5 53 7]6:*3 SEA S 93 HH7]E =3 a8 5l
AN A 2 g o). | T-0= vov/lo e Ao S w
aadl WA % Ee =R Z0ba0 mes mde 8w WEYs S
Fibroblast &%}, Collagen H AdTERE DAY
&, Proinflammatory el s s oM
cytokine 43 =H%F
[A18-5] ) L Csm 6 e o olsl =
2gH| o= (A ZujE &85 -2"Hu ol EA et E fEA ALS A% 54
A HHE | 2guko=y WE =4 A5 (F2iGES, JAols
T=A e EERE F5EA4Y = Al)
gﬁq—ﬁ@ A 34 HEE AZol 2 P450 B A FQl
B Sy
2]
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22PA = (2012 -2013)
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3. 329 = (2013 -2014)

A F- 34

ARATE 5

AT Y&

W52
AaA 2
o) 4 4t
75 9
488

= A (derivatives)
AAE=d AAFE A=
STER R

[A] 1A 5] armo] on _ "ot 33 Ee By AAS 93
- 2 Q E- fnd | = = iy o = el
dodan Teg US| 89 A6
TES D= T e y
paso Eag | A - oUERE AAEd B4 21 99
o] 8-
Ay zd
7%:%;\1&]“ NAZE Az - Hrlsxd 29 olBA SgE A
= O a= =
2 e o) = a A=A AAF A=
stilbenoid) 7|
A 7 _
- 13 9 EvE {3 P450 FrAe] £ 9
ol Ao Hd =1 79
. - ol A A ERE P4so LEES S HA s}
[XﬂZ/\ﬂl—?—] él% P450 &4 EH%“g’?} }_% _‘ﬁLtgl R B
2 HAA S i
2 Z0) o Cthel AR Pas0g hAEANA B
4875 A 71a, CO ARE Tl A& P4509 &4
215 P4509] gl
1 o N
]j%% El';_]j - 15 3 P450 reductase (CaCPR)%] #&] 2
gﬁﬂ*]* ogadlAe] Hd 21 79
T gic‘é_}a o s1a =] - 2= P450 reductase®] ™3 antibodyE
T (AR s ER A gy g7 4F S8 WS WY
- 21& P450 reductase®] Wit 54 2 &
g 43 3
R e A LICE SR
SR FEEds W8N | =aael HEyned 44 24 s
AT 9% HF TR ole st
54 A4 o
A3AR ; TR AT 52 2d 9 o 49 o
ey #f FREHY FAAHE Y S pde olgsle TREZO Tz =
Z:%Hﬂb:C’]% Fol g7 gy AAZ W EodLTFs solst
O — 3 B = = 19
TTEA 2 E Ok 09 ndS o]83le] TREA =
Relsszd | Holfd uAPZE npen | MR HTS BdS olEsiy FRedS de
84 24 meo Ao T% w7} LDL, (E]%I}rl TAG cholesterol®] 3} 31 &3}
FA R AT L agdz nyw vnel | wuwd sd4 0d 2 25 WsE gl
2= 9 3}
TR EA] delivery system |- FAE, F&F 5 formulation FH& T3
AL @ gEA= FTREAS HH delivery systems &%
[A13-5]
A =EA 2
Aols prales g ot
*g—iﬁ—?ﬁé Z:%_]_m]_‘:_OIE(stilbenoid) -9t =50 i%ﬂﬂ‘:_OIE(stilbenoid)ﬁ]
o] 8- A &= = Al (derivatives) AJ4rH =3}

B4 W3 QO FEEY AAIF Az =21 g
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4, 47 A= (2014

-2015)

A F- 34

ARATEE

ATNE FHHE

[AI1A1] - ANAE] Az A5
AEs g |- TEA Az HH5 . )
== %= k1S
e o] = T 77180 AAxEA Y
A 3= ] - NAFE AxER HA3
e Az |- a7 243} i o
- AAFY & s AT HHF
23}
- ATl A T i g S %
[A124] 3] chaperone plasmid co-expression Bl &FZ=71
- =
AES A |, 4% pasoe oot ==
ZHhi| ol = FZA4 A x9 A£ZA < |- Chaperone plasmid co-expression HJ O 2
A 3= RUHE % EAE g E o 2 9 p4s0 vl
F=A Z& =2 & R
718 5 N } _
T - CPR £49] modification® o 8% CPR -4
=3
SR EAEEEE L Naze zuses 54 a7
A Fel & 31shA
\_]'Xc')]i]' ﬁo]:}g':éq' - B4 5 xﬂ;ﬁz‘ ?_75]Ac->] AT
[AI341 7] v mr sae 3AEE ATATE oz
ey - ﬂﬁﬂﬁﬁﬁlﬁgi Ao a7lH g 23 9 o A3 npox weo) A
é%tﬂ]}j‘—olz ? ;:-— L——?rL X':“‘l___ A ES '5‘1— ‘:’}(L.;E.f ;X—] O‘—E Zz7A 3
Ny |- Res=d iy IBD oh-2 wd 9 e vk malo)A
‘—7?33"] =49 485l AZ3} THEAE AT ESE E3
%E‘_Aél =1 ) 2= A o) EHE]: }\(HA]_ = =3 = = S T = o i
- =T 712 G oo glod.glol §= A=
AT | FEH Py gEx | CF 7 T Ee
— e A 2 Ba/Ag |- AAFS diE A B 2e/AA A
FHe A Ang =5
(2118 %] AEge) HAH A=E - e nEL] AAFE Y HHA 2
A E3} o4 Uk &
2EHEOE | g 27, HAE HIre ke F A EA S ZF BT}
Al sk A7V (R A, - AF 2A
r=AS ool E aARAL |- FRE AAE (A
S FE ] A% - olotelE Aol g
- oA A8 Al B - O 71 (A (B LG B2,
o A7 5

[€)
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A3 A ATHS 9 ATrsd Py

1. 139 =

ST

A7y

C1E7 - 294 AZ8H)

FAA

o

o #
2G| o] =
3= e
(Eax%h

- Bacillus megaterium 8] P450 &4
Library A2t
random mutagenesisE 53
2 HolA A ¢ R
P450 A Eo] &<l primer set A=
PCRES o] &3 P450 3z &g 2
g
- 29 olEA FEAE AAstE
AE P450 E% HA
NADPH-generation ~ systems o] &%
P450 54 &4 9 8% A4
- A E P450 E4AE LI ~EH:
ojl=A IFE 3TY AEHS
30% ©17e] P450 WlolA EAE o]
gt 2" olEA SEEY AE
3} 74 ;H
A E P450 4RSS 53 Axd
28| o)A S5 EAuH 51
HPLC, LC/MS, GC/MS 7% o] &%
2"z o| = FEA 3%
AU gy
29| =0l = 33HE 3%
1. Resveratrol, Piceatannol(resveratrol
o ALA)
2. Pterostilbene, Pterostilbene =4 2%

3. Piceid, hydroxylated piceid 1&

¥

L

-
Ho

450

- P450
g
33t
AHEA
k=i
FIgcs

FAHE &8

Hl| & o] =(stilbenoid) Al

o AEHS A+
H 2gho] = A

T‘"r:: o] &4

4

=]

=

3}
b |
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21 & %2 DBEY-E P450
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2) 1%“— 2 EvlEe] 97} due]l ] mRNA £ F 2 EoA P450 14 cDNA T4
o

7144 &l
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RNA isolated from Leaf RNA isolated from fruit

aLs
(Capsicumannuum

L. cv. Bukang)

Ene

(Solanum

A

lycopersicum cv.
Micro-Tom)

3) LA BEd A P450 A cDNAS FE3}o] cloning 35 F7]A

CaP450-01

CaP450-03: CYP71D19 R466W
CaP450-05

CaP450-07

CaP450-08

CaP450-09

CaP450-10

CaP450-12: CYP707A70
CaP450-15

CaP450-17

12

m DEolA BT P50 HAAE ol 8F AE % mAE AN A%
=i

A e A2 93 WE]Ql pCAMBIA 2300-HEO] 1150l 4 ¥ full length P450

Structure of plant expression vector (pCAMBIA 2300HE)

2) MAE ddwE: vy E 3 HMEQA pCW HME o] 13l F@lE full length P450
T+ AE cloning
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r—“ Ca P450

Structure of E. coli expression vector (pCW)

B AE Y HPEA LHE P450 B2 7T EH
1) HAE (E coliol X I3 P450 HE 2 &4 =4
- His-tage X33 E coli 'Td HE Q] pCWOl cDNAOIA &2t P450 XA cloningdt
o E. coli BL21 strain®] 3273
- E. coliol A WA P450EAE His Tag affinity columne ©] 83} purification

ks 19045 c01
0.055+ . .
—— cytosolic fraction
Bt —— membrane fraction
0.0254
5 0.0104
Kol
¢ -0.008- 20 440 460480 500
-0.020+ Wavelength (nm)
-0.035+
-0.050-
P450 CO-spectral assay of preparation of cytosolic fraction (A) and Pellet (B) of
CaP450-12 expressed E. coli

1 2 0.15

kDa
A B
05 0.10+
. e — ]
72 2
5 0.05
e
43 .
- 0 T
34 e 300 500 700
i Wavelenath (nm)
0.02
D
0.01
n.
1] T T T -0.01 T
350 450 §50 650 400 450 500
Wavelength (nm) Wavelength (nm)

Heterologous expression of Ca P450 12 and Ca CPR in Escherichia coli.
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A: SDS-PAGE of the expressed enzymes (1) and Ca CPR (2). B:
Absorbance spectra of Ca CPR. C: UV-visible absorbance spectra of Ca
P450 12 showed spectral features characteristic of cytochrome P450s,
oxidized, dithionitereduced formand CO-difference spectra. D: Reduced
CO-difference spectra of the Ca P450 12.

2) 2 EolA 5 Paso TH B A ZA
- 35S promoterE X33k 2]E Wd WE QA pCAMBIA 2300HES] cDNASIA £2]3k P450
T AE cloningdt
- Agrobacterium mediated W'H O E A&l P450 FHAE = Al717] 93] Agrobacteria
line®l] P450°] cloning® pCAMBIA 2300-HE ®E] & transformation A%

H202 t-BHP

oo 10

" sdlﬁtstrate std

std

H202 t-BHP

100 g0
e tom atgram
i

sulgstrate sulsktratg

o.
o.
0.4
0.3]
0.2]
B ol
M 0.0}
o

s
2s000

225004
o000
1 7s00
1 50004

1250:% M1 M2
1 Dcu:u:é 1/ /
] t-BHP
Fd={ala™
BRERE Lﬂ,nmm 2 H202

e b A
o —— e
25 5.0 ]

CaP450-12 activity assay
A: lauric acid assay, B: muyristic acid assay, C: Abscisic acid assay
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- Agrobacterium mediated plant @& A3 (WG 2= W7|F ], T, EvLE) o] &
- 25 P450 ARAAE HAANZ FEAE HES 01%0}04 A2 7 AT
- CaP450-12, CaP450-3, CaP450-159] 7% 4 &

w ®

Agrobacterium-mediated transformation using by tobacco explants.

A: Leaf disc on coculture medium. B: Shoot regeneration on shoot induction
medium. C: Root regeneration on root induction medium. D: Hot pepper
P450 transgenic tobacco plant.

B oy {3 2€H|olE 3FE ZE29YFY
) ed fF# 2gHolE 3tE F=

- 4%F9 oY F (Y208, Y, ‘?_ , 420) 8ml ©l ethylatetate 20 ml & 7}3H$-
70Coll 4 1A%t shaking 3o =

2) GOMS & 53 ot #2204 ~Quwols 55 B4

- 1ml ¢ 2FZEEol N, gasE 7}5F%d solvent 11]743'?*, BSTFA
(N, O-bis(trimethylsily)trifluoroacetamide) & 3713t A A F &4

J
@ H W EE

resveratrol

MV=228
Qr| %E%% resveratrol [derivative=444]

- GCMSE 53t B4 Ay gaHgES (B3

retention time®] £ (A E)ES FQlstH o,

@ Zr =2
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pterostilbene

" MV=256
pterostilbene [derivative=328]

S P S L S B L I
15.0 155 16.0 165 17.0

- GCMSE F3te] A%t
retention time®] 2=

® i xjoleh=

piceatannol
piceatannol

QUFES

- GC/MSE E3o

retention time©] olglyg o, Btk w3

0 o 0 2o 20 s

MV=244
[derivative=532]

= (AA)AA U= peak 9
5+ o ﬂ olEFE(532)Y oS &<l

gEe] =4 B4

0] FE2EAY 2guwolEA FFTE

3) GC & B% 2
Vs

-1 m g LYgFEEY N, gass

(N, O-bis(trimethylsily)trifluoroacetamide) & % 7}38}<]

=20

resveratrol

o
1Ho

resveratrol

I 4% (Y208, HY, e,

- GCE T3t 243 2
2HZFEE (AA) F 22 retention time 2] peak &<
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resveratrol
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) GC B 5% o 22BN ~uuol=A siEe) BT B
S 4% 2UF Iml F FRH Y A2WGES FF 57

120+
1104

Concentration (nmol/ml)
[=2]
i

- oY% 4% H2MPEES FHFL 15N 4o HolE 2

o} A3 F3A

1) 28 olEF 3gE FEASY AESAH A™

- P450 EAE o]&F fd 2gulxol=A IIE FEA F
mouse?] H| O ZHE O] 4 M| EZ(macrophages/monocytes) & £2]3F $ 96-well plate®l] welld
1x10° cell2 RPMI, 10% FBS B} ZH O Z plating ¥ 4572 20R 2guol=A
3EHE M1, M2, M3, M43} TAEL P450 EAE o] &3t AFH FEAEMDI, MD2,
MD3, MD4)< FEHE A stal 48417 <t vl & MTS assays st o =3 A
xo] F2 ot FFE A= A FAF

e Fdskr]l HAs,

- I A3, giaAlEe] oY 2"H|kol=A FgEMI, M2, M3, M4H)H 1 FEAE
(MD1, MD2, MD3, MD4)°] A %9 MEEFo] FFS FA &e AR BHHo, orfFH
g o= 3EF 1 FEAEC] 0-100ugml FEAME AESAO e T
(ZLE0).
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<M1= <M2> <M3> <M4 >

120 4 120 120 ] 120 ~|
100 | 100 | 100 o 100
£F 0 ] 80 | 80 ] 80 |
2% | ! | !
-;.-2 60 | B0 —| 60 | B0 -|
E; 40 40 - 40 40 -
= =i 2 | o
o -!— A o !— — 1 G R ——] o +1- i R . -
N ~
b:ﬁ"o RO (JO‘&\C‘\ Yo @ Lo(g_xo T g (P(\_éo\ > @
Concentration Concentration Concentration Concentration
{ugi/ml) {ug/ml} {ugiml) (ug/ml)
<MD1> <MD2> <MD3> <MD4>
120 *l 120 —| 120 -| 120 -|
_ 100 i 100 100 -I 100
EF =0 4 = 80 | s |
= E 60 | 60 | | |
=8 | | 60 | 60 |
3 ; 40 i 40 - 40 AD -
20 i 20 % 20 -% 20 -%
0 = o 1t 1 11 11 P e 1o NN TN P 53354 ) CESI I A o 4
@‘“ﬁ ~ .Ss,b (,o'"“.c'& v (P&c} RGNS L&*‘”‘& v ®
Concentration Concentration Concentration Concentration
{ug/ml) fug/mil) fug/ml) {ug/ml)
a9 1 2ywl 2o =A dgesd wEAES] Axs4d Ad
- g8 2gdol = 52U resveratrold ©]9] FEAE2] mouse B TIAA

ZAA AEZAHS &21s A} resveratrolS 10ug/ml ©]42] FEolA HEFZHES BRI

resveratrol2] F+5=A Q1 pterostilbened} piceid= 100ug/ml F=HE M EZ 5SS YEPH(I™H2).

=

<Resveratrol> <Pterostilbene> <Piceid>
120 1 120 120 -
ool 10 100 |
E -OE a0 'I 20 - 20
-E 3 60 | 60 - &0 |
=% . 40 - 10 |
og
20 ! 20 20 |
0 AL o L L TP T L P LD
@éﬁ} 09\ o LS AR 4:9 Q?\ o N £ ® ‘-{_"o @\ e S e @
W& G -
i Concentration (ug/ml) s Concentration (ug/ml) b Concentration (ug/ml)

13 2. Resveratrol®} resveratrol FEAE2S] A|XSA AlE

2) 28H| ol IE FEAE A3 EFIA £ F4E U5 B34

- ehFH 2EHolEA SFEE FEAEC] @A F F4st a3 mAE JFS &
ol 7] £3fl, RAW 264.7 M EFE 12-well plateol] 2X10° cell& DMEM, 10% FBS Hj ¥
Z O =2 plating & 20 2€H|zol=A SFEMI, M2, M3, M4)Z} P450 &4 & ol%
3to] wrEoiR eOfE F=AEWMDI, MD2, MD3, MD4)2 A|ZZ4]9] gl 10ug/ml &

_81_



Z A8l 2417 & LPS(Lipopolysaccharide)E * 2]l RAW 264.7 AL E SASIAA &
of 7| &2 21 NO(Nitric oxide)2] A &42l iNOS(inducible nitric oxide synthase)2} A4k
(reactive oxygen species, ROS) A& A1 Trx-1(thioredoxin-1)3} Prx-2(peroxiredoxin-2)2] -
¢ WIS 1% A¥, LPSE 641 AE3E M13 M4 eH 8] ~EHol=A 33
EE0 Hlstd, I FEAEMDI, MD4)ol A iNOS A& ] @A3] ZFAaFHASH 124
A7 Al Trx-13 Prx-29] fraxpddoe] ufef 2guzo]=4 3E fFEA4EMD3,
MD4)oll A F7HE A=(2 9 3).

2L B ofN

A B

12hr '

vo: P - CETTTTTrT

p-actin Prx-2
Sample - - M1 MD1 M2 MD2 M3 MD3 M4 MD4 .
LPS -+ o+ o+ o+ o+ o+ o+ o+ o+ p-actin
Sample - - M1 MD1 M2MD2 M3 MD3 M4 MD4
LPS = + o+ + 0+ o+ o+ o+ o+ +

a8 3. 2y 2gdol=A FEAE o3 iNOSe d4ts T fRAEH

12

A

- ol& F=A FlA MD47}F iNO o 7}A = ol B
o NO % ROS AAdl mA= s 4 I NO<9l A/do] MD4
of oJsfA ZHAHUIL ROS A EF TAHE AR U (H 4). FEA7F ofd M4
o 2guolEA FgEe YfiAE thh H2 FFOIATE NO 2 ROS A ¢
AEHNE BYL.

of »
% ya
o .
o
X
o
3
[\
lo
Jo
)
2
i
(ol
$ &

A

5
o control
| 2 LPS
1 =MAe+LPS
" MDA+LPS

12hr ig2hr 24hr
Time

1.3

1.1

NO concentration
(uM)

M4 (10ug/ml) - MD4(10ug/mi) control
-- LPS
— sample

o

Cellnumber——
Ll 0 A
Bl
e " "':__

10° 10"
DCFH-DA

a9 4, 205y 2ot FFE M49 I FEA MD4o] 23 NO 2 ROS A
o A
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- SHH, resveratrol FEAE0] NO2 A vX= F&FE Lolr7] 913 RAW 264.7 Ao
resveratrol(Res) ¥} resveratrol =4 E<] piceid(Pi)9} pterostilbene(Pt)S *E|$+ 23} NO2 A
J o] resveratrol¥} resveratrol A S0 oA BT TFAEHRUOSM 53], pterostilbeneol] 2]
af AAS] HaEE ASE UeP(T#4). ol AHE THEM & wl 28H|ol=A 3
 Bb0ve 2gdoltA IEY FEAVE 954 92 3 a2t ¢ AteE Ae
& 7 JAF(THE3, 1H4, IHS5 Fx).

35

= 30

= o

& 25_ . L

2

B 20-

& 15 -

(%]

5

. H H

o

= 5 -
sample (ug/ml ) con = Pi(10) pi(20) P{10) PH20) Res(10) Res(20)
LPS (200ng/ml)

+ + + + + + +

13 5. Resveratrol @ 1 FEx=09 93 NO A ZHAFE

3) Z2EH| o= e FEAE T AHAE T4
- P450 E2E o] 8T 2y 2"HlimolEA FgtE FEASC] HAME T4 H]A

= 93 dol H 7] 93] moused] WIHOZRE EE S T cell¥} B cell% 1X10°% 96well
of £5 3 % MIl, M2, M3, M4%} 15 AZ° =411 MDI, MD2, MD3, MD4&
10ug/mli A2 & 48417 & MTS assays T3 3 A3, 2dfd =g ol=A 3gE
I P450 EAE o83 oY FH 2YH|olEA FFESY FEAE TS T cell? B cell

= A
o Z2olt G MAA BE AL FAHAL(Y o)

A B
120 - 120 -
I o O e O O O O (i § 100 4= o
£E s0- ET g0 -
SE 2E
Eg 60 - 23 60 -
5% £s
T= 40 - T 40 -
T =
F 20 - = 20 -
[o] " v 1 4" %] %1 e 3 o] % . ] 4" ] 3 ) -3
YT Ve TS F YV Vg Ve ey

a9 6. 2yl 2"EH|mol=A FEAC % T, BAIEY 54

4) 28¥|xol= 3FE FEAS 9T 5L AHE FAALEY 7L
- o9 FY 2guol=A S3E fFEAEC] ISR 4d
X =2 gdolr 7] Y3te], LPSE RAW 264.7 A ZE EA3A7]7] 2A17F Ao
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g FEY I FEAES A AHYAE W 5L AJEFRIE 2 d53d /4
o] W3S RT-PCRZE &213t A3 MDI1F MD4ZE 6A1ZF A8 Al, Cox29F IL-1b2] W3 o]
TAEFOH(IET7), MD4E DRAZ7ZIA AHEl A, diZ2FA S:FE FHAR] IL-1b,

TNF-a, IL6, Cox2 A4 BF o gashs 212 FAHA$(2Y 8). o5 AnRZRH
P4s0S ©]§F 2T FEASS A Aelol JdAAE AZHL BA fAATD o
A7} AAT AL A O 2 EHE HolE AL X F ANL

M1 MD1 M2 MDZ M3 MD3 M4 MD4
LPS = % + & 0 & + o+ F ¥ LPS -+ + o+ o+ 4+ o+ + o+ +

O 7. e 2ol EA A o3 A5 FAAEAY FdLad

Sample - = M4  MD4 M4 MD4 Sample - = M4  MD4 M4 MD4
¥ + _

5) TERDAA 22U EA FEASC A% ¥FHF &

2ol EA FEA 2EE°] in vivo AE FEFT EHE Hol=A LotrR7] Y3l ok
+3 22 FEAIES FI5¥ . C57BL/6 mice(8F% )0l resveratrol, piceatanol, piceid,
pterostilbene= 20mg/kgS &2 85 T AFE AFFAT & IF5HH Ao|EFRIS FHA
TAS Ao A G1g A, AFEHEAl FS7HekE pro-inflammatory  cytokineQ! IL-62F
TNF-a2] &3do] resveratrol 54| =< piceatanol, piceid, pterostilbene®l] &J3l Z+7t 7+A= o]

o] FEASY FAZ75S FATH 9).

O

O



= control
= Resveratrol

E‘g 0.9 | = Pjceatanol
E‘§ = Piceid

<2 05 = Pterostilbene
s

5]

=

TNFa IL-6

I 9. 3R oA resveratrol F A &0l &3 AFHE Al EZIQ FRAALH A

6) SEEAANA 28| xo|=H FEA S Y3 collagenase™D 3 F7}

- HAAREE o] HIYS W sFWoV|FeRE Ao R Q% IdFSFAE AGA 2T} F
o] & o &S 8ol3A 3F7] 9180 collagenaseS 1S M EZ L] matrix THEES A
A% A o B 9 collagenase”’} THEATH IFHESo] O A&GSHA v
A+ Wk 28z o]l=A FEAE] 23 collagenased] 30| o] Lol 7] 9
&, resveratrol¥} I FEAES ATFATT moused] TFAlAl  collagenased] HYF<!
MMP-2(matrix metallopeptiase 2)2} MMP-9(matrix metallopeptiase 9)2] FXHALHE A
A3}, piceid?} pterostilbene®l ]3] MMP-22} MMP-99] F-ZzEdEo] F7tE = AL &2 3
Rom, ol 2EHo|EA FEAEC] 95 L HAA e E&F Wor| S

& A Ho] Wy FXo AU e AS & F UAM(TE 10).
@
© o &
;& & D g
Q‘é ‘51 é‘ & O"’
CP le X, Q\ Q:‘

MMP-2

MMP-9

GAPDH

I8 10. T=EX A resveratrol =4 50l 93 MMP A AEAE =7}

7) FERA 28804 FEAE] 23 fibroblast 32
- 95 2 HAA g Boir)Fte] FRHE F &4 AYME FHY JEI|FHOE A fFot
A 3 (fibroblast)©] S/ collagen®| Aol & =
g 2gHxole FEAE Y3 HfolAlZe] F24S MEF(mouse embryo fibroblast) cell<
o]-gste] A3 A, eHfd FEAS 98] MEFMES4ol AA3 S7H(1E 11).
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115

':E, 110 I l T
i 1
EE 105
E‘E
5= 100 -
- 95
90 -+ :
DMSO M1 MD1I M2 MD2 M3 MD3 M4 MD4
O% 11 Y8 2EdolBA A S 93 fibroblast 54 &
Z. A1y s 4A
B 220 =(stilbenoid) Al SHHE f =4 (derivatives) A ZF 2 38}
2" ol =4 3EE FRAE AYAEE P450 54 Wb =S HASIsl, §4 &4
B} Ao BE Ee Aol paso E4 WMol AT Awelr] 98 Az AW 53
1) Enzyme quantification
- Aol AHE3 P450 Enzyme & FE5E AZFS7] A3 7= A 3
M16V3 B4
; /\ ﬁ-L
éi | 4‘ 450 475 500 § 0:01
-0.05. ﬂawlsng:h (nm) 0.00 %s oy oo =
e 14 uM 'ZZ; Wavelength (nm) 3 4ibl
B11 c7
é; 0: 4; 450%0 § :: 450 475 500
01 ﬁawlength (nm) :0'03 ﬂWSngth (nm)
ZZ 30 uM ,0:05 5 pM
E10
g o 450 475 500
0,04 \/Zs/Wavelenglh (nm)
65 UM
- flaving RZAEATOZ 71X Q= protein & TS flavin & T3S 53 =& ATt
p
+ lumiflavin method (YAGI, K., J.Biochem. (Tokyo), 38, 161 (1951).) & A}& 34 P450 BM3

TEE A

o -=

mutnats 55 9]

2) Total turnover number (TTN) :

==~

AA vrS A7 50 AAEE = A

(mole product/mole catalyst)

2o oS e P450 BEA BEZ UFo] A4
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A. Total turnover number of Piceatannol formation by P450 BM3 mutants

30

° 1 05hr
0 — thr
E . 2hr
°
£ 20
c
=
3]
E]
S
2 104
o
°
£
- sl |
T T

T
M16V3 B4 B11 c7 E10

B. Total turnover number of Piceid derivative formation by P450 BM3 mutants

15+

° C— 05hr
n — thr
b - 2
2 104
c
3
=
-]
9 5
[
°
g ’l‘
- I‘II‘]. rT-IlTli T T

M16V3 B4 B11 c7 E10

- 5% P450 BM3 &4 ®Wo|A9] Total turnover number (TTN)E ZA3t7] &4 50 pmol
enzyme, 1 mM trans-Resveratrol (A)3} 1 mM Piceid (B)E 217 AR, o]do] =rEdh
Resveratrol THAF ¥ =& datas st Ao AEE 7d =9 &4 5= 24,
(Drug Metab Dispos. 2009 May;37(5):932-6) BM3 &4 WHolA| Y K,&ko| 2.7~66 uMe]”] o
0l total turnover number &4 AY FUo| FTET Fo] Vo] Ao} ST F JEE
Kn#kel 108 o]Fo] HEE 1 mM 9 2"Hkol:E A 7|HE o]&std AF
NADPH-generation system= ©]-83t W8-S A|Zslal 37 CollAl 30, 1A%, 2413 22
incubation. &4 ®HE-o oJs] A A E piceatannol (A) I} piceaid derivative (B)«] ¥S HPLC
2z =4,

- P450 BM3 mutants®] Piceatannol, Piceaid derivative TTN =4 ZA3I} M16V3 mutant’} 7} =

< A4S BE¥A, Bll mutant’} 7 @ A4S B 7HF &40l &S MI16V3 mutant=
‘ﬂ'% 2A1ZE %, 71E <] Resveratrol®] ©F 0.5 %7} hydroxylation F oA ¢F 5 uM<e
Piceatannol ©] A= 2™, Piceaide= &F 0.2 % WAL= IA ¢k 2 uM®] Piceaid derivative”}
A, M16V3 mutant®] 739 2A1ZM7EA] &4 WES A|7Fo] EojdE A AAFE
A&NA S7Fetes Fol& RA o, UM A mutantse 1A RESAIH S wjrmo) 2417 7HG
AAES ] &4do] 238 AT o3 A= 49 EFHA (instability) T Ao=2
B4l

- 2A 2 WA E TTN7} 10°]A 222 100 ml ¥ FFol A4
Well 100 mg ©’de] =4 Az 7l o] FEAZE HY
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@ Stability : ¥H-3 AJZtel] wE P450 E4 WHolA Q] obAA Fel
Stability of P450 BM3 mutants measured by CO-Difference spectra
A. Resveratrol

1 mM Resveratrol

-o- M16V3
-= B4
-©- B11
a8 C7
-A- E10

P450 Activity (% of control)

T T T
0.0 0.5 1.0 1.5 2.0
Incubation Time, hr

B. Piceid

1 mM Piceid

-
=]
=]

M16V3
B4

B11
c7
E10

804

TEEE)

204

P450 Activity (% of control)
8

=]

" » T
0.5 1.0 15 20
Incubation Time, hr

=4
=)

C. CO-difference spectra

BM3 M16V3

Absorbance

-0.03-

- AZFe W& P450 BM3 &4 WHolA 559 stability =74, P450 BM3 mutants$} NADPH, “1&
3 ZF 2" o= 33E - resveratrol(A), piceid(B) - & B WIS EFES o] & WS
A1ZF 304, 1A17E, 2A17F 39| P450 &4 FEE CO-difference spectra (C)Z A3 P450 &
2 FE 100%= ¥ EFES incubationdt”] 9] P450 &4 FEE 7M.

B MBA AR A, BES AR 241 FWH tiRE 849 FA4do] BF 0% E EFoE
AT MI16V3 mutant= 50 % ©]d &4 Aol FoldS. TIN Agi Uh:b}x]
resveratrol(A), piceid(B) ¥H-§ EFolA M16V3 mutant®] Aol 74 =4 SHE. M16V3
mutant= 5% 9] P450 BM3 mutants SolA 43 BFA, o] F 7HA] Aol BF UM =
7] Wiel 2gHzolE gEe FEA S AT HAY &4 WHOAE ol&E F
S Ao 7luH.

_88_



2. 2239 =
7}, A1 A F-IA)

- 28| oA AEAES AAEtE HAE P450 WHolA 8% AA I wAE p450 HolA S
283 2" ol=A 33 E 359 =% FEAY #8 ¢ sz &2

- 2" ol=A 3}EE  hydroxylated derivatives ©] THEF Hi®A] AxE 93

R -

(amylosucrase) =&

O HAE P4s0 Mol 2duolEA HEEe) ABHA S 2 FHotrE e

- Ix2gd 500 uM 3 U] E P450 &4 (20F) 50 pmolS NADPH-generation system = ©]

B. "= P450 &40l o3k 3= 2" Hl hydroxylation RBF-§

,;: pinostilbene Y

seso] ‘\_\;

™

ﬂ_mj\ Es
- FA= P450 ®olAlel 9% wixdulel FEA gxg% HPLC & &3l 2l & A3} P4s50
FANES A &2 control (AA) ol BIS] P450 EAWNHE AlZl T (IHE) oA 1F2]

H]
A 2% peak (Retention time :.8 min)< U3

- FA = P450 WolAlel ols) MER vk2Ed fEA7F AGENES

C. "R E P4500) 23 vx=2gdul F5A429 LC/MS &4
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pinostilbene
Inten (x10,000.000)

35007 pinostilbene ‘ ‘ ]
2000 \ 0.57 311
25004 44893
1 \ 00— 27, |29%278 |1 38" a@s 411 453 }w
2000 | 100 200 300 400 i
150(}: ‘ \ derivative
bl | Iflten()d,OOO‘OOO)
1000+ | 259
5004 \ / ¥\ 1.54 :l
oy e e — 1.0
5001~ ) ¥ ¥ T L ¥ L T ! T T L 4 L T g 0.5
25 50 75 10.0 125 min e ~
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1) Amylosucrase =8-S 93 F249 43
- 7] ¥EH amylosucrase ¥d T =& (FEMS Microbiol Lett. 285 (2008) 25-32) & il
st B A= (Deinococcus geothermalis) F714E K

-Amylosucrase A= &) Solgent (WF) & T3l FA =

A MAE TE dEQ pET21(a) W E o Deinococcus geothermalis 4 +21¥ full length

Amylosucrase FAAE 24

Amylosucrase

Structure of E.coli expression vector

- AgkE 4 BamHI1¥ Ndel S
amylosucrase (2Kb) Z71& &<l

3 vkg & 719 E & A pET21(a) HWE(5.9Kb) <}
]

2) Amylosucrase HAE 913 Ni-NTA chromatography <33

A. Ecoli oA T3dAZ] AmylosucraeE AA| 3 F SDS-PAGE & &3 size &<
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72KD — |

- @ 3 d o] His-Tag & X33 PlA= Ed HE Q] pET21(a) 9 Amylosucrase -7 A}
293} E.coli BL21 strain o] F&E %

i

- Ecoli 91X T&AZ Amylosucrase & 45 His-Tag affinity columng ©]&3}e] AHA| F
SDS-PAGE & %3l size &% Z3} amylosucrase (73.3 KD) 9= &<Ql. fraction B2 ©¥z
A 5 02 mgmleS R

. A2 F- A
@ EvlE 37 DBE ¢ &% EvE P450 frizte £ 2 A8 FAAEA 44
1) EvlE P450 F2A &g

- EulE EST DBE ©] &3ty A9 FHARI &le EvtE P450 35715 FEIIAS. ]
£ o] &3le] EnlES (DNA Z 3 F 13719 EnE P4508 FEY5e] A7AE &9l
Table 1. Tomato P450 list.

EULE P450 EntE P4509] FAAT BH
S1 P450-01

S1 P450-02 CYP73; Cinnamate 4-hydroxylase
S1 P450-03 CYP51; Obtusifoliol 14a-demethylase
S1 P450-06

S1 P450-07

S1 P450-09

S1 P450-10

S1 P450-13

S1 P450-19 CYP82; Ferulate 5-hydroxylase
S1 P450-20

S1 P450-21

S1 P450-22

S1 P450-27

2) EvlE P450 FAAS A= A4

- 229 E 13709 ERtE P450S VML AVIAGAHRE MBOE FAAAT ARE ZASHS
o] Z 370 EUlE P450% A& 13 HJEM pBII21o] 24 33, 25 FHAS WU
o7 EntE P450 FEAE s A FF FAAGA Y 2FY 242 T =AU

P450 7] E2Xo o] &.
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H3 Xb+B +Sm Sc RI

.

RB LB

pPBI121+51P450 vector map

Figure 1. Structure of plant expression vector (pBI121).

@ i AdFolA A& P4509 E L A=u) bkS
1) diZFAAL] A& P4502] 7] 2

- AFFEHe 2E P450%1 Ca P450 12 FAAE W2A4HABA)ES ABA 8-HydroxyZ 7153
Al71= ABA 8'-hybroxylase A AbTtol 4%, ABA 8'-Hydroxyw= A2 OS2 phaseic acid
(PAE AZE. A4 ARE ulel O F Ca P450 12 AR 712S G4 Hgog o}
H7] fsf iAol 268 8305 HPLCE °©]-&3ste] #2443 A3 Ca P450 12 FHALRE
FAASH Tl LHAE P450 B40 A8 22 ABAVF ABA 8'-Hydroxy®t PAE %
HeS FeldKFigure 2). A E FEle Ca P450 12 &47F AFoA DA HE a4
Aol §A FHE=A dolrr] 3] (HABAE 7IZZE binding 23S 3 A &Aool FAHL

< A (Figure 3).

mjo

0]
AA

60

A B Cc
ABA—
40 o PA e
0
Kol
<
20 1 1
8'-0OH
ABA
0 1 ‘* bl T T L T L-‘_I‘
0 4 8 12 0 4 8 12 0 4 8 12
min

Figure 2. HPLC chromatograms of abscisic acid hydroxylation by Ca P450 12.
Ca P450 12 gene activity with abscisic acid was measured using Ca CPR in a final

volume of 250 ul at 37C for 30 min in 100 mM potassium phosphate buffer (pH 7.4).
The reaction mixture extracted twice by ethyl-acetate. The sample was redissolved in
HPLC mobile phase buffer and applied to HPLC analysis. A, control; B, add
NADPH-generating system. Mobile phase for HPLC was used 45% MeOH containing
0.1% acetic acid (A, B) and 1% acetic acid (C). The percentage of 8’-hydroxy-ABA

was incresed in acidic condition.
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T T
350 400 450 500
Wavelength (nm)

Figure 3. Substrate binding titration spectra of the Ca P450 12 enzyme.
The 500 uM Ca P450 12 enzyme was solublized in 0.1M Kpi (pH 7.4).

(+)-ABA was added to the cuvet at ranging from 0 to 80 pM, and

difference spectra were recorded between 500 nm and 350 nm.

2) Aol Aol A& P450 A SH w3 H 2 35}

ke
&

- 2= P450°] FAASE AT oA Ehe AFw] vESES HASIAF7] S8 P450
2>( Cytochrome P450 Reductase, CPR)E ©|83l= WHE 4% 159 {34 DBE o]
ste] 31Fe EA|SH= Ca CPR 1, 2, 3-8 oy, o]& 315 cDNAoIA ZF2Y 3t 7

AE ARE FA3 (Figure 4). HPLC W'HS T3l Ca P450 12 A3 ti&+ol Ca CPR
= o] Y A& W txvEY ¥ =&
(Figure 5).

(&) Ca CPR (B)

T7 pro HHisH Reductase

T7 ter

pETZ28a(+)

Figure 4. Ca CPR isolation and vector cloning.
Ca CPR genes PCR band picture isolated from hot pepper cDNA (A), structure

of Ca CPR cloned vector (B).
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min min min

Figure 5. HPLC chromatograms of abscisic acid metabolites produced by Ca P450 12.
ABA (100uM) was incubated with Ca CPR (A), rat CPR (B), and FDX/FDR (C). Ca

P450 12 does use Ca CPR, rat CPR. And FdR/Fdx was found to be a electron transfer
for Ca P450 12 activities toward ABA. ABA oxidized by Ca P450 12 to produce

8’-hydroxy-ABA. M1 peak is phaseic acid and M2 is 8’-hydroxy-ABA. The product of
hydroxylation of the 8’-methyl group of ABA is 8’-hydroxy-ABA (8’-OH-ABA), which is

unstable and spontaneously isomerizes to form PA.

@ TIE 7l A o] A& P4509] 712 AT

1) insect cell lines ©]-83F 21& P450 7|2 A+

- ROl AE Pas0s] WHe] GolakA e AF cukaryote cell & o1& WHo| Shpe)
HAHo 7 mAE thEZAQ insect cell lineQ! SO celld} S2 cell 2+ ©]-&3 W9
3 SO celloll Al 2]& P450 (Ca P450 15, SI P450 2, 3, 19)S A 7]7] L3l SO cell T&
M E{Ql pFastBac vectord]l FZW3FAL, S2 cellolA LEHAIZ|7] & S2 cell AW E]QI
pAc5.1 vector®l] Ca P450 15 FRAAE 2249 st

pFast+P450 pAcsl

5l 2 8§13 Sl19 Ca 15 Ca 15

Figure 6. PCR band picture of Plant P450 genes cloned insect cell

expression vector.
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BamH I sl

A 1
p HRUConNTn7R K Gen' [ HSV tk pAF—CouHPeny ST P450 >‘-L SV40 pA HTn7L
< ,

pFastBac™Dual (5238bp)

Figure 7. Structure of Sf9 cell expression vector.

I,

A
Amp' — Pacs Ca P450
N

pAc5.1/V5-His A (5.4kb)

Figure 8. Structure of S2 cell expression vector

2) AE FEFES o] 83 P450 B4 7FAT
P450< 7} U2 IEE & e HHe AES

[e) L

T R =
AEAE AT Ba ARATE NG MY AE
o

1

oo
of

Asg AzsEe 2] 99 A4E FE2EL o

N
)
o3l
i)

NC-wild type Ca P45012

g j
I

200 ul sample

() NGS

100 ul sampi
{-) NGS

B er f 2€u|xolE IFE =YY

) ey i 2ol 3etE F&

- 4% 22U F (57Y20E, AY, &, $20) 8ml 9 ethylatetate 20 ml S 7}
7t

70Coll A 1A%t shaking 8] =
2) GCMS & 53 20 F=E A9 ~gd|olt 33E B4

- 1ml o] LY FEEol N, gasE 71319 solvent A $, BSTFA

(N, O-bis(trimethylsily)trifluoroacetamide) & 3713l F=4 A4 F &
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resveratrol

MV=228
QLFEE resveratrol [derivative=444]
" ko

R

T
16.5

- GCMSE &3t E43 23 2P EES(E)I UFE=E(HA)AMA &QAE  peakd]
retention time©] Z-S(FAT)S AU O, BAL w3 o 2HAEEANT 2SL el
@ =Zvl=2gHl
pterostilbene
R pterostilbene Pg:a/:vzastisve=328]

- GCOMSE F3te 4% Ay ZEHEZ29d (£F) 3 LUF=E (HA) oA &9 peak
9] retention time®] Z (SHE) & st on, EAH T3 ZHZ "W (328) B
2 sl
TR

piceatannol MV=244
piceatannol [derivative=532]
QrF&E
- GCMSE 3ot BA4% A3 A otets (%) I LUFE= (AA) oA &UH peak ©
retention time ©] & (FAR) & FAstR oW, EAF T A otebEH (532) FES &<
3) GC & 5% o9 FEEoAY xguizol=A SFES =4 &4
- 1 ml<] LUF=E N, gass 7}k solvent A AZE, BSTFA
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(N, O-bis(trimethylsily)trifluoroacetamide) & H7}ste] F=4 F4F &4
21205
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o
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\WJJWUA\L/J L\_/{\J\/L_MM N (e N U‘W qUﬂﬂ_{w
A resveratrol ] A

4) GC & 53 24 FEEA 2guol=A 33Eo shaF B

- 4% 90F Iml G FHHO Y& dzMBES] §F 5
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1104
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i
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SO 9 UR BE 4EREY OB HAS AP 9, $HNG SYeT FE 49
@t

& MR 83 (Archives)

ANNDEN REE FE NN N HIHUSHANDTE YAANBTLHAM HE
SIA WE 9 5P VRND BATID 0IRE ANIIEAR ¥ MHRES 2B B
e ANYSND EOS0 IPMC. ZiRe] uPFAE DIFEFY (1), (0F =Y 2@
W FF ANCIERRE o83 Ya.

() MM 28 7i

(2 Apimae @8 2% 3 AR

(3) AHAN 3 718 ¥ AR

(4 3%, 43 ¥ Ao #e e

(5} AMAERTY &44 2R (Wa 4)

8) 4ERIMN BY 7R

S MEARME % ¥ O/¥ (Amondments and deviations from the siudy plan)
MEZ RY AEAREAY GO +3 T 0BANE BEG

TEH-TIN G- Fage § of 1§

TEH-RTING -5

Page 7 of 16

£ @2 (Results)

0.1 AEE W UHEY (Table 1, 2 and Appendix 1)
BRI F AHED SO0 A0 AHEEE BEAT GUD. WS SEID. AHEY
So00 Ay olMEME BREAN UBCL

£.2 ME®S (Table 3, Appencix 2)
AEREN QY NESAY B BE SO FBENY MSETE wECH

8.3 $ULD (Table 4, Appendin 3)
EE MM FIUIN0N A SN Y I, AHEE FOY FRE Uy L70 BEE
BRE wan.

Fings ¥ of 1§

7. 1% % TR (Discussion & conclusion)

mAMTEH SOSENG AN TH ITEE WHAHE dds? vim 30N BE IS8
RS ABEY SOEEE 300 mgfeg BW. (17 - 27 stepl2l 2000 mgiug BwW_ {37 -
A" ostepl® EINE LEeD A 3 B 1 E FT SOSBCH AHNE 20 8 W UY
AYE, WHEBY G HSUNE BESASH, UE BEE RISG SUISR ¥Y oY
RE8 Bunan,

HHII S MHEY Roio] N ATSEE BHET YUD, YUsSy IUID, AEEY
SOW A AYATE BEETN WUCT GSEN0 AN SS4% D, FE RAIAM
BAUNY HASST7 BEHUT, YEHEY 2P 4T I, T ERI0M S0y G0
NyAUE BN GUT.

8 H2EW (Relerences)
- sATSY Y HX-W T Q00000 B9 B AKTTYR By ¥ aEE

=~ BAXAN JA BD-T #0012 WY T RS SeTeT | [EE 12 e wH AN
P WE, 110 SEFATREAN - SEREEET

~ OECD Guudshine for festing of chemicals, Secton 4, TG 421 “Acute Oral Toicity~
Acute Touic Class Method™ (Decembar 17, 2001)

~ OECD Prnciple of Good Laboratory Practce, ENV/MC/CHEM (3817 (a8 mevised
7

UHE RIS FLHTEE FHARSEE DUEE PE Y BOW BN MATRLLR
GHS. (Globa%y Harmonized Classification System for Chemical Substances and
Mixtares! Category § (2000 mg/vg body weight { LD { 5000 mglkg body weighll® #
RHTT

- 104 -
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9, Tables (Group summary)
Tabie 1 . Mortalty

Martaiity
Gioap
Femaile

" %

1" 5

1" stap m (07 3

- 0%

7

I glep E ] @43

ot 0%

I step i E

T 0%

Lo e 043
' : Number of dead animals / Number of lested animals
Table 2 . Climical signs

Group |,r_;”_.:og w.) Sex Number of animaks Clirscal sgns
1 step 300 Femalp 3 Normal
2 wep i Femaly 3 Nofmal
I shen 2000 Female 3 Nattmal
& swep 200 Femaie 3 Norinal
TRH=T ARG == Pape 17 of

10, Appendices (Individual data)
Appenda 1. Chnscal signg ol fomale rals

Dose Animgl Hours afer admanistration Daya afler administration
G100 (marig BN ramber Hmin th 2h 3h dh 1 B 3 4
2101 N K N N N N N N N
1" suwp Eg 2 N N N N K N [ n [
20 N NN N N N N N N
01 N N N N N N N N N
2 wep m zm NN N N N N N N N
] N N N N N N £l N N
2301 N N N N N N N N N
7' sep =00 e N 8 N N N N N N N
2 N N K N N N % N L
401 K K N K K N N N W
& step =00 M N N K NN N [ N u
2403 N N N N N N N N N

N - Nomma!

Appendix 1. [Contnued) Ciinical signs ol lemake rals
Doz Arsmal Days aher administration

S (mgfug BWI mamber” & & 7 2 8 W 1M 1 10 W
pai]] u N L N N N N N N N
1" swp 00 2802 N N N L] L] N N N " N
2103 N {i N N N H N HN N N
21 L] bl b L} N b N M N N
7 stap ki oty N N N N N N N N N N
201 N N N N N N N N N N
2 N N N H N KN N N N N
T step 2000 e N N N N N N N K N N
23 N N N N N N N N N N
ool N N H N N L L] N N N
" sep b o 202 % N N N N N N N N N
2403 N N N L} N K N N N N

N - Kommal

- 105 -

TRH-IT NG =2013-78) Fage 1) of if
Table 1 Body weight
Unit 2 g
Days after administration
Dose
Group | i Sex
img/hg B.W.) 0 7 4
Mgan 102 bl 285
1 stap 0 Famale S.0. ED 51 Ed
N 3 3 ]
Mean 202R 2 2575
7 step e Female S.0. E7 178 18
N 3 3 3
Wean 2138 6.0 B[40
3" shep 2000 Female S0 ai 65 1E
K 3 3 3
Mizn 2133 440 42
4" ses 000 Famale 5.0, 11.8 10.8 Ukl
N 3 3 3
S0, ¢ Standard deviabon, N @ Numbet of anmals
Tabe 4 MNecropsy lndngs
1" step % stop T utep 4 wop
Findings 00 ey BNV (300 mpfleg B (2000 mgfeg B (2000 g B
Femate Female Female Femalg
Number of animals 3 3 3 3
Gross o 4 4
findings No gross fndings 1 3 3 2|
Insaal
,::;:;5 Mo gross Tndings 1 3 3 3
TRA =TI (== Fage 11 of 1
Appendic 2 Body weigh! of femake rats
Unit : g
[ Anmal Days aher adminmstration
Group Dose . . > -
Imglhg BW.)  number 0 7 té
A 19,0 b ] 246
aug aa wre Hig
¥ stop 0 2108 1916 @ 224
Mean 1542 e 295
5.0 44 51 64
20 b= 1] BLe
23w 1#5.3 1 LG
™ siep o 203 0.3 M35 655
Maan A h b 33 618
3.0 4.7 178 14,8
2 2146 bR 1.5
e EEA 2432 kLR
¥* sep 2200 G 233 1 T
Mean 234 450 [
5.0 3T 1] 34
24 FiLR ] 48,1 287
402 iR o i) 281
4" step 2000 4m o204 2537 5598
Mean 237 40 8.2
50 s 08 1.g
S0, - Standard devistion
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Appendiz 3, Necropsy hndings of lemale rals

Animal Nomber =

2101 Growp - 17 step Dose 300 mglkg Termanal sacrfice: Day W 11 Annoxes

Gross findings
tgrnal Frdmgs

No gross fndings Annex 1. Information of test substance (Submitted by sponsor)

= Mo gross findings

Animal Mumber ©

2T Group - 1" step Dose “300 mgfhg Temina! sacrfice: Day Y

Gross Fndings

No gross findings ANlSadoay I ws

; y « RO DB WET AP 0 SE0I0 JEIE DY1N e

internal findings : No gross findings « WEEG Ml U A O NN GES0 0N GRS WEHA S N SHe
Animal Number ¢ 2103 Group © 1" step Dose 30 mg'hg Termnal sacrfice: Day 14 B PO L [ Er [,
Gross Fndings © No gross Fndings A B W @ e aneie

inarnal Endings

- No gross lindings

adw

Animal Number

220t Geeup © I step Dose 1300 molkg Termina! sacefice: Day M W w aw

Gross findings
[nternal findings

No grozs Findings
No_gross lindmgs

Anirial Number

202  Group © 2" step Dose 1300 mglhg

+ Day 1

Gross findings
internal findngs

No gross fndings
: Mo gross findings

Animal Number :

201 Group : ¥ step Dose 300 mglhg Teminal sacefice: Day

Gross Findings
internal Fndings

No gross Findings
: Mo gross findings

Animal Nomber

201 Group - 3° step Dose :2000 mglkg Terminal sacrfice: Day W

Gross Fndngs

internal findings :

= o grom findings e 1w M| | an, iyl

Animal Number

Mo _gross findings 1 Al ol B 3 = W (Farnutation)
" Dena - " W
2302 Geoup 7Y siep Dose J2000 mgfkg Terminal sacifice: Day W Wk

Gross findings
intarnal

Mo gross findings
= Mo pross findings

Anirmal Nember :

2303  Group ST step Dose 2000 mglhg Termsnai sacrifice: Cay M

Gross findngs
[nternal_findings

Mo grozs Findings
No_gross lindngs

Animial Numbar

2401 Group S 4" step Dose 12000 mgfhg  Termanal sacrifice ! Day 1

Gross findings
internal findings

No gross findings
No gross findings.

Anirnal Member *

2402 Geoup 47 stip Dose D200 mglhg Terming! sacrifice: Oay 1

R DTS D0 RN TR S

Gross Fndings
internal findings

No gross Findings
= No gross findings

Animal Number

Gross findings
internal findings

207 Group 47 step Dose (2000 maikg  Termina! sacrfice : Day 14 -«‘-'—'-.n PRS- P

No gross findings
= No gross findings

TRHETHN -0 Fage W of N

Annex 2 Test procedure with a starting dose ol 300 mg/hg body weight,

0
e

= B e R B | e | —
ALLL ke - w8 ki [ ]
I b s e g

a9 1. E201A8E QUFESE (Mulberry, M)S] SD A X0
N3 34 ATES SANNEEATH
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AW OH &
. Sudy weal
AW " T8

Al S BR|5 ]
3 3 H AN u |
=2 in=y
TBH-0270(KG-2013-077) s =
JI | ; '

ELHYE 0528

SD e S SELHYH QUOFEE 0 39 ATEN KFYMY

i iy 1ody 1
!
HMEMRE HOUM A @A T
o rance Stamment | [Stuny Staffs]
MO S 50 g=d i 8 TS Rgiw
Sudy 0 CHES] AHTH= AW & S0 ANTAN T 788 MIANELAEDTE SARNYTLE BER
) ) . WTNASOPSIY BAIND| AR T SMsiECH
MRS TEH-GT (KG-2013-07
¥ mumbai]
A HET D uEems
olERms

AbEE =HaUR - HREES

®NST MUR  WlDVM. PO Canddawe
HY M T
L ¢ ddddms

.-
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1 Xt
Cantents]
#IMEZ|

GIF TeM P 1
Umaes B [Qualty sssurance 1
Mo [Sudy stafs]
S} |Contgrts]
1, 89 (Samemary)
2 ME& (ntodacton)
21, MR
1 ER T Y Materais & methoes!
AL UHEE T PHR
A2 AN ER
13 Mt e
34 A9y
AR AR
16 A T
31T AR 50 RS VY
18 IS
4. TS S (Archives)

5 AIMERAS 8 T O (Amerdments and devialions from the sty plan) —————
£ (Resiis)
61 AEE U WOSY (Table 1, 2 a0 AppandiK 1) e -
62 #Ews (Tabe 3, Apperdx 3
63 SHAD (Table £ Apperdx 3
1. 2% U B2 (Discawsion § conclusion)

R T R R e

B HIEN [F

8. Tables (Geoap )

Table 1, Moalty ——

Tabi 2 Cinical signs

Tabip 3. Body weight

Table 4 Neoropsy fndings n
10 Appendices (individusl data) 2
Appenda 1. Clinical signs. of female rats 17
Append 1. {Continued) Cinical signs of female rats s 2
Aenda 2. Body weight of female a5 {43
Appendin 3, Necropsy fndings of female rats "
1. Amneres 15

Arnex 1, informaton ol test substance (Submiied by sponsor) ——————
Ammex 2 Test procedure with @ starfing dose of 300 mg/Ag body weight

THH-RX G- -] Page I of ¥

2. ME (introduction)
¥ OANE SD ¥S8 CiENG RaNUE SOLEEE 28 AFSEM ULE wE 8
S8 ATHT) WAW WAL

¥ OAHE BNZEE B8 N 005E [200-00-04, BENHE SN MRS HSNAHE
FE MAANEILH UNBEY AED DN BY I (UHEERHNEE,
2010-12-1018 SHTI0L WASHOL

FAR] R

e 20030413

SUENYSY s 00404

ETR T Bk 2013-04-04 ~ 2013-04-08

S T NEHM-08

soy T ZEM-0001" step), 20311 step),
003041603 stop), 20130418047 siep)

Sy aLATY . NHIM-00 ~ DI-D4-Z31 siep).
013011 = 2003-04-2502¢ step),
01F-M-16 = 013-04-200T7 step),
2013-04-18 ~ 2013-05-0204" step)

L=} S 12017 step), 2013-04-2502% stup),
013043003 step). 2012-05-0247 step)

HFLTAEN) HEW 0105~

uEEEY S 0307
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TR G- Page | of 1

1. 29 (Summary)

RANEE SUSSE0 OF 34 DTS RHAME WA WS SDA wA ¥E8
AT AHEY THRBHE 20 mp/ig body weight (1", 2' step)® 2000 mg/hg body
weight (37 | €™ siep) SRS LSO AT 3 0RO 1 % 3P SOHBEC. AMEY 50
PN WD NS, BEEY T MSTNE AFGES0. 48 BEE SN0 SBNeR
BYH Y RER DEHED

- SR B AHRY F00 AN AEREE FEOR gug.

- PHEY BEDIA, AHEY FEd A oyaE AUSL GUCt

- WERNG AN HEAN IN SE SHINA BANY HSST) BUHAS

- AEEWA $T 27 TN, BF SEINM RN DY 0NLDE FEAT WUTH

ClYY PATYE RLNPE SNSGNE NURY 4R U AN Y ANTmsR
GHS ired Cigssiication System for Chemical Substances snd
Miitures) Catogory § (2000 mglhg body weight { LDs { 5000 mg/hg body weightl® &
£50%F.

TR G- Page ¥ of 18

3 WE ¥ WU (Matorials & mothods)

L1 UHEE % 2uR
I AERE (Annex 1)
8 RANEH RCISEE
W BdOuz
W 00318
o I
& . M7 g (Gross)
ot No. . 2000910-2

B OEF . oWy IR-9c]
AT - RE R
2% 3 48 4. Nug gy
HoAWEE N B
HI(MAMFHNY  WE

H™ # 2 34 %
4 4 Moo o

0
L

AR S ]

= a3 B BIeRe (SuEe)
H x LRR L -

Lot No, © LBLOK21

32 NHMEE =R

BOAEBEE MM 8 SMAY BPESs (SES 30 mgiml (1" - 2 sep) ¥ 20
mgimL (77 4" step)®EE EHSO AEHTcL

43 MHEd By

MESEnE Hone AMEE 3 FH%E &5, SHY U FEEM Of FeP @27
DL T2

34 Mun

HE YA  CACD{sh~Rat

#as JIRIBEHE WOR (ATE AFE WP W& 659-13)
e HE ¥ mEs A Oy

Ukl B8 53 % MSEW 8 53, W0 g - DTy
M HE W RES SRE 2o 0" - 4" slep Y 304
SoA BE SE R NSV 9 B 2024 g - D15 g 017 step)
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§ P8, 1906 g - 201 g 2 shepl
1058, 209.2 g ~ 20.2 g 7 step)
10 58, 2163 g ~ 2364 g (4" step)

340 MEAH pEME

AN ASE FSE 3N W UMSOREAN S9 oIEe Ul 9N 4ESD ge
5, 3N SHM AHIDTURT ARG UK ANIAN 84 U AR BoHG 4
=,

142 49 U

EEE Uo B S U BY HADUSPANNTE MAMOPRLT BENEUT BT
MOHW Y S EATIR WE NHUTE BEY S, TN VMR 2Eun AN AEY
=,

140 uyE

MAMEE REUNE ORSIO T AMERE TN BANUCL SATVAE WOM 0
HE O|EAT, £0 T ALIBNE FEM WHE MBI MEHTE AHE, K
BUE, AHUE, WO, SH71, DEAY, NG, 4/EENE W AHMUDE A
CRECLLL R TR LT

344 283

STIT & OO WM MU BUHSW WSO SINTH WE NN FERF WOoh
W 20 WINS U BEBN FUATK FUREOR @M YAET

145 BoRES 2

DOENE SHEEUON AGA ART

EE L L L]
15 BEd wE  MBARS T

352 MAEY

B OANT BB BE (2t HT, HOSE (50t 200, BTG (10 ~ 15 B, =Y
SN2 AT (B:00 - 20¢00), EE (150 - 300) Lua®l AREPACH HWEH EWAELHM
ARG SOl FESHE ASSIESN, oD U ANND BY AY AgEsE0

353 AaEn MG

MENY = ERUS B aER TIE FAE GETI0 ATHO 0 30 MO0 4N RgEem,
X B MNUTNE BASHSHAHDTHE YARMHATLY SERURNASORA o
A HIW (W OT AVSHUAT, BEUG B AW I, AN AYE O AS
2 MEEE wEE FET.

TRH-ETN G- Page § of ¥

182 Namn

MEE UeM, ZEAA, MHEURG AA NN, 20 M 9 TH ¥ M YR a8
-1

L2 EA 2D

S0 9 M UM TE MERES A7 HAS dAN 9, RHHE SUCT MW AN
-1

4. RS Y (Archives)

NIV NHE SE IS0 SvAE BANUSHAEDIE HANOATAON T
STM BE 85 UD RN RBNT 0N MHTIZAE T AENEY A A
AE AMSERD MUNM FIUNT NN EIYLE DIEIY (1), ()7 G =
W 5E ANNZREE 08D 20

1) ABARMY B 7R

1) MHEHY A 7R ¥ AR

) AdAG B30 N8 ¥ AE

) BE. 4% ¥ AN 30 e

i) ANAENNY &4y 78 (UG M)

{5) mgwIM0 An 7

5 UMANMS 43 W oW (Amendmonls and doviabons from the study plan)
MEND RO ANNEMO AN $H U OIFANE WU
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TER TN -7 Fiuge 3 of 18

354 MEEDN

e ¥ ANTID & MULELSN AWYMARN NRYT [T0W) m x 5000 m x
Z00(H) . TR0 3 TH OB WO AR,

IS5 MR T A

NRE UEEEE N AR () MHUNDARML (NNES 244 285 K-8, Sk
UV EME aaeR ARl ARAHLMDN,

J5E MR W Se =9 FUNY M8

AREH THERTE AR ATUMA WY HAW TE AR SHAR ARSaREREH W
Of HPIGED, S6N SHNYE MIALUSUANHIY WAMOAF LA AF SSNEN
HASOPsE ME BN HAR B UM T AHO AYE Cixie BYE WHEX
wack

a8 AE2H 38

360 EAaN

WAHRN T MNN-3T W (012-07-12), TS W SNY S&7@° DA 22 AN
WY SEN0T DO 00 mglhg BW. SS9R ANNED, HNY S0 HE¥E W0
mglkg SWI" -2 siop) W 2000 mpfkg BW. (¥° - 4" stepl2 R AN 3 BAW FoNE
ThOAHNY S0 TE EMsy B NEN AN IHSIAC (Awner 2 HE)

- AH2d 8

bl SEA

2 L]
A Huws B TG BRER | ahg BN (nifg BV

1* stop ®2 3 nm - 2102 m Al']

7 wp @y 1 2o - 203 m 10

RETEH 20268

3" sep Y 3 20 -3 2000 10

" aep B®E 3 ) - 03 000 10

AT AEHEEN RO AR ¥ WU

3T ARH BN

SH U HE W ARE 2257 QYD Sek SdnE

312 2ENE

WEE AZ S0 JAYNE VBT W W0 1= 2N SemEn,

5 2UNI

340 UNSY B

T ORNN O MY ! H O SUANE AWMU ¥ 50 HUNE =0 8 4 AD
JEE @ MDA FENE2N, F0 8 W UAN dMNBG,

TEH-ATN G- =67 Fuge T of 8§

6. Q& (Rosuls)

61 MEE ¥ UNSY (Table 1, 2 and Appendix 1)
ERAY = AHEY SO0 HY ARANE BN WUD, UeEy BEES. e
S0 MM ORANE BEUNN WAL

62 MBEE (Table 3, Appondiz 2}
HEENN GY NESAY ID EF FAINY BYAY AIEHE 220

03 ByULD (Table 4. Appondin 3}
BB ANT SER7IN QY €08 2L A3, UEEYH T00 FNE O 400 BNE
BEE oo,
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7. 2% ¥ AR (Discussion & conclusion)

AV OSSN0 OF 34 ITEH LHAHE SA=7 BN S0 g2 vce

ARSO ABWE SOIMEE 300 mgig BW. (1Y - 2 stepl®) 2000 mglug BW. (3 -

A" step)® HAE LR A 3 OAN | K AT SOSUCL AHET 5N . M WD

AUE. WSy 5 NSYNE BURUOH, 4P BEE FASY SUN2F 7Y oY
2§ F=A

HEIT 2 UHEE SO0 oM AREEE MFESA GUD, QWEy FUID, AHEW
S0 M OlYAVE BUST WUATH GEHEH AN MSAH I, [E FHINY
WHHE MEE7I7 IFEUD, HEREE $F 47 33, EF SHIAM =08 =Y
ClY4DE DUEHR B,

Ojde VHRLE FLPEE ROFSEE HUEYE B5 I B0 230 My=gusg
GHS (Globaly Harmonized Classification System for Chemical Substances and
Mixtures) Categary § (2000 mo/sg body weight { LDm { 5000 myg'hg body weightl® ®
FHTT.

TEH-ETRKG AT Page ® of W

9. Tables (Group summary)
Table 1 . Mortality

Morality
Dose
GrRup  roig B e
l 0%
Py 3 w0/
] P %
2% swp e 03
0%
T wep 2000 e
" b %
4" giep 2000 073

* D Musmber of dead animals [ Number of fested animals

Tabie 2 . Clinical signs

Group img.?:;aa w) 501 Number ol animass Clinical signs
1* stap 10 Famale 1 Normal
ol 1 ko] Female 3 Normal
¥ amep e Female ] Normal
4" step %00 Famale 1 Normal

- 110 -
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B HIE2H (References)
- ATRE TA MXIR-U 8 (D20 B0 EE ARTETTR TR ¥ @R

- HANSY T4 MR- S (0712, wO T HEY BR7ET [WE 2 Ua R AN
TES e 12-1-00 SEFTFRENY | deRdEas

= DECD Gudshine for testing of chemicals, Secton 4, TG 423 "Acute Oral Taxicity—
Acute Toxic Class Method™ (December 17, 2001)

- DECD Priociple of Good Laboratory Practce, ENV/MCIGHEM (38117 (as revised in
1937

TR G- Fuge 11 of 1#

Table 1 Body weight

unil ;g

Group Img.?::.a W) 5o Bry: atwr ﬂ'hlnn;rl!cn ,
Moan 2008 48T 24

" slep o Female 5.0, 4.6 4 T
N 3 3 1

Moan 2065 i ] ®7

Fall T 30 Female S.0. 81 2.0 B8
N 3 3 ]

Moan e A 11 s

¥ shop 000 Female S.0. uw T e
N 3 3 ]

Mgan 206 508 mo..

4" stop i Female S.0. 10.3 127 5y
N 3 3 3

5.0. : Standard deviation. N : Number of animals

Table 4. Necropsy findings

¥ step & step 3" sep & sep
Findings 000 g SW0 (00 mofig BN G0 mgrhg S (2000 ol S0
Female Femalo Female Femaly
Number of animals 3 3 3 3
Gross a
fidiigs No gross findings 3 3 3 3
Intemnal
tindings No gross findings 3 3 3 3
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10. Appendices (Individual data)
Agpendin 1. Clinical signs of fernale rats

Apimal Houss afer adminisraton

Deose
GrouP (malhg BW.)

Days afer administraton

PUmbet 0min 18 2h 3k dh 1 2 3 [
2101 N N Kk K M N H h H
1" shep 0 02 N N N N N w N N O]
291 N N KN K N N N N [
20 N N N N N N ] N [}
24 step 3 22 N N K N N N N N [
] N N N N N N N [ [l
2 N N K N N N [ n [
7 wep 00 202 N N N N N N N N [
303 NN N K N N N N N
41 L T N N bl N
4" glep 2000 2 N N K N N ] N 5 N
0 N N N N N N N N X
N © Normal
Appendix 1. (Continued) Clinical signs of temale raly
Ghon Dose Animal Dayy aher adminisration
“F img/ug BW) pumber 5§ 7 8 8 W 0 w2 1 W
2o N N N N N N N N N N
™aep W 20 N N N N N W MW N N N
193 N N N N N N N N 1] N
_a N N N N N N N N N N
Pstep W 2w W N N N K N N N N N
2203 N N N N N N N N N N
) N N N N L N N N N N
3" step 2000 232 N N N N N N M N
303 N N N N N M N N N
2401 H_H N N M N N N
4" step 2900 2402 N N ] N bal N N N N N
2403 N N N N N N N N N N
N : Normal
TEH-TN =N Fiigw 1 of 1§
Appendx 3. Necropsy Bndngs of lemake rats
Animal Numbor @ 2107 Group © 1" stop Dose (300 mglhg Teminal sacrfice: Qay 14
Gross findings  © No gross Fodings
Internal findmngs © No gross findings
Animal Number = 2102 Group - 1" shop Dose 30 mgfkg  Teminal sacnfce: Day 14
Gross findings : Mo gross Fadings
intornal fndngs © No gross findngs
Amimal Nomber @ 2103 Group © 1" siop Dose (M0 mgfeg  Terminal sacrfice: Day 14
Gross findings : No geoss fndings
internal fndngs @ No gross fndings
Animal Number - 2201 Group 1 ' siop Dose 1300 mgfig Terminal sacrfice: Day 1
Gross findings © No gross ndings
Intetnal findings : No gross findihgs
Animal Number © 222  Geoup - 2 step Dose 1300 mg/fig Temminal sacrfice: Day 1
Gtoss findings © No gross findings
Invbernal l'lﬂli!'lq_! : No gross findings
Animal Number = 1203  Group - 7 step Deose 1300 mgfig  Teming sacelice: Day 1
Gross findings : No gress Fndings
Jntenal Fndegs - Wo gioss hndings
Arimal Nembor @ 2307 Group :T% stop Dose (2000 mglkg Terminal sacrifice: Qay 14
Gross Andings : No gross findings
Jatethal Tndngs : No gioey Sndings
Animal Numbe © 2302 Group 1 TF step Dose 1200 mglhy Teminal sacifice: Day
Gross findings : No gross Fodings
Internal findings : Mo gross findings
Animal Nomber 2N Group 1 TF step Dose - N00 mgfig  Terninal sacfice: Day 14
Gross findings : No grows Indings
Intetnal findings @ No gross findihgs
Animal Number 3 2401 Group 4™ sep Dose 2000 mg/hg  Temninal sacnfice: Day 14
Gross findings © No gross findings
Jniwenal Findings : Wo gioss fndinge
Animal Number @ 32 Group 4™ stop Dose (3000 mgfhg  Teminal sacrifice: Day 1
Gross findings - Mo gross Fndings
internal frdangs - Mo gross f
Animal Number - 2403 Group S4" stop Dose 12000 mpfkg  Terminal sacofice: Day 14

Gross findings © No gross findings
intetnal fndings © Wo gross Fndings
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Appendix 2, Body weighl ol lemale rats
unit : g
Gioup rmgﬁ:.;_wJ :::b:, Dan)') after admmnllr;mn -
201 Wh4 Fe 2558
e e 5.2 2600
1" step o bl s fi il 2854
Mgan 26.8 w7 w64
5.0 ] 4 167
2 2 2 685
e 9.6 2440 X8
¥ step 00 25 0.8 36 4.8
Muan 069 v ] %07
5.0 (Al 40 B
i) 258 tich] 659
2502 212 ol ] 2683
¥ atep 2060 20 9.2 72 057
Mean 26.1 w0 ok
5.0, 10 T8 10.8
i 21900 o 607
ELl a5 s unrs
 swp 2000 Hm 2163 HEA /21
Mean £36 WA o
3.0, 103 137 15.1
S.0. @ Standard deviation
TEY-QEAN -7 Pagw 15 of 1
11, Annexos
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TRH-ETAK - T Fiage M o 1§

Annex 2. Tesl procedurs with a starfing dose of 30 mg/hg body waight,

E (Mulberry derivative, MD)2] SD A =9
ATEA SHAANEAH

mole2 RUdA FEA FHEAANC I3 AAAE BAV S 2AY 54

&= HASA LotrR7] $5ko], C5TBL/6 10%%‘ il UH# of &Amn
M) ExA%E euFEEMD)E 47 20mgKgel FEE 28% :
I 3% v 2g 3AAIA 2 A7l A e #H xS Bds g% O A9, "2
A (lymph node, LN)3} H]Z(spleen) EFoll A M EZA T A E(cytotoxic T lymphocytes, CTL)<}
AFA 23] M E(Natural killer cells, NK)olA LA EZE killingdt=t] #ostes @iz Eajags
(protease)Q] Granzyme B2 3ol EAHHIH QOFEEM)S FH3F e~ B 4
AgE eOFEEMD)s AT FAT koA FUHE AS 13 Bn ofye}, Mx
RS X3 F Y3 A (tumorigenesis) S A 5‘}331 #d3sl= cytokine?l TNF-a (Tumor
necrosis facor-a)e] YHALE FALZHEE QLOFEFES FAS w29 dxda nFoA F

el AL #dE. uEkA P450EALE HEH QUFEFEMD)C] 4N [SE gﬁl—rg
SM)ET <t 240 AHE AAR] Granzyme B2} TNF-a &d F71E &21g (2™ 3).

{14
o N

g =

e

o,

-

i

2

i

1%
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LN Spleen

Granzyme B Granzyme B
TGF-g TGF-g
TNF-a TNF-a
p-actin p-actin

=
- e mdoA EA4AZEE QUFEEWMD) Ao o3 d5HAHE ZHEJAAES IdEHe
oAw A ZALE] 93 EAASE LUFEEN EANHE QUFEES vl AT
Rold ¥ YmAs wAMZel @FHE 8 oA FAAEY LWL FAY. AFHE
(Pro-inflammatory)  cytokine®. 2  ¢# % IL(Interleukin, <JAE|FZ)-1b, IL-6, IL-173%
Pro-inflammatory &A% cox-2(cyclooxygenase)e] T&-& ™ Z7(control)¥, M, MDE FI &t
zyzye] ol A &1%k IL-1b#IL-69] W3 o] MDE A& whg-22 F A7) BS54 7HAst
T s AR OT cox-29 HHAE FAZH A Bo] AT g g1F. WH, EFAA

g As
(anti-inflammatory) cytokine®. = 2 ¢# 3l IL-109 F3A ddL F A7] 25 iz ¥
3l M3 MDE A gg Tl 2F Z7F sF92eH P4502] F=41¢ MD7F IL-109] w3 o]
O o] 7= AL g o= P450 £4F AEAZ oy FEAl7F 40 o
FEARG F495 &37F o & 202 AEE (1 4).

LN Spleen
IL-1B IL-1B
IL-6 IL-6
IL-17 IL17
Cox-2 Cox-2
IL-10 IL-10
p-actin p-actin

a9 4. nt22doA E448H LOFEEMD)Y 9%

FA2AAAES) FAALE 37}
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- BAA%E euFEE oI AGAzY A FI AFE Al FAE E471(flow
cytometry)E T3¢ EAstE HIAMEZ populations U3 ControlJJr M, MDE 7+ —,—04

© CD259] wds #1% 1 Ay &4 CD4 T Aﬂﬁ'ﬂ CD4'CD69" population®] MDE
Fogk npg2oA 71 ol F7kE AS gl &4d35tE CD8 TAZ(CD8'CD69")2
dds o7t F7HE S &g (2" 5). P450S o83 aA4AHIE hFEE Al
oaf WAz Aol FHNEE & F UMS
Thymus
. i M . MD
‘I‘; 5 E 12
o 2] 2]
w o] o
5 B ;. 5 = 4
107 100 107 10° 10* 10° 10" 10° 107 10*  10° 10° 10° 10° 10
. CD4 - - -
‘I‘; 7 5| al7 1| 3]s 5
. e | ™
s 5 S g
as 2 af
82 %68 | 2 : ] §51
10* 10' 10* 10* 10° ru° TRTIE 10‘ 10* 1u° 10 10% 10° 10*
. cDs - - -
‘I‘e; 0.6 | 0.2 ";0.3 0| a02] o
& 2 :D_ 7 . E '."rl' :C_." 3o ]

© 0P A0T 100 100 10 10% 100 10° 100 10°

L

39 5. vhe2 R4 B4R LOFESE 3 HIAE 84 FZ

4) vh¢2 mdoA E2AFEH UFEEMD)Y T BIAE F& H olF Y FA
il

. ki) Qﬁ]—?ﬁgoﬂ o3k A E 2
HE 2 ol55H e #Ustr] 93l chemokineEe] &L 215t S. M3 MDE H<l nf
F220] A vAA oA A HHE FQ1g 2 Plasma B A9 Macrophage©ll
Al ERISk= CCL179 2ol dxZz Ao MDE WSl wh2dlA 7 Bol F7hstslon
B AZ} T follicular helper AZoA] W& 3H= CXCRS chemokine & Hdo] M
D‘jcoﬂf“] =78 (39 6). =3, HIAFAAEE o] 85l migration?} invasion assayE T3
A3} controlol HIs] M3 MDO] HYAE & 2 o]F sEo| 571 &8 As & &
A3l 53], MDE Hl wp¢-29f H 78”1]—‘1:—7} A& ol ssYe] F 0 Fdd ASs <
o
=S

AU+ (L™ 7).

Z
4

e ¥0 rﬂ
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LN Spleen
CCL4 CCL4
CXCL13 CXCL13
CCL17 CCL17
CXCR5 CXCR5
B-actin B-actin
I 6. ule22doA E4A8H LuFESEMD)O 2%

chemokine2] =3

\

Control M MD
T R 5 | SR R, W
. . Al H R R
& by 8 W T . ™
<oy vy o " u L N o
_. d ey | I S ".'-ﬁ.; 1
i o FLEILAY |
~ “ Wa oy gl ' #- 5 \,q:_.
. Wy : e r]' i ’.
A '.I -I . ¥ r.ll - [l l.lI. {
¥, A .h b . o4 '.u A .l
T s Faog Y
pe z

Control M

5) E47%8E LYFSEMD)A Y 93 AQAE S4F 1

- BAAEE euFEEMD)N Y 93 WML A killing TY FF EAE &9
3t7] 915k lactate dehydrogenase (LDH)E ©] &3+ AAASHE (NK cell) cytotoxicity assay
2 433 MEE MDE HQl Z+zbo] o] HAAELE By 3 T [L28 AHgste A
A2 A Z 2 O}E S 248 A FH GAE Fob FTuE AA AL A LA oS
A dHAEFS LDH #7 de T dAE AdeEe A 1 23, MDE H<l
up-229] AAASIA Z O] A EZ AAtFEo] SUHE Ae Flstds (I 8).
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60 -

. —&—control
— =]
i% 40 - e ]
-%' 30 -
E 20 -
10 -
0 T T T
400:1 200:1 100:1 50:1
E:T ratios
9 8 A48 LYFE=EMD) T AALNAEY dAE 24T 57

B AEFE 8T FF RN FEAC o7 A9AE FHd=xH 94

) & 28 2N 54188 eHfEAd % o A WY =3

- SAZ(Melanoma)M 32 F5 o] 83 o d3 Edo|x M3} MDel| 93t & JAWAFEE =

2 4
at7] 98t dFL3F MA MDE CS57BL/6 uh-f-2~o U3t A X ¥ 650rad= 7oA
9l

it g

ZAb(gamma irradiation) 3
A7)9F np-20] EES 9l T TS AVE 0215 =4
ol

Q-\_
1 Sgen 298 BARE A% DS LT 7k 3

5X10°79] S ES Ko

(:lau 9C). ole} 22 ANES T EAASE OfFEAe Y3 FEEHAI}T AU

el <)
o S HAY

2500 - 1% -+ control
Control M MD

h
L=
=]
(=]

-4 M

[
o
=]
=]

1000 -

Tumor volume (mm?)

Survival rate (%)

500 -

Day

- F A% mdle] FgxFdqA EaLASE eHFE
Al AZzF7Ie dHE FHAY B FAEZ &
3t Cell cycles A A7l tixEH<Q
= 4 & 2dl vhezeld S

ol o3 AlzF7] ¥WEE #Es)
71& T3 cell cycle analysisE 43
FHAAE T st P219] FHAAe] wdo] MD
AS A3 (™ 10A). Cell cycle analysisE 53l



3)

4)

X MDE A2 3l& w S7|(synthesis phase)”} control¥} Mol HIE] °F 10% A= S
g2lgt (1Y 10B).

(A) (B)

Control M MD

% AW vpe2 TAAA E

e b oA Bk &

(apoptosis)®] ZA = =] Q?_]—a]]51_7 SE

assayS  SAE BA7E olg3le] I I Ax, NIA

caspase-87 caspage-9°] Ot ZTaste AFE HIAW A Hole

anti-apoptosis®l] #Jsh= Bel-2-F-4A @ o] M# MDol| o3 dA3] 7Haste As &<l
gol &

euFE=ol o3 GAlE A
wd A E@ P apoptosis
E! | #ost=

s

lo

J

g °] 5 MDell 9J8f Bel-29] Tdo] T fhshe S &Rl kAL (L™ 11A) apoptosis
assayZ2 o] = MDoll & A Z AlHo] 7pF Wo| Zrlete AL s (218 11B).
(A) (B)
Tumor
Casp 8 & Control o M & MD
CESP-Q '-.'I:-'q _;;1" ey B {r'{y i 91 ?f“‘;
2 & af uf ol ¥
P e R S I I S I
TR0 10 8 100 0 100 1F 10 100 15 10 16 105 10°
p-actin Annexin V >

™ 1. E2A48E eHFEF°] A7 GAXE AE FI}

o AP mdo]A EAASTH oS g of Ho] =4
Ag o2 mdox ELABH QU1FEE o3 oF Mol AL FEr]

o}
=
& Az dolet AHHE FHAES LA invasion/migration assay
A
s
o

e
2
Lo

AEo] mlAQl MART-13 gpl009] 32 o] MDe 3] ZasEs As &IstA
H Hole} #HE MMP-2(matrix metalloproteinase-2)2} MMP-92
o3 ZagEs FlsFeH (O 124), FAEFO HE&H olF

off L
Jo
=
2
e,
e
o
<
w)
=2
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H (29 12B). MD7} & Hol& A= As #19 AAE T3l ST T UM+
(A) (B)
M MD k
. I b
;:r, . ".:n‘ ~ ; ;;
e - F
~N
M MD
: ._‘ Il“:. i >
;‘_ v ‘l'\:. ! 3 i
\. —: T
I9 12. E4FA8E QUFEE o3 & Ao T4
5 & RdoA EAARE LFEE 93 AFAEY I& H olF 7Y 24
- ¢ BHoA S4HSE eUFEE0 Y3 "Mz A& E olFsHEH s FMs] A
& control, M, MDE 77+ FAo3 7o FE59 HIAANEZE ©]&3t migration}
invasion assayE T 3. Trans well A3 F- ol effector celll HIFAZE 3o,
target cell® 3 F-9lol &F MEFE 533 5. Migration d @23 MDA w2 A
AEES olFo] Z7lH+ AL &2Us9 o, invasiond A 3= MDA HasHo] <oF
sHAl S7HE & As FAT F AAF(TE 13A). E3FH control, M, MDE F3 ¢ =4
oAy FTUYOoE olF3 HWYME(Tumor infiltration cell, TIL)2] populations A3t AF

MD Aol oJa] THHAMZS] population®] °FF 7HA3}A|qE 2Fd 4kl A 322} DC(CD11c)9]
population®] F713t ©l& T3 WHAMEESS dAHEZER ol Yol FVHEHASES AT
(Zlau 13B).
(A) (B)
g a m = mMD
Control M MD N oy x X
s - , Ie b 2106 0.3
: < Tt 2 2 23
; 2 10° 10" 10° 107 10°
. oo —
Control M T .E S 0.0 - -E
S A e 22 B i -
SStenng 58 o) SLEN s Sl s
& L : T T T T e P T T o PN TR TR T P
L £ CD11c >
k .
I3 13, & EdoA EAFAEHE UFEEQ T HIAE FE H o)F T IVt



4)

o RN E2HEE LUFESE T HIAE GARE LdF

RdoAe] 4K E eHFEEo 9T WIAANEY AE FdF
A o

o

5= & 398l
712 AEE EE 3 GAEE killingdh=d #osts fRAAEY] HdE R
(e} A

842 TRAIL, FAS-L, Granzyme, Perforin, IFN-g&°] &

= 5
4ZS  JRor, A, HAZAAEANA Fas-LY @do| F7F FHlow F4d3 4

ol A} GranzymeB$} IFN-go] =t 3ol MDA o3 F7td As <13 (¥
14A). ole1gt A2 =d @ ofye} AH A GAZ killings s =3 F7HE A g<lst
71 $13] control, M, MD2] H|ZAM| EZo|A E&]F CTL (cytotoxicity T cell)@} AALAHAELE
Az} FEHE T CTLH AA4dsiAze HE Adsds HuEAd. o1 A,
CTLY A4l 2% MDE AHgd o 2d vhe2oA Az As8o] F7lE+

Ae B2 (1Y 14B, 140).

(A)
LN Thymus Spleen
c M MD C M MD
TRAIL GranzymeB= TRAIL
(B) (C)
14 ; Gl
B contro
B? i i a? —8—Control
- & MD g 4 - =M
i & —t— D
S 5’
‘g 6 =
2 g2
@ -
2 st
o +— S EEE S il \
control M D 1611 41 11
E:T ratio=400:1
E:T ratios

19 14. & EEoA E2A8E eHFEEd AT FAZ &45Y 571

uh9-2 Hutd e A mdeA AYxd 84 ¢ 5% ¥
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Oral Drinking : ¥
~A0
(% Dog) Sacrify
¥ h 4 h 4 h 4 A 4 h 4 h 4
| | | | | | | | | |
-3 Day -2 Day -1 Day 0 Day 1Day 2 Day 3 Day 4 Day 5 Day 6 Day

- P450 BAE o] &3 AAHZAYFEE9 HuAVFA S A SH(Inflammatory Bowel Disease,
BD)rt¢-2Edo A HEdx2d &4 9 a5& E2Ustr] f8) 6578 ® C57BL6 w928
3.5%%2] dextran sulfate sodium (DSS)E 79 &<t AFEA HolA st Hubxrid o2
ﬁ‘r" FEYS. EARNATOOFZEMY E2ATLYFZEMD)E SF-ANA HlE
SHA 10 mgkgs == 3LHAYE i F 99 ¢ ATFFAE &
1) E4H%E OFEEY v¢2 JAGAVMAGAZANA A= FF

- Hh-2=20 DSSE o] &ate] FeAFAAAES FESE tge] 2 Eo|H EFol F =
=, 2ol wet e dolrt frastka, xﬂvﬂ/\ Hadd da 59 Fasdol ¢
oj . olmjo] AAHIFLUFZEMD)O] AgA/IAGASRS AN Z & YEA AT
npg-2=o] DSSE °] &3t HuetAriH A g %E?‘S}ﬂ] HH AFda 5] Aolrt
st Hol o ¥HAEE HAY + e AT DSSE FE T "iEH wid 2

Z o}

1 =1
= AZkel Z;ﬁﬂ‘ﬁii g dole= 6dA HE AT & dAS H=ste, TFE7I
B7MA1e] dolgE SAE. AW A K (disease activity index, DA

Ba, WA A, 0 Aolel Bh Fol AREHE FA AR AF Th
A
o

22, 4
e Y 2o Al 242 I, HAE Ul A duEde] JEvhE AR ¥
AEPe T B4 A AT AEYl Y= A5ol TEAA A5} Helg,

(A) (B)

=
g 12 - —a— WT
o 100 E - —— WT+DSS
& & —— M+DSS =
S 90 = g —c— MD+DSS
f=2] = B
‘s —-—WT 3
= §
S 2o —0— WT+DSS . s 6
k] —— M+DSS o
] MD+DSS 2 47
70 e [=]
2
o 0
o 1 2 3 4 5 & 7 e 1 2 3 4 5 6 7
Days Days

(C) (D)

M’. —-—
WT+DSS

M+DSS h
MD+DS$ h-—‘_.‘

120 7

"
1=}
-]

T’

@
=)

Colon length (%)
ey
[=]

[
o

o

wT M mD
+Dss +Dss +Dss

1% 15. IBD w2 RN ELAPBNFEESY F5FA, F Lol F&: 843}
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- 71 A3} DSSE A3 IF(WT+DSS, M+DSS, MD+DSS) A= 29 A e E27A7F 24
He AS AT = Ada, M+DSS, DSSEE A tiza 9 IF3e] Aole 94
o] Ho]z| °-‘9IXIUP MD+DSSE A &g 1Eo A= DSSH A3k thxTtol BlisiA B34
7F E ZaseE AL AT 5 AL (ZE. 15A). =3 AuArid g Ao A shx A
HARA ZQ xﬂzﬂﬂ AAbel Ax, d@¥le AHAZRE ZAstd FAW A A FE(Disease
Activity Index, DAE H3t<s = DSSYHs At & Hlsl DAIZF M+DSS, MD+DSS
2 A3 28NN A" AL FstY M+DSSETH MD+DSSE A gld aFoA &
HEAAE 0 ZaEHe AL #39F $ JJS (29, 15B). WHHOoZ nhg-2~ Huka)
7t s 2doA M, MD7} oJ® FaFS v FHE=A F2lstr] f18 DSSE 79A A& st
RS W] & ZolE F<Ig 1 A MD+DSSE A3 AFAE B E F I1F Rt
© & Aol7t fo4d A E AT AS A F IS (I H. 15C, 15D).

N

(A) (B)

WT WT+DSS

10
6 -

4_

i ’_Y_‘
0 - T T T

WT WT M MD
+D5s5 +DsS +DSss

Histological score

39 16. 1BD vk BdolN EaRBeTFEEY WA AGzAe £4 @3}

- DSSE F¥d AHArba g aLhAg T FEES Y HAuxz &4 w3l
FFe v A=A BESH7] 98l, Hematoxylin and eosin (H&E) @& & DSSE A g3}A|
%S WTY e =22 9119 AA, 2g=2% 547}4 HERE BA 1ean Iy
) A2 F F ZF BEH JeE AS E F AL DSSTHE A2 d x4
TE RG]

UEtA] &t MEZRY BAE ol O'IE(HX]‘— s #FEE AN
M+DSS2} MD+DSS :Lécﬂl Ae §H€Y AAVE 295 Y-S FASHE L&
M+DSS I&olA e §EEYO] FEAR= Aol ¥l MD+DSSIEolA =

FEO ¢ 243 BEEH J= A #FF (A9 16A). 182 o3 HHE =AEH
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P
N
N
o
i

N
oxl
ol
32

o
2
<
_.|_
v
&
S
AL
4
fx
)
<
v
+
v
)
w2
2
AL
2y
o

7 4*(Histological score)E = =
DSSell o3 i AHzz &3S 43t AS 4 2 (2", 16B). o83 AAEE
D

AN =
SSE f=E HuApridgdae gsAitges A

2 Hhez AU R AR RdoH BAARLTIEEE A, AZdAANY B Hou
A5l &4 22

A B A A EB cell)t Al 2w 7i=A /‘1].4.(T 0611)7} erol'ﬂl %}Hﬂﬂtﬂ HAG4A ] A4S
o] dojuA H. o] wo BAAZUFEEC] HIMEGA o Awg FFS A=A
RB7] 98] A Z-E(MLN)F t) ol A %LHE}Q B cell T cell® population

flo
M
2
1%

(A) (B ° —
WT WT+DS8S M+DSS MD+DSS 2 5
=
MLN 5 L s % 3 Ex a
Ze | 5 7 ; =
z o |08 & o |.4-1 = I S L2 =E
I 2o = 2 3
&) ® 3 & & g
p== = it i 23 e = (==
2 22 =l : = e & 14 =
§zl 2 Bl | T 2] H 2
0% 10t 10t A0t 10t 107 10" 107 10° 10t 10° 0" 10% 10t 1ot 10% 10" 40 40* 10* @ 1 -
CDBS .
0 0 S
MD
[)55 TDSS +D8ss
(C) ()

WT WT+DSS M+DS§S MD+DSS 5

21

i, Lo

i Lt i
15 2 58 2 11 o AL
T T T T T T T T TR T 10% 10" 10t 40t 1ot 10° 10‘.103 10% 10¢ i
D59 > s -
0 +— ._. .

_Dss Toss +nss

10° 10° 104

0

Q

o

=

B220 ——»

102 40 AR 40% 100
10° 100 407 107 400
{1*10% cells)

0% 10! 10% 10% 10

B220 CD69 Cell numbers

9 17. IBD U2 RddiA AR O)FESEY 93 AAAHINZSEA =4

- 1 A3, MLNoA DSSYHE A3 thza kg2 Edo A9 B cello] &40 ®ol =
H AL gA & 5 U3, M, MDE AHEd & B celld] &4d0] T4 H AS A &
T AAS (¥ 17A, 17B). Colon| A= DSS7F F25HAS w] B cell B4 o] Z7}8H A 7
M, MDE A g 3tA<S Wl B cell 84S A AFHIL, MED MD7F & O AYAHAHGAE
24 2dso] Holutde s ¢ 7 AMS (IF 17C, 17D). 38 IBDEE S FEAZ

S9] w2~ Bdof A B celle] MLNO|A ®o] F7F= 303, ColondlAs Bol ZHAEo 3]
= AL AT £ JdAEd, ol Colond o5 HH molecules©] DSSo s ©o] &4
A3

o] B celld] °]&so] @] fHad Aoz o4 H.
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180

160 - T

140 - —I
—_ 120
£
= 100 - -"
T
D 80
60 -
40 -
20
0 -+ T T T —
WT WT M MD
+DSS +DSS +Dss

1Y 18. IBD "}$-2 RdoA EAATFLCFEEY 23 IgA] A

o83 FEANTFITFZE B celle) AAHAHATA 742 Hubrd 2 EQ] gAS =
A Ay, S7HE WT+DSSL&E9] IgAdl HIS] MD+DSSL&E9] IgA”F o4 AA A s
= A= AN 5 AME (2H 18).
(A)
WT+DSS M+DSS MD+DSS
MLN 5 5
2.0 = 25 L3 vy A
. : 0.5 .;1 3.5 :1: 0.7 i | 0.6
B T T e T O T T e e T T T e T e T T T AN T UM TN TR T T
CDBY >
WT+DSS MD+DSS

10° 10!

B o R i R LI ” v
W TaT 7oE qge 40 A0' 0% 4o 4ot THA0® 40t A0° 100 d0*

107 407 10*

™ 19. IBD "2 RHoA EAAZCIFEEN o3 AlZuj/ldgs8Ad x4

A MEZupdade) BHEst= T AXE =3 B A X9 8A84 Colondl A DSSe €]
3 MEZAMAEG Aol ZriE= 7)4\% B2e = 9

3t 8o AE Z71E MEZus) Wy 4o tA A H
19B). 3tA1 ¥ MLNo| A& F3 2ol & B2
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3) -

WT WT+DSS M+DSS MD+DSS

72

-1
42
43

14 70 58 42

Relative cell number

o o
10° 10" 10 10 16* 10° 10" 10° 10° 10 10° 10! 10° 10 10 10% 10’ 10° 10° 1t

DCFH-DA >

% 20. IBD "2 BEHoA FAATFLUFESE YT

G4k 2 (reactive oxygen species, ROS) 74

EAEFTROS)E BT AZm/iHgAZ T st Al ZoA F2 Erstes =4
24 dAlz g R0 e Wor|Fe s ERjdTal dHA dE HeArtddgd
o] WA HH Azl tAHE7F JFE SHA Hol AL E At 9F

= Ay
< UL AFgAIG dEA d. DSSol 93] dojd HIAIHAG AR A 407
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(A)

MLN
< WT z : MD+DSS
]‘-e,» 04 |20 = sz | 18
N ' . . '
w 2§ = 2
Ha of 3
Colon
o - !
© = ek =]
8 &) = £
MLN
= WT . WT+DSS % M+DSS . MD+DSS
2 2 2 2
5 B & 5
5 2 & 5
o 5 5 5
» T “ x
°% B : B B
w2 - 2 = = - = =
16° 10" 10° 107 10° 16% 10' 10° 0% 10° 10° 10' 107 10* 10* 16° 10" 10° 107 10°
CcD4 >
Colon
WT WT+DSS M+DSS MD+DSS
I 2.5 1.5 2.9 8.3 2.1 12 2.7 14.7
z ! A o
s & 90 ® # 1 # 83
CD4 -

Y 21. IBD U9 RHAA SAAILOFESEY o3 =4 TAX F2A %3

- 2 THE= il
o A4 ZQ 9 st =Y A
dgo] AgE Buvt & B HdYPdAe DSSE fEdE
oA =H THZ2| populations 27| 934 spleen, colon ZZ oA HEE Ealsle] o
7HA Al BEHEAEY U FAE o]83ste] CDSRATAH XS CD4 ZHTAHE]
populations Rt A3AIGoA AAANEZE 7HA I A= MLNolA= DSSE A edho
AEA F A3 530S v CDS'ZHETHES} CDA'ZHETHEY A4S 9. 1A
Tk DSS A&l ZF(WT+DSS, M+DSS) FolA % MD+DSS 152 @ Tasdte= <l
T AT (" 21). HHHE colon A= SV FAIE DSSE Agste] HeArtdA A S

gt
o,
o
i,

Y CDSZATHES CDA'ZATAZF 71 e AL Q% (9 21). ol A
ZZ oAl DSSell ofafl dojube HIALARQ] AYNESS EAeTFEE] CD' AT
A EZo} CDA'ZHETHEE o] &3t ZAAZIA Hof HAdA7143s SslAZItgE A

d
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#+AA AA7]E

) BHs HHRGANES BN EARBOUFEES 9F 4L

(A) (B)

LN Colon WTWT M MD
+DSS  +DSS

WT M MD
+DSS  +DSS  +DSS +Dss

3

IL-1p

MMP-9

TNF-a

IL-10

TGF-B

FoxPlll

[
l
I

B-actin

9 22, BD Th4x RddA BARBLOREE T AZHT FAA A} =4
TAZ 2484 Ao E71Q] §349 7}

- 237 HAMEES #EIE 7B MLNAA ZAEATAHE E3st= Alo]E7FQIQI
IL-103% TGF-B, FoxP III ¢3S Ha, ZZEAAFEA MMP-97 A= #Ad Ao &7}l

l IL-1B3, TNF-a®] T&& 2ARE 1 A3, TNF-af TP 2ol& HolAE EJAL,
A58 FAE mdelAE IL-1p7F Bol F7HE0l dE AL AT F AN, 54A
HoUFEEMD)°] IL-187F Bol ZAaHo] = e AT 5 S £ 244
AEQ] MMP-90] EZ ELHFRLHUFSEMET ELATTFEEMD)O] A E
Fol B dojd AL AT & UNF. =T ol WY A4S =dste 98 =4
TH 29 S B B4S S7M7I= AClEZRRl B aanjdgedFeaMEY 1
sy FEFMD)] ¥ &3zl Ae &9l & = 35 (I 22A). ZLE 3L Colonl

3 FEe Hots 1 Ad

MD+DSS 15 ©
HES A o= MLNOA ZATAHES] T2 2 FA4o] fFrxedA 71 =3
T Colon®] ®Zo] @ Yoldrhz AL ojul

e 9353 93 THol M% A Al 1L-18, IL-6, TNF-a
|

5) The AR AAAAS BN EAATLTIFEEY WM B4 2 WeS
- Dssel o) AHATIEA Ao Lol WY BWaF Wewrgo] AHA Hw)
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HAR-S3kel AAZ FAHAEE Fole T8 ouIAE &U3str] fs LDH
assayE 3% WTZ WT+DSS, M+DSS, MD+DSS 12| HIAZZAMEE & &1

ox W

¥ (Yac-1, mouse lymphoma)T=2} 4A1ZHEQF & Wl I 23 WIAEZS
B8] WT+DSSLEo| ®ol #Zase A& AU M+DSST MD+DSSLES WA
EZAgol AHEH= A AT F AME (™ 23A). AN SRR IR YFE=(M)
I EAFATYFZEMD)] AolHS B T flAS.

=
—
=2

(A) (B)

Invasion

WT WT+DSS M+DSS MD+DSS
” activated with IL-2 T . .. TN 2 5
—WT
—|-D5s
40 —e—I+D5S

=Cr=MD+DSS

30

20 Migration wT

Specific lysis (%)

WT+DS5S M+D55 MD+DSS

10

200:1 100:1 50:1 25:1

E:T ratio

19 23. IBD "h& RAAN EAHFUFESEY HAAZZAEH I &5

& &RI3t7] 913l invasion?} migration assay
WT+DSS7} 2& AL 3olstg At o]

=
7 i
o] 4 e HAY 5 YAS(1Y 23B).

. A18F4A
B g o] E(stilbenoid)Al 3+3HE = A (derivatives) A2z H A3

2
g xolEA FFE FEAE AWASIE P450 &4 HHE 2AS HAsIEa, a4 FA
I kAol BF Fo H Ao P450 G40 [AE Aetslr] &l 712 2d 3

1) Total turnover number (TTN) :

QA W AR B AAEE F ANBO o

o

9] P450 B FEE UFo] ALk
(mole product/mole catalyst)

A. Total turnover number of pinostilbene formation by P450 BM3 mutants
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L, 1 10min
o B 20min
g 10 BN 30min
£ EE 60min
3 B=2 120min
T

S 5

o M

E H

E ,lomam v | Nl

) YV 1
& > % <)
&

- 452 P450 BM3 &4 Ho|A| 9] Total turnover number (TTN)E =4 3}7] 2314 50 pmol
enzyme, 1 mM Pterostilbenes AF8. o] ol H3EF stilbenoid WA T =& datas T
st AP AEE 7E = 84 &% ZA. (Drug Metab Dispos. 2009
May;37(5):932-6) BM3 &4 WolAlel K,akol 2.7~66uMe]”] uwl&Eol, total turnover

number 54 A3 Foll FEI FY 7ol A4 RISE F AEF K@l 108 o
Aol HEF 1 mM ¢ 2gH|xol= A 7]EE o] &3t A7 3. NADPH-generation

system< ©]-&3te] WhgES AlASlaL 37 TollA 107, 20, 30, 1AL 2413 ¢ 742
H

incubation. &4 ¥H-&-ol 234 A H pinostilbene 2] ¥FS HPLCE 4.

- P450 BM3 mutants®] pterostilbene derivative TTN =74 ZA3 DI2 mutant’} 7Hg 2 &
2 B, M16V3 mutant’} 7} 2 A8 B MR o] & DI2 mutante= HE
1A1ZE 3, 71221 pterostilbene 2] °F 0.5 %7} hydroxylation o141 ¢F 5 uM$] Piceatannol
0] A E N O™, Piceaid= &F 4 % WAFE A ¢F 40 uMe] Pterostilbene derivative”} 2§43
. M16V3E A9 mutants 9 A-$ 1AZF HEAHS Ry 242 BEEAAS W &

/\é o] 23y 4. olHT A= &40 EQAA (instability) WlEQJ Aoz RS

OlO 03’_’,

- IAZE BEEAAHES W DI2 9 TINZF 1109222 100 ml WH&x% 3%
A% 3ol 100 mg °)Fe F=A4 Ax7}t 7hsd o] FEAE H
St A3o] 7hE3t

2) Stability : WF-8- AJZFo] WE P450 T4 o)A A &2l
Stability of P450 BM3 mutants measured by CO-Difference spectra

A. Pterostilbene

- AlZrell W2 P450 BM3 &4 HHolA 559 stability =74, P450 BM3 mutants®} NADPH, 1

23l 7} 2" o]l 313E - pterostilbene - & ¥ HES TFES o] &. vEE A
104, 204, 304, 1A%, 2A1%E %9] P450 &4 FEE CO-difference spectra = =743}
P450 B4 FE 100%= ¥ EFES incubationdt’] He] P450 B4 FEE 7t
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- 34 KA AY Ay vg AT 247 HW AW E 3 AT W8S resveratrolo] Lt
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Fol9le. pterostilbencd] -9 Glo] FEAE Hol

=
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1
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b
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o
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<
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mutant®} G12 50
A AT =& A

B. &% {3lo mE P450 &4 WHolA|9 AAA FQ

3 1209 BM3 Enzymes Teo (°C)
T 1004

g 1 M16V3 56.9
G

S 8 C7 45.1
§ 60=

> D12 49.0
2 404

g F2 4586
< 20-

3 G1 58.9
<

o 0 J

35 40 45 50 55 60 65
Temperature, (°C)

Tof wZ P450 BM3 &4 ®olA 5F9 stability =4, P450 BM3 mutantsE 22> &3
S o] &. PCRE o] &3] 37T, 39.1C, 43.5C, 46.9C, 50.9T, 54.5C, 59T, 61 CNA 10
b &% P450 B4 FEE CO-difference spectra & 743 P450 &4 F5% 100%c
o)
o

E3HE-S incubationdt”] Q] P450 4 HFEE 7gA.

o

=

-84 A A Ay &ao ROl 50% ol = “*0174% Tso(C) #kol YA &4
E25F 50T olgollA dAFEAF Y MI6V3 ¢ Gl o F% 22 569TC, 589TC &2 vl¢ =
< &S YeEuy. 53] G19 4% TIN a3 vks lJoﬂ e g4 HA 5 =7

3} Zo

UEty 2"ulisol =4 stgtE fFEA A4ke] HZ e g4 HolAZ o] &8 F S A

- 129 -



3. 3Ad =
Zh ANMAFRZA 2 SHRRE 2"uioo]EA fEAe] BeAA A3}
) ey #2f 2ol = FF
- LUERE 2"EHolEA fEA] FHAA =4S
(&S, oetd, Fehg, ZEZIE, tIFZ2WE, o HoliElE,

H2Ast spr)9fs 774A F71-8
obMl =)= °l&3tH

S 713k 3 70Col A 1417t shaking 3t &

2) GCE 5% Y FEEoA49 "ol 3FE &

- AlotAlEClE, SRR2EE, HERZEME, oME, FEE F 5742 #7]8HE ol &3

LUFZEE Iml o N, gasE 7}l solvent A A

- GCEA1S 93 BSTFA (N,0-bis(trimethylsily)trifluoroacetamide) S 3 7}38ked 75T ol A 2087t

WA 2EHol YT A
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== z s min 72 zdo s o Za  ada 3da T =ma ELESRET CHMT P min
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' d. Piceid e. Piceatannol
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t] gz ol=A 33 Hlw 2243 A3} ofdolAHolE,
S22l oA E, = oA H2HZESE, TA ]
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- GC BAE o] g3le QyFEEoAY 8ol f5A FEHS =AHvw 3 Ay
2R S o] FEkg 9]

. ARA A g 2l A" A AE feEff] P4s0 A B A S
- CaP450-12 A2 749 ABA-8' hydroxylase |2 ElE FAstY U+ 1F Alxe 4
A3t FsAdo] =2 4712l ABA-8' hydroxylase A7 E=A1ES &<l
CaP450-12 A= g Al2=wlo A d@o] &RlE. CaP450-12 FHAE At U]
370 FHAAES (CaP450-12-1, CaP450-12-2, CaP450-12-3) W&A|7]7] HJ8f Fdx HE AR
€ 315 DBE 83t 3%

Rl

1)

F AlEolA ABA-8' hydroxylase 32 43k fxA &=

Kl

ZF cDNACIA] CaP450-12-1, 2, 3 FHAE EE3l7] 3] +AHH 2 cDNAE F2T

225 AT CaP450-12-1, 2, 3 Ao od HARE nigow ZpZbo] {3
3 ZZF full length®] FAAE ®E8tr] 9% Zgolw AEE AZsk i, PCR W
=3l CaP450-12-1-2 1.2kb, CaP450-12-2% 1.3 kb, CaP450-12-3S 14 kbe] WicE 2
(Figure 1). o]% A|fE2x HARE B4 A3} 313 AlE DBolA X3 3 A<
oF X3t

URRCOR

CaP450-12

1 2 3

1.6 kb
1.2 kb

1.6 kb
1.2 kb

Figure 1. CaP450-12-1, 2, 3 genes PCR band picture isolated from hot pepper cDNA

2) AT A" A A& F#9 P450 F-AAY HAS 93 H A3 24
- ATl A Y] P450 EH o AFEEE HHEIQl pCWOll CaP450-12-1, 2, 3 FAAS F712 &
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29 st l(Figure 2), FAA Edol] ASE = oAt 24<QlQl BL21 (DE3)O FAXS <
3. g2 H3dE A+ BL21 (DE3) 2kl CO 7125 FY43+ 450 nmo) JJrﬂoﬂ A &3
35 7HAEA ke AP S 1. V&Y A7 HdAE 3 AAE
A A T HAE 9% 20 % d
377C), aeration 4% & AIZE 2AIZE leﬂii T3 AbolE Fo A4FE WY A
A} wjoF 27A1%F o] F ol p4502] L& o] &F<lE (Figure 3).

el

-

2o b
Lo
=

Beta-lactamase

Figure 2. Structure of E. coli expression vector (pCW)

0.02- 0.01 - 0.008 1
27hr 27hr 27hr
0.006 4
0.01- CaP450-12-1 0.005 - CaP450-12-2 4 CaP450-12-3
_ s < 0.004 4
w =
o <
< 0.002 +
0.004+4 T r T T 1 o T T T . 1
420 0 48 500 440 420 440 460 480 500 0 vm
Wavelgngtth (nm) Wavelength (nm) 440 450 500
-0.014 -0.005 -0.002 ¢ Wavelength (nm)
Figure 3. P450 CO-spectral assay of CaP450-12-1, 2, 3 expressed E. coli

@ iAol e AE P450 AE=m] ¥H& H A3}

- AEAA fFHiE P450 FAAE A FANA FAA T ASH TS HH3 A7 B
07 25 EA = AIEIE P450 Y E A (Cytochrome P459 Reductase, CPR)S ©] &3}
aF] A WA Awel 2719 CPRo] EA1E

) 25 G AEIE P450 FUEL T A3

- 315 cDNAOSIA CaCPR 1, 2 F3AE dEste] &d wEo) F2

Y 3. il 3dA
3 Az HHEEHE=E HA

Z715 27 s IPTGE @3 S F=A171 23 0.5 mM

IPTG ©]%, 584 22 ¥ 3AZF o] wlg =X lA, insoluble protein & membrane
fraction®] o] =<l

k1% (Figure 4A). 9,000 gollA UA4E2 3F3= " membrane fraction®l
3 E, oA HAAZ CaCPR 1, 2 proteing AAS E7oA FA P

CaCPR 1, 2 protein® THE antibodye A3 A% antibody= CaCPR protein®] THSH

western blotS 33} protein detections <13 (Figure 4B).

] = A
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(A) __CaCPR-1  _ CaCPR-2
1FIGX -.%Lsfi%ﬁ[e ﬁ%

95kDa

72kDa

(8)

CPR1 CPR2

Lk

56kD

43kD

M
o
——

95kD

70kD

:illl

Figure 4. SDS-PAGE of CaCPR 1, 2 protein expression (A) and western blot analysis(B).

2) AFFH AESE P450 a4 EA L T4 A7
- 21 & reductase®] F4S FAHsY] fd dREHOE AREE= 7]E Q] cytochrome ¢& 7FA AL
CaCPR 19 &4& U3 (Figure 5A). T3 reductased] &S =4 3= chemical 7] &<

MTT, CTCAANE S B8 &< (Figure 5B, C).

>
§
W

g
¥

{nmol/min)
i
reduced MTT
2

{nmolimin)

3

reduced cytochrome ¢
w
i

T T T 1 T
50 100 150 200 50

cytochrome ¢, pM

C 15000-
-

% o A

£ £ 10000
E
=
g

BE 50004

r T d r T r ,
100 150 200 50 100 150 200
MTT, pM CTC, pM

Figure 5. Concentration-dependent reduction of cytochrome ¢, MTT, and CTC by CaCPR 1.

e

- CPRE 7142 &HA

A9l doxorubicing 7FA|3L CaCPR 194l 3Ho] HEe=x AHS

348 HPLC 2423 CaCPR 19 2]3l doxorubicin®| 7-deoxydoxorubivinone 2 H} Z
S &d3sk(Figure 6A). ©]F CaCPR 1(Figure 6B)¥} rat CPR (rCPR)(Figure 6C)& 7}A 3l pH

WH3lo] wE doxorubicin T A

=
HAEE W

lwstes A48S 3. 43843 doxorubicing

714 Z 3L Z$ CaCPR 1°] rCPR BT} O L 3¢ FAS VA= AS &2

A 4004

Doxorubicin == NADPH (-)
— NADPH (+)
2200
o™
< 7-Deoxydoxorubicinone
[l sl
c L L] Ll . = - 1 L
0 5 10 15 20
min

B 700- C 700~

4 I

S 500~ 500-

o

E

=

=

E 300~ 3004

B

g

o

< 1004 1004 |1| |l|

=

= 0- c T Ifll_l] T lTI T T
212420 o2 o 219428 a% o®

pH

Figure 6. Reduction of doxorubicin by CaCPR 1 and rCPR
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- CaCPR 154 L% stabilityS €olR7] 8l 37CAA 75C7HA WS 7FA 2 MTTOl dl gk
I

=
g2l ?}(Flgure 7).

o T50(TC)
- (CaCPR1:56.1+04
—— CPR:46.1+01

-
o
o

Enzyme activity, %
b4

o
1

40 50 60 70
Temperature, C

Figure 7. Thermal stability of CaCPR 1 and rCPR

3 A3 A3 CaCPR1©| tCPR EUT T =2 thermal stabilitys 7FA|&= A

o} Al 3A H-3A]
BT FREH FA V1B HARE T AP R =4 HAA

A 3
o] &8 300 mgkget 2000mg/kg= 138 7T Er@fia Al?ﬂga o & 1497 AYE,

U324 g AlFHsts #FPor, AE TELS st SUo2 ZU)9 o) FF
FE3 A A AE 7170 T ASEES BEEHA o gubdl ST
NREHD Foo o3 ool #FHA I, ATSH A HFHA AFE7t
HFE RO FHAF ool #FAEHA gol F4o] gle AR W™ |1, 2)
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S HR TSRS
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1. 2% (Summary)

BAHANEE NSQEN G 24 AFSG REAHE JAHT WE DN U 2=
METE AESE SHEHE 00 mphg body weight (17, 27 seni®t 2000 mglig body
weight (37, 4™ stepl® SINB LR U 3O 1 8 AP SHOVO, AHEY 56
91BN AYS, UUSY T MESESE BYNUS0, U6 REE pHnn SONe@
BN O RRR BEHED,

- B & AHEY 00 N ARREE SUSIN Gt

- WUEY BEEID, AHEY SO0 AN OHLDE BIEIN WU,

- HORE0 AN AW ID FE SEI0M HUNS NSESIN FEADG.

- SEREM SN &2 I3, SE FHINM RO DY OYLIE BEAT WU

CluE PAWLN BAHEE SOSOEE DUEY ¥E T S0 I ENFn LG
GHS (Giobaly Hmmonized Classfcaton Sydem lor Chemicsl Substances and

Mistures) Catogory 3 (X000 mpiig body waight { LDw { 5000 my/ig body weighti® ¥
£aE0.
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2. ME (introduction)

£ ABE S0 2EH 0EN0 SLHBHE FOSENE 98 IFFOM UOUE =5
S AN WO AT

P OAME mERSY @ B O0SSE (2011-08-04, BRAHIE SHE VIBUSUVUNT
FE OWAAOTETAY WUHESY MEI BN 2N FA (sHBERAVNEL,
2010-12-1018 SEeul WABER,

FARTE )L

AR oA

HEREYSY S M-

Y T Ty o 010404 - 230403

el b oA

oy T13-04-0901" step). 20134102 step),
21048077 step), 2MI-M-184" step)

WHEY BETY H13-04-08 = W13-D4-2HI" step),
A3-04-11 = 2013-04-25(2 step),
WII-04-15 - W1-04-2007" step),
WNF04-18 — 20105204 step)

HEu o B13-04-2301" step), 2013-M4-252™ step),
D13~04-300T step), 2003-05-0204" stwp)

HERDTMITY) ROV Bk o]

P L] LoA-0T-0

TEH=IT 1K =20 i Page & of 18

9 R¥, 1953 g - 2003 g (2* swp)
10 39, 2008 g - T4 g (3" step)
10 B, 2006 g - 3264 g (4" step)

140 MBAR AR

B oMK MBE REE 39 ¥ SMSaRHAN S99 908 AN M2 48T Ye
o, MZH BRM ANTTTRT GRS U AEIVBY o W BT HOHEG a9
e,

142 HY U &5

BEE RS R W EY UAUSHANHSTE WAMKATLH BRARUN HY0H
MOEHW W emAFEA WS NIMME SR e AN AR SETO AN AED
=3

343 AsNE

MAMHEE FHONE ORTO Y MAERS DAN SANEC SH7UHE WUR 0
HE OETD. 20 N DETDNE M MHR AESUEC. 4REME AHAER AN
HEE AMAN, Yen. 7T, FEWY, AN, d/aREE U ARAUEE N
B ANHAERER SNDI AEEED,

344 208

ST S N0 WHE MAN BYN2IE NS0 STICN WE AT IERT) W,
U 27 BFNE U REAT SUASK PAAYLR FyN@ SuED

145 HEREE XY

DOEEE SHSEUO SR Amo,

15 dann
150 BRE BR UBASW T

152 MAEY

B AR EIE BE (2 = d. HASE (50 = A% E7Me D0 ~ 15 =Hih, TR
B2 AT (00 - 2000, EF (150 ~ J00) Len®| ARBASE AW BRAENUM
MRS S08 BUAC MRAUIN, L2 UV ANND WD A2 AEHED,

151 AaER BUER

AT & wEUR B @Sk NE FaF AR SN0 0 1) MO &Y HYSH,
TE EN EATHE MIANUFUAHNTE YAHNBF L SSUUXYMSOPN B
MM (ENE ) MO ANSAD. ENUH B AN DI AHN BUR 0N A2
B MREE HRE WDT,

- 139 -
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5 omE ¥ W (Materials 8 mothods)

31 AMEE W ENA
L0t AEEE (Aanex 1)

Ll 3 B EAHUME SCLEW
® C H o DEaem
A E3 W 2013-00-18
o &= W 2I-m-m
o = . MTH g (Gross
ot Moo . . 20130310-1

B2 OF Y:wFlk-ag

7 WL He--1T (HE & Q)
T - L

DoAY EExE - O
HB(MA)FZAMY © YR

500 MEH

L] d & gases (RlEs)
E ] E B oiasann)

Lot No; T LILOKZ

12 AMEE =8

EAMEEE Y 8 SURH BASES (BAESN 0 mp/ml (17 - 7 siep) W 200
mpiml (7% - 4 steplm SR TN MEsUCH

LI LMY Bs

AEEEAD HAEHN MM T SUSH =& BEE 3 2USN O p4E BES
AlMEiE) BIUCE

34 kA

LR L CmC{sDl-Rat

EL] PIB)RBNE MOR (AMNE NAP MY REY 09-13)
HeAl HE U RS DR oA

A BE 2 U MSEN L FH, Mg - 265 g
ZAA 5% U e DR 2 0 (" = " step 33 30120
B BE SE QU MESEE I SF 1900 g - 210 g (17 aten)

TEHT K -00 =7 Puge 5 of 16

154 MEEY

&3 U AHAY & NTAGHNY ARUNAR MEHT [Z700W) = % HOD) m x
200(H) w, AFIIT00 D OH2 OlTR WO AEIIET

155 MR U &

Ml UHEERE M AR (S HUMIASAM (HARE FHA LAE S-UIN, Sor
U TAE (348 AEN0 HRa8AR,

150 MR T B0 B8 RSN oY

AR SHMRUE AR MTEAN BN AN OE AR SMME AASangsy W
Of BPWED, FeM SHEUE MATABNANDTE HAMOSTLH AY SENUR
HASOPN TE HIIW A BE HEN 33 ARA FYE DinE BHE WOAN
et

TRUELE T

161 HAH

MANEY DA HAI-H T (0-07-12, CEY W NS SH718 TN 23 A
BES %HAWT WO X0 mg/kg BW. SHSE ANSED. HAE 56 HRE W0
mgfhg BW.(1" - 2 gtep) U 2000 mofkg BW. (X' £ stepl@R AT 3 SHAW BoHE
o AMBY S0 VAR WeEd ¥ WSO SN FURUCH (Anver 2 HE)

- NERY Y

L] sHay

A ] 2 L
L] el 4 Te BEW (mafkg B} Imiiig BW)
1" step w2 O3 no - 20 ) "0
2 wwp 3 20 -2 X w0
BEAHNEH 2OSEE

T sle 3 -2 am ]
A" step WE O3 0 -4 2 1w
AT MEEUH RY AR ¥ WO
Ty MRE Ay
S0 SE W OMES SA5T QNI Sak SONED
172 modE
FSH BF S0 FATE O/HSICT W U0 1= TM SANAT,
a8 2uNR
TET WEEA fE

B RN st MU 1 o2 O SEMEE SAHED 8 S0 FUNE 20 9 4 MDD
TEE A AT0NG BEHESN, 2R 8 W UNY JumET,
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82 nswy

MEER YoM, FHAA ANEISC A N S0 KA 8 T U TV M UmN 4%
-1

ELER S ]

SO 9 UR BE 4EREY OB HAS AP 9, $HNG SYeT FE 49
@t

& MR 83 (Archives)

ANNDEN REE FE NN N HIHUSHANDTE YAANBTLHAM HE
SIA WE 9 5P VRND BATID 0IRE ANIIEAR ¥ MHRES 2B B
e ANYSND EOS0 IPMC. ZiRe] uPFAE DIFEFY (1), (0F =Y 2@
W FF ANCIERRE o83 Ya.

() MM 28 7i

(2 Apimae @8 2% 3 AR

(3) AHAN 3 718 ¥ AR

(4 3%, 43 ¥ Ao #e e

(5} AMAERTY &44 2R (Wa 4)

8) 4ERIMN BY 7R

S MEARME % ¥ O/¥ (Amondments and deviations from the siudy plan)
MEZ RY AEAREAY GO +3 T 0BANE BEG

TEH -7 NNG-R - Fage £ of 1§

7. 28 W AR (Discussion & conclusion)

RLETEH SOSGEN WY GY TS WAAHE AAST MM SO BE ISE
AR AHEN SRR 00 mgfg BW. (17 - 2 stepl2l 2000 mgig BW._ {3 -
4 steplR CINS L0 33 3 oi2iof | 2T SOSACH AHEY 500 8 W UY
AE, WUSY T HIUSE BUNUON Qe BRE LU0 RUOR Y7 oY
RE@ @yswc.

HENT S AHEY RO AN ATEEE IHUN YYD, YNSY I AEEY
RO WS CMEPE BUET GUC dEEEG OF =SSN TN, FE EEINM
BURE HASETIT AUEUD, YEERD 23 47 2D, SF SUI0M sUY M
Ol £TE BHAT BUT

O4S PMTRS F4HTEE FOSSEE DNED PE T BA0 B AATZULAR
GHS: (Gioba%y Harmonized Classification System for Chemical Substances and
Mixtures) Category § (2000 mg/eg body waight € LD { 5000 mg/kg bady weightl® &
f =

- 140 -
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£ @2 (Results)
0.1 MBS W UEEY (Tabe 1, 2 and Appendix 1)

BRI F AHED SO0 A0 AHEEE BEAT GUD. WS SEID. AHEY

So00 Ay olMEME BREAN UBCL

£.2 ME®S (Table 3, Appencix 2)
AEREN QY NESAY B BE SO FBENY MSETE wECH

8.3 BULY (Table 4, Appendix 3)

EE MM FIUIN0N A SN Y I, AHEE FOY FRE Uy L70 BEE

BRE wan.

o7 AN Fags ¥ of 16

8. HIEY (Releronces)
- HAERN Y HEOR-W B R0 wW BE ARDTVR N ¥ dEE

- SN DM HEXI-E 8 (2ol “mS ¥ WA ST | [EE 2] ok wH AN
PSS WR. 12-1-0 SEFTRIUN - SHREEAT

~ DECD Gudseline for fesbng of chemacals, Sectmn 4, TG 421 “Acute Oral Toxic#y-
Acute Toxkc Class Method” (Decembar 1T, 2001}

= QECD Principls of Good Laboratoty Pracice. ENV/MCICHEM (9817 (as revised in
1597)
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9. Tables (Group summary)
Tabie 1 . Moraldy
Maortaiity
Gioap
Female
" %
! 0 fo 7
- 0%
7
I glep E ] @43
- 0%
e LE]
. 9%
Lo e 043
' : Numbet of dead animals / Mumber of lested animals
Table 2 . Clinical signs
o Dose & i
Group [mglhg BW.) Sax Chirecal sgns
1™ step 0 Female Normal
2 swp 00 Femaly Notmal
I ston 2000 Fomale Notmal
© step 200 Femaie Normal
TRH-TP AR - Page I of 4

10. Appondices (Individual data)

Append 1,

Chnical s3gns ol femakd rals

Dowe
G199 (mafig B amber Hemin | b 20

Animgal Hours afler agminigiration

Cays after adminisration

3hidh 1 2 3 4

2101 N NN N % N [
2102 K N N N N N [}
X N N [ [ N ]

NN N ® [ N [

K N N n [ 0 N

N N N N % N E]

X K N 0 N N N

D N X N N

NN N » X N N

[ 5 N N [

KON N X N N N

X N N [ [ X ]

1" step ko
¥ wep 0
7" sep 200
4" step =00
M Nome

Appendix 1. (Contnued) Cliné

signs ol lemale rats

Dose Rrienal Days aher adminisiration
81990 [ngfhg BW) nomber 5 & T s B o1 2 13 W
20N N _N N _N N N N N _WN
™ sep 20 22N N N N N N N N N N
78 N _H N N RN N N _NHN N _H
71~ N _N N N N N N N N
7% sisp ) 220z 5 M N N N N N N N N
1N N _N N N N N N N _N
71N N _N N N K N N N N
Tsep 200 202_ N M _N N N N N N _N N
233 N N N N N N N N N N
1% N N N K N N N N _N
e BN W2 N N N N N N N N _N
203N N _N N N N N N N _N
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Table 1 Body weight
Unit * g
Days after adminksiration
Dose
Group Sex
imgfhg B.W.) B 1 u
Mgan 102 1338 285
1 stap 0 Famale S.0. ED 51 B4
N 3 3 3
Mgan 2R 2 253
2 step 0 Female S.0. E7 178 18
N 3 3 3
Mgsn 2138 M50 2540
" shep 00 Female 5.0 i 64 LE
L] 3 3 ¥
Maan 2137 440 M2
4" s 2000 Female 5.0 1.5 10.8 ]
N a3 3 £
S0, Standard devistion, N © Number of animals
Table 4 Necropsy Hndngs
1" whep ™ step 37 uiep + wep
Findings 30 ey B (00 mgleg W) N0 mgfg SW0 00 mgfig B
Female Fomale Femaie Female
Number of animals 3 3 4
Gross 2o 4
findings No gross fndings 1 3 3
e il
findings No gress lndings 3 3 3
TRH-TRNG-X -0 Fage 11 of 1§
Appendic 2. Body weight of lemake rats
Unit : g
3 Dloge Animal Days aler adminigtration
Baoop Imgfhg BW.)  number 0 7 14
20 150.0 b4 ] 4B
e a1 b5 ) M1
1¥ stop 310 2108 1918 i 2324
Mean 1542 e i ]
S0 42 51 64
20 7 ez 1] 1.9
202 1853 PalH ] M0
™ siep Xt 20 8.3 253 a5
Maan aes 2342 w15
3.0 87 7 148
2am 2146 b g uB15
a2 i 2432 M35
3" sep 00 245 8.8 a T
Mean 2134 60 =
50 T 6B 38
24 2.3 e 87
2402 ek ] 22 23|
4" step 2000 2400 264 ok x5
Maan 237 240 g2
50 1.5 108 1.9
S0 tandard deviation
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Annex 1. Information of tes! substance (Submitted by sponsor)

B i AHL RS AN RSN 0N ARS AN SN SHNE
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Appendix 3. Necropsy hndings of lemale rals
Animal Nomber = 2101 Growp ¢ 1" step Dose 300 mglkg  Terminal sacrfice’ Day W 11, Annates
Gross findings © No gross fndings
internal Findngs © No gross findings
Anirral Number © 2102 Growp - 1Y step Dose 1300 mgihg Terminal sacrifice: Day 14
Gross Fndings No gross Findings « BHO 2H wam
internal findngs- 2 No gross findings - HE :
Animal Number © 2183 Growp © 1" step Dose 1300 mgfhg Termma! sacrfice: Day 1 LD
Gross Fndngs °© No gross Bndings
nternal Fndings © No gross findings
Animal Number & 220 Geoup @ 7' step Dose 1300 mglkg Termina! sacrfice: Day W
Gross findings © No grozs findings
internal findings ° No gross findings
Animal Number @ 2202 Group - 2 step Dose -300 mglhg Teminal sacrfice: Day 14
Gross findings = No gross findings
infernal findings : No gross findings
Animal Number © 2203  Gooup - T step Dose (300 mglg Termina! sacrfice: Day
Gross Fndngs °© No gross Bndings
internal Fndings © Mo gross findings
Animal Nomber @ 201 Group - 37 stop Dose 2000 mg/kg Termanal sacrfice: Day M
Gross Fndngs - No gross findings 1 :n-u_ il
internal findings © No gross findings 1
Animal Number © 2302 Geodp @ ¥ step Dose 2000 mgfkg  Termina! sacrfice ! Day 14 | [y—
Gross findings - No gross findings =gty
internal findmas © No_gross findings
Animal Ngmber = 107  Group - T step Dose 2000 mg/kg Tem:nai sscrifice ! Oay M
Gross findngs - No gross findings
Internal findings © No gross findings
Animal Nembar © 281 Group - 4° step Dose S2000 mgikg  Termina! sacrfice ! Day 1
Gross findings ° No gross fndings
internal findings © No gross findings
Animal Nember @ 2812  Group 4" stop Tose S2000 mglhg  Temina! sacrifice : Day 1 I
.
Gross findings - No gross findings LT
nternal Fndings & No gioss findings
Animal Number @ 2603  Group - 47 step Dose 2000 mgikg Terminal sacrfice : Day 14 '_a’
Gross findings - No gross findings h
internal Bndings : Mo gross findings |/
TRHETHNG -2

Fage i of 1§

Annex 2 Test procedure with a starting dose ol 300 mgfhg body

weight,

ﬂ."“‘.-'.-'&".‘i

s .:1

S ek e el b | el
ALLL Mender - mrv o et 8 ki

«m—_
S Sabi b e e g | oy Mah

O3 1. E20ATE 2UFESE (Mulberry, M)&] SD # =0j

A3 4 BATRA SAANFES
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. AW A % ) PEM UY BAMER PUSSRY B4 FTEY REME

AW " T8

£ R S

TBH-0270(KG-2013-077)

ELHYE 0528

SD REN B SLHEE QO0FEE2 Y AFE0 SYMY

Hephe 1 ik ¥
r
HEYEE HUM AEHAT
[ Cuminy Ssgsmeee Stopsnent | [Sury Stafs]
W HNS o0 god) i BATED DOXEE O SS90 S

TS| AGTHe A 3 SO0 ANCR T 78E NENNENANOITE GATNETAY BEN
SRHASOPSI AN AN T $EntEc

Al HEHE : HERABS
Plemms

MMEE TAMYG © HUAES

EHDT MUR 1 WASDVM, PhD. Canddate
EER T : GEMMms
R BET ¢ daams

.-

- 143 -



1 Xt
Cantents]
#IMEZ|

GIF TeM P 1
Umaes B [Qualty sssurance 1
Mo [Sudy stafs]
S} |Contgrts]
1, 89 (Samemary)
2 ME& (ntodacton)
21, MR
1 ER T Y Materais & methoes!
AL UHEE T PHR
A2 AN ER
13 Mt e
34 A9y
AR AR
16 A T
31T AR 50 RS VY
18 IS
4. TS S (Archives)

5 AIMERAS 8 T O (Amerdments and devialions from the sty plan) —————
£ (Resiis)
61 AEE U WOSY (Table 1, 2 a0 AppandiK 1) e -
62 #Ews (Tabe 3, Apperdx 3
63 SHAD (Table £ Apperdx 3
1. 2% U B2 (Discawsion § conclusion)

R T R R e

B HIEN [F

8. Tables (Geoap )

Table 1, Moalty ——

Tabi 2 Cinical signs

Tabip 3. Body weight

Table 4 Neoropsy fndings n
10 Appendices (individusl data) 2
Appenda 1. Clinical signs. of female rats 17
Append 1. {Continued) Cinical signs of female rats s 2
Aenda 2. Body weight of female a5 {43
Appendin 3, Necropsy fndings of female rats "
1. Amneres 15

Arnex 1, informaton ol test substance (Submiied by sponsor) ——————
Ammex 2 Test procedure with @ starfing dose of 300 mg/Ag body weight

s din Fage £ of ¥

2. MB (introduction)
B OAMNE 3D FEN OHNAN 2ANNE SOLANE 34 IFFAN UNUE S5 ¢
S8 AN WA WAL,

B OAUHE BREZET 08 A 00SR 2010=00=04, BEAME SHY HIADUIUAHD
FE O WAMNETLY UNEEY LED DN P W (UNENERNNN,
DM0-12-1018 40 BAHUCH

21 MEus

Lk W03

EHEELSY o M-

ELR Y Bk 2013-94-04 ~ W13-04-08

FHEw ¢ N8

S0y S IO step), 2304112 step),
213116037 step), 2003-02-18(4" step)

WSy ILDU © NI0A-00 — H13-08-231" step).

0130411 = 200342502 step),
130016 — 21304207 step),
0130418 — 21305-0200" step)

LE- 1) © N1R04-2301" step), 2013-04-28(2% step),
013-08-3(3" step), 2003-05-024" step)

HELTHEY] HEU NI
uHEAY : X

- 144 -
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1. 29 (Summary)

RANEE SUSSE0 OF 34 DTS RHAME WA WS SDA wA ¥E8
AT AHEY THRBHE 20 mp/ig body weight (1", 2' step)® 2000 mg/hg body
weight (37 | €™ siep) SRS LSO AT 3 0RO 1 % 3P SOHBEC. AMEY 50
PN WD NS, BEEY T MSTNE AFGES0. 48 BEE SN0 SBNeR
BYH Y RER DEHED

- SR B AHRY F00 AN AEREE FEOR gug.

- PHEY BEDIA, AHEY FEd A oyaE AUSL GUCt

- WERNG AN HEAN IN SE SHINA BANY HSST) BUHAS

- AEEWA $T 27 TN, BF SEINM RN DY 0NLDE FEAT WUTH

ClYY PATYE RLNPE SNSGNE NURY 4R U AN Y ANTmsR
GHS ired Cigssiication System for Chemical Substances snd
Miitures) Catogory § (2000 mglhg body weight { LDs { 5000 mg/hg body weightl® &
£50%F.

TERH-ETAKG-X 7T FPage § of #8

3, WE % WY (Meterlals & methods)

ERRNLT R L ]
300 AERE (Annex 1)
o RAUEH RUSEE
# . HHONR
. 2013-0-18
oo MI-0-2
# . W76 g (Grossh
ot Nog . . 20130910-2

B O0E A owmk-gr]
AT AT (AE R 1 W)
4 o 1 4 4. N4y ey
TR E N B
CEIE ERFE-S-TTE TR -3

H™ 82 8 2d =
¢ 0 Moo

E
L]

312 4N

s k'l B 1 BASES (SAEG)
H x LREE 2l

Lot No, © LBLDKD1

32 NHEE ER

P OAMBEE HEHM 8 SuHS BIESS (FaES0 30 mpiml (1" - 2 wep) W 20
mp/mL {7* - &% steplm SR THSHE ABHEC

EERE T R L

MESETY Mond UMBH W S09e mE oM U AUS0 G BSE WER
AW B

34 N

LIS ! CRCOISD)-Rat

LCE] D RIZAWE WOR (F7E BZ WP WK 639-13)
UaM He U BRL TR 1N

el &8 58 3 MSEN 8 54, 9.0 - 18T g

S04 MW U BES SR 120 (1" - " step A 3 0FR)
ROA BE S8 S MEEM 0 S8 2004 g - 0115 g (1Y shepd
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§ P8, 1906 g - 201 g 2 shepl
1058, 209.2 g ~ 20.2 g 7 step)
10 58, 2163 g ~ 2364 g (4" step)

340 MEAH pEME

AN ASE FSE 3N W UMSOREAN S9 oIEe Ul 9N 4ESD ge
5, 3N SHM AHIDTURT ARG UK ANIAN 84 U AR BoHG 4
=,

142 49 U

EEE Uo B S U BY HADUSPANNTE MAMOPRLT BENEUT BT
MOHW Y S EATIR WE NHUTE BEY S, TN VMR 2Eun AN AEY
=,

140 uyE

MAMEE REUNE ORSIO T AMERE TN BANUCL SATVAE WOM 0
HE O|EAT, £0 T ALIBNE FEM WHE MBI MEHTE AHE, K
BUE, AHUE, WO, SH71, DEAY, NG, 4/EENE W AHMUDE A
CRECLLL R TR LT

344 283

STIT & OO WM MU BUHSW WSO SINTH WE NN FERF WOoh
W 20 WINS U BEBN FUATK FUREOR @M YAET

145 BoRES 2

DOENE SHEEUON AGA ART

EE L L L]
15 BEd wE  MBARS T

352 MAEY

B OANT BB BE (2t HT, HOSE (50t 200, BTG (10 ~ 15 B, =Y
SN2 AT (B:00 - 20¢00), EE (150 - 300) Lua®l AREPACH HWEH EWAELHM
ARG SOl FESHE ASSIESN, oD U ANND BY AY AgEsE0

353 AaEn MG

MENY = ERUS B aER TIE FAE GETI0 ATHO 0 30 MO0 4N RgEem,
X B MNUTNE BASHSHAHDTHE YARMHATLY SERURNASORA o
A HIW (W OT AVSHUAT, BEUG B AW I, AN AYE O AS
2 MEEE wEE FET.

TR G-I Pupe & of
]

MEE UM, ZEuA MHEUSER Y [N, F6 AN T HE ¥ 4 UmN 439
-l

183 %] 20

SO R IR SR MBENS S HAE SAN 0, RHNG GYCE YW AN
@t

4 1@l B3 (Archives)

ABNDBO HAE SE VIR0 IMME DANUBHAMBEIE HAMOBFL0M F
GRM TE S 5 UD FBNG PAND AN MWNZTR T ARNEY 3N A
Gl ANSIARD WOEl 0] IUNTE, YWY HIYAE DRI (1), (1) G0 w3
W IE AWNTTER 08D 20

N MmALM0 AN 7R

) MHEEA BN %A W AR

3 upAe B0 718 ¥ AR

() B¥. 4% % FuN B 78

15 ABSAEADY A5y 7R (BF 4)

{8 B&wTM0 Ay 78

S AUMANAML £ U OlF (Amendmonis and doviations from tho siudy plan)
AN RO AEMYMN GY 3 T OFANE G
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354 MEEDN

e ¥ ANTID & MULELSN AWYMARN NRYT [T0W) m x 5000 m x
Z00(H) . TR0 3 TH OB WO AR,

IS5 MR T A

NRE UEEEE N AR () MHUNDARML (NNES 244 285 K-8, Sk
UV EME aaeR ARl ARAHLMDN,

J5E MR W Se =9 FUNY M8

AREH THERTE AR ATUMA WY HAW TE AR SHAR ARSaREREH W
Of HPIGED, S6N SHNYE MIALUSUANHIY WAMOAF LA AF SSNEN
HASOPsE ME BN HAR B UM T AHO AYE Cixie BYE WHEX
wack

a8 AE2H 38

360 EAaN

WAHRN T MNN-3T W (012-07-12), TS W SNY S&7@° DA 22 AN
WY SEN0T DO 00 mglhg BW. SS9R ANNED, HNY S0 HE¥E W0
mglkg SWI" -2 siop) W 2000 mpfkg BW. (¥° - 4" stepl2 R AN 3 BAW FoNE
ThOAHNY S0 TE EMsy B NEN AN IHSIAC (Awner 2 HE)

- AH2d 8

bl SEA

2 L]
A Huws B TG BRER | ahg BN (nifg BV

1* stop ®2 3 nm - 2102 m Al']

7 wp @y 1 2o - 203 m 10

RETEH 20268

3" sep Y 3 20 -3 2000 10

" aep B®E 3 ) - 03 000 10

AT AEHEEN RO AR ¥ WU

3T ARH BN

SH U HE W ARE 2257 QYD Sek SdnE

312 2ENE

WEE AZ S0 JAYNE VBT W W0 1= 2N SemEn,

5 2UNI

340 UNSY B

T ORNN O MY ! H O SUANE AWMU ¥ 50 HUNE =0 8 4 AD
JEE @ MDA FENE2N, F0 8 W UAN dMNBG,

TEN-TAX -7 Fuge T of 1§

8, 2 (Rosults)

61 MBS ¥ UNSY (Table 1, 2 and Appendix 1)
HHZIY S AHEY SO0 N AREEE DEST GUD, WHSY BEID. ANEE
FHE HY ONLDE BEAN GUG

6.2 MBS (Table 3, Appendiz 2}
AEENN GY NEAF ID EF FRINN BYRY ASEE 2V

0.3 ¥USD (Table 4, Appendix 3)
EE INE FEH7E WY S97 I J3, AN FO2 FMUE 0N 400 IEE
BEE S99
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7. 2% ¥ A8 (Discussion & conclusion)

RAMGE QUSSR OE 34 TSN KHUHE YA7 U SDAM @R wce
AEEe ABWE FOEEE 300 mgig BN, (Y - 2 stepl 2000 mgfeg BW. (3 -
A" step)® HAE LR A 3 OAN | K AT SOSUCL AHET 5N . M WD
AUS. WSy 5 NSYNE BURYOH, 4P BEE FASY SUN2F 7Y oY
REE BYU=AD

HHTT 2 UHEY SO0 oM ATEEE MEED GUT, Yusy FUID, AEEY
£000 B ClMANE BUDT WUTH WEHEN O ASEH IM, BE SOHINM
WHHY HSE7T BEEUD. MERNY ¥E 47 23, FE FHI0M sS0§ =i
lYATIE BUEN WU

Ojde VHRLE FLPEE ROFGEE HUEYE B5 I B0 30 My=gusg
GHS (Globaly Harmonized Classiication System for Chemical Substances and
Mixtures] Category 5 (2000 mo/bg body weight { LDw { 5000 mglhg body weightl® ®
FHTT.

TEH-EANG-A - Fage 1 of 1

9. Tables (Group summary)
Table 1 . Mortality

Martality
Group img.fn::'a.w.l Fernale
1wy . 3
i 0re
T wep 200 mD .f,'!!
Fiup. 0 1%

"3 Number of dead animals [ Mumber of tested animals

Tabie T . Clinical signs

Group im;.?lqsui w) Ser Number of animals Clinical signs
1 siop 00 Famale 1 Notmal
2 atep el Femile 3 Normal
I srep X0 Fomake 3 Notmal
4" stop 6000 Fomale 3 Normal
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8 HA2H (References)
- HATRN JAl HXI-U B (2007 B0 58 LRSI IS T SR

- wATRY T MR- B 20R-T-12, W% T HAY BATIET, [WE 12 U8 & AN
TiED W, 12010 SEITEEAY - asRuEEE

= DECD Gudefine for testing of chemicals, Sectien 4, TG 421 “Acute. Oral Toxicity—
Acute Toxic Class Method™ (December 17, 2001)

- DECD Principle of Good Laboratory Practice, ENW/MC/CHEM (3817 (as revised in
157)

TEH-EAX G-I Page if of i

Table 1 Body weight

unit &g

Group Img.?:;.s w) 5% Brrr: ater n:lwnn::mn -
Maan 2068 2457 HEA

1¥ step o Famale  S.0. 46 A 167
N 3 3 3

Mgan 2065 kA3 207

Fall 1] ] Female 5.0 Al 9.0 2]
N 3 3 3

Mean 2% &1 fkd

3 stop 2000 Female  S.0. a8 TE 108
N 3 3 1

Mgan 208 508 m.

4 wtop o Fomale 5.0, 10.3 137 14
N 3 3 3

5.0, ¢ Standard deviation, N : Number of animals

Table 4. Necropsy lindings

™ step = step I sep & mep
Findings 100 g BN CH0 mg/g B G000 g S0 (2000 mgflg SN0
Fomale Femalo Female Femakg
Number of animaly 3 3 3 3
Gross a
findings No gross Fndings 3 3 3 3
[ |
,_I'I'_;’:i':;‘ No gross findings ] 3 3 3
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Appendix 2, Body weighl ol lemale rats
10. Appendices (Individual data) unit : g

Agpendix 1. Clinical signs of lemale rats e Dose Animal Cays after administratan
& Dese Animal Hours aher agminisration  Days aher agminiyiaton (my/hg BW.) number ] i 7]
"R (mgfag BW.) PumbEt Somn 1m 2h 30 4N 1 ] 3 [ L 0.4 e 238
Mt N N Kk K N N H K [ e Py 462 0.1
" sep N0 22 N N N N N i v W K 1 stop X0 1 2115 4.1 2854
2102 ». N N K N N N N [ Maon 068 37 266.4
20 N N N N N N ] N [}
P sep W 2 N N K NN N % & W 50 Lo L 167
FE] N N K N N N N N [] 2Hn 24 R 685
20 N K K N N N X N [ e g 2441 818
7 step 00 232 N W N KN N d N N N ¥ step 00 25 0.8 36 4.8
IME_N N N KON i N N N Muan 069 ] x0T
Pl L T N N bl N 5.0, a1 9.0 T
" y .
4 step 2000 2 N N N N N N N L] N e Z08 Y T
3 N N N N N ] N N [
. e 22 #26 43
M3 Hoomd aep 20 o 2.2 w72 257
Mean 261 R Tyl
Appendix 1. (Continued) Clinical signs of temale raly S0, 2 (L] ras
i 21900 o 607
Ghon Dose Animal Days aher adminigtration
Foug (ma/ag BW) pumber & & 1 B 5 W 1 12 1 o i a5 e HTE
M N N N N N N N N N N « aep 2000 2400 2163 e 21
1" sep Ed 212 N N N N M N N N N N Migan =6 %08 2701
WI__N N N N KW N N N N N
_an N N N N N N N N N N 20, 0.3 137 151
2 step N 2P N N N N W N N N N N S.0. : Standard daviation
203 N N N N N N N N N N
) N N N N L N il N N N
3" step 2000 232 N N N N N N N_N
¥l N N N M N N N N _N
2401 H_H N N M N N N
4" step 2900 2 N N N N M N N N N N
2403 N N N N M N N N N N
N : Normal
TE-NG-ANT Page 4 of I TBH-EMNG-BI-7) Page 15 of 16

Append 3. Necropay hindmgs- of lemale rats

Animal Numbar @ 2101 Group © 1* step Dose W0 mofig Terminal sacrfice: Day 1
. 3

Gross fndings - No gross Fndings Annex 1. of test ( by

intermal findings : No gross findegs

Animal Numbar © 202 Growp - 1* step Dose (X0 mgfkg  Teminal sacefice: Day T4

Grass hndings © Mo gross lndings & myE dv, 1 mens f:

internal findings © No gross findings SREPL MET SUE W

Aninal Nembey © 2103 Group ¢ 1% siop Dose (30 mgfg  Terminal sacrfice: Day W EETD mo VoW m

Gross findings - No gross fndings EELNC]

inteenal Fndngs & No gross fndings

Animal Numbae © 2201 Group @ 2 swp Dose 130 mgfig Tominal sacrfice: Day 1

Gross fndings @ No gross Indings

Intornal fndngs ° No gross

Animal Number @ 2002 Group ° I stop Dose *300 mgfkg Temmnal sacrfice: Day 14

Gtoss findings = No gross findings

Intevingd Findings = Wo 0ross

Animal Numbes @ 2200 Group & 2 step Dose ‘00 mgfg Teminal sacrfice: Day T

Gross Fndings - No gross Fndings

intenal Findings * Mo gross findings

Animal Numbor @ 2000 Group tJ¥ stop Dose D200 mgfkg  Terminal sacrifice: Day M

Gross findings © No gross findings

Intetnal Findings : Wo gross fndings

Animal Numbet © 238 Group D7 step Dose 2000 mgfig Terminal sacrfice: Day

Gross findings - No gross Fndings

Intemnal findings * Mo gtoss findings

Animal Nombet @ 200 Group ¥ step Dose - 00 mgfhg  Terminal sacrfice: Day 1

Gross fndings @ No gross Fndings

Internal findngs - No gross

Animal Numbaer @ 2807 Group 24" stop Dose (2000 mgfhg  Terminal sacrfice: Day T4

Gross findings © No gross lindings

internal findings ° No gross fndings

Animal Numbar @ 202 Group S4™ stop Dose S 2000 mgfkg  Teminal sacrifice: Day 1

1, Annexes

MR

PO - —

RS et 4
Vs i, 48 i [y

SRATAE S5 SUEKEE FRE B ASER FI0

W =
Gross fndings - Mo gross lindings Bl

internat findngs : No gross findings

Animal Number @ 2408 Group S4" stop Dose (00 mpfkg Teminal sacofice: Day 14 g PP

Gross fndings - No gross findings
intevnal Fndngs @ Wo gross Bnds
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Annex 2. Tes! procedurs with & starting dose of 300 mg/hg body waight,
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lo
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ol=d|, Biwtul$-2 kA (28 5A), FusA W (1%1 5B), Q*“Xl v} (1% 5C) % £
st T} FAE =A4E. 11 2y QYFEES FH3% npexel §4HF QUFEE
S AT FAS npe23ke] {FoFR0 Aol FRASA] ks

~ 149 -



A HFD

M MD
25 125 5 25 125
B HFD
. M MD
5 25 125 5 25 125
% ? »
. : L. f
c HFD
M MD
sD 25 125

W 00 WP I W W

Yo W

O 5. 438 eHFEEd o7 A=A x| Hi <l

- AAYALR Y ol H|Flo] FEHol| wal &% LDL, HDL, TAG cholesterol®] X7} =o}
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L

300
250
200
150
100
50 I
0
SD Con
M MD
HFD
100
80
60
40
20 I
0
5D Con
M MD
HFD

metabolic parameters 2] W3} &<l

oA Ay FAEA HH RS
Z5+4d)2} glucose tolerance (B2~ A
7F Al H o Zzto] dojubAl .
B2 QOFEEL FAF oo
glucose tolerance testE A3y 3
g MAAA A AFEH 2ET

) .

200 =

=

S,

o

150 E
3 3
g 100 8
= o
o S
= 50 <
I i

0 L

SD Con
M MD
HFD
200
= 150 =
2 =
o o
. I I | | I I | é
- -
o fa
I 50 I =
0
SD  Con
M oS
HFD

I8 6. E43% 2UFEEY 93 EF

- BRkol] ofsf A2 A7|7} FUFetaL b 23
o] EH#¥o] o™ A] insulin resistance (=W
)y doluA Hew o2 <QlE Al 23 W
16+ & AAPARE Holdtal QUFEE =

off Z+Z} insulin®} glucoseE F-AFsHS] insulin resistance test®}

I A3, eYFEE B 8438 2gFEE9
2= A3k o] A=A ‘1’%%% AR = (ZF 7).

3) A4AE LHFE=o] HigntA FHA R vA = FF

- UFEE 2 5433 2UFEE] HTd nXe JFTFS FUsr] ) vinte] fiE
Al F7Veke &R BNtk fRAEe] B WskE PCRE S8 #EEAS. 1 A,
Hlgto] =2 Al &3 H|vhulA {7252 PPARy-1,2, CEBP-2, FAS, CD36, Adiponectin
FRAAe Tdo] FUMEHAAN LUFEE P E4A% eUFEE o) vvetA 3
AE0] Wdo] AR ok (AHS). ol LUFEE 9 54AE euFEEC] HIT
Mol & BFHE HolA Fv= AOE AR,
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Table 1. CYP102A1 7]W g 2 CYP102A1 7|} S Moo £522 uj/HS

Table. Kinetic parameters of astringin formation by CYP102A1 mutants

Astringin formation

ke/Km  (min™-pM) Kq (UM)
kcat Km
(relative catalytic
(min™) (uM)
CYP102A1 efficiency)
min™ uM
M16V3 0.19 = 0.02 202 + 32 0.00094 (1) 59 £ 6
387 86 0.3 303 £ 20 0.0284 (30) 7.1 £ 0.8
380 32 £ 0.1 256 + 15 0.0125 (13) 58 £ 12
306 2.7 £ 0.1 134 + 30 0.0201 (21) 36 + 11

Wild type CYP102A1 did not show any apparent activity of polydatin hydroxylation.
3) LC-MS ¥4

CYP102A1 ZIWg}t SOl AI7E AAitete Ztlol®ly tAbES -S| 9o, &
gold = tAMEEe] L Z2uds} =z 2wl H o] A (fragmentation) I E S H] w3}
LC-MS #4415 3193, CYP102A1 7|Wlet EdAMolAE X33 wHEEd =9 LC-MS 4
o st CYP102A1 Z|Wzte] EdWolA|o] o3 3-slo]=E543} Zeuo|=l(ol~EdXR])
o AAiHE Felst At

CYP102A1 7]¥lg} E<Awol A4S 1000 uMe] Zejd|o] 817} NADPH-AA Al2=8le] Z4) 3ol
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6) Piceid(polydatin) ©. = 5-E] astringing A 2] conversion percent 3 selectivity

Table 2. Production of astringin from polydatin by the CYP102A1 chimera M16V2 and its mutants.

Enzyme Conversion Selectivity Enzyme Conversion Selectivity
[%e]" [%]° [%e]* [%]°
M16V2 1.3 85 380 2.6 99
306 5.0 99 387 6.9 99

“The conversion and ‘formation of astringin were determined by HPLC, The reactions contained
P450 (50pmol), an NADPH regeneration system and polydatin (0.05 mM) in a potassium phosphate
buffer (0.1 M, pH 7.4). The samples were incubated for 1 hour at 37°C. The results are reported
as the means of duplicated experiments, and the values did not differ by > 5%.
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Polydatin: 500uM, Enzyme 50 pmol, Reaction time: 1 hour — 2 hour
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0,015 0.005 0.010+
0.0104
0.000 0.005 |
0.005 TJG‘D 4404 500
8 0.000- £ o005 o 8 0.000-
ﬁouo 480500 < W < 4§0440465E500
-0.005 4 avieiighth (nm)
0.0104 0.005 ..f"\
0,010
p”
00154 0.0154 00104
D pCW-CaP450-12A-1 pCW-CaP450-12A-2 E pCW-CaP450-12A-3
+pKIE7 00085 +pKJE7 010055 +pKIE7
0.02- ’ ’
0.000 4 0.000 4
i 420440 460486500 0440 460480500
00054 A 7 . 0.005]
'] i [ o ri
.2 0.00 g 0.0104 Flw ﬁ -0.010
< 420440 460 180 500 ’ [ ’
Bt 0,015 ,’ 0.015
0.020 0.020 4
0,024
I 4. ATNA FHE CaP450-12A-1, 2, 39] CO-spectral assay &35

- 115 ABA 8-hydroxylase familyQl CaP450-12A-1, 2, 35 thddolA izddd

A 7-3A

S

3l
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gk P450 HE wiA] 300mlel FAAS H AT FEI F CaP450-12A-1, 2, 3 ©id b
AL A5 Mg F 2uELAETV]E 0] 83} membrane fractionZ} cytosol fraction =
23 #2lE sampleo] CO-spectral assaye <33+ 23 membrane fraction® A P450 &/do] &
JAF(E 5)
pCW-CaP450-12A-1 pCW-CaP450-12A-2 pCW-CaP450-12A-3
+pKIE7 +pKJE7 +pKJE7
membrane prep B membrane prep membrane prep
0.04- R 0.04-
0.03. 0.05 ] 0.02-
. 0.00-
£ 0.024 o 0.004 g
< .02
0.014 -0.054 0.044
0.00+ 0V104+—T—T—T D08+—7F—T—T—T
400420 440 460 480500 400420 440460 480500 400420440460 480500
wavelenghth (nm) wavelenghth (nm) wavelenghth (nm)

a3 5. U@t & A2 membrane fraction®] A CO-spectral assay &4 =

=

- oAl HAE CaP450-12A-1, 2, 37F AAZE P450 FHvl vEES 3t=A EolrR7] S8
HPLCE o] &3t AFS $33t i 2] p5400] 7| Z 2 whg3lE= 7-ECE Idd F49)
A gste] A EQ] 7-hydroxy coumarin®] AJAAE=A] dolR= AFHUHEY. ojuf NGS= A
ARG EAZ ALEE. APA3 THE CaP450-12A-1, 2, 3 4 25 7|2 Zujuk-go] &9l

HA(E 6).

CaP450-12A-1 CaP450-12A-2

7-EC | .. £EL
7-hydroxy coumarin / G /
Ly

standard

CaP450-12A-3 +NGS+NGS
-NGS

7-hydroxy coumari /
M;@p/@ P "
A BRENIYAN L o,

1% 6. CaP450- 12A1 2,3 31/\4 7]%1 ZUHHL%
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B 373 FE9 AEIE P450 LA A modification

ANEZE P450 3+ & A (Cytochroem P450 Reductase, CPR):= P450 Zwjjdt-g-o] H4Z2] &
oA HEE AE P4509] AF] 8-S g Al=F Ao A ARG T
CPR #&4:9 %Q Eol7] #sf A& fF#Y CPR ol &% B A7HAA +3 A3 1

2 P4509] 7] A Z0jdF-3-A] CaCPR 19 Alg9o] O 84U &gt

o | o2
F

oo

- CaCPR 12] &8 7154 ¢ =9°]7] 93l modification AT S 433 CPRY c-terminus -
o wg} CPR Ao W= ATFZAE EUE CaCPR 19 c-terminus FE-S DVWOI A
DVASZ modification AlZI(ZLE 7). DNA sequence =412 WEHH CaCPR 1-DVAS FHAE
SRlstRar, el b W E QI pET28(a) ¥ E ol clomngO]-Oﬁ EHXL‘FLOH FAZZ AZ). o
o A @%% CaCPR 1-DVASY] TdS FE3t9 3, SiES 314 absorption spectrum .=
HEPE CaCPR 1-DVASS| &3S FAHTH ).

A B

CaCPRlic-term modify-DVAS  pET28(a)-CaCPR1:c-term modify-DVAS
PCR product plasmid

C

lac

T7

CaCPR1 E
terminator

operator

ovw Y ovs

Z1%¥ 7. CaCPR 1 c-terminus modify-DVAS®] cloning¥} vecter map

A 2 B
DVA con
95kDa ' 006
70kDa ‘
5ekDa — 004

=]

=

N
h

Absorbance

28kDa

0 T
300 500 700

Wavelength(nm)

SDS-PAGEof CaCPR1-DVAS.A Theabsorption spectrum of
CaCPR1-DVAS

713 8. CaCPR 1 c-terminus modify-DVAS®] & &<l
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o}, A|3A| E-IA)
meOZHRY F
AFHA Y F

it F==5°
AFEA 279
o] &2 25 mg/Kge
o] Holx| e Fol& o ‘%’-?4
SR = A o] E(Piceid), Z

ATEAHORE S5O

=3 ¢ =y

h=h

T

ré
=

Pterostilbene),
F2 25 mgKgl &2

=
=

OFO

U%

?:5_]_-

eTzRE 33

i)

C57BL/6 UH’—ioﬂ DSSE

&4 o9 3
Z Aol £l

==

(2™ 1.
B, IL-6, IL-17A, TGF-BE9] #xA &
F}E9 F@A WHdo] o 9
*H ANE g (2Y 2). W,

A3} DSSel o3 Zad ‘61-032/\]-0
ol =A FREES] o8 %—ﬂn

2|0l =A%

T
%l

_—

S}
pul

,}\

e JX.%

Skl gt
5!

s

5

-...A

=

A3} DSSO 9]—3]]

2g¥o]EA FREAESY)

2G| o= SREZAES] My oA ol A
o] &3}l IBDE

ca 7°]7J' AT Eog. 1 A3, DSSY
Hxz o

=T =

()

7o = °La%7<1 IL- 10.4 & 2pakE
q \:ﬂ

SHA 71

3lo

=

=
[€)

Lo

Jhix
7HE ASAOIE
459 o3

yd3

Con

F

Qor]|

=1

Dss
Piceid

Colon length [cm]

ptero

WT Con 9

L

Piceid ptero

Pino

Pino

3% 1. IBD vk RN AFECE o) 8 QURRE F&
FREZ o7 R do] W3 &<l
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Large Intestine
DSS

WT Con 2rC] Piceid Ptero Pino

Cox-2

TNFa

IL-1B

IL-6

IL-17A

TGFB

IL-10

GAPDH

1% 2. IBD th¢A RAA ATEAE o0 U QUZERE FE3 2" o)t
FTHEAY 93 FFAHE FAA THH 2l
- o0 9 oURRE FEI AEHEOEA FTREH % WAdZEEH (Ig o HAES
g2lsl7] 913ted IBD mff-2 2| fecesZHE] HupwH uk-So] FadtA 283 IgAE
>Z3 ¥ ELISAS 33 DSsol 9a IBD7F 58 w2 189 A9 1gA9 #HHo)
Z7HE S A & den, ~7}Q IgAS] o] 2v] 9 QUZRE FE3 ~EH|o]
TA FREA AFTEAN o3 ZaEHS AT F NS 53], 2guol=A TRE
A F Aol 9 ZHZ28GHS AFFAST IFA 1gAd #de] IA TaES ¢ F

ARE (1 3).

3.0 -

2.0 A

15 -
1.0
0.5 -
0.0 -

Piceid Pino

IgA production in Fecal extract
(mg/g)

18 3. IBD vl ARHo A AFEAY o] 9 QURRE F&2H AgH|:o|=A
SREAY 93 "IAFZEY A9 YA W3 9
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- IBD "9 mdoA QU ¥ QUERE FE3 2EH|ol=A ZREFS HFFEA
oa AFAxe] HIE B fste WARACERY AEE BE3 & FAZ &4
7158 ol83t] T cell¥ population M3tE EA435tHs. I 23, DSSol sl ZH4E T cell
9] population®] 2T % QUZRE FE3 A€W o= TREZH AFEA o F
7hE o, §3 29 olEA $FREH F IAoEE AFFATG IFAA A 7t

e #AT 5 AL (AW 9.

DSss
= WT & = = Piceid =  Ptero &
=fie§ & o op1§ 149 zHeg 105 o
2] e s B ] 43 o). ks 2
e z} = =} : ) =
5 I =z 51 S i 5 - 5 :
g.“é]w'--- 2r4 = &) 9 Bl 1) E] & = B e
100" 10107 10" o 100 107107 17100 10* 10° 1u 10* 1@ 10"  10° 1D 1|:| 1(}1:0‘
TCRE >
E Cl 5 g E o
6 S g & e 2
B 3 5 3 e 3
2 2L s 3l 3 =l
=2 & 1§ LIN  144) BY =18
i - 1t 9P 10 10°10° 10° 107100 105 10° 10*  10° 100 10- 10° 10°
co4 .

9 4. IBD vl2Rdo A BAFEAGE o0 2 2OIRE FEIF 2€H|x0|=A
SREZ &% T cell®] F7}

-9 AnE nlg o pSsol o8 f=F IBD vhex EdoA o W QURRE FET
2" o] B SREZ] AR ASH u‘w}ﬂ‘?ﬂﬁé% | gstEe & F AN
53] eHERH F=3 2dulrol=A FREHE T IAols 9 ZHZ2YWe airt
M 2 AR Asg. 3 3adE Oﬂ?éﬂr% UR7EA 2 IBD w2 REe A er gl
QUZREH FE3 2guloloA FHEAY ATFAA 25 mgKegd TEAA FHF &
g BYozA FUArtHgdse] AsgdsE #ET F AE. wEA B A7EHE
3 HetAriag Aol sl v dEA A E ol A oq B or|EXE 223 ~gH|
oA FREZ HAY FoAR Z FoRFS FHIINoT, 53] 2"HHko|=A
FTHEH F Aol g ZHZ ~gWle a3} %%fg% zg%s}ga%

" AR ohes BdAA oF B QUERE F3% 29dko|EA FRE
ATEo) o FHas A%

1) & A vhex 2AA o 3 LUZRE FEF 2EHo|EA FREADY FTF

o 9% GAE F4 P AoloA e

- 2H B eUERY FE2T 2 olEA R AR o7 doda
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71 8l & A3 rpex 2EhS AZAG 3 of Y "ol $EEHS 25 mgKgd
SRR 2197 Y ATRA ¢ AW rppande AR gete] vzl Fslol
SHHZE FUT T 21Y97 Y GAEe ZAwsE #Ee A, gz wasted @
O 9 QURBEH FE3 2EUHoltA FTHEZAS HATEAS 159 SAE F2 9]
AAMHE FAF 5 Uor), 2guwolss FrEH AT o3 YT F2o]
FoHoz AAEe & F UAYE (AW 5). 53 2Yuol=A FHEL F ANol=E
ATEAR OF AT F2o] 7 Bl AARNE ARE BAY. FAH viex w2
2 systel dxHe) 278 VA A3 =@ 2T vaste of @ erzre F
=% ~gu|xol=A TREAS AFEAS 159 dAE F77F b #Zgfkoen, E5 2~
Yulwol=A FRE F AMEE ATEAT IFNA 1 A7} P AL 8l
A= (O™ 5

Con QEI Piceid Ptero Pino

@9 ¢ 8

Tumor weight (g)
L
Turor volume (mm?)

16 - = MD25mg/kg
3500
141 o 0 - ' | e Pn 25mg/ke
3000
1.2 — = Pt25mg/kg
- 2500 1 ___. Piceid 25me/ke -.—{
i =
08 5 2000 = ‘i
—
0% . 1500 =
04
1000
0.2 e e =
500
i)
Con 2o

Piceid Ptero Pino (25mg/ks) o
T [} 14 15 16 17 18 19 20 21 [day)

a9 5 ¢ A% 0h9x A or] 2 eERE &
FHEA ATRA % F=HY W F

e
I
.
)
r
o,
|n
2

et 2 QUERY FEI 2YHolEA SHEZHS AFFA o3 AAME F2o] ¢
AdS GAeA=. olddl & 2ZCZRYH MEE ZE3 F AlxF7] 2 AZAPE, o AE
o Hol#d FHAASS HWHWIIE A F. 1 A, ANEFVE e AR
p213 p538] fFAA L= & ZolE HolA oy, MEZAE S fFEste A
Capase-8 % Bcl-29] 22 wdo] IA S7HES € T AAS (38 6). =3 Az A
°olF F7HA7I= MMP-99] o] ZAHES Flstd . 53] LUERH FE3% 2EHH=
olEA FREH T HAolEVt 7P AHHOE FAAEY] IS AT BHSAS
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Tumor
Tumor

Con 2C| Piceid Ptero Pino
p21
p53
Cas-8
Bcl2

MMP-9

GAPDH

a6 @ AR 092 mAA of ¥ or2RE 353 2UHEEs FRELS
ATEAA QAL AEFT) 8 AEAE, Aol5d FAA TEY W5 F

ey 9@ SUERE FE3 2EHLo|EA FHEHEY AT Foo o3 AFMEEY
Aasds gdskr] #s8 vbex o 2o nFo 2R MEE EE3 $ invasion assay
& FYstAs. 1 A, wra of 2 tizeite] ole #RHA ¢skon, dxwd v
wste] o B e oltA SREAS FATFAT IFAAA HAAES9 o] o
e Ase g9 (39, 7). 53 dA Ade AR 2guol=A FREY
T JYHoleE AFFEAT 25 AGAZTL M =2 Mol TYS BAe. I ke
o vA P P HRRE MEE £ §F WA ZY Aol AAst= FAe A
< &3 Ay, 2 Hlwste ot g AgHrolEA $HEHS FATFAT 1Fol
A SRS E T UAMS (3R, 8)
wT Con o

Piceid Ptero Pino

Invasive cells perfield
8

WT Con 2r] Piceid Ptero Pino

Tumor

39 7. ¢ A3 s mloA o0 W QURRE F£3 29u|xo|tA FREAY)
ATEA o HYAE I&TY &<
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Spleen LN

Tumor Tumor

WT Con 2rC] Piceid Ptero Pino WT Con =2rC| Piceid Ptero Pino

CCL4 cCL4

CXCL13 CXCL13
CCL17 CCL17

CXCRS5 CXCRS

GAPDH GAPDH

29 8. & A% npex mdoA] o] U TR RE FE3
ATEA o dYAE F &Y #E FA

2) & 28 w2 RdoA 2Y B QHERE FEF 2UH|o|EA FHEHLY FTHEA
of &3 AALAAEY T4 ST H FAX killing T F7+ &

et 9 SUERE F23 2HWo|TA FRHEHS] AFFA o] IAE F2
g Ho] FEo] AAH AAE v o=, oF A vhex HHoA SAEE AHHORE
killing® <+ & AAMAHEY &4 S22 FAEZ killing 58 AR & 2g
k-2 ®mdo] vz 9 HExARRE AzE BT T SAstE AdAsAE
populahon% gt Ax, x4 vuwsty of P QUERE FE3 ~9H|ol=A

EHE AFEAS 259 S48 AAAA LY population©] F7F HIUoH, 53
Oﬂi—rﬂ FE23% FREH T AAoEE AFFAT 59 EA4sd AAdsA e
population®] A F7HE<S & F A= (OR. 9). ©] 2HE ngo = A5t A4S
Alzo] FAIE killingsE-S &Rl A3, 9 Ao} dXA5HA o] 9 YR HE FE3
2gixol=A $RELAES HATFFEAT IFY AAMAMMEI GAZE 7HF ©ol killing
stglon, eURREH FE3 2guold FREH F HAol=E AFFAT I1FA
AN A L] FAE killing THol 7 A SVFEE ¢ F A¥MS (a8 10). =% v}
2o v 9 HxdRRE AEE Y & ALz &4 9 killing 5o &
ofteE FAAES] BHS Fod AR WERTH Hudy of @ QUERE FE3 ~
i colE] FREHAS BATFAT IFNA FAAEY Tdo] F7tEASH, o= H

1oy gz A O Zol7t aA #EEHAS (- 11).
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Tumor

WT Control 2r] Piceid Pterostilbene Pinostilbene
0.45 [ o3s 0.56 1.23 0.64 0.49|
Spleen st i - o it i
| sy | 3450 233 [ | 2a7) | 2ag 4 | 273s
1.04 0.45 0.51 458 122 0.76
LN

%' _0.98] ‘ 094 ‘ a7 265 ‘ 123 ‘ 087

NK1.1

o

9 9. o AR ke REOA of ¥ oH2RE 2T 2€dkol=s FRELe
ATEAY 93 B3 AAASNH 2 population H3} <l

%0
60
80 —_—WT
T T

70 w 20
g s 5
a6 £ a0 2
z T g
S 504 2 =
e L=
= = 30 4
w 2

e @20

20 4

10 4
10
o 0
WT Con or] Piceid Ptero Pino 16:1 41 1:1
Tumor ET
P :T ratio
E:T ratio =40:1

a9 10. & A# w2 RdoA BA5E AALdeA £ AE killing Y HlaL

Spleen LN

T Tumor

WT Con 2r] Piceid Ptero Pino WT Con =2rC] Piceid Ptero Pino

Granzyme B GranzymeB

TGF-B TGF-B

TNF-a TNF-a

TRAIL TRAIL

FasL FasL

GAPDH GAPDH

29 1. ¢ A% mhes BdoA BARY AAYAAZ] FHAE kiling 5H L BAo)
#elsts fAASe BE W F9
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3) & A% v BdoA oY ¥ QUERE FE2I 2GH|Eo|EA FREZ HFFFEY
o] 23 &Ad3lE HAANEES population M3} L HIAAEZ FAo #AAs= FAA &
d ¥ <l

-2y 2 UERY FEI 2gi|olA SREH AFFA o3 FASH AQAE
=9 population H3E FRIst7] #3te] & A wpex mElof vA P HzHoA A=
& BT F fFAE E47]E ol &3t populations AU & I vRg2x 2Elo
i 9 HJaxzdol g4438tH CD4" T cell 2 CD8 T cell, NK cell®] populationsS 213 2
I iz vt oF Ao o) HaH FAHstE WA EZEC] o ¥ QUEHFE
T3 2EHolEA RS BATFFAT IFdA SUHENeH, 53] g olE
A FEREHE T JAoEE ATFAT 159 SA4sd "N 2r A4 SUtE e A3E
I3 (9. 12). =3 o Aol o3 Ao Frid EH*‘/HP 2 FRAGAET o F
SUERE FE3 2EEolEA FHEHS FFFA o HdaHAeH, 53 =EH
Hllrol=A $HEA F JAlo|lu=e] AT o AYFA=Z IEH= AHE AT
T AF. olEF AIes vACERE ZYT WAAMES vaste] HZAoA 2
AA A L zol7t A BEEHALH, ol & A&olAM WY AIMZHEHYG Y=
dol HaAMZ7F ¥ Ao m FosH A8 Aoz AH 3.

Tumor
WT Control or Piceid Pterostilbene Pinostilbene
A 112 [ osr 099 | [ 124 1.00 0.87
AR IR I AR I BRI AP IR i
1 2083 | ™ | 1881 ) L as3q o | 2003 L—dB e o —E 0
4 — : : >
194 | o018 | 0.51 155 | 042 | 0.20
Spleen :
e e - e e = b
| 86 .29 S - 5 728 o | 926 o | 945
cD8 : - : : : >
045 | 038 0.56 125 064 0.43
o o 4 ' 4 4 &
B | ere | | 3ag 1 o233 | 207 | | 248 | | 279
S Nk11 ot ! ' ' >
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WT Control er Piceid Pterostilbene Pinostilbene
» 2.98] 3.11 1.84 1.69 3.19 3.37
L i H A i ok
& . a e 3 }} |
1 a1 7.40 4.97| . 2.01 3.2 =281
Spleen CDiib >
.41 7.61 7.19 £.37 735 9.22
e G s i 4 el
§ L1244 13.52 13.07| _ HDAS 10.80 - 13.01
[ % r " r r
CD11c >
Tumor
WT Control r] Piceid Pterostilbene Pinostilbene
T 4.16 352 5.07 370 555 5.27
. . : ¢ 2 3 | 3 a
I BRI R S - ?
L | 2779| (JTME|  ages| of T | 34.58| 2352 o "7 | pgas| o ™ | 3poq
cD4 — -
1.53 171 1.05 473 138 160
LN 3 i
R e e
i 2005) [ VU] paga W[ TN W ases
104 0.45| 051 464 122 0.76
E L 0.95| 054 e 077} oL | 265 oW | 12 e .87
NEK1.1 -
Tumor
WT Control 2r] Piceid Pterostilbene Pinostilbene
& - o ’
2.06 9.54 4.01 3.30 4,45 3.86
= = | = E g i
1 281 A.32] 3.78| 2.45| _2.83 1 =06
LN CD11b »
[ 5.48 17.75 10.32 5.81 5.93 B.94
e v a5 ol O il
g 11.20] 1158 . 1153 .l ~BO4 W 10.57 10.2a
CDilc -

Tumor

39 12. ¢ A vpsx BEoA o0 B QUERE FEF 2gHxo=A FREZ
ATFEA0] o3 &493t8 WAL population W 3l
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H ARE vger o A8 rhex RdoA oY Bl eHERE FET 2YH|o|=A
TRz ATFEA o FdETe AEY F JdNeH, 53 R FEIF &
durol=A $REH F AAole ¥ Rl R

H. oldd AdE Y9 AFFA o MM E A4S FA
(o2l o)

2. A1gF5IA

1)

A E A (P450 BM3) A A+

2~ P450 BM3(CYP102A1)9] Aok
=i

Polydatin 7] & | A] astringin F8ol] ALEE= &
T 5 Ak Zalrm o)A AzE

B A|2~ES o] gste] SIS AT a4
o] ZZF 50L pilot scaleZ7}A] <13}t

Egad W&
ofAy = EAWMo] CYPINAIZ FF H3E AT (E. coli DHS e FIQ)9] Wi} =&
A Az HEe O3 2on ojuf AHgE= A P Aok AL & 13 ETh

ik 2 2g4 Az

l

@ Ampicillin  (final conc. 100 xg/mL) ©] X3H LB medium 6mLe| transformation®
colonyE HE3st 37C 9 & wjF7IolA 15h &<+ vt (F 370).

@ Ampicillin (final conc. 100 #g/mL) ©] H7F8 TB medium (1L size erlenmeyer flask,
250mL)° TB medium FH7FAIE 718l &3 o] F seed (1%, viv) & HF3H 37C
e wjkrlol A 200rpme] 2O 2 3h FoF Hjkgit),

@ 0.5mM IPTGE 0.1%% 752l ImM 0 -ALAE 50:18] &2 FH7}sle] 30C & wjk7] el
A 190rpme] 27 S & 20~24h &<t incubation$HT}.

@ WIYFHE 4T, 3900rpme] ZH S Z 15minE ¢t YA EEISF pellete] wet weight 221,

® Sample 70mgd ImLe] 2X TES buffer} 1mLe] cold SFFE F7F5F] pellets} &3t

® Sample 1g% 50mg/mLE& =2 lysozyme 20 L F7}st] &3

@ ETFHE 4C, 3900rpme] 22 15mins ¢t YA 25 pellet= 3 g},

Pelletoll buffer(Sonication buffer, DTT, PMSF. pellet 1gd ImL)E H7}std 103 &<t
sonication¥rTF. — (30sec sonication and 30sec recovery) 103 HbE

© Sonication® sample= 4C, 100,000g =S Z 1h 5 AESIY FT5HS FH3o)
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1. AZYE dZTF wlg X = 2 54 XA reagents

TB medium
Trytone 12g
Yeast extract 24¢g
Peptone 2g
KH,PO4 2.31g For 1L
KoHPO4 12.54¢
IM NaCl ImL
20% Glycerol 30mL
TB medium % 7}A]
IM Thiamin ImL/L
IM MgCl,-6H,O ImL/L
2.5M (NH4)2S04 ImL/L
0.2M FeCl,'6H,O 250uL/L
2X TES buffer
100mM Tris-Acetate 100mL of 1M
500mM Sucrose 250mL of 2M For 1L
0.5mM EDTA (pH 8.0) ImL of 0.5M pH 7.6 at 4T
(Adjust the pH using NaOH/CH3;COOH) Add ddH,O
Sonication buffer with DTT and PMSF
100mM Potassium phosphate buffer pH 7.4 50mM of 1M
20% Glycerol 100g
6mM Mg-acetate 6uL of 0.5M For 0.5L
or ImM EDTA 1L of 0.5M | PH 74 at4C
0.1lmM DTT (0.1%) 0.5uL of 100mM
ImM PMSF (1%) 1uL of 100mM

2) 3L 2 S0L & Y
A}
o]
]_

Zetraag g 20L JRoe HEE Mg 210L HA3Y O, glycerol feedingol

F71H2 A w gl A 3L scalel A= ODg987kA], S0L scale®ll A= ODgo847k4] &1
3Tk webA, e BEES 9F scale-upo] 7HeHE IS, o] ZHE WHH o
17 Tao BAHE FATL FAFAT (1Y 1, 2),

(o]
mln 01r rsﬂ )
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Main culture mediume

3L scale €& peptone 2g/l
130 yeast extract 24 g/L
Glycerol feeding (MNH4)2 504 7 gL
— _ 4 K2HPO4 25 g/l
_ o Nacl 0.5 g/l
A Lo @ CaClz 2H20  0.01 g/L
= - 8 Glycerol 15 g/L
MgSO4 7H20 05 g/L

T Trace metal iml
. 0 Feeding medium: 100 ml
15 0 5 a0
The {be) Glycerol 600 g/L

Yeast extract 30 g/L
—8=Glycerol —a— 0D 600
Fermentation condition
Working vol : 1L / 3L jar fermentor
Agitation : 100-1500
Aeration : 0.5-1.0 vwwm
Temperature: 30 °C

13 1. 3L scale & & "¢ A3}

Main culture mediume

50L scale W& peptone 2g/L
yeast extract 24 g/L

= Glycerol fee:_!ingl.-' 4 x {MH4)2 504 7 a/L

20 ;_:" 0 K2ZHPO4 25 g/L

gls [ o8 MaCl 05 g/L

B ﬁ g CaCl2 2H20  0.01 g/L

% 10 | 30 Glycerol 15 afL

. 20 Mgs04 7TH20 0.5 g/L
10 Trace metal iml

Feeding medium: 100 ml
o 5 10 15 0 5

Time [hr) Glycersl 600 g/L
Yeast extract 30 g/L
—8=—Glyceral —é— 00600

Fermentation condition

Working vol : 30L / 50L jar fermentor
Agitation : 100-250

Aeration : 0.5-1.0 vvm

Temperature : 30 °C

19 2. 50L scale & o A3
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3) 54 A¥Ys}t

- 50 L TaXA 343 P450 BM3 HiFd S dAAEE st #AE 3]stal, Lysozymedt
homogenizers &8st A2 EF Bstd AlZx Y 545 53tk H4) A=z §945 A
ARt 12} cell debriss A|AH & ZkE debrisss MF (Microfiltration) 34 & F3Fo] &
AR FF HF 28 AN Trehalose 5 FIFAE H7Istd 4 AxE T3t AT
2O Z powder FH MES A& F AAT (I HF 3).

lmo
o
d

P450 BM3

. Bapit mogteow B :" lﬁ E
« Aatingn XS B2 '1

13 3. P450 BM3 powder

B P450 BM3°l| 2|3t astringin A3 A+

- ofAY 9 EAWo] CYPI02A1 &4 E ©] 83+ polydatin®] 4F8}&E<] astringin A $kol] T3
ATE F3sATE 7] P450 BM3ol| 23 astringin A WSS NADPHE ZX&E4=Z Q7
3l7] wl&ol NADPH A4 Al 2® (NGS)E =34t (Glieder et al., 2002).

1) £4& A& ¥H§ set-up

- Test tube scaledl Aol &4 AZ whg-2 ofge} o] P3P a1, ojuf AHEH = d5H 2
NGS A& # 29 Zoh

-84

@ Reaction mixtureE A &3t Smin &<t 37°Coll A incubation TTF (3F2).

=
ot

(i
olo

<P450BM3% = &<l>

-Spectralassaybuffer®} & AN samples 1:1 H &2 &3t 271 A=x).

e e ©

-1709] sample2 4uL®] safranin TE % 7}8F3l sodium hydrosulfiteE 7} & blank =
ARg3tal UM A stuE F Y3l 4L safranin TS H7FSEAL sodium hydrosulfites 3
7FeE 3 4029 CO gasE S8 BHW ol F Aot Awee FQlste] ofgf o] 2ol oA
3t protein ¥ EE &<}
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# Protein concentraion (nmel/mL) = ( ‘u B‘.um] X2

@ NGS (38uL)E reaction mixture® % 7}sto] HE-§-& A|ZFgho),

® 1h &<k 37°Col A ¥H-gAIZIT

@ 0.6mL2] cold Ethyl acetateE F7}8t] ¥H-8-& FEAIT

® 30sec &%t vortexingTHTY.

® 4°C, 3000rpm 2O 2 8min & YA EE 3t S H (ethyl acetates )= F St

@ 50°C o]de] 84& A 3= 7F&d N2 gasE ©] &3+ solventE A AT},

SampleS 170uL2] mobile phase (buffer A : B = 85 : 15)°] =<1t}

©@ 20uL(7Fd: 10~50uL)2] sample= HPLC (column : Gemini 5u c18 110A 150 x 4, 60 mm
micron)®l injection¥T}.

@ Measurement: A308, A320 nm, Flow rate: 1 mL/min

@ HPLCE ©]&3t4] 2719 peak (¥ : Astringin, ¥ : Polydatin)g& <13t}

@ ZE peak F9 samples T3 THTE.

® 3 F sample & Freeze drier & ©]-83}4 liquid & A At}

WE 2. AE E4 ¥-3Y A 2 reagents

Reaction mixture =43 (Total 250 L& reaction mixturet= 212 ¢ L)

ex) 6709 mixture?t BLF A5 (Y AFE T 62014 mixtureE A F)

Conc. Final conc. Sample DW Sample DW
(pmol/uL) (pmol) (LL) (uL) (x6.2) (x6.2)
1138.63
P450 BM3 2431 50 2.1 183.65 13.02 (13)
(1139)
Kpi (1M,
pH7.4) 1 0.1 25 155
Conc. Final conc. Sample Sample
(mM) (mM) (uL) (x6.2)
Polydatin
(DMSO) 100 0.5 1.25 7.75 (7.8)

Spectral assay buffer

IM Potassium phosphate buffer pH 7.4 100mL
Make up to 1 liter miliQ
Mg-acetate 1.29¢ water and pH in  necessary
7.4 with KOH/CH3COOH
Dextrose ((+)glucose) 1.802¢g
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NGS %4 (Total 250uL% NGSE 38uL)
ex) 5+1(blank)7} €] mixtureZ} B A7 A (2FFe] oAFE Fo 52919 mixtureE Al

=)
Mixture ratio Sample (x2.6) Total
Glucose-6-phosphate (0.2 M) 25 65
NADP+ (10 mg/mL) 25 65
Glucose-6-phosphate  dehydrogenase 1 2.6 (3) 18
DW 25 65
HPLC mobile phase
Mobile phase T8 4=
Buffer A CH3CN : 0.5% CH3COOH = 5 : 95
Buffer B CH3CN : 0.5% CH3COOH = 95 : 5

o] [e)
& <
HAAs) Basith ® Gs W
Aske] FF  chromatography WHS o]&

rlo
jan)
=
=
(@!
u
A
ich
o

&% EASHE  astringin

scale-up purification 73 <= &UstA T

::.::-E Astringin\ Astringin

- A7 & 20 YERG 84 HE UES A S 7B O E FHF IL scaled

[e]
AL, HF 15%9] astringin®] THH T2 S ZAES 54 Ax3s)
S A Wk =
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= T° =E3FEHo Qo] HA AF AT testol= AFSHA ¥ FF scale-upH
chromatography purification % = =2 astringin A FE AL Al F ol
), o] fal A W FE&ES FHAIIE & TS FHHI A7 B WEs] A
of gt}

oL
ol

[o
of
%
o
2
b
N

OH

Ho~S 0 o P450
S ane —~
OH NADPH NADP+
Polydatin

1% 5. Astringin ¥ 4 ¥hg 2% g HE

1:!){1
B
(=
oo
B
ox
i
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ncC O 11 (=]
A4 IrEdE: A HHEORY S 7|0k
Al A AEE A9 ERY @4
L 1Ad =
7T . SIS
(@s) | AR A F-A T2 5 %)
EICEY e L
5 o P450 B4 F83F A" -o] E(stilbenoid) Al 3HEHE9]
ot & o5 o 100
Z:%Hﬂ‘:_OIE gE—LL 1_'?'
(stilbenoid)Al
3}gHE 9
A28 /\gg 18tel ~"u| -] = (stilbenoid)Al 3¢ E 2 100
(EAAE S A (derivatives)2] &4 WH &
. Microarray data 5 4= 34X DBE TAE
[A uz’ql ] Phenylpropanoid 2 ©]9] derivatives 3}3= &3 ol 100
HEERE Igelsis paso fRAAE AE
=4
&4 o) 2E 22 DBE ©| &3}a] P450 FHAAE search TF &
el 5} paso|full length P450 ESTES H4 100
1;4 FAA A= |FF FAEAA ZZE mRNA £ F A EA P450
HE o A2} ¢cDNA 3HAl
(2011 T ]’ c 1:}' o
-2012) atslay 2 doxd 4 EF(AYr)s 2HAE)
apany | B AZSAAY B0 A g AR TB el | 100
[o QET]FA =2, W75 2d cytokine 245
A=
HAxzd &4
Mg may | |THEZ REGA WA 32 9 @ wwAsl B
o g gl AT1E E3) 7]“/\q AaA] gA 2 g5 82l: Fibroblast 100
5215, Collagen &3, Proinflammatory cytokine '&3&
4%
[A13¥-5]
2" ol &
A 3= AEZE &3 2" ot IFEZFH 549
- 100
F=A ALk 34
Al z=EA
3 2 35}
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22 &
e _ =
s | AR ARATE o
2G| o] E(stilbenoid)Al 3= A (derivatives)
DA gz 225 100
[e]
ey
22Ol E | g o] S (stilbenoid) Al 3} =4 (derivatives) 100
(stilbenoid)Zl | R EA B 9 3jst7x 9l
a2
A%i{if‘; P450 EAaE SR 0] &3 AEu] o] E(stilbenoid) 7] 100
(E2A) 512 %A (derivatives) TRED A= A=
21 Zoj A P450 @A+ cDNA &4 2 d7149 B &
< 3y WEd FE2Y st AT 2 A& P450 F A} 100
A2 rE 2 2
A g RN
A=A oY # &2 fractionation dFal 100
3+4d ol 22" = o] E(stilbenoid) Al = ZZ3UH
A3t P450
[e] Z‘] B\
2 TN RE g pso gaas wase dgze A2 gl
_ 100
fah= g
(2012
-2013) A FHEAS T 7R FHARE 59 A4 g
=4 A 100
RELES np-2~ Ty fFEAH FHREZXZ <3 HIAE 100
o] 2 EE 44715 SFYH &Y
HAzxd &4 . _ i}
A 2R EFA 4 MEFE 83 43 mdoi fFEAe HYxd & 100
- A1 EFA
2 &y gay [P
o HutAvlEe A wdA Welzd B4 2 &
= 5o 100
—6‘ ] =
[A1%-5] 2~ H o] E(stilbenoid) Al BEE A (derivatives) A = 100
2"HHxoE |2y HAs)
A 3=
F=A o
A 2TA A5 ol &g H A3t 100
453}
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[98)
Wi
-
rL

ey
a-

b Fo

2

Al -3 A 73

iy

X oX,
b

(%)

(A 1A 5]
P450 EAE
o] &3t
|
24 21a&A)
N8

g o=
A=A
ikly

100

AAF Az

100

[A24] 5]

Ay 2wl
875
21 & P4509]
= g ot
e o=
st &=

2 g

100

218 P4s0 &-& H A3}

100

[AN3A] 5]
2y
2ol
FEA 2 5H
w7l s =24
24 =4

g4 3 4%

100

100

100

100

(A8 5]
Ao &

o] &%t
HA7 524
AaA =4
o =AY 4F
7S 4
383}

71%5%4d 2"u| o] E(stilbenoid) Al 3H3HE
A (derivatives) A EZA ] AAF Az

o
=
$ g 75

100
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4219 =
TE L s RERIEES: b
(?jE) T [¢] T U — - (%)
[~ yﬂ’%] - e5A4 Az AAS 100
A &3}t ol
2" o=
A sHeE
F5A4 A=z oy s
! R IEEE! 100
[AI2A4] -] - A& P450S 83 FEA Az AEZHQA HUEH 100
A E3}F o % 2 FASE Y F
)\Eﬂuﬂl_o]
74] g}_zﬂ-‘:’
FEA B8 |- g0 woxdEd A% B 35t 4y 100
4z \71HE = T3}
fil
(2014 | =) 3.4) 34
2015) (&8 2 - AFE3 A FE AT AT A& 100
Eath ) =
=4 2 5
A E3}F o
AREBAY |- Wrszd A4 Bdo et B OF 100
F854 4 Ak & fEd 2 g AS
ddd A%
_ ok o B 7] LA O 9] Q )
(A1 =] ﬁj; jﬁfaﬁ]ﬁj/xﬂl F4S A% AulE 185 &9 100
A E3F o —
2" o= AZE 2 AE HAIE (W)W i), o ko) E
oo o ) 70
A gshE A ZA ] Z+E P}
F=A ¢
A FA | s "y Y R B 70
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A2 A BEEoRY el Ad Y Jo=
1. 7 E7le 2 F3A7|edY 7=
b e s R e g R i Bl
- 20143 Hsr| 7| BA A 27 A E(12070) F 3070 S-S sl AAHEHA L
o]% Hlo]Q Kol ol77|7] V&, WEH ]
FRAAAR o] & 7|&, S7IAE 7&, dF4170FHAMN 2 7E, AF kd 2
&

SR ATRe) ATEEE §8 FUA4Y o8 712S BDAYL o F REY Ao

N, HFE A 2 ANEE 7€ Sl BESLA T

¢

- 71€9) Aol 78 AHAe 2= B T7)s dyre, A BE B g

A TS AxelE AF e &4 S)star AFANd S ddss Ve

F

A7 = Q7% fa71E9 AFEUE
A2 Y| fFAAY YA 1| 4k 7Hee P4S0 FrEAEe] FR
T;]-OO]:/B] ;'E]— o o] B = o ol 5 2~ =
2 g | TAAY FEE S | P450 FRAAY & Ve HE
e oAz | FE& 2A By L | P450 E42HSS LI HFoAAY By A
Ae o)g3|7lTAH AR V& A, AL, 71548 273
Z2L. 22 7 /\]—0-1‘% o135 AAe _ - - -
. tﬂ Hoq 4 Lﬁg} A% 2% ps0 madae Bee 249 AT R @
Tl AAFE | by 2 Al A4t 7
- ° 7 e Er 44 AFE AT EE
o 4F ¢ 2 AR E Ve ol &
- 71e9 Ao AFHY-HaAdA AA TS T& T IAE FHsa, TsEE B
ANNE 7E
A7 & 847& 8471€9 ARYE
- In vitro, in vivo assay®l| &+ A% 3 2
i A A3 dqrg 7lsd 24 g e
aa e | VSR EAIE |- A7 2 9 A Y B BA R Paso
= A2 B Qg R VA a4 °
aiRdh

2 ©EY Ag/E J)&d ol &
- 71€9] Aol AL EAe A8 A H-ddH S et ARad
o

bl -
o 9 BAg HAassh bsd ARAS ABeE e

L

—

Q7= [ L4719 AR
oFE A Ul 318t thekAd-S Hb |- P450 7)HEe] A ghol B g
snpa e | SOHE AEA ol |- P50 FAARE B4 oy AT A
TEEE SR nyy AE 7]uk ghol B
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fraf=d A 8 AA

7%, GRS R EZ | Drug design, fine chemical

=4

=
AN 9 AA s

B}

=

A E o]87]E, FAA

a7

L —

T

A AE PR

7l& MlF-Eok

=

combinatorial

biosynthesis

ghoj B g = A

4§ A "R
ol

=

F
in vitro

A

SDE
=3

AHA/A
A oF

ojoks}et

o N T W = o B
D . i N B
o_aﬁ o do o W uir o N
S I W R T ol
G I I w3 % sl )
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2.

A9 R&D FA o B3t Agapehiore] A& AUy FA.
A 2 #E oS @d Aok &

>
o
bt
o

P4s0 fl 71ee AWTI Bof (B3], AL 5 ojofRohe] WL s ol WE
of a7k AWEe Aol AT HHY Aow dZHP, pas0 Ta 1% R}
U} 7150 F1eT DA FEFAAAT J1%0 BAL UET AY
BB APl W ASAAEL B AR FT)
A}

Aok A, BAMA, AEoof A T B EokY A2 FoE AEdoe=E #d
oA el Mz A 71, ddd AL
g Ao o4,

3. d7ARE9] 8T

7t

23 -8-Hof

#d A3 S8 AE FAHE T3 TIEold A=

Combinatorial chemistryS 33t A|F3Aht A JAE T3 AEAS AF Y4+
S4golB g 7]< access fee THA|

A1¢F lead compound 7] gholAl2 WA

4 AF D A4 ol &AF A ol &

. 88 B

P450 genome, P450 &4, A& UAIE, oFE TR EZ E3EY 2 oA
S El: P450 genome library, P450 &4 2}o]H# ], P450 483 &4 L AEHIAF

483 7154 &4 gho] B8 8], Combinatorial biocatalyts, stilbenoid metabolites

. oA EE RS (o)A FH: E3))

LA FEACl =2 P450 B4 FAH S Z 83 whole-cell biocatalyst

Human P450 genome, enzyme library, 483} &4
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M5 & ANY dor S dutEE A=
A1 A Agst 9 4gs AF
1. 483 7154
- /g GRAS VIAE F AEF P450

WS o] g3he] B3ty

A 7€, A 22He o183 8 &4 JEo &8 Jhsd

b

- 143 45 o] gl YEWSI|Z P450 A S o] &3 AAES A4t
AR A AU AiHS T F Jorz =2 AAHoR AT & glof

- SRt R BAkEo] Ao AT foldt & S Zha
Fe A 3L F Aol 1A L FE AAYH] A+

- AEASHOE {83 SIgES AAtstd FUA 2 FE0] 7Hesta
< ZF2T F I+

- mAEA AojR P450 E 42 combinatorial chemical libraryS F3| A 3}
AAkdol a1 b Aol 2 FE=de AL F B AAE & F

- 2] 9]¢k combinatorial biochemistry, bioremediation & °F
- Combinatorial biochemistryE 33t= A| k3| A sstaidd AAE T3 A
A4k
- 219 lead compound 7] ho]Al 2 T A
- Az vAE, A4 AF Y 84 o] &AF EA0 ol&
3. &8t
O P450 &4, & #F&=A, AVls 2A/4E FEREH S3Ed 2 ol
O FH/FE

- 2gH ol 313HE 9] chemical library
- P450 &4 TholH gy W A&3 g4
- P450 EAE o] & AEHNEAF

4. o)AV 7ISEE (o|HdFE: 53] 2 know-how)

- 28| o] E(stilbenoid) Al EHITE oW 2 X549 {8 5 (derivatives) =

S X =4 (lead compounds)
. piceatannol-glycoside, pterostilbene-glycoside, resveratrol-glycoside
- AHdA fF8A0l =2 P450 B4 EA4 S 83 whole-cell biocatalyst

- P450 genome, enzyme library, 383} &4
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ot wol= BgHEe) 2ok AR A sER 4tk A

oY fo ~gHxolE FAFE IATF AEA T FEFERELE &

A7l 23 AaA A 2 AE7H S 3 ZdAA TN Ver &8
Hel7)s Ayl Qelo] HE oy AW A8ES Y3 /& FEE B3 F234U e
2EA Aol &8

71E E9HEA 3= AEstE 17548 FEAE o] &3 1RIER O] AAF A
et e, G 2 AdER FE AFE A& e &

He FAED AL 2 e gyoR A% AW g ofofE e &&

Monooxygenase?]l P450 &4E whole-cell biocatalyst= 7J &

drug design¥ fine chemicals®] €A 5o A/, AHo=2RE Falh
7}, steroid, drug, carcinogen, alcohol TAFoll TAIE 2o]&% &8of o]& 7l5E
AEOCk s Bk 8 FU: P450 &4 AR T AEYP O Fo= A
o FIE AFAT AR o517,

Aetgtd @A AE AR g Ao, A4, AEYF A4 T #H™ EokY A=
= TRE AEToE ™ YA AMEE AES JIAH, ST AR o FEHH, o
ok AAANEE M, gojd AR o ZF3H.

A3 A AL GRAE

_\l_}n/l

1 AYALE =9 A8 (8 7158 &
(1) N EZEF P450 B4ZSE of~EHR
ofstxAd=
(2) AN EZE P450 EA7AFH ol2EYUS X33te I8 FEE oY == X858
oF&} 2 A
2. AYALE S5 AY (7] 493 59)
(D) AlE: AEIF P450 B2 E eFEEs EPshe d54 A Y ==
;‘qE_Q_ okl 2 A &
- Y= =S
S AL dEa
- =94Y: 2014-06-24
=

10-2014-0077026

filo
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X
gt
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£
=
b
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N
i
ofo

NoR
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(2) AE: 13 F8 CaCPRI #3A % o] &%
- S gy
- Sl A iaEEE e
- =9¢Y: 2015-07-17
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: THgH
e
d: 2015-09-10

W3S 10-2015-0128399

A4 - F7HET L EHAFY &8 A
1. 714+ A¥

() &8 e 28 olt 33E e FEAE AxT + A P450 &4 7N
(2) 2EHrolE 3ES FEAY Tt HeFAY HFoR FEFREHA=E T
(3) ThY3H piceatannol-glycoside, pterostilbene-glycoside, resveratrol-glycoside2] Bl 7=

2. BdTole 28 AY

() & A7l FRIF FAAAS o] &3 B HA 7edaA A &8
Q) e HA 715 249 FEAE LT F U P4s0 B Y
3) A= el wigAe] fF=A el 28

(4) 29 {2 anthocyanin 242 =4 7|
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A

O

6 & ATNZEIVEOM =Tt SHeusr|sdE

egfe 29l 33-E<Q Piceatannol?] &H|YF &3 J=F (2012 JBC =& AA): #H=
o}l X Z o] E0{%)= Piceatannol FE AWAZ7} Ak AS AAE] HINE oo
E5E& o HIHS. Piceatannol> A WAZ A Z7] GACA wlAds AEAEZ9
A FEA R Aed MEFVZH7S S ADFoEA, AWAMETL o FA
Aetde s Be 9ES 3 Piceatannolo] %7] @AY AWM EEC] A5 ALAE
2 ARZste FAHAA Yehde A 2dd §144 7)E, AL A < ded
o] &4 Fol MsE F=due AY.

Piceatannol®] Zt-&0 = AA|EZZo] Aol AAHAY ¢hds] A2 &+ ot 7|t
H. A7t Piceatannol®] MEZEE EFEFF AAREL AW JAsdG 7de &3t
AA & TRl A FETE Aol AAZEY S AD e Adsta,
ol7t AAL F7HE JAlske Hl 8% EAEZH Y tUE QA EH S AUE o

® =
Piceatannol©] #H]|TF oW 2 X SAZA wj$ 53 LA gE BT
Pl=rE 19609H] ©]F NCI(=HAAT)E FH22 IIA MEs 9% A7E Al
Fom, o] ZE IR 1,550 3,390F¢ & B 114,000712] FEE& A x5}
AMEE A AAES HAASHEE. o] T2 HT =], d4dAY o
9] 23,000497] Al thgk AIDS Hlolel~ HMS HAASY X5 7hed AR ATE«=

3% =g

N

1o
1>
il
fru
i

Taxol, Vincristine, vinblastine, halichondrin B, leurosine, leurosidine NCDDG (National

Cooperative Natural products Drug Discovery Groups)oll 23l 7H%¥ Topotecan, Ellipticine &
o] FEAZF AFAE HAELARE AAHAS. 19803t =, BepAqke] MEd &S 7| =235
of /WdE ACE AAAEY A5 MEFFT Fojg2 oF 209 &8 (eh2x4xd o) ol
o WEE 7|55, Taxuss A& FHOZHEH 7dd A Taxold] AtEH 2
oF 1299 8] (SF1220009 )2 F4HE. Wt A EE FAHLSE Vinca EEtEol= A4
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COSMETIC AND ITS PRODUCTION

PROBLEM TO BE SOLVED: To provide a cosmetic which is excellent in
antimicrobial properties, ultraviolet absorption, prevents skin roughening and
malting and keeps skin beautiful and provide its production process.
SOLUTION: This cosmetic contains yucca extract and saponin, flavone and
resveratrol are contained in the yucca extract. If the cosmetic is calculated as
100wt.%, the content of saponin, flavone and resveratrol is 0.001-5wt.%. The
objective cosmetic is produced by chipping at least one of the roots or stems
of yucca and drying, or drying and chipping them, crushing them into a
powder, then soaking the powder in an ethanol-water mixed solvent thereby
preparing the yucca extract. Subsequently, the yucca extract is formulated to a

cosmetic. The ethanol-water mixed solvent contains 75-95wt.% of ethanol.

2. US5747536

T EHE US5747536 sEddd 1998-05-05

Ed Wz US1996726302A =dd€dd 1996-10-02

= 9 < SIGMA TAU IND 1 B Cavazza, Claudio

FARMACEUTI

= oy o Pharmaceutical composition comprising L-carnitine or derivative thereof and
trihydroxy or tetrahydroxystilbenoid
The coordinated therapeutic use of L-carnitine, lower alkanoyl L-carnitines or
the pharmacologically acceptable salts thereof with resveratrol, resveratrol

7l & 8 A derivatives or resveratrol-containing natural products is disclosed for producing
a medicament for the prophylaxis and treatment of cardiovascular disorders,
peripheral vascular diseases and peripheral diabetic neuropathy.
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TEWHS US6022901 TEA49d 1998-05-05

=494 9= US199878300A = ddeEd 1998-05-13

= 9 < | PHARMASCIENCE INC | & ® A Goodman, David William

= 5 o Administration of resveratrol to prevent or treat restenosis following coronary
intervention
A method for preventing or treating restenosis and for preventing the
recurrence or progression of coronary heart disease is provided. The method
involves administration of a selected active agent to a patient following
coronary intervention, e.g., coronary artery bypass surgery, endarterectomy,

% 8 A heart transplantation, heart balloon angioplasty, atherectomy, laser ablation or
endovascular  stenting. The active agent comprises  cis-resveratrol,
trans-resveratrol, a mixture thereof, or a pharmacologically acceptable salt,
ester, amide, prodrug or analog thereof. Administration may be oral,
parenteral, or the like. Pharmaceutical compositions for use in conjunction
with the therapeutic method are also provided.

. US6475530

T EHE US6475530 T EdE< 2002-11-05

=494 HdH = US2000684697A =dd4d 2000-10-04

= 94 <« KUHRTS ERIC H O Kuhrts, Eric H.

5 3 H Methods and compositions for producing weight loss
Dislcosed are methods and compositions for producing weight loss in a
mammal by administration of a composition containing a weight loss effective
amount of a noradrenaline stimulating compound such as ephedrine, mahuang
(a plant source of ephedrine alkaloids), citrus aurantium (bitter orange),
synephrine, norephedrine, psuedophedrine, a methylxanthine, such as caffeine
or guarana, and a botanical COX inhibitor such as resveratrol polygonum
cuspidatum, scutellaria baicalensis, turmeric, curcumin, rosmary, green tea,

7l & 8 A ocimum sanctum (holy basil), or ginger, instead of an NSAID such as aspirin,

and optionally a free fatty acid reducing compound. The thermogenic formula
is coupled with a growth hormone stimulating formulation containing
L-arginine or L-omithine, L-lysine, and a free fatty acid reducing agent such
as nicotinic acid. The thermogenic formula would preferably be administered
in the daytime, and the growth hormone producing formula at nighttime. The
two compositions form a system of AM and PM weight loss strategy for the

therapeutic intervention of obesity.
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TEWHS US6197834 TEA LY 2001-03-06

=499 s US1998145039A =ddEd 2000-10-04

= 9 < UNIV NORTHEASTERN 3 s A} Docherty, John

OHIO

5 3 H Method of inhibiting formation of infectious herpes virus particles
The present invention provides a method of inhibiting the formation of
infectious herpes virus particles, particularly infectious herpes simplex virus
(HSV) particles, in a host cell. The method involves administering an effective
amount of a hydroxylated stilbenoid, particularly resveratrol, to a herpes virus
infected host cell. The present invention also provides a method of treating a
herpes virus infection, particularly an HSV infection. The method comprises
administering a topical composition comprising a therapeutically effective

7l & 8 A amount of a hydroxylated stilbenoid to a herpes virus-infected site. The

present invention also relates to a topical composition for treating a herpes
virus infection selected from the group consisting of an HSV infection, a
cytomegalovirus infection, and a varicella zoster virus infection. The present
invention also provides a method of reducing the cytopathic effect of HSV on
mammalian cells. The method involves administering resveratrol to the host
cell, either in vitro or in vivo, in an amount sufficient to inhibit replication of

HSV-1 or HSV-2 within the host cell.
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Pterostilbene as a new agonist for the peroxisome proliferator-activated receptor

alpha isoform

Resveratrol, a stilbenoid antioxidant found in grapes, wine, peanuts and other
berries, has been reported to have hypolipidemic properties. We investigated
whether resveratrol and its three analogs (pterostilbene, piceatannol and
resveratrol trimethyl ether) would activate the peroxisome proliferator-activated
receptor alpha (PPARa ) isoform. This nuclear receptor is proposed to mediate
the activity of lipid-lowering drugs such as the fibrates. The four stilbenes were
evaluated along with ciprofibrate (positive control) at 1, 10, 100, 300 pyM
concentrations, for the activation of endogenous PPARa; in H4IIEC3 cells.
Cells were transfected with a peroxisome proliferator response element-AB (rat
fatty acyl CoA [3-oxidase response element)--luciferase gene reporter construct.
Of the four analogs, pterostilbene demonstrated the highest induction of PPARa;
showing 7-and 9-14 fold increases in luciferase activity at 100 and 300 uM,
respectively, relative to control. The maximal luciferase activity responses to
pterostilbene at 100 pM are similar to those obtained with the hypolipidemic
drug, ciprofibrate. These results suggest that pterostilbene acts as a PPARaq;
agonist, like that of the fibrate class, and may be a more -effective

hypolipidemic agent than resveratrol.
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COMBINED USE OF PTEROSTILBENE AND QUERCETIN FOR THE
PRODUCTION OF CANCER TREATMENT MEDICAMENTS

7l & 8 A

The invention relates to the combined use of pterostilbene and quercetin for the
production of cancer treatment medicaments. The in vitro growth of melanoma
cells B16-F10 (B1611-F10) is inhibited (56%) by combined exposures of short
duration (60 min/day) to PTER (40 uM) + QUER (20 uM) (-average values
of plasma concentrations measured within the first hour following the IV
administration of 20 mg of each polyphenol/kg-). The combined intravenous
administration of PTER + QUER (20 mg/kg x day) to mice inhibits (73%) the
metastatic growth of melanoma B16M-F10 in the liver, a common site for
metastasis development. The invention demonstrates that the combination of
PTER + QUER inhibits the growth of malignant melanoma metastasis and

prolongs the survival of the carrier host.

3. WO02008028098A2

T HE W02008028098A2 T A Ed 2008-03-06
=943 3 WO02007US77332A =9 deEd 2007-08-31
= o 2 US AGRICULTURE L] G v BAERSON, SCOTT, R.

A NOVEL O-METHYLTRANSFERASE GENE FROM SORGHUM CLONING,
EXPRESSION, TRANSFORMATION AND CHARACTERIZATION

This invention relates to an O-methyltransferase gene cloned from sorghum, the
sorghum O-methyltransferase-3 gene, SbOMT3. Quantitative real-time RT-PCR
and recombinant enzyme studies with putative O-methyltransferase sequences
obtained from an EST data set from sorghum have led to the identification of
the novel root hair-specific O-methyltransferase designated SbOMT3. Transgenic
plants which express SbOMT3 can convert resveratrol into pterostilbene in

planta. SbOMT3 is also involved in the biosynthesis of sorgoleone.
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4. WO02009032870A2

T H =z W02009032870A2 TNALd 2009-03-12

244 ¥ = WO02008US75170A =dd4d 2008-09-04

= 9 < US AGRICULTURE I A JOSEPH, JAMES, A.

= o METHOD TO AMELIORATE OXIDATIVE STRESS AND IMPROVE

WORKING MEMORY VIA PTEROSTILBENE ADMINISTRATION

Disclosed is a pharmaceutical composition for treating oxidative stress
comprising a therapeutically effective amount of a substantially pure compound
of pterostilbene and a physiologically acceptable carrier. Pterostilbene is
administered in an amount between about 2.5 mg to about 10 mg per kilogram
7] € 8 A | of subject body weight. Also disclosed is a method for increasing a working
memory of a subject, the method comprising administrating an effective amount
of a substantially pure compound of pterostilbene, wherein the working memory
for a subject increase and the therapeutic effectiveness is about 10 mg of

pterostilbene per kilogram of subject body weight.
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Cardiac-Related
Diseases

or improving macular degeneration or dystrophy
treatments. The compositions comprise trans-resveratrol, a
metal chelator, and one or more additional antioxidants
such as phenolic antioxidants or vitamin D.

US2014037
8547A1
EP2760547
Al

Antioxidant
compositions for
treatment of
inflammation or
oxidative damage

One embodiment of the invention is directed to a method
of preventing, reducing, or eliminating at least one
negative effect of oxidative damage, such as an oral
disease, caused by a dental device in the mouth of a
patient. Another embodiment relates to a method of
preventing, reducing, or eliminating at least one negative
effect of inflammation. The method may include applying
topically to a soft oral tissue in the patient an oral
antioxidant composition. The antioxidant composition may
include between 0.0001% and 5.0% w/w or at least one
antioxidant, wherein the at least one antioxidant includes
a natural phytochemcial antioxidant, a flavonoid, an
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chalcone, a curcuminoid, a tannin, a stilbenoid, a
coumarin, a carotenoid, or a vitamin, and an orally
pharmaceutically acceptable carrier. The pH of the oral
antioxidant composition may be at least 5.0.
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