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SUMMARY

[. Title

Development of functional cosmetics resources and production of serotonin derivatives

by using recombinant Escherichia coli

II. Objects and Significance

Our research goal is to produce in FEscherichia coli serotonin derivatives such as
p-coumaroylserotonin (CS) and feruloylserotonin (FS) which are found in very low
levels in plants. To achieve this goal, we introduce two key biosynthetic genes for
serotonin derivatives into £. colf and have £E. coli harboring two genes produce
serotonin derivatives in abundance in the presence of various phenolic substrates and
serotonin. Next, we employ these serotonin derivatives to use as functional cosmetics
resources and make an attempt to develop commercially. Finally, by using skin cells,
we examine the functional significance of these serotonin derivatives via various

molecular analyses.
ITII. Research Contents and Scopes

To examine whether £E. coli expression of two key biosynthetic genes such as
4-coumarate:coenzyme A ligase (4CL2) and pepper serotonin N-hydroxycinnamoyltransferase
(SHT) for serotonin derivatives produce serotonin derivatives in £. coli, we have employed
various sources of 4CL and SHT to maximize production yields of serotonin derivatives
in E. coli. Several other approaches were also employed to accomplish our goal as
followings. We investigate the cytoprotective effects of serotonin derivatives based on
intracellular reactive oxygen radical (ROS) generation, lipid peroxidation, protein
carbonylation, and phosphorylation of histone HZ2AX in H2O; treated—-HepGZ2 and HaCaT

cells. Finally, we have observed whitening effects, anti—inflammation effects, and
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anti—-wrinkles effects to employ these serotonin derivatives for functional cosmetic

resources.

Followings are experimental scopes in details.

e E. coli expression of Arabidopsis 4CL2 and SHT for production of serotonin
derivatives.

e E. coli expression of Arabidopsis 4CL1 and SHT for production of serotonin
derivatives.

 E coll expression of rice 4CL1 and SHT for production of serotonin derivatives.

e Periplasmic expression of Arabidopsis 4CL2 and SHT for production of serotonin

derivatives.

« £ coli expression of tryptophan decarboxylase (TDC) and tryptamine 5-hydroxylase

(T5H) for production of serotonin.

« Anti—oxidant activities of serotonin derivatives in human HepGZ2 and HaCaT cells

* Analysis of antioxidant activities of serotonin derivatives on intracellular ROS

generation, lipid peroxidation, phosphorylation of H2AX, and protein carbonylation in

HaCaT cells

* Analysis
e Analysis
* Analysis
e Analysis
* Analysis
e Analysis
* Analysis
e Analysis
* Analysis

e Analysis

of proliferating activities of serotonin derivatives in HaCaT cells

of anti—inflammatory activity in THP-1 monocyte cells

of whitening activity in B16 melanoma cells

of anti-inflammatory activity in NIH 3T3 cells(mouse embryonic fibroblasts)
of anti-wrinkle activity in human dermal fibroblasts

of anti—obesity activity in 3T3L1 preadipocytes

of anti—fibrosis activity in human dermal fibroblasts

of stability of serotonin derivatives on pH, heat condition

of serotonin derivatives' safety on human skin

of skin permeability of liposome formulation containing serotonin derivatives

IV. Results and Suggestion on Utilization of Results

Plant-specific  phenylpropanoid amides were produced in a recombinant
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Escherichiacoli that expressed from Arabidopsis and from pepper plants. Upon
exogenous treatment with several precursors, high concentrations of the following
phenylpropanoid amides were produced abundantly in the culture medium in a few
hours: 4-coumaroylserotonin (215 mg/l), 4-coumaroyloctopamine (208 mg/l), and
4-coumaroyltyramine (187 mg/l). Furthermore, we employed two different sources of
4CLL cDNAs which are of Arabidopsis 4CL1 and rice 4CL1 in order to examine the
yvield of serotonin derivatives in . coli. In addition, we investigate the cytoprotective
effects of serotonin derivatives based on intracellular reactive oxygen radical (ROS)
generation, lipid peroxidation, protein carbonylation, and phosphorylation of histone
H2AX in H20 treated-HepGZ and HaCaT cells. We have shown that HCAAS showed
various strong antioxidant activities in hydrogen peroxide treated both cell lines,
suggesting that these compounds may play as chemotherapeutic agents for preventing
or reducing the oxidative stress—induced diseases. In this project, we evaluated the
serotonin derivatives's efficacy on skin cells. Serotonin derivatives showed whitening
effect, anti—inflammatory effect, anti—fibrosis effect and anti-lipogenesis effect. It also
investigated its physicochemical characteristics and performed formulation research for
ingredients using liposomal formulation to maximize its stability and transdermal delivery.
When stability of liposomal formulation of serotonin derivatives was examined under
various circumstances (temperature, light, ), it was found to be suitable to be used as a raw
material of cosmetics. Toxicity test with human models to assess its safety also revealed
that serotonin derivatives were safe materials. In addition, serotonin derivatives were
registered in ingredient list of International Cosmetic Ingredient Dictionary and
Handbook's(CTFA). Outcomes from this project are expected to be commercialized n

functional cosmetic's area.
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< 7FA3 212 (2004, Plant Physiol. 135: 346-356; P|=53] 55 US 7084322), &
02 fF3AA= phenolic 718& Co-A 9 &4 form ©F v} o] F= 4-coumarate
Co-A liagse(4CL)EA E& 2 EA oA gene family2 EA|tH, & A5} #AS

_1_



A4 BHE AAH O g ddlolth (HYATAR Fu).

» H=712% AZED A Y3 AZELREA iz 2 95 AL A2FH 75
: B AFRo] st Az tiAdtel, 1 mM coumaric acid ¢ 1 mM serotonins
FFotH, 4CL =EA 93] 4-coumaroyl Co-AZ WHBHI, SHTO <3
4-coumaroylserotonin &2 A He A|2®HS 7HA I ok OS 8% H2 9
4-coumaroylserotonin &-3+E°] AT Axzdle] JA &1, sjgFA oz HjESHT =T
Atk ol RS WHo=E gF FAE st s, AWMl st FHS
AU Aok

» OGS HEr1dg AZEY AP 93 dFd AZEURER ALY 7t 2 A
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o E B Ax T o2 HE, 4coumaroylserotonin, feruloylserotonin, caffeorylserotonin,
cinnamoylserotonin, sinapoylserotonin 22 %43 AZEJRFEA JFES A &
T Aok 4CLY 71" SolAd wet AEEURE=AS 34 Solie] AFHER, ¢
FACL FAAE =]dete] HA 9 ACL/SHT 5= &4 & 5 Ao

s

2) AIZECREA 729 BAH - AU T84

» AIZECYREANY 2 JAF 713 : = HZ(grape skin)dlA 2HE = ZEd=
resveratrol> 13 T 01%(1 mg/g fw)E EAE A7) A FE resveratrol
100 mg ol 133,000¥ (Sigma)ol Fej= i1 Qlich o]9} W2 MZEU{RZA 7} 7t
Bo A5 Z3IN A= resveratrol HTF 508 We Fxol =x Y
0.002%(20 ug/g seed) WAHET. wetr FAEH AMZEDFEZA= 100 mg °l 500,000
A oo g AvjE F Ut E 2).

ro

o rlo 9



I Resveratrol vs. Serotonin derivatives
Plant oo E. enli Sale price (won)
Resveratrol
wo__ Grape skin 100mg 133,000
C ol i (up o 0,196) 16 mgiter (Sigma)
L 1 mg/E fw
ll‘i
Coumaroylserotonin
on SafMower 100 mg 500,000
e om | (upto 0.002%) 250 mu/fiter
|-| ”- g" zu"mfnm
1
Iy 2. A|#59 resveratrol 7133 AZEUREA 4 714

2
AL o]8F HAVITAHEZE AYAH AN AZEDREAY 3 GAHE FY
st 7]do] HQ3ltd. Coumaric acidE dichloromrthane(DCM)oll =] symmetrical
anhydrideE %53l N,N-dimethylformamide(DMF)oll ¢l serotonin® HE-g-A] A
coumaroylserotoning &4ttt B2 7] §vli7F B 833, HPLC HAAE L33t A
e Bol 209t &2 55% AEolth. a8y EAE o]&st] AT A
gatd, Addb=2 1gE 4 i, &0l 100% o 7HaL, Aol W i,

SA Dol HFZA 7hssted, Aol v =tk

A7ke] 714 o] 4§ TEAAN] AZEUFEA AAH(value) :

ARELFE=A Ao Had 7]dS serotonin ¥

phenolics(coumaric acid, ferulic acid, caffeic|  zuwsann 250 mg 32,000
acid )olH, ol= 714 A= 7leAol #a, 7t Cournaric acid 1g 12,000
Ax A=Yl Serotonind 250 mgol 32,2009 |  Ferutic acid 1g 2500
(Sigma)©]™, coumaric aicd= 1 gol 12,000 Caffeic acid 19 26,000
(Sigma) oty =84 o] FdE serotonin—HCI

Y Hl= 25 mgoll 44,000¢ (Sigma) oloHGE D). E 1. 714 713 ¥ (Sigma) =9(8)

mebA e 7HA T T]eAdo]l B2 A (low value)e] 7IEES o] &35t aFE I}
Ao Fd AZEDREAE A2 A ES ol &t A4S + U

Resveratrol X d T3 G| &A3d vHEANE BEf : 7 & 48K A4 s
AEAQl resveratrol A ¥, MEZEUFEA FFESQ]  feruloylserotonin (FS) %
4-coumaroylserotonin (CS)2 FAsEAZA 750 A FHE o|F IHo=z v
G B Hurh b FAolth 53] resveratrol¥t €] WM aANTE lFo] H

=
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Lo

FLI
i

| & HFAZE Boste P43t o] Holu AFAA

¢, FES, vway, NdAA, sUAs 9 F

» Resveratrol 3} A3 diphenol ¥ T SFEZA AHAZHOZE 7] :
B AF AzEUfTA ﬁ}ﬁlu(cs FS)& Z3A o F4EolH, HIGAE ALE
S AASHAEA SAHEAZE glon, HER ERTh108 o) 52 dstEAdEs 2
T Qom, HAFAEZR] resveratrol ¥ &8I A8 diphenol 8 HAEZE=Z
5 75 A5 E ARE ThsA o] vl Et(Resveratrol A AT =7 1978 o] %
1800971, PubMed #}&E). Resveratrol BT £2 E5E& 7HA3 JLd= &3t
A EAdE FHEste A7e old ZV|GAEA Vs AAE TFHtHdE AA = o
FoE w2 AAYS FEE F Ah199%6d s EAE A olF 10491 =%
H 31, 20073 PubMed ALR).

3) A8 3 FAEZY BAF - AdH T84

» ¥ AFAET E 7R $FF AR EuEe] $AF A TEe AA 6=,
ofrlobell = AE(AA 39]) thoZ F Aotk 20039 MeFdS] 4 AEE
B 37 492099d-2002) =l sHEE A2 " GDP AZE 67%E /33 St
W, 41 158%9 ¥ AFES 2o FUT AFF AANT FRE 18029 o]
23 vk B4 98A%S 1/1002 2d of 1820 o2t AF FEE A

Ak (Al BEF 4= AT 182 F4).

2

» 715 ALEERY B2 AAA - A AAZFOE VSAHYE AATEE & 2x9o2, 7]
TA 98E 2 54 71T s 9 A tgd= #dAIgle] A AFo] rhEEiER
71ed 98 2 AF Nt HF: TEFS A A g A 9= UHE 5 9
S Aoz AlgET AA ZFY FAEFUE FEIF 50008 P9 o2 FAHEY, o]F 90%
oS FYol ot JE FAS Zerd uwf, Az 40009 RO FHPHIFS O
Z A3} AZ Aoz 4 dH, 9 7TAYE A AFA ME & F AE =
< ZAHol A=

) AZEDREAY IF W targeting 79 T84

» AZEEDREAE ol &3t AFAXAAY 754 HS2 AAdez AF3 4
Y s 2 A7e AR AXE o]&ste] s SAAS B4 AR 7S Fts)
2 7l RS(resveratrol) Rt} &Fo] 3lH VtEY Fitst &4 Bo &

A4S BYS AFAR7s AR Fa).

/\g )

]
RPN E-

R R,

=

¢

o ok

(]
mﬂ fle

o

» Resveratrol ¥ A= F U+ AEF FH 75 : RSE A= Jdg5 = o] &3 s
A e Al=e MAIZS dFEF IJAE FAHS=E = A
A7l oe) SuE dzEdfEd 24



IS T 9l2£i A% w3, 9F4 ARAL 3 v AUARA 7]
J o]

» 7153 SFEFY &A JtEAE WS =5 : CS ¢ FSe m¥ylEs ¥ ol i =
3lo] sl Fo U9 F9 e AEZU B NrE FE3 AARAINE &%
o] e AR HIFHIUSH AAALSIE HolFo] =3l WA|o] Fso] US AL
2 AtRHo] 7T sFE AAEA Y BF steAol 44 H@AVE AR F
an).
A 23 dAF/NE A2
L Az HFT L ol83 AZEDHEA dFAL =21 75
= o} 713t 4CL2(At4CL2) ¢} SHT & A=x3 thgwe a284 AT
= 712 A time course A|2®E ZH
» A 5 2ES AZEYREA HFHE =27 79
» AZEUREA Ho BAS 93 specific A8 =24 719
» At4CL1/SHT 28 A% gidde AZEJSEA AL 54 79
= AHMCL1/SHT AZF dFdols AMZEDRE=A oA
» AHMCL3/SHT &3 Az @7 AZEYREs] Add EA 74
= AHCL3/SHT AZ3 AT NEEDFEA of FAYAH
= B 4CL1/SHT 2d AxF AT AZEURE=A AT EA +3
= ® 4CL1/SHT AZF gl M AZEUF=A tFyqk
= ® 4CL2/SHT ¥d Az AT AZEDREA AFE EX 13
» ¥ 4CL2/SHT AZ% tgdodA AZEDRFE Xﬂ o = A A
» NZEYREA] giFAL A2 3T AL 2 g ZFAALL HH A" 75
2 AZEYREAY FAdFA IJF HAAZAY 5 &4
» CS, FS, CaS A& #itst a5 4
= AlZW ROS A4, AA#Ls], AbstA] 2EH 2o o8k ME AME RS &4 B4
» ARZEJREA FFEo] DNA &4 e &A4stEe H2AX QI4tste] v 9

A
NEEUFEA g 2slH2Ed 2o o8 A5® 9ud 7RIS WX 9
o 4

Poly(I:C)/PGN/TNF-a 5 9%<& Fusts E2& IR A X X3 & CS/FS/ASe
3|t FATET 24
THP-1 @35 o] &3 Id35 85 &4

THPA AE o|% 8 %o MAs 98 24 2 434 #d 4474 28 24
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=
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=
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A2y =Uel ZlsHE &8&

A1d R AT HYATA

It
>

b HIZ2EHREME g it Ase Mg UHEz &0 &=

O Al IAFHAA A= AZEDFEAE thddods A & + e A s
M AS(2" 3). AZEURE=AES didmolr Axkstr] f8A F 1Y F3A5 o3
ol =% AA FHA= phenolic & EAdstE 7|E=Z wHEo] F& 4-coumarate CoA

liagse(d4CL) °]™, F WA FHA+= ZA8E phenolic-CoA 9} serotonin = AT+
serotonin N-hydroxycinnamoy! transferase(SHT) &Axo]th(o}e 18, W UEALR).
SHT f+3x= & AFAd 747 aFoM SRYsk, f34 ol&dd tet =, 7
o 58 BAfrata 1AL, 4CL frAAE 718 Y B HellA v SR

» Production of coumaroylserotonin and feruloylserotonin in transgenic rice expressing pepper
hydrpxycinnamoyl-CoA:serotonin N-(hydroxycinnamoyl)transferase (2004) Plant Physiol.
135(5): 346-356.

» AEAA ANZEYREAE AFste PHo2 = (53855 10-0583207) & w]=(US
7084322) oA 5351& &5 3

OH
CoASH  + N/ ( >

& : 7
HO  Courmnaric acid

OH
cons- o—? < > TIP SHT TIT
HO o Cournaroyl-Cod
+ -
(j:' le NHa+ £, colivector

H
Seratorin SHT ]\... HS Cok

OH
H
HO M =
( I jl a
N
H

Coumaroylserotonin

4CL ]

TP 4CL TIT

LI, J1& XelSet NZ22EUHSEXN2 HIER HHYHOZ Hi=
O OD=600 1.5 AE9] AZF3F Ao serotonin ¥ coumaric acid 1 mMS x| 3hH  34]
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Ct.

ZF ol liter & 200 mg HE9] 4-coumaroylserotonin ©] Wi ¥Io 2 wjE AAHET.

o) At /H]“Llﬂoﬂ 4-coumaroylserotonin ©] AJAFE A NE viAZ wlEEH F9] 10% H=0]

o} dlgatoll Al AAFE 4-coumaroylserotonin 2 B 717 36A17F FtAl®

FEE FHE Ues B F Utk A HFFHoE AEZEUYRE

A A g oglen, A3l 7]1101] et g AZEdREAE At 2 5 3
i s

(}e ). 25 E}Okb’l 4CL F32 =53 &4 phenolic 712S gxR3t= Hol
2% AT B3 ook T A
(&) DMledium
250
E 2001
"E; 150+
= 100f
a0 ¢
0 ‘ ; ; ; .
0 3 3 12 24 36
Time after induction (h)
(By  Cel
50
el
Fan b
=0
=4
1
D 1 I I 1 [l
a 3 5 12 24 36
Time after induction (h)

o yolrt A71e Al shstE
23 A3}, o] EZE0] 20 uM

sho BEo A S AT Agel W FHelH, AS A AL AL 23d £7 A7)
o

AT7AE NZEDREAY Q0 SFEQ FS, CS 2 AS9| pure chemicalsS $HH 3L
u] o]
3

HPLC analysis of serotonin, tryptamine, tyramine, and the hydroxycinnamic acid amides of
serotonin and tyramine in food vegetables. (2008) Journal of Medicinal Food in press.

» Enhanced synthesis of feruloyltyramine and 4-coumaroyltyramine is associated with
tyramine  availability = in  transgenic  rice  expressing  pepper  tyramine
N-hydroxycinnamoyltransferase. (2007) Plant Science 172(1): 57-63.

» Analysis of mannose-binding lectin 2 (MBL2) genotype and the serum protein levels

_8_



in the Korean population.(2005) Mol Immunol, 42(8):969-977.

» TRF2 is in neuroglial cytoplasm and induces neurite-like processes (2004) FEBS
Letters, 557: 129-132.

» Expression profiling and subtype-specific expression of stomach cancer (2003) Cancer
Research, 63: 8248-8255.

(RS:resveratrol, CS: 4—coumaroylserotonin, FS: feruloylserotonin, AS:caffeoylserotonin)

a3 ARATT

HZELS A siat2o| 5 S AE Ma0f 0] = QaEAl

FE4| 245 ?1¥ Pure compounds &4 '
» T BARZE o] B35 AR 22 _ I!

g contral bﬂ’ . W-‘. E

wsn | o bl |

E 15 Limn :

= ol AVE o Sh ok B, L et sy

E 2 TT T ] I l:lm: L . iy -

- T jup={f=r {=

E ”-.\ ' ‘II | ‘ _-. l:‘ I-.- : .‘

= RS s SR Tiolox -. i '.',;'
ch HIEEYHS TS A AEYHAZRH LIRAE 25 4510 24
O & d7Ae ASEEHE(H0)E 71 AFAEANA A7 AZEDREA =9 &4

ays B3 A3, AEAAA st a3 = ASe] 79 resveratrol Et} €<t CS 2
$+= vitamin E (Trolox)¢} Hlszgt &35 7HA1 A& &9 stATh £33 A

Asla = CS, FS, AS B resveratrol Bt 2 853 Ho FAG (ol 1€). B AF
e Abg AZEFE AL Y 454 28 B3 d7E s AP vgeE o

FA AN AT Aol #3 iﬂﬂli sehzel vF G5 % ALl o3 AxE &

FOoRFE BT 8%, k3 WA 5o gt yFAx A4S BAstaa gk

» Gene-gene interaction between IL-13 and IL-13Ralphal is associated with total IgE in
Korean children with atopic asthma (2006) ] Hum Genet. 51: 1055-1062.

» Association of TNF-alpha/LTA polymorphisms with Crohn’s disease in Koreans (2006)
Cytokine, 35:13-20.



»IL-5 and TBXA2R gene polymorphisms are associated with decreased pulmonary
function in Korean children with atopic asthma (2005) ] Allergy Clin Immunol. 11:
758-763

a3 N9AT T
HE2EHT R M5 ASYARSE I SHE H5 S4 a5 24

o 4= AE A0 iR AF ¢ A2 apikato]] tigk A
Antioxidant activity (0.5 mM H,0,) Lipid Peroxidation i;luznérznl

S cS FS TR AS ML SR VLE :
RS CS A ML F§ TR SR VLE

Concentration (uh)

- AST Resveratrol B O} =2 SMNEHE4 S .o, CSIASIFSE M-+ =gt A2 akii=} A2
H<l. *RS: Resveratrol B2 Hel

Of. Naturotics S22 Jl= OIA

zHER ] A d8A]le]l AT HLRY A FES 28 FHoE WEFE

Q(}iq 53] AAAR] 7leds ERstal e S92 HAYHA NaturoticsE 43}

T AL ddd v E JIA= A Z, BioSpectrum?] =2 7ledHE UA] 3 W MARE
g F A= 7IFEAM dor FH M=o wFHE A4S st A

A Zefol = 2uQl, TR, TEelAlel 9=, 5, R, v,

A 13750 clo]HEES Fusta glon, A&

99 FHoE ASHT glod Be AL 2

ek A 2005\ el E ARG Aol o3 X

oA st vAEe L dsA wfer g gFAEe] HEHA B2 AdHrt
©Ho] v oA ED ) ERA A e RN T 7154 2

87 wet AYE (BSASM, Magnotics, MagnoSoother, SapoMax, Rosanic, PsoriaSolve &)&

Fulehn A8k sole ohe} =l ol salel RS AT 3

o[l‘l

oy
ofy
Z.
)
c
S
)
N
N
o
i)
it}
2
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Al

24 Iyl -9 B A77|#e AT 2 Fd3

Cs B FS 22 AZEUREA =2 T3 I FEF F 20 ng FEH= A
o2 HiuxEi o™ (1999, J. Korean. Soc. Agric. Chem. Biotechnol. 42: 366-368), i3
o] 7)ol A 2T 20 ug A= A} =™ (2006, Sci. Horti. 108: 337-341), &
o dolA FAHd os] 12 ng FE= A4 (2000, Biosci. Biotechnol. Biochem. 64:
1025-1031)H & 5 U3 AE2RE L%ow A Je AEFY HAEREA &
o Zgol dEA oy, A gF FHO oy wEel A4dH d7e A9
AEEHA g2 Aejoltt. T3 FHAE ©]&3 metabolic engineering AT% A& %

MR AAHCE 2RA @Al

1) AAA =

MEEH 2 (] 71943} & 71 kst &

1A AEEDREAE HE225EH FE3717F &olstA €3, F2d= e o] 44

st &Ale] AFe 8 & F e Auelt £ seHoes & é% ANE2EDREAE

Ao E olgstrldle FAEolT AZHl 2L, G vF HIR dA7kA] A}

Als =l - ofellM A gle FEd

3) = - 2o A7dF

4-Coumaroylserotonin(CS), feruloylserotonin(FS), ¥ caffeoylserotonin(AS)ell tgt <Fg] 4

AeF 715l Ba Hdt. 22y molecular +E 9 04%“% 27 =4s A &

AAe] FEol B A6 o8] 2004 we] HEH o] FRE AZF Uk tetd oS

AZEJFE=A 4o gk metabolic engineering 2 th@F g4k 2 A stol] it &
= ol EZ9 Ag

2
d7e B d7de gle Ao, AS7HA A7 BHa | A8
okl 7lsol WE AEclth o]Ee Wt dF= 19969 FH Hil
Qg S olg) Exo] xR ATk

o gom, A7

i or
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ATy 7R

AL WS

ATALAH

3843
?i‘ilﬁH BMIIE2EZ2 SF -1996d  Z3 (Carthamus Diphenol A5l
> <l
99 tinctorius L)X #2tsteyd BdeA Hx #od ;% iTOcSQ
A2 (1996, Chem Pharm Bull 44, 874—876.), S8 8 A T
HAA32Es A9 tocopherol® A EALE Al BHT © °
Ho} =2 giksla g s d3ste ﬁgi Ha ¥ o] v A3k 5 A BHT
A (1999, J. Korean Soc. Agric. Chem. WO = A
Biotechnol. 42, 366—2368). SR = e T
ey (BEBEE - ) EedlE  suE 3
1;{;\%/3./2803 coumaroylserotonin ©] ¥9F AAEHE zt= A Slod = 514
ow Wi (1998, J Interferon Cytokine Res 7];;';:; ;;L
18, 423—428, 2003, Int. Immunopharm. 3: cele v
273-277).
Nagoya City _ _ _ , = aho
Univ. otcH HRNE dF3FA - T3 9 oil ATl e
199; o] A+ coumaroylserotonin  ©]  AdFo}AXE|Fibroblasts A EAAALE
(fibroblasts) A EALS Z218H1999, JJREHAZA 7] 14
Biochem. 125, 910—-915).
OO (an ws  sad 2ov pnteny Lo
2(')0(_)‘ Q% o] 6]—01—9:]—/\—10 501(2000 Natural Pro. Lett. 7?;’ ET_'P‘;
14: 153—158). ° e
7:IJCK>F[H%_|I-D|_ _ _ B
oz | MEEST %w - FRHA A FET A FRdAR AN A
- LR=L & ‘/‘OH@‘H%%{;’J N
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AF5Y B

AL WS

FF AL A

3843
ey [BAME HER WM - ArzddzEd 9 7
2(')05 nzdzeEd 3¥dEE9] ischemia—reperfusion Elc PR
(F2ad AQqAH)Y AsfAzZA ax7t s B Al A A<
g (2002, Mol. Cell. Biochem. 238: 151-162)
AN _ } _ .
201(')4” DIYED - A Rou S¢ AT WE(2004, Biol,
Pharm. Bull. 27, 1976—1978.)cl &J&}H, &3}l A]
FEF AFRdAEEY 8 FuizdAzEdo] W CS % FS¢
g A4 S JA S AFA I BaiEe], o] vl g v} g
5 B4 nw gzt digt AdA F8o] AEHIAL
A= AA oI
My _ _
9004 NEZ2LEH SHT M4 |REX 22 -
(2 a7w) Feluloylserotonin(FS),
- s 4—coumaroylserotonin(CS),
caffeoylserotonin(AS) 59 polyphenolE A | AZEUGEA A3HA
st FdAE AF2RE S2438k%la, of T 224
FAAE s FA I S48,
polyphenol AAl H A A3t line X (2004, Plant
Physiol. 135: 346—356)
T ol ;
2006 ST S0/d S& — Feruloyltyramine,
4—coumaroyltyramine, caffeoyltyramine &2 .
H otel (B N =y A B A
F T lages 4wy s wadaed @ ool | IEEERE A
Eold & Fosts A4 ojn AR 5 H s e °
chimeric 32k 7

Ajinomoto Co,
Japan

2006

SHHS AN - T3 A FE3 FS 3gHE o]
atherosclerosis(Gs ™43} A &Ado] &S R
(2006, J. Agric. Food Chem. 54: 4970—4976).

Academy of

Sei i Eotolia ¥ SAFHWM oA - AFRAAHNEETY
lences o e o =0 Han o)l o
C(;ech Republic Zi;go]i%%?;{;i‘%ﬁ %TEL;%?}@ Oz],l E%?;f)\_o{_l %J Edx s a9 19
2007 Ethnopharmacol. 112: 368—374).
Co RME 2 MRAZUNY gustEs 24 R
(= oime) Feluloylserotonin(FS), coumaroylserotonin(CS), ] 24 o] A ]

caffeoylserotonin(AS) 2} resveratrol S 8&

=

S| astEY HD BN =2 Iy

=

S

arat a1
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A3 s FA0gEs

0%

g ¥ A

A 1A Az LS ol AZELREA HFAET A7
1. A 4

Phenylpropanoid amides™ amide(PAs)9} phenolic acid®] F 71&<] Aol 93] WHEAA=
Tk v d o] o] At AFiHE o] th(Facchini et al., 2002; 13 3-1).

CoA-SH  + D\C_J/_Q‘DH

& . R
HO  Coumaric acid

l 4CL
/—< >—DH
Con-S- C /

o s .
4-Coumaroyl-CoA

SHT i\, HS CoM
OH
H\'(ﬂ
HO M
g
N
H

4-Coumaroylserotonin

HO
M 3

H
Serotonin

+

Fig. 3—1. Schematic diagram of the enzymatic reaction
catalyzed by 4—coumarate:coenzyme A ligase (4CL) and
serotonin N—hydroxycinnamoyltransferase (SHT). The
biosynthesis of phenylpropanoid amides is derived from two
different classes of substrates: phenolic acids (e.g.,
4—coumaric acid) and amines (e.g., serotonin).

Amines< tyrosine? tryptophan® 2 5-E 2} tyramine, serotonin, octopamine 5°| UTH
phenolic acid+ cinnamic acidZ%H gt 4-coumaric acid, caffeic acid, ferulic acid 5 °]
Ko, H=g 714 S 7HXITh R, amined] OE s o= QlE a4 9 Z§o
& v t(Jang et al, 2004 Schmidt et al., 1999 Yu and Facchini, 1999). ®¥¢} 77}, 113 5
o] A EA PAse AU HAdT Il of& A Ech(Farmer et al., 1999 Schmidt et al.,
1999 Von Roepenack-Lahaye et al., 2003 Kang and Back, 2006). 7HAl= =4 o] <3|
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4-coumaroyltyramine, feruloyltyramine, feruloyloctopamine, 4-coumaroyloctopamine <] PAs
7} &3 = ™ (Schmidt et al., 1999), ¥i= feruloylserotonin(FS), 4-coumaroylserotonin(CS) 7} A}
d¥tH(ang et al, 2004). ¥A AF Aol &N PAsS S a4 71E A5l ¢
3 @FS W=tk ¥ o= tyramine N-hydroxylcinnamoyltransferase(THT; EC 2.3.1.110) %}
serotonin N-hydroxylcinnamoyltransferase(SHT)7} &Alel EAgol|l® EF3tal FSeF CS 22
serotonin =A% FAEH = o]f+= tyramine®] HIE serotonin®] T FASHA FAAE 7] wfE
°]th(Jang et al., 2004). serotonin< W] EE XA oA A4 =3 (Kang et al, 2007) A<
Aol o3 A ®th(Ishihara et al., 2008). THTS} SHT+= PAs 3449 thixzQd diholth(1
g 3-1). 5¥3], SHTE= B2 T7F9 amined] I3¥S 7HA 3 9lo™, o]& tyramine fEA|

9} serotonin =7, octopamine F=A T B TFHY PAs o2 AZHY(Kang et al,

2006). sFA|RE, serotonin®] SHTO| 7} =2 X188 S 7HA Joh PAse A& AMxEz¥S 7%
seAG Bl TA AFS SASE 5o HE Yoo F2F 94U e Ao

42 A Jth(Facchini et al, 2002). T3, PAs= 4H3t &4 (Zhang et al, 19%), &4 A
(Park and Schoene, 2002), 9235 &/J(Roh et al, 2004) 5 UAd F8&3 I&& st} 3}
AR, A& A PAse] §Ad2 gram tissue T F nanogram©l Al F microgram3d == #j-§- %
T(Jang et al., 2004 Schmidt et al., 1999 Zhang et al., 1996). PAs2] TS 71417171 930
SHT #AAE HApEAAZ F32 22 HE At (ang et al, 2004). AFAE A2
AR 22 W Sloe gram tissue & 9F 200uge] CS, FS7F A E wHA, 8] §12 232 b
microgram Z=7} 4 = th(ang et al., 2004). AT, FAR Z2H A CSeF FS
shal FAlshe RS olYal, By, AtE o Zdn. adEg, H™IE FH4
1A tZdoANA PAsE AAst= A5 stAl v SHT fF+32kol &Jal PAs7F 94
7] ¥3lA= amine?} 7 phenolic-CoA thioester”} & 83ttt 3tA|RE, phenolic-CoAv 7
dHoz2 A7l E7FelH, tFTE phenolic acidlAl phenolic-CoAE #A4E 4 §lth

phenolic-CoA thioester= 4-coumarate:coenzyme (CoA) A ligase(4CL,EC 6.2.1.12)° &J3)] 43

rr

TR

(i

ol
>

ofr
o

%31, cinnamic acid FE#| Q1 4-coumaric acid, ferulic acid, caffeic acid 5 CoA thioesterZ

AL
H3A| 7] = 7]% & SHoh(Ehlting et al.,, 1999).

A7 59 P

N

7. 4CL2% SHT FAA7 23 Az d3d A%

Arabidopsis thaliana(ecotype Columbia)oll 4] 4CL fF-3AHE A7) {3l 4Ad oA RNAE F=
sttt Oligo(dT);s primer(Promega, Madison, WI, USA), SuperScript III reverse transcriptase
(Invitrogen, Carlsbad, CA, USA), RNase inhibitor(Invitrogen)Z RT-PCRE 33} cDNAE A+
T}, 4CL2(AF106086) AAFAE A primer, 5-d(ATACATATGACGACACAAGAT)-3'(Ndel A3
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2 RO UE AL RN ZEL B=A))9 3 primer, 5-(AGACTCGAGCTAGTTCATTAATCC)-3 (Xhol
Agdasr FHe 2E, A WA ZEL EEANE AMEEY SE2A7Y. S35 E DNA 2742
NdeI#} Xhol A|FFEALE A2, AAF 5, 22 A a4 F9=2 23 pETDuet-1 HE I

A3t 2 A3} pETDuet-4CL W EHZ 94}

SHT A= 315 (Capsicum annuum cv. Subicho)ZFE 23 cDNAS BA|ste] AlE-sAT
(Jang et al, 2004). % primere= 5-d(CATACCATGGCITCTGCTCCT)-3' (Neol Algta s 9= L=,
ZAAF WAl =g EEA), W primere 5-d(TATGCGGCCGCCTAACAGCTTCCTGCACC)-3'(Not A
TdEh e UE, AA AA ZELS EXA)olth PCR AAHES AdaLhZ AE=31,(Neol,
Notl) BAE %, Ncol & Notl &2 e} pETDuet-4CLE 4t43th 2 23 w+E0]xd wE
+ pETDuet-SHT-4CLe]™, BL21(DE3)Z A3ttt 10 ml overnight ® ¥ F, 50 mg
ampicillin®] £°J%+= 100 ml YEP HJA](10 g/1 Bacto-peptone, 10 g/l Bacto-yeast extract, 5
g/1 NaCl)oll HE3t3L 600 nmolA FF=7F 1.00] =28 wj71x] 37TA gttt 1 mM
IPTG(isopropyl-&D-thiogalactopyranoside; Sigma, USA)$} 1 mM serotonin(TCI, Japan), 1
mM 4-coumaric acid(Sigma, USA)E F7star 28T olAl 250rpme] £E=2 Fo31 Azt &<t
HjFeth 1 mlE EF3te] 4TolA 7500g2 5837F AR dAd IHAES vjxz 2
2liasy

Y. AZEF} E coli o)A serotonin F+E=A A F

PAsE AZF3t7] el didd HAES 01 mM Tris-HCl(pH7.0) 0.5 mlol =o]a1, 30%
ZERE AEXE v F, 4ToA 15000g9] S22 283 94 &9 & F, 4
&l ethyl acetateE F7}6lo] PAsE F=3 T} ethyl acetate #7tS FE7]
HPLC "ghg 05 mlZ Fo]1 5 ulE HPLCE #4J3t}(Jang et al, 2004). uj =]
&9 ethyl acetates 7}t tidd AAEY FE53 22 WHOE PAsE 530

t}. Western blotting@ SHT &4 &4 &3

g HAES 100 pl9] lysis buffer(50mM Tris, pH8.0, 1 mM EDTA, 100 mM NaCl,
and 1 mM DIT)Z o]l 20&%37F 2532 vpygith 4TollA 1023 A4&EE] & F, HA
B FSAEs 25t 42 western blottingol] AF8-3tt). 84 @9 A& (1n) SDS-PAGEZ
g} 11%(w/v) acrylamide/bis 22 71953t @ A& polyvinylidene difluoride =}
© =2 o]FA|ZIt}. SHT polyclonal A2 WY ¥Eg& o] &3l Tuld My ARE glsi
(Jang et al., 2004). i HHES 14 mM B-mercaptoethanolo] 23 100 mM sodim
phosphate buffer(pH7.5)2 =o]il 20%7F 2532 vpdjgic) 4ToA 1023 dAEE g ¥,
AAEI] 45de Eeste] 2bzh SHT a4 84 ZAe AHgdth 10 ul @ de] 10 ul 1
mM feruloyl-CoA, 10 ul 10 mM serotonin, 10 ul 100 mM Tris-HCl(pH8.0)S ¥ 3L 30T ol 4]
307t B4 ¥HES A1tk 20 pl acetic acid® WHE-& F9A17]4L, 380 ul HPLC "W &h&S 4



< %, 10 plE& HPLCO FYsth(ang et al., 2004).

g. 4CL17} SHT fAA7F 2388 Axg 37 AF

Arabidopsis thaliana(ecotype Columbia) 4CL1 A= Y& Arabidopsis full-length clone
database(pda08850) ol 4] &% wEkT U2 AH4CIl ¢cDNAE FHOo=Z 431, AW primer,
5-d(ATACATATGGCGCCACAAGAA)-3'(Ndel AEA F= BE, WA /A ZELS BEE
Aot F9 primer, 5-(AGACTCGAGTCAGTGAAGAACACT)-3'(Xhol A|T&EA F-9= =
AL Al FE=2 EEANE A3t Taq polymerase(Takara, Japan)9} $H4] At4CL1 F-ZAME
ZAZtE FZ9 1620 bp =719] DNA £2-2 Ndel¥} Xhol AFEALE A=231, FAS &, 22
st g4 F9)2 3] pETDuet-1 WEo| AAYsitt. 1 23} pETDuet-4CL1 ¥EH=Z $HJEth SHT
FrAAE 5 (Capsicum annuum cv. Subicho)ZH-E 2§ cDNAE EASt] A3t TH]Jang et
rimer< 5-d(CATACCATGGCTTCTGCTCCT)-3'(Ncol A|$EA F9v= EBE, A
o Bex), 39 primers 5-d(TATGCGGCCGCCTAACAGCTTCCTGCACC)-3 (Notl A

= 2E, AA A ZELS BA)o|th PCR HAES AFEaLE A231,(Neol,
Notl) BAE %, Ncol & Notl 2 e} pETDuet-4CLE 4t43th 2 23 w50 wE
+ pETDuet-SHT-4CLo]™, BL21(DE3)Z 4} 3ttt 10 ml overnight ¥ % ¥, 50mg ampicillin
°] £9/= 100 ml YEP #]X](10 g/1 Bacto-peptone, 10 g/1 Bacto-yeast extract, 5 g/1 NaCl)
of HZEF3 600 nmolA FFZ=rF 1.00 =2 wi7tx] 37TCeolA wigsith. 1 mM
IPTG(isopropyl- &D-thiogalactopyranoside; Sigma, USA)$} 1mM serotonin(TCI, Japan), 1 mM
4-coumaric acid(Sigma, USA)E #7}stal 28 CollA] 250rpme] &£ =2 Fojx AJF &< wl %k
stth 1 mlE #5535k 4ToA 7500g= 587F d4lgste g JHED A= 2
o,

o

2

)
=
N
S
=

Y
)
oL

o]

v}, 4CL2¢} SHT A A9 peroplasm o&

HA 4CL2 A9} SHT % AE periplsam targeting sequence(PelB)7} W= o] Q&=
pET22b ¥ E o] =3t PelB-4CL2 ¢} PelB-SHT fusion forme] AAZ oA periplasm
o2 @l AS targeting Al7]1= A RISV Z 3tH T WA SHT 345 Nceol/Notlo.Z A
G5ta, Y a42 FHE pET22bo cloning ¢+t 4CL2 /A= Neol ¥ Xhol A|$Ha A
2 A9d 5, 598 542 A9 pET2b #WEd 2293tk pET2b-SHT ¥ pET22b-4CL2
HEE Z% BL21(DE3) 52 A A3t} 4CL2 9F SHT @) Aol periplasmO. 2 ©] 5 3=
A Bt} Periplasm #%2> & pelletsS 20% sucrose &4 S Z osmotic shocks 7}g H,

o

At

o
ol
12
filo
o]
[0}
=.
S,
)
0
3
o{}lr
fru
>~
Rl
ofo
Ol
ol

B}, PelB-SHT % PelB4CL2 SAYLE HE FTXE AZF
A HFHWEZ A= pDuet vectorS AFESIR O™, pET22b-SHT FZE9|A Xbal/Notl A
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Stai® ATS PelB-SHT insertE 23} pDuet WE 9 FAAFELFIAZE F2Y3,
pDuet-PelB-SHT 32t F+2&5 A &stdth. B3 pET22b-4CL2 W oA Ndel 3 Xhol A| g+
HaE A PelB-ACL2 insertE AT 3 7, pDuet-PelB-SHT HE}9] Ndel 3 Xhol 7912 &=
A3te, pDuet:PelB-SHT/PelB-4CL2 dual expression FAAE  AZetAi, o HEHE
BL21(DE3) td# 2 FAA3ste] A&t

Ab A 23 E. colidl A PAs B &

PAsE A7) 9siA diFZd JAAES 01 mM Tris-HCl(pH7.0) 0.5mlol =o]i1, 30%3t
Ze3E AZE v F, 4ToA 15000g9] SE== 283 94 &9 & F, dsddd 22
o] ethyl acetateE FH7}std PAsE FE3th ethyl acetate #I7& FE7|E2 4d £,
HPLC "Wghe 05 mlZ %9°]i 5 ulE HPLCZ ¥4J3tt}(ang et al, 2004). v #] £FL& &
&9 ethyl acetateE H7}ste] A JAAES F53 22 WHOE PAsE FE3h

of. Wlg Az & thFT A THTS 4CL L&

THT®} 4CL F3AY o]F T3HAES 98l pETDuet-1(Novagen, San Diego, CA, USA)¥H &
AHESEA T WA, 35 (Capsicum annum cv. Subicho)oll A #2138t cDNA F8& AH&3to] THT
FAAE FEAY. AW primere 5-d(TTTGCCATGGCTTCAGCTATATCT)-3' (R Z2 Ncol
Agad  Fejolz  Ex=As HAF A ZEo|th) ol W primere
5 -d(TATGCGGCCGCTTAACAGTTTCCTCCTTC)-3 (REL Notl A& A H9ol1 B
AAL F4 FZEo|th) PCRE FZH FHAES Neol 3 Notl®. 2 AE1 A7|9% 3, GA| 3}
Neol#} Not[©.Z 2% pETDuet-1 #Eo] A3tk I Z%=Z pETDuet-THT #E7} ¢4 4
o} o} 71t (Columbia)®] 4CL FHAE pETDuet-THT ¥WEo| =3t7] 93l 4CL2
cDNA(RIKEN BioResource Center, Saitama, Japan; Seki et al. 1998, 2002) +3&& A}&-So}.
A" primere 5-d(ATACATATGACGACACAAGAT)-3 (2Z-2 Ndel AFEL F9olu 2=
Ae AAF WAl ZE=olth) oli &% primerv 5-(AGACTCGAGCTAGTTCATTAATCC)-3
(BE2 Xhol AgasL Foolal BEAE A F2 IZ=oltth) PCRE FEH FHAE Ndel
I Xhol0.2 A211 H719F ¥, BAS & Agk 42 Z# X pETDuet-THT HE ] 4t
Attt ¢4 F pETDuet-THT + 4CL2 ¥ EE BL21(DE3)(Novagen) W3l Y=ot s 5
mlS 7]& WA 50mge] ampicillin 1! ©] &-f% 50 ml YEB ¥} *|(10g Bacto-pepton 17, 10g
Bacto-yeast extract 17, 5gNaCl 1ol ¥ 37°ColA ODgo kol 10] 2 wWi7bA] wjeFsict. 1
mM IPTG®} A43 amine?} phenolic acidE ¥l 28TClA 250rpme] == XA E At
oF wjFdtth 1 ml HiFAS 4ToA 11,500xg ¢ =2 183 d4E2 &, A5 wjgFAqg
AT AHAEZ EE3h
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Zb W 4CL1¥% SHT #AA7E 2dd Axs igE A%

H o 4CL1 +XA}HAK068985)= Y& AEALI A4 (National Institute of Agrobiological
Science, http://www.rgrc.dna.affrc.gojp) oA &% W3kth EFHHe rice 4Cl11 <DNAE 3
o =2 41, AW primer, 5-d(GCAGATCTCATGGGGTCCATGGCG)-3'(Bgll Ag+a 4 F9l+= &
=, AAF Al 2= BEXA)9} =W primer, 5-(AGACTCGAGTTAGCTTTTCAACTG)-3"(Xhol
Agasr Foe 8=, A A Z=2 BEA)E AFESEY Taq polymerase(Takara, Japan)
o} 37 rice 4CL1 §AAE Z Z ¥ 1680 bp Z7]9] DNA 27+ Bglll? Xhol A
Fdasw A=, AT F, Ze A a4 FHE ZH pETDuet-1 #HE o] AFddt. 2
23} pETDuet-H 4CL1 ¥E 2 A Et}. SHT /WA= 313~ (Capsicum annuum cv. Subicho)Z
FH 283 DNAE EAStY AMEstHTH(Jang et al, 2004). HW  primere
5-d(CATACCATGGCTTCTGCTCCT)-3'(Neol A& H-9l= L=, AL WA Z=EL EEA),
% primers 5-d(TATGCGGCCGCCTAACAGCTTCCTGCACC)-3' (Notl AT &E L 29e w
=, AL 7iA] ZEE EEA)o|th PCR AA=S AFEALE A23,(Neol, Notl) BAT
Neol 2 Notl 22 Z#Z pETDuet4CLZ AYsth. 1 Az wEozx 9WEHE
pETDuet-SHT-4CL¢| ™, BL21(DE3)Z A4 gtt}t. 10 ml overnight 8] ¥, 50 mg ampicillin©]
£°]%+= 100 ml YEP #j#](10 g/l Bacto-peptone, 10 g/1 Bacto-yeast extract, 5 g/1 NaCl)o]
AEst 600 nmolA FFE7F 104 E=EE wj7tA 37TColA  wjddTh 1 mM
IPTG(isopropyl- 5-D-thiogalactopyranoside; Sigma, USA)$} 1 mM serotonin(TCI, Japan), 1
mM 4-coumaric acid(Sigma, USA)E F7}stal 28 CollA] 250rpme] £E2 Fo]z A|ZF F<t
it 1 mlE 538k 4ColA 7500g2 57t A4EEste] g JAHdER WA=Z &
Ehidag

A
>
Y
olN

N ot

k. WZ#o A TDCS T5SH 34 382ds T A2Ed A

Aol A TDC ¢ T5H F 384 3543 S 93] T5H 345 GST-237T5H & AHR314
3, TDC FHAA=  Catharanthus roseus(Y =) E£2OZHE FEF total RNAS ©]83}4,
RT-PCR E=24Y3dth. F5L¢dAE 9 dual vector®Z A= pCOLADuet(Novagen, San Die
3, CA, USA)Z o] &3ttt AAMZ GST-237T5HE pGEX6P1- 4 37T5HS template 2 ©] 83}
Fom, A3t forward primere= 5-ACCATGGGCATGTCCCCTATACTA-3 (Ncol A|gta s &
%), reverse primer 5-AGAATTCTTAAACCTCACTAAGCTCCTC-3 (EcoRl A|SEA WZE) o
At 4719 PCR 2h&ES Neol EcoRICZ Hedgh 5, A YA 8)3l, Neol# EcoRIC.E A
® pCOLADuet ME| £ ligation &3t F =23} tH(pCOLADuet-GST 4 37T5H). Tryptophan
decarboxylase(TDC) F+AAE =4 3t71918l Catharanthus roseus(¥ Y =) total RNAE ©]-&3},
RT-PCRE 33Tt M-MuLV reverse transcriptase(Fermentas, Canada)< ©]-&3}> ¢cDNA
< {43+, TDC(GenBank No. J04521)mf PCR E=243}7] #I3|AIE-3F forward primer2
5-CATATGGGCAGCATTGAT-3" & reverse primer 5-GGTACCTCAAGCTTCTITTGAG-3" $i

(%]
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. A% TDC PCR AHES TA vector(RBC Bioscience, Taipei)el & =393 (TA-TDC),
DNA MEE EA3tAT. TA-TDC WEE Ndel ¥ KpnleZ Awsle], U3 G4 Z open
¥ pCOLADuet-GST 237T5H W HZ ligation 3}, HFHOSZE pCOLADuet-GST »
37TSH+TDC ¥ ET2ES A3tk AMEgh o+ host strain® BL21(DE3) o]t}
Overnight 8] %% pCOLADuet-GST 2 37T5H+TDC & 4 500 ulE 2XYT #iA] 10 mlel
TF3 F, 37°Coll A OD600=1.0 o] Euj7tA] wjFeh &, kst s=9 IPTG, EHER 3 o

Sl oA AzEY A FFE FA-SIoH, 2 AT cells 3 medium SO =2

w3ste] 7t 2t zAsHeTh

7. EER Ao u}& serotonin A E 3 W

pCOLADuet-GST 2 37T5H+TDC & v S Fdste g dS o83t EYE A
Al AIZEDS AdAdsteAE AAstAn. hdd Wddoda EHER, EHEY, ARZEY
s =A4s7]) alA, ke Millex-LG(Miliport, USA) ZE S A}-8-3to] HPLCOH A
T, AT pelletse 0.5 ml MeOH © =<1 ¥, 3057t sonication ¥ ¥, H4l&e]
11,500 x g 2 2838 §F, F5dS F7]et 2o filtering ¢ §F, HPLCol F3te] ZAMSHTH

HPLC 272 Aubio] 7143 243 S8

3. A7 59 A%

7} o} 714t 4CL2(AMCL2) ¢} SHT SA LA Az dAFe AZEIREA P4+

» 4CL¥% SHT7F 2d® Az digwddr PAs7E FA=EE A Felshy] flaiA 1 mM
serotonin hydrochloride®} 1 mM 4-coumaric acidE 1mM¢®] PTG} &7 H7}ste] 28T o
A FeR AZE gk 1 mle) mFele ARl YT B FEAoz
213t Z}7HS ethyl acetateZ FZ 3T

» HjgHo= TE 3AIZF o 215 mg/1¢] 4-coumaroylserotonin(CS; ¥ 3-2A)7} 52 3
I 8E 2447 Fole 230 mg/l1E H1Y TS B CSE 36417 Bk EaE A o

RA| T, A4CLF} stilbene synthase’} L& E AZF thAdolA AAEE resveratrole W)
He AYE HAFATH(Beekwilder et al., 2006). 5 mM 4-coumaric acidE 7}t Id

= odT el A= 2E 3A%F Fol 22 mg/19] CS7F A HATHZE 2B). o= HlFA A
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AE CSt Mo s fEEE AEs AT ok REEe (ST 1Hd wEow o
< 5 e Aol dem, 4UH AL NER A&l Hsai

A Extracellular medium
250
- —
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=
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O
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0 +
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Time after induction (h)
B Cell pellets
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=5 40
E
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72
o0
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0 .
0 3 5 12 24 36

Time after induction (h)

Fig. 3—2. Production of 4—coumaroylserotonin (CS) in the
recombinant Escherichia coli. (A) CS production in the medium
fraction. (B) CS production in £. coli cells.

Medium and cells were obtained at the indicated times by
centrifugation of the recombinant £. col// cultures and were
subjected to HPLC to determine the CS levels. The data represent
the mean *= SD of duplicate experiments.
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Fig. 3—3. Production of phenylpropanoid amides (PAs) in the
recombinant Escherichia coli. (A) CS production in response to
various precursor concentrations. (B) Production of PAs upon
the addition of various phenolic and amine precursors. The
medium fraction was collected 3 h after precursor addition.
CaS, caffeoylserotonin; CS, 4—coumaroylserotonin, FS,
feruloylserotonin; SS, sinapoylserotonin; CiS,
cinnamoylserotonin; CO, 4—coumaroyloctopamine; CT,
4—coumaroyltyramine. The data represent the mean = SD of

duplicate experiments.

CSAell AFE42] &7t vA= &S doti7] 98] 2& 49 H+EH (serotonin,
4-coumaric acid)S T2 H7te] CS9 FAH AEE ZSASATHE 3-3). 37CAA v
sk gl 8 A (ODeo=1.0)°l 0.5 mM serotonin®} 0.5 mM 4-coumaric acidE FH7}3l3L
28Coll A 3AIZE & W FE ¥, CS9] dFe sttt wigFe £89 CSE HPLCE =
A3tAth 0.5 mMe] serotonin?} 4-coumaric acidE * 8] wf, 156 mg/12] CS7} A=A
(¥ 3A). 1 mM9] serotonin®} 4-coumaric acidE & § Z2> 215 mg/1e] CS7F A4
At 25 mM serotonin®} 4-coumaric acid7bA] A 2]3}H, CS §&Fo] EV)stA| W, UM%
o] A Ax=Z 3 05 mMY AFAE HFIPS w, CS9 FE&(156mg/l)o] FHi1
U%7HA TEdte As BEds o, F A7AY AY BE Fs AHESt CSE AT

A= & g Atk 9, 1 mMe] AFAE ARE W, g0l 67%E oF 30%°] M
T CsEAel AHEEHA Tk agEE CSs PP AHEEHE HAY H7A FRE 05
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mMo]|t}.

ANz oA serotonin? 4-coumaric acid ©]9] 9] & HAFAE MU W, 19
St PAs7F AAEHEA A7 FASHATH(IE 3-3B). 1 mMo & AFAE A5kl
PAs®] A4 oFE HPLCE XA T amine A= serotonin, octopamine, tyramine
S AFE3FY AL phenolic acid AFA = caffeic acid, ferulic acid, sinapic acid, cinnamic
acidE AMEsIAT A E PAste  4-coumaroyloctoapmine(CO)©] 208 mg/1 A=A
4-coumaroyltyramine(CT)©] 187 mg/l1 A=A} WA, FS= CS¢ HRPYER] 96 mg/17}
8735 31, cinnamoylserotonin(CiS)< 39 mg/1, caffeoylserotonin (CaS)< 11 mg/1 A3 =]
At 714 A2 PAst sinapoylserotonin(SS)Z 1mg/l1 %= A AT, 71de] mat 4CL
¥ SHT7F & &4 84s Yetd o=z JA 5= PAsY ol veFstA yebdt(Ehlting
et al, 1999 Jang et al., 2004). 4CL-2 4-coumaric acid(252 uM)<} &3] caffeic aciddl 73
=2 7148 E20uM)E 7HA= ¥HA, caffeic acid(Vmax=0.21pkal/mg protein)ol] H] 3]
4-coumaric acid(Vmax=0.28pkal/mg protein)ol A 7} = &4 EA4ES Yephdo. SHTY
Kn #2 caffeic acid< 12.7 uM, 4-coumaric acide 23.2 pM<S YERJ AT, Vi 32 27
31nkat/mg protein®} 35nkat/mg proteings 7}tk H3h, 4-coumaric acid®] B3| caffeic
acid®} sinapic acid7} i ¢to 2 FHE = HErt AU (Torres et al, 2007) caffeic
acid¢} sinapic acidell 9J3] @A E+= PAs7t AlERISE Z U A Xsi= 7FeAE AUt
ShAIRE, AT AlE Qbell CaSe] Fbo] 2 Ao = Hol $2o AHee I JhsAol B
< A 2. Ehlting et al. 114 (1999) A= of 7174t 4CL27} ferulic acidE 7]1&A=E AFE-
3tA] Eetha B g shAvE, 28 4CL2E ferulic acidES 7|2 E AM&3te] #HE PAs

& AAElRa AxE ERAAME ferulic acidE 7|22 AFEATH(Park et al., 2008).

SHT f3AF #do] Cso] Ao dFS v A=A ¢olr 7] ¢35 western blotting® SHT
a4 B34S SAHSAH IPTGE A8y, AFAE Ae Axe AgsiA &= Alx =
T SHT ©@wld wrdo] Z71stdth(d 3-4A). SHT @ de] AdiFel o8 Hr+= u}e
A eskeh mE, o] SRS iR FFEE zelrb gllHh AR, SHT &

& B2 PTG AE § F7hstAtH (2 d 3-4B). AFAE AeetA &= thdolA SHT
gALe PTG A 3, 308 Zo] Z=71817] AlFAstn 60RdE Hu AL Jehdd
(262pkal/mg protein), ©]%-of WZ A 743t 5A17F o= 100 pkal/mg protein®] &4
S BEYu. IPTG A8 Ao 37ColA A"FS=Z T7 promoter’} &I o] 22pkal/mg
protein®] 7]&Z <l SHT €4S Wetdth AFA 1 mM serotonin?} 4-coumaric acid) ¥
A IPTGE A g g sl FA o= 60% $Fo 143 pkal/mg protein®] Hu A4S
Btith O Foll= SHTAZL #4¢] IPTGE A E3atA v tdas viszsiA Z4gth 30
3 602X ATAE Add WATS AstA = ATl Bls] SHT &4 &40
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27y euf o 28] A= v} shA|wh, SHT &4 49 Aole 543 Hole 2ol Bv=
SHT ©ujde] e Aol Aot dAQle] nlszaAnt, AFAE A thddelA
SHT &4 &/do] ¥ e AFAl o FAd CSoll o3t Asfia8<d Aeolt. uwhebA
IPTG A2 %, CS7} 15 mg/1 A= A E 30&7A] SHT &4 4 velux ¢z o
a9 34B, Q). AFAE A WFTe SHT+= HEsHA &2 dF T 60%F=Z2 B
A4S Yl ol AgAled o) FA4® CS7F SHTY &4 45 A vYeus
AL Aot o9 o] & =Y HAFAE A= CS¢ do] F43HA F7H8HA]
@E olf= THT &4% Zo] SHT a4 Ao daix= B8E A 72| 2837
Iok. THTl W3l 4-coumaroyltyramine®] K; #2 95 pMeo|th(Hohlfeld et al., 1995).
Az WFTe] CSEE(22 mg/l)v= 68 tMBE H+=t]|, o= 4-coumaroyltyramine®] K;
#H Bl sxolth kA CSo FE&S Fole AL CS7t AlERbA Al 28-S st
=5 Axyes WrEle s 29 Utk

—

i

2
rle
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ol
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_ o
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Fig. 3—4. Time course of the immunoblot (A), SHT enzyme activity (B),
and CS product levels (C). The recombinant £. colicultures were
induced upon 0.5 mM IPTG in the absence of precursors or in the
presence of each 1 mM serotonin and 4—coumaric acid. Soluble protein
extracts (1 g) were prepared at various time intervals (as indicated
below the lanes) from the recombinant £. co/i SHT enzyme activity was
measured with 1T mM serotonin as the acyl acceptor and 250 M
4—coumaroyl—CoA as the acyl donor as described previously (Kang et
al., 2006).Data from duplicates of the same sample were identical. Pc,
purified His—tagged SHT protein.
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ANz Wgds o8&t A=Y olAdAMIES BAste F2 97F AT Flavonoid=
ANz ddolx ABiEe 7P & g8 o]xttHAREE o] tH(Chemler et al, 2007;
Katsuyama et al., 2007). ©]¢} BIS=3}A] PAsE AFAZSIAAT, AF571A €& 2 Ag= o
2 WHOoE Axd dAZAdAAM PAsE AU AG7HA AEEHAE A5 As
PAsE 3}t g o=z AL ¢kt PAsE 457 ¢ &3¢ 528 coumaric acid®}f
serotonin(}: = tyramine)©|t}. 7Fe3], coumaric acide seroronin® F@Fo =2 ARt CS
£ UE7] W2 2 FE&2 5% 8 : dn. dAdE CS= HPLCE T3 AAlstA Ao 3
4 44 AHe BE FUI8ME BRE stal ARtE o] Z™Y. g vpAYe R
HPLC AAE 3l 11X PAsE 95 4 Uth(Ishihara et al., 2000; Park and Schoene,
2002). AR, AxF T BHS PAsE FA%H7] S8l @A 4 ARte]l A, B
F718vi= B8 % =tk gty CS, CO, CTE °o] WHE 3l 48 & o HE,
YEP HiAE A AT 98] HPLCY ZYE Z=ZvlEIad 3yt HQsAw, 212 0.5 mMY
71T 2 oF 98%9] £EE 7H PAsE AAE & Utk wEbd g o] &%
He @A AREStaL e Eehd W EG o Wil 4t
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e

3] A(—)] 1:101-

AgHow 87 PAsE AZE FFL ol &8 & Aol 200 mg/1E AXT & 9
[e)

W A4E SHEe ggwilA WAL WA JoA 91, 44 34E dudes 44
& ol gt

. SHT$} 4CL29] periplasm ¥8 ¥ SHT+CL2 TAEE

ACL?} SHT7} w&® 2123 o479 pET22b-SHT ¥ pET22b-4CL2 o4 SHT ¥ 4CL2
G Aol periplasmO. 2 targeting =X €3A 7+ recombinant S 1 mM<] IPTG
b @A Arbste] 28TeolA 5 AlZbEet widsidth AT & DA wdds 2x
sample bufferZ denaturation 3t AH ARE3FY 1L, mediumZ 2 1mle] vl SFA S
g3t FSAS 04 pm syringe filter& 2 F 73 &, filtrateE ©]-&3} . Soluble

HHe]| 2] o} pelletsE sonication 3+ %, A& 3] FsH S o]&sAH.

.
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o
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o|5 7} fractionse 10% SDS-PAGE ©l #2]3}e], Western blot = 7} Z} SHT ¥ 4CL2 &
A} Astele] wEFS BASAT 120 TAIG ¥} o], SHT @22 signal PelB
AEe AHYUZLA T, periplasm FolA SHT @&do] AEHA &kt = cytoplasm ¥
A& WEQ] pET28b-SHT @ #ol Hl3)] &0 A3 Fgom, o sujdx F2go
Z st AR YEEH o= PelB AE HFVF SHTEEES S¥5e ASE B3
TH1Y 3-5A). pET22b-4CL2 ¥ E]9] 7<%, SHT @Az th2 4] 4CL2 Qo] ofF A
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Fig. 3—5. Western blot analysis for targeting transgene into periplasm. (A) Expression
patterns of SHT protein(Left figure). (B) Expression pattern of 4CL2 protein(Right figure).
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Fig. 3—6. Comparisons of SHT and 4CL2 proteins in E. coli harboring
pDuet:PelB—SHT/PelB—4CL2 and pDuet—SHT/4CL2, respectively.
(A) SHT Western blot(Left figure). (B) 4CL2 Western blot(Right figure).

t}. THTS} 4CL29 SAIEE A7 23 L AZEYFEA AFA

= THT9} 4CLe] =d¥ A= ol IPTGS} tyramine, T4+ phenoilc acid(Z}Z} 0.5
mM)E At thFo] w3 tyramine FEAE FAst=A ST 19 4acl A
=o] IPTG % ¥, 3A%t 5H tU4g tyramine =471 G4 = AT 7H @o] &4

g 3}FEL tyramine?} 4-coumaric acidel 2|3 4-coumaroyltyramine(CT)©]™ 188 mg 1°
et vl523k GO 2 tyramined ferulic acidol =¥ feruloyltyramine(175 mg 17)°]
A E ). tyramined} caffeic acidell 98 Caffeoyltyramine(CaT)e] 31 mg 17 4@t}
tyramine¥} cinnamic acid®ll ¢J3] A% cinnamoyltyramine(CiT)(2.7 mg 1" o] &9t

I tyramine®} sinapic acidE A ##S W, sinapoyltyramine(ST)= T = A 28kt

FolA B gd EZoA dHaE ¥EAE o
+ WHE9 tyramine FEAEo] TN ¢
BEolge AL ¢ 5 Atk 05 mMe AFAE AEd F, CT(188
mg [)4&e Aele A7 o 66% 558 RolE ¥, FT} CaT: 72t oF 56%¢}
10%9] 3|4&< Bt o THTS 4CLE ZHzt 2 HAA7| $A AF3 g
st F=AE A3, tyramine A= AAAEHA Eevh CTEA AFA 5%
S golr7] 8] 22 &9 A (tyramine, 4-coumaric acid)E TSI FEZ A5
t}. 0.1 mM9] tyramine®} 0.1 mM2] 4-coumaric acidE A HE W, 35 mg I' CT7F FA
HAh(ZE 4b). AFAY FEZ 01 mMolA 05 mME ¥o]d, CTYA] 188 mg 1'7+A
F7Ft SEAIRE, 1 mMode] AFA FEolXE 05 mMe AFAE APs we Ant
Axe] AAE] FAHT ol9ho], 05 mMe AFA FZolA 7HE B2 CI7F FAEEA
T} tyramine EAo] HE] dopamine FE=A FFS AUHoz I (¥ 4o).

dopamine(0.5 mM)#} ferulic acid(0.5 mM)Z &S o, 48 mg I'9] feruloyldopamine(FD)
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o] A= Ath. 4-coumaroyldopamine(CaD; 34 mg 1")#} caffeoyldopamine(CD; 34 mg 1)
o] FAHELE Hl=3 FFolth. CiT9 #Zo] cinnamoyldopamine(CiD)E "¢ -2(0.8 mg
eFo s FA4FATY. A%, sinapoyldopmine(SD)& W& T A Fskoh. A=z o
ZAtol Al sinapic acide tyramine +=#| 9} dopamine FX=A Aol o] &EH XA =t A
2% ggdodN Fo3A A= tyramine FXA = CT, FT, CaTolth(1d 3-7). AZXF
fgTolA Ee FEAEC A FAEH=A dolR 7] #18 4-coumaric acid(0.5 mM),
ferulic acid(0.5 mM), caffeic acid(0.5 mM)9} tyramine(1.5 mM)< Aol &g &, wj
A HPLC 43ttt 18 4dolX Bxo] thigiols 2F 363 mg 1'9] tyramine #%
A7F FAAEAT. CT F4(189 mg 1')%E tyramine¥} 4-coumaric acid?t @502 AL
moh Zokth FT= ATAE G502 AHPE we) 77% FFo2 FAHAT CaT 34
40 mg 1)e AFAE EHAoz HYPE wro 30%F=E o Bl FAHACH
tyramine FXX(CT+FT+CaT)e] 35&S 41%E 9502 AHZPS wjo] HAUA 4%
o} W3R tyramine FEA| 9} WIHE dopamine FEAE HAFAE FAlA A (15
mM dopamine, 0.5mM 4-coumaric acid, 0.5 mM ferulic acid, 0.5 mM caffeic acid)3 =
o, EPAoz AYPL 0 B Fe F£EE HAHLE 4de). 2 E°], 22 mg 19
4-coumaroyldopamine(CD)& M4 & @=o= A of FIF 61% F=olth Atk
7}, caffeoyldopamine(CD)2 4% ©]iL, feruloyldopamine(FD) 3 A=A skt thad
oA AFAE Ao XA PS w, dopamime F=AH 2] FALS A== AL & 5 2
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Fig. 3—7. Production of tyramine or dopamine derivatives in the media fraction of

recombinant£. co/i. Themediafractionoftherecombinant£. co/iculturewascollected3haftertheadditionof1mMIP
TG,0.5mMtyramine,and0.5mMofvariousphenolicacidsforthemeasurementoftyraminederivatives(a) .Precurso
rconcentrationeffectsonCTproduction(b).Productionofdopaminederivativesinthemediafractionofrecombina
nt£.coli(c).Simultaneousproductionofmultipletyramine (d)anddopaminederivatives (e) aftersimultaneousaddi
tionofprecursorswith1.5mMtyramine (ordopamine),0.5mM4—coumaricacid,0.5mMferulicacid,and0.5mMcaff
eicacid.CT:4—coumaroyltyramine;FT:feruloyltyramine;CaT:caffeoyltyramine;ST:sinapoyltyramine;CiT:cinn
amoyltyramine;CD:4—coumaroyldopamine;FD:feruloyldopamine;CaD:caffeoyldopamine;SD:sinapoyldopa
mine;CiD:cinnamoyldopamine..Thedatarepresentthemean®= SD of duplicate experiments. nd: not
detected.
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Fig. 3—8. Time—course analysis of the simultaneous production of tyramine derivatives in the media
fraction (a) and cells (b) as well as immunoblot analysis of recombinant THT (c) and 4CL (d)
proteins during the time courses. Experiments were the same as described in Fig. 2. Aliquots (5 ml)
from the cultures were collected at the indicated time intervals (h) and subjected to SDS—PAGE. CT:
4—coumaroyltyramine; FT: feruloyltyramine; CaT: caffeoyltyramine; CD: 4—coumaroyldopamine; FD:
feruloyldopamine; CaD: caffeoyldopamine. The data represent the mean =+ SD of duplicate
experiments. nd: not detected.

Zt. TDCS T5HSY FAZE AT 23 R A=Z2Ed A7A

=
Lo
[6)]
e}
=]
o
3
1
2
X
rr
=
=
o
=
@)
!
Ho
2
_‘>i
N
=
ri
2
u_?i_',
o
Q.
1)
&
o
O
%
X
O
<
e
fru
e
An)
oy
rO
pi
32
Y

37l plasma membraneo] HHE = Ao 2 Holy, Ve AEZ FHH= 5EHS HQ
= Ao o @uide] By, ATl TEHA Kohs 5Ao] HlIFo] Az

HHE= SAS A, 559 vt HES 7H 4CL1 FAAE skl digdol 23
SH712 stk (& 3-1).

_31_




Table 3-1. Types of 4Cl genes expressed in rice genome.

Accession Protein aa . .
type o amino acid sequences
No localization | length

MGSMAAAAEAAQEEETVVFRSKLPDIEIPSHLTLQAYCFEKLPEVAARPCLIDG
QTGAVYSYGEVEELSRRAAAGLRRLGVGKGDVVMSLLRNCPEFAFTFLGAAR
LGAATTTANPFYTPHEIHRQASAAGARVIVTEACAVEKVRGFAADRGIPVVAVD
GDFDGCVGFGEAMLDASIEPLDADEEVHPDDVVALPYSSGTTGLPKGVMLTH
RSLVTSVAQQVDGENPNLYFRREDVVLCLLPLFHIYSLNSVLLAGLRAGSAIVIM
4Cl11 AKO68985 cytoplasm 559 RKFDLGALVDLTRRHGVTVAPFVPPIVVEIAKSPRVTADDLASIRMVMSGAAPM
GKDLQDAFMAKIPNAVLGQGYGMTEAGPVLAMCLAFAKEPFEVKSGSCGTV
VRNAELKIVDPDTGATLGRNQSGEICIRGEQIMKGYLNDPESTKNTIDKGGWL
HTGDIGYVDDDDEIFIVDRLKEIKYKGFQVPPAELEALLITHPDIKDAAVVPMID
EIAGEVPVAFIVRIEGSAISENEIKQFVAKEVVFYKRLNKVFFADSIPKSPSGKILR
KDLRAKLAAGIPTNDNTQLKS

MGSLPEQFVFRSRLPDIAIPDHLPLHDYVFERLADRRGRACLIDGATGETLSFGDVDALSRR
VAAGLSSIGVCHGSTVMLLLPNSVEFAVAFLASSRLGAVTTTANPLHTPPEIAKQVAASGATV
VVTEPAFVAKVSGLAGVTVVATGGGAERCASFAGLAAADGSALPEVAIDVANDAVALPYSSG

plasma TTGLPKGVMLSHRGLVTSVAQLVDGENPNLHLREDDVVLCVLPMFHVYSLHSILLCGMRAG
4C12 | AK120964 539 AAIVWMKRFDTVKMLQLVERHGVTIAPLVPPIVVEMAKSDALDRHDLSSIRMVISGAAPMGKE
menbrane LQDIVHAKLPNAVLGQGYGMTEAGPVLSMCMAFAKEPTPVKSGACGTVVRNAELKIVDPDT

GLSLPRNQPGEICIRGKQIMKGYLNNPEATEKTIDKDGWLHTGDIGFVDDDDEIFIVDRLKEL
IKYKGFQVAPAELEAMLIAHAAVADAAVVPMKDDSCGEIPVAFVVARDGSGITDDEIKQYVAK
QVVFYKRLHKIFFVDAIPKAPSGKILRKDLRAKLAAGIPAC

MITVAAPEAQPQVAAAVDEAPPEAVTVFRSKLPDIDIPSHLPLHEYCFARAAELPDAPCLIAAA
TGRTYTFAETRLLCRRAAAALHRLGVGHGDRVMVLLQNCVEFAVAFFAASFLGAVTTAANPF
CTPQEIHKQFKASGVKLILTQSVYVDKLRQHEAFPRIDACTVGDDTLTVITIDDDEATPEGCLP
FWDLIADADEGSVPEVAISPDDPVALPFSSGTTGLPKGVVLTHRSVVSGVAQQVDGENPNLH
MGAGDVALCVLPLFHIFSLNSVLLCAVRAGAAVALMPRFEMGAMLGAIERWRVTVAAVVPPL
VLALAKNPFVERHDLSSIRIVLSGAAPLGKELEDALRARLPQAIFGQGYGMTEAGPVLSMCP
AFAKEPTPAKSGSCGTVVRNAELKVVDPDTGFSLGRNLPGEICIRGPQIMKGYLNDPEATAA
TIDVEGWLHTGDIGYVDDDDEVFIVDRVKELIKFKGFQVPPAELESLLIAHPSIADAAVVPQKD
DVAGEVPVAFVVRAADSDITEESIKEFISKQVVFYKRLHKVHFIHAIPKSASGKILRRELRAKLA
AC

4Cl13 | AK105636 ! 569

MGSMAAAAEAAQEEETVVFRSKLPDIEIPSHLTLQAYCFEKLPEVAARPCLIDGQTGAVYSYG
EVEELSRRAAAGLRRLGVGKGDVVMSLLRNCPEFAFTFLGAARLGAATTTANPFYTPHEIHR
QASAAGARVIVTEACAVEKVRGFAADRGIPVVAVDGDFDGCVGFGEAMLDASIEPLDADEEV
HPDDVVALPYSSGTTGLPKGVMLTHRSLVTSVAQQVDGENPNLYFRREDVVLCLLPLFHIYS
LNSVLLAGLRAGSAIVIMRKFDLGALVDLTRRHGVTVAPFVPPIVVEIAKSPRVTADDLASIRMV
MSGAAPMGKDLQDAFMAKIPNAVLGQGYGMTEAGPVLAMCLAFAKEPFEVKSGSCGTVVR
NAELKIVDPDTGATLGRNQSGEICIRGEQIMKGSISLSFFPLHINGIHISAKSIIHHLPRVYGHAS
ACTTT

4Cl4 | AKO67261 ! 445

1 mM phenolic compounds ¢} 1 mM serotonins * 2|3 pETDuet:4CL+SHT th g vl <&
NN T A2EdFEA ddFs st & 232 ™ 3-9), coumaroylserotonin
°] 20 mg/L FHFozZ HuULFoZ YAHAL, 522 feruloylserotonin ©] 17 mg/L,
coumaroyltyramine©] 11 mg/L, coumaroyloctopamine ©] 4 mg/L, caffeoylserotonin 3
mg/L #22 AFAHALG. AAHoz Euj, of 7)1 F0] 4CR+SHT FAALE Ho), 100
e NZEDREA o] Holxlas & o, hddodA AREd feA Ad8S A%

FAAEA = A71FH 4C127F 7 AR AYS & 5 AT
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Fig. 3—9. Production of serotonin derivatives from rice 4CL and SHT harboring E. coli.
Caffe—S, caffeoylserotonin; Couma—S, coumaroylserotonin, feru—S, feruloylserotonin;
sina—S, sinapoylserotonin; cinna—S, cinnamoylserotonin, couma—S, coumaroyloctopamine;
couma—T, coumaroyltyramine.
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Fig. 3—10. Effects of tryptophan pCOLA—GSTA3Z7T5H+TDC on serotonin and
tryptamine production in £.coli. Various concentrations of tryptophan were added
and incubated for 24h at 20° C, and media fractions were subjected to HPLC
analysis. The data represent the mean = SD of triplicate experiments.
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A Induction L2 &1, 05 mM IPTG, 1 mM EFJERS X3 T t}dst o%
= 375, 28%, T 20 o)A 24A17F Hlksle] Rtk A 2EY AATL 8%, W 7% o) A
E A AAYA Fon, 0= 24 mg/Le AEZED] AAHATHIH 3-12). &

3-1
w EYEwe] o 371—5011%1 4 mg, 28X 45 mg, 20 A= 88 mge| EYEITIO]
AAE, 7 e 5 2050 Ao ERERIY Al2Ede] AAH AT,

o S 227} heat shock Tl A WS Z=thA]A, o]F @il de] fIJPx
s} B3RS FUddE Burt ok WebA induction Al IPTG 0.5 mM3t, ©h3d F=o
et Arbete] AREY FFe UL ATE FES 05% ol AAd A2
B4 3to] oeheS xElalA] e Ao HIE 20% AT =2 AZEY IS BHoE9]

(2" 3-13). 28y EHENIY Ag g X Al #Ade AFES HA FUGY og
L Ao g3 AZEUY Ztie EYEYY ZHAE soluble TSH ¢ TDC k)

zre
THdo]l S immunoblot B4 A3 HIZSA YeRg o, dEE A7t ThH T4
31’: o3}



[}
L

100 35
T ool o _ 30f
2 70t = E 25]
~ 60l .
:Ll -
< 50} s
S 401 5 15
o 30fr 3 10t
20}

10f

| — L L L {]
70 001 005 05 1

IPTG conc., (mM)

0

0.01 0.05 0.5

1

IPTG conc. (mM)

Fig. 3—11. IPTG dose response of

PCOLA—GSTAGZ/TS5H+TDC in E.coli.
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Fig. 3—12. Temperature—dependent expression of pCOLA—GSTAZ/TSH+TDC in E.coli in

which the production of tryptamine(a) and (b) serotonin were measured.
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Fig. 3—13. Effects of ethanol pCOLA—GSTASZ/T5H+TDC on the production of
tryptamine(a) and (b) serotonin in £.coli. Soluble protein extracts(20mg) were subjected to
SDS—-PAGE followed by immunoblot analysis (c). GST and rice TDC polyclonal antibodies
were used for GST—AT5H and TDC protein detection.

A8 2 AZEY A BYXE ZASH7] Y8, 05 mM IPTG, 1 mM ERES, 2
s

2% olereS A3t 48A17FEQE 20= 0 A vk AT AIMEE AT AES} vjSFd

=

& Releld, EYEATD AR FHe ZARIATHIY 3-14). AZEY Fefo] W
oA 12417+ & 1.8 mg/L, 24Xkl H3 $X¢]1 24 mg/L 7} BAHAL, 48Xl 2+
& X9 24 mg/Le] AZEU] AAE O] 24 A7t o]F HE Feko] ZhE A #SE B
F AT A EYEILS 12 A7) 86 mgo] AAE O] AZEY Rt} 34 v] =UdTH A
ZEY A AxT G d ddAES immunoblot £t B A, Fo] AFd A
7F &S <l &gom, 53] insoluble S TDC 2 TS5H =% %2 w4, soluble &
W BEFE vy Je5s B, AZEd AAH S ol @AY solubilitys 3
dste Zo] #e] Be R Frh wigd 2, i AEWIAME 4 mg B 22 mg
o MEEJ 9 Efevle] A= 7t 7} wjgA e Fxol HIE 6 B 4u) 2 FETH
AT AlEANA AAHFAT. o] TDC 2 T5H @il o] o) AAEH= EHEY 3} A2
Edo] Mxd gtoz mEHe 5A4S Ho FUY
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Fig. 3—14. Time—course analysis of pCOLA—GSTASZ7THH+TDC for tryptamine(a) and
serotonin(b) production in media fractions and cells as well as an immunoblot analysis(c).
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A 2 A AZEYFEAS F9FY IRAE ANAZAY EFEA
1. M A

= Y u=e Vg sPEEY A TFEE 20031 149 iRk 2ejolx) 2008'd 184 Wiwk 2
2 oF 24% AAsty 53], dF dol] A3 Al TEE 42% 7FEeE 3R #dd w3
Aol mig- & RS AATS & T ATk B3I VT PEES ARSSE AFEE 2.7%7F
o7 wsh FA1Y s 8] ARt Aot (Decision News, 2008).

= A AA SFFE LY 2% FEol, 30%s vl=mel AA|SaL lom, ofxlobrt 26%9] A% Tt
EE 7HAA vk

- Fue) BE AP FEE 52839 o] o= gor], FUs A Folt oloRE A

teos ARG A4S IYHIL Yow, 15 BPEL B DA FAF A FR

a o 14% AEE AAHL Utk 53, FHL WEW Fobel, FhY, AT 5o A9F
AR B g 8L Ao Rt

< 3} polyphenol Ad+&°]4}, carotinoids, alkaloids, saponins, vitamins, quinones,
Sol o FrEol o], 7158 AFe Eugtyn & 4 Aok

= 714 AFS NEE7] fsiA= biomaterial] i, A W &% HF, =2 A =
stability ‘5°] Lz ¥ ojoF gt} o2 gt SWA A ol EAsh= vlo] okl FAl= Hie]
Qolvle] Ay vus Tl FE 7| tigk E4o] folstal, 2EAY Hol8e
sh=tl AA ol ok

= HERZRYH FEAY B2 EES o8 1RV 7HA] TIsA 3 A JiEe] sujelA L

A st AET oA FE3 d2HBEE o|t)h o] 9
Jow, 178 sHAF Akl o8 714 EE AHIER
o] &3 Ut Y o] EFo @2 Hojd Bk EFSIAL stabilitydl £AIZF U= A
o o

= B A7Ae daHSEESS Hud we st 8
caffeoylserotonin (CaS)E 3}3 st Al EAeATh (okh A8 A7 23 Far). 1
A3} gFet A5 AEXE olgste] AYBESs HAEE 4 v aRT 7HA] Vs AA)
2 dE 2A4E M E 5 U AeE 7jddnh

»  Caffeoyl =40 #3F AF= o}F] Z7] DAZA caffeic acide= HLH okxl], B, A3 59
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e e Hesd 22 59 stuolth Caffeic acide F4Edo] v AR d#HA o
H, in vitro 2 in vivoolA ‘e XS el Jrt AEAWO| A caffeic acide
caffeoyl-CoA FHEE &/33} ¥ bt biogenic amines¥ A3t 2xhAL M-S A
o @A7EA BiE3 A= caffeoyl TEAIEZES N-caffeoyltyramine, ccaffeoyl glycosides,
caffeoyl quinic acid 5°] HEi1% il gt} (Park and Schoene, 2003; Zhu et al., 2008).

» AEA A BAEE caffoyl 5= caffeoyltyramine, caffeoyldopamine, caffeoylserotonin,
caffeoyltryptamine, caffeoylphenethylamine 5°| Attt 2y} o5 E29 A& #Ag o
T oF s o|FAA YA BE 2E GHE YRS 79T ool mig o,
olg 29 7IeAde THTLEAN IR} THA] 714 Ao 2AlE T Ut Uth

= wlo]Qolly AFE ] U= caffeoyl FEA JhHl 7P AT Bol He] e Ao
caffeoyltyramine®} caffoyldopamine© 2 2009.2¢ @A F 13H<] =] LxH Jok. 1 F
Aol #3 =58 67802 A7 A9 Hol UA & Aotk

» Caffeoyldopamine®] 8137 F8 A2|EAHSZE P-selectin®] &S Ao zZA COX 4
2] @S Asfshe Aoz d#A A} (Park, 2008a). Cafeoyltyramine®] 74-9- U937 A|Z 9}
Jurkat A|ZoA DA tyrosine N4FSE IS AFOEA HAE ATES FEITE B
At} (Park and Schoene, 2003). I3 caffeoylserotonin} caffeoytryptamines 4173733 A 3£ 2]
5HT1 F8&AE 53 cAMPe S A= &40l Aem, o]= caffeoylserotonin?
caffeoytryptamine®] 5-HT1 8A1& &3 A1 4 JAY JAX 7= 222 L&ty B2
13kl AT} (Park, 2008b).

» O A E9} FHStX = caffeoyltyramine©] tyrosinase®] €4S A3t melanin A4S A

sfske wYl 5ol #g vt Atk (Okombi et al., 2006). ©]’49] caffeoyl fF=Ao 3 A

2

B
N

v B A3E dAFo R HHse 4E 7L ol nlo|lolly) nlo] oWl FEAo Ik
S HPLC WHo g Easte] Ans IA g&Ao HE &k (Ly et al, 2008). 1059 =
Bg2F, Gz}, BoiE, MURRE, 3, 4% W% A, AFH, 97.2 2AS
4

T =4 YES S, coumaroylserotonin,

&
=2
o
fo
i
=
f
o
>
z
o
to
L
rg
Lo
i
ol
o
=]

feruloylserotonin 59| Hlo]Q ol FEAE AZF3A ol FEAc FH & F&%
A Rugnt Qloy, FAEAA Hud vl gl
» o] A AFZHE niololdl FEAE FASIY AYSEAHS BN AL =9 A

B ofyzl V1A ook A Aol A V1o & Aoz Vthdn

N

AT FY Py

A EALRY
HaCaT A|ZE 10% Fetal bovine serum (FBS), 100 U/mL penicillin/ streptomycin®] X3}t
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@ Dulbecco’s modified Eagle’s medium (DMEM)ol4 1 X 10°/mL ¢ %2 stz A%
LE7F 90% ool HAS W A wigF 2 AFstAnk. olw wjFxzaL 37T, 5% COE
A8} A T

U AZAZEN

96 well platec] HaCaT A|ZE welld 9 X 10°0.2 A|ES EF3to] 2443 37C, 5% CO,
incubatorol A 10% FBSE &3 DMEM wj x| A wjFdttl wjAE A At FBS7F E &=
A B2 iAo TF ARE FEHE st 2427 wiFE ATk AE7F A" wAE
AASL 05 mM H0,E & AIF &<t Hgsth. XTTEH3 PMS E39(50:1)S 8l A<
1/5 volume *]E]3}al 3A|7F &<F CO, vl 7]l A v Fsle] ELISA readerE ©]-83}a] 450nm
¢} 690nm oA FFEE S

A ZAGE(%) = AZH7F(A50nm - 690nm)/ F3 7F+(450nm - 690nm) X 100

. AJZU ROS (Reactive Oxygen Species) B &3

96 well plates] HaCaT MEZ welld 9 X 10°0.2 A TS 23310 2447} 37T, 5% CO;
incubatoroll 4 10% FBSE 73t DMEM Hj Ao A w3ttt w2 & A AsIaL FBS7} X35
A g2 WA g AlREE FEEE Agsto] 2443 vi ke § PBS buffer® Al H 3 %
100 uM DCF-DA(in media)E 30&3t ®F5AIZIH ¥hg-o] £ %, DCE-DAE A A tal HBS
buffer2 washing ¥ ¥ 0.5 mM H202 (in HBS)E *&l3slal Oh¥} 1hol A9 fluorescence %k
(485nm/530nm, ex/em)S =7 St} Increased ROS(%)=(1h-Oh)/0h x 100

2t A A FHqs £

24 well plateo] HaCaT cell& 1 X 10°/well& M EZ EF3}o] 24475 CO; incubator]
A1 10% FBSE 33+ DMEM v x|el A vkttt v x| & A A3t PBS buffer® washing %t
F ANEE TEEE Ao 14N v T AlgT7E AEE wAE AAstA ¢ F PBS
buffer2 A #3k F 05 mM HO05 3 AlZF &k A2tk viA1 & A AskaL 640 ul TBA &3¢
(100 ul homogenate buffer (pH 7.4), 40 ul 8.1% SDS, 300 ul 20% acetic acid (pH 3.5), 200 ul 1.2%
TBA (pH 3.5))& A g]st] 60T water bathol| 4] 1Th &< §F&-A1 71 & FHL=E iceol A 1047t cooling
Al Z1T}. 400 ul®] HH-&-4-& 5 Y volume?] n-butanol : pyridine(15:1)2} 4] 9] A] vortexing ¥ 400 X g
o] A] 1047t centrifuge 3+l 75 < 200 ulE 96 well plate®l] & 7 A] fluorescence (530nm/590nm or
515nm/553nm, ex/em) & 54 gt}

ul, RNA &8 &4
6 well plated] HaCaT cell& 5 X 10°/well2 A|EZ EF3to] 24475t CO, incubatorol
A 10% FBSE 13 DMEM ®l Xl A] wlj ket wiA|& A|Asta FBS7F 2= A @82 A

il
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oA 48A1ZF wj st Cell Cycles ArrestA|ZITh A& (in FBS7} S UA %S DMEM)E A
g3t A1ZF E( 10, 20, 30, 60min, 3, 6, 12, 24hr)2 HM|3ZE harvestd}o] TRIzol reagentE A}

&3t RNAS FE383 0 20~100ng RNAS A8t RT-PCRES T3l 54 #+342] mRNA
Td =S 245

g, dal A kg 74

100mm plate®] HaCaT cell& 7 X 10°/wellZ A ES EF3}e] 24475 CO, incubator]
A1 10% FBSE -3k DMEM Hj Aol A w3ttt viAIS Al AstaL FBS7F X3 A &2 HjA|
X 48A1ZF wj st Cell Cycles ArrestA|ZITh A& (in FBS7}F S91UA %S DMEM)E A
g3t A7 (10, 20, 30, 60min, 3, 6, 12, 24hr)Z A EZE harvests} 3 th.

At gA4ks o] HREA XA @AY carbonylationd] ®| X G 3

R A EZS 6well platecl] 5X10° splitdt ¥ 12-16h 59 attachment A7 ¥ £ DMEM
O Z WA E upEo]Fa, 10uMY] antioxidant 52 24A17F A3ty 1 & w/o DMEMO. 2

£ 3 W o uFo]Fa, 0.5mM HOxE A ldte] 4417H5<t incubations A7) ¥h3-©]
U™ AMEE harvestingd}il, protease inhibitor’} 7} lysis buffer 50 ulE F7}3te], 10
A F 43 9] sonication®Z M EZE 7)1, proteins U] o], lysate 5 ul®} 12%SDS 5 ul
MZ 4olETh ol7]el 1X DNPHE F7bste], 158 T A2dA wgAd F
neutralization &9 7.5 ulE 7}t W8S ®FA St oA o oW MES 10%,
1.0mm SDS-PAGE 3}3, 130 mA, 4 h 52 membranedl] transferdt & 1% BSA9l A 1At &

Hj A

mi

il Hi'

¢t blocking AAFT. ©] membranes Oxyblot protein oxidation detection kit (Millipore,
S7150, CA92590)°.2 A3l th.

of. A3tx ZEd 2 9% H2AX ¥ it wX= IF

HaCaT A= 10% FBS7} #H7F¥ Dulbecco’s modified Eagle’s HlA| oA 7|2t} the,
6well plateo] 5X10° splitdh ¥ 12-16hr 59¢F attachment A]71 ¥ ¥ &3 DMEMSOE HA S
v}, 10uM 9] antioxidants £& 4A1ZF A &gty 1 & F83 DMEMOZ HIAE 3+
H © vEo]Fa, 05 mM H.O2 A3ty 308 F<t incubationS A7t ¥HE3Z-o] &1
M EZE harvestings}il, protease inhibitor7} F7}F4E lysis buffer 50ulE 3718k, 1024 & 4
H O] sonication®.Z M EE 741, proteing T 3HTE. GHAS 12%, 1.0mm SDS-PAGE 3}
31, 130mA, 3hr &< membraneol| transfergt + 1%BSA°lA 1A1ZF &<t blocking Al AE T
©] membrane< Rabbit-anti-pH2A(Ser139) 1gG Ab (5%BSA°] 1:10002.2 3] 4 cell signaling,
#2577)=2, overnight incubation¥t ¥, Goat-anti-rabbit (1:5000, diluted in TBST) IgG, 1%t &
¢t incubationdt ¥ ECL &4 Z detection $Hth.
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A AFJHAEHEZ A AE | @ A3 EH

HaCaT AlXZ+= 10% FBS7F F7}¥ Dulbecco’s modified Eagle’s Bjx|[e A 7]t o=,
6well plateol] 5X10° splitd+ ¥ 12-16hr F<¢t attachment A171 & Fd3 DMEMOZ #jA S
v}, 10 uMe] antioxidants & 24A17F X Elslty. 7 & F3d% DMEMOZ HiA =
& W o wro]Fa, 1 mM H202E5 A 2]éto] 44]3H&<t incubations A|Z1H. whg-o] £y
AEZE harvestingslil, protease inhibitor7} F7}E lysis buffer 50 ulg F7}ste, 1024 F
4 9] sonication®. 2 M EZE 7], proteine AT @HFES 10%, 1.0 mm SDS-PAGE
3l3, 130 mA, 4hr 5<%t membrane®] transferst & 1%BSA°|A] 1413t &< blocking Al AT
. ©] membranes Mouse monoclonal anti-Phosho-Tyr IgG2b Ab (1:500, SC508), Mouse
monoclonal anti-Phospho-Ser IgM  Ab (1:200, Calbiochem 525280,USA), Mouse monoclonal
anti-phospho-Thr  IgG ~ Ab (1:200, Calb 52586, CD )&, overnight incubation¥ %,
Bovine-anti-mouse IgG-HRP (1:5000, SC2386 ), Goat-anti-mouse IgM-HRP (1:5000, SC2973) 1

A7t E<¢F incubationd ¥ ECL €94 © 2 detection 3+T}.

2}. Invasion assay

Matrigelo] ZE @ 24 well (BDAHO] 25 X 10* cellsS split 3+ & &3 PRMI Hj %] o) 4]
22-24 A7+ wj o]E@er. o] W] CaSE TLEEE FH7}sle] wjdsta viko] 8 H W welld inset
o WA E AAG §F wEEE 2@ AT 11go] €d ¥ hematoxyling ¥ 2-57A4
A & DW=E A3 AFHo] S4FEHW membranes E7|7F SIEF HAEXA|7]IL slide

glass #ol &3 mounting 3 & W HOZ MEFE counting o}

7}. Migration assay

Migratione ## 3= 24 well plate (Corning AHol THP-1 M XE 25 X 10* cells& split gk
T U = 4 CaSE Ae3 & 222447 W F3tt wige] T58 & wWAE A8
g&2 143 £ heamtoxylin® 2 2-5:77F AAgth, G4 & DW=E A H3t3L membrane

AzAZ 5 drjdos AxsE 32T

E}. A|X 7] FACS &4

AEZE 60 mm dishol] 1 x 10 Cell/plateﬂ HEE BF3 I 37 5% COZANA 244217+ A
Hj %, 3= Drugs FBS7} & A] 22 Basal media®t &7 EujgS st} wfjdo] £

A Z+= PBS9t Trypsinization steps A % % 70% EtOH=E fixation*| 1T}, Fixation©]
W MEZ= PBSE 2] ¥ washingdt o+, propidium iodide (PI, 5 mg/ml) solution® =
%, FACS (AB, Attune acousitic focusing cytometer, USA)d Z 93t MEF7|E 243

roh 0@ mi

__E_lé[‘
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3. A7 3 23

o AZED ATA AL ARAE g ML 9F B4

HaCaT A XA CS, CaS, FS, SRe A3t 23 SR= 5 - 80 uM % Woll A A EA 7o
FFe PAA Fgkor SRS AL Yr A AE= 40 uMHFH toxicityS H A

SuM

1.. 111
HENN"

cantral R Cal F8 ER
Fig. 3-15 A|2Ed AFZA7} AXAF viX& I

(control : gray; complete media, red; with out serum media)

. 4513 AEYEZERY IFRAX Histe s 4 B4

AstA ZEHAZRE IREAE RS B4 E4S 9 AREYD AFASS A8 2443
% 05 mM H,O05 117 A3t XTT assays &3oto] A2 AZS S5 2494 HOE A
g5tA] &2 dExTH HuPS wf o 40%FEY Toxicitys EHL™ CS, CaS, FS 5-20 uM
FEollA FAstansE HIt 53] CaSollA 2 &drt Holgter SReM= FAkst adrt
o v Eet

SuM
3.0 10uM
U 2iuM
15 5]
£ T o o
5 20
% - |
s ||
Tl i 11
% i T T T1
E 0.5
0.0 —
control s CaS FS SR
Fig. 3-16 AZ2EY ATAEQ 3313 2228y YRANE BTSA B4
(control : gray; with out serum media, red; 0.5mM H>O»)
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o AZY FAFAROS) A A &4 £

AZEY QAo ok A fafata A4 A &4 24 A A 2B G
A diEw e Hlastels w of 178 A= AE W freidtae] A4S Hylow AREY Ay
CS, CaS, Fs & vg] A2 AZoM = Fafatsn Bl dAES FUsAH. CS, CaS, FS 5,
10 uMoll A 1 &3}7} ok on SRelME =

35
3o i 20uM

5 I
u 1] !

Relative Intracellular ROS

00 — — -
contrel L Cas F3 SR

Fig 3-17 AIZEY ZAFAE9 Intracellular ROS A4 JA| &4 &4
(control : gray; with out serum media, red; 0.5mM H;O,)

gh. AdRatst A 24 4

AZET Aol o3 A W AR =5 A4 24 24 23 A
oM tHzEwd Huste W of 128 A= AlX W AAANs} s S7F A=
How AEEd HFA CS, CaS, FS, SRE Vg A3 AxdMe A3 =5 7t

L

7F JAES A3 dtt ZeE NZEY ApAdA o a97F HolAw 53] SRelA A A
s £E dAtE Bt GLsath
140  SuM
u 10aM
120  20uM
$ 1w | | 1 1
_=§ i " TTI H
E &0
E
2
=]
o L
conirel s CalS Fs

Fig. 3-18. A2 Ed AFA S AAALE oA &4 &4
(control : gray; with out serum media, red; 0.5mM H>0»)
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ul CaS o AE A% 22 84 B4

gl FFe MAA e B

o
9,

o
L
A
i)
o
—_
(@]
=
<
off
bt
=2
X
=
35
o
o
o
LB
)
ol

CaS+ Al ZA8 o
= A= B F A wEbN Casvt A BAS owd FEE Foh AT A AE
el WstE 4Bt

32

1) AEAGES =3t 722 mRNA HEA 9 dd &4
Serum©] E3E YA 2 A AA AZE w5t cell cycles arrest A1 T 10 uM
o] CaSE Al ¥= AHZg A growth factore] ®WHE3t= FHAE & d#HZ ¢ - fos ,
c-myc®} cell cycles A A st AME AFE FE3= cyclin D19 E& o] upregulation
= A& RT-PCRE T &Ittt CasE AF] & 10258 fAdAse] 2dse A &
7 =

& T AN eH 7202 (12A17h) o] ¥ FHE wHo| A

Ca8 10uM - + * + i3
Time{min) 0 10 20 30 60 180 360 T20 1440

Cyclin D1

Fig. 3-19. RT-PCRS 5% CaS 9 AX AF &3 &4 &4

2 AXAZES FE3= cyclin D19 @A gHAgAe dFEA
Serumo] EJFE YA ¢F2 AN A AEE w3t cell cycles arrest A7 T3 10 u

<

CaSE A1zt M2 A3 23 cyclin D10] A2 ¥ 1083 wdo] P2 western blot WY
T3 Q& ARoH 14408 (24Ah el M= Lol HA k. RT-PCR 2 3¢} H w st
Re W dAHE A2HRAS ST F AATH

CaS10sM = -+ 0+ 0+ O+ 0+ 0+ O+ *

Time{min) 0 10 0 30 &0 180 360 TI0 1440

Cyclin D1 == - - T =

Boactin

Fig. 3-20. western blot WS T3 CaS 9 AX AR FX 4 &4
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v AZ2EY AFAY 288 2EH2Z 1% DNA

rp

4 el 84 B4

HaCaT AXA 05 mM H,O.E 1A17F A& stH Ahsld ~Eg 25 718l double strand
DNA breake] Attt o] wf 10 uM@ CS, CaS, FS, SRS 4A|7F AH&3la 0.5 mM H.O,E
1A% At DNAEAC g Bs @4s AEZEY FEA7F Holes A #435tAh
DNA double strand breake] doJuUm 1 FWol histone H2AX @A ] QIAHsI7F dojyb=
2 olE wulA] 93 AEE E3 DNA double strand break A JH 9} AZEU F&%
Ao He B34S £4F & vk B4 AR CaSt Hilstrid o8 fEEHE H2AX O

il
o] EtE EFH oz JAANZS & 5 ANeH, CSoF FS= B45 HolA &%l SR

Control

Fig. 3-21 At3l% 2EF 22 Q3 H2XA9 Q43 2 AZEY FEA ¢
& QA3 IR A4 Y

Ab AMsHE 2EH A2 Q1% @ F carbonylation ¥4 2 AZEY fFEA &4 B4

et ~EHAE 7FgE JFAEZE MEZY @ carbonylation©] F7FsHAl €Ho AZE
HEs &4 #24& 93] 10 uMe] CS, CaS, FS, SRS 4A1F A Elsta 0.5 mM H0,5 1A13F
A st ME U @B carbonylation ¢S +A3tATH 0.5 mM H 055 AHEstH oy
A 9] carbonylation®] F7}8t 2 m, FS9} SR+ carbonylations GASl= E5S HA o1,
CaSt ¢FslA|, CSv= %3 carbonylations AISHA] ZUth. o]Fe] AT WE-& Biological &

Pharmaceutical Bulletin®l] 31.38l52 W, A review =o|t}.
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Control
=| None

=| Ca$
+| CS
+| F§
+| SR

Fig. 3-22 413813 2EF 2o o3 @A carbonylation £4 2 AHEZEY
=AY & B4

oh. 284 zEd2e] P ATR WA AV A

YEMEZ= 10 uMe] CS, CaS, FS, SRS 44|17 A 23tal 0.5 mM H,O0,5 1A]7F A 83514
AZ W o] 148l S 439tk Phosphor-Ser, -Thr, -Tyr antibodiesE ©]-&-3}¢
immunoblotste] 438 2 A3 p-Tyrd <ol 05 mM H,O, o] 93] o ¥ p-Ser,
p-Thr& & WH3lE & 71 AT AZED FEAo o Axd S kst 3o =t
olE ddl FEAIEASH, olF SV AAEAEFHAS A w3 FFS PA=A

Z7} 240 Basith
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A HAsGse G WRAE 4 BA

s AE TEEE AEste] JRAE A ne TS EAEAT (1Y 3-24). T
2AEFad 93 AE APEe] 01 mMPEE UERYY] A1ZEd o, 05 mM o]de] FEoA
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3t Casel #9%F &5 B4

o

AL monocyte THP-1¢] CaSE A ]3te] THP-19 adhesion?} migration®] ¥|X|= < 3&F
2439tk WA Adhesion assayE AAISH A3 CaS 7% 9EHOZ cell adhesiono] 7t
&tem, 3 migration®= CaS % SEZF T HaAHS & F o] FRInkgoz <l

A= A48 o] CaST} S RUS BT

2

-

3|

i

conirel 0 5 10 0

LPS (0.1 pg/ml) + CaS (uM)

180 -
168 4
140 -
55 120
E 104 -
g m
S 60
- a0

2 | -

Control [ 5 10 20

LPS + CaS (uM)

Fig. 3-25. CaS ¢ THP-1 M X adhesion A &% &4
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contral L 5 10 0

LPS (0.1 pg/ml) + CaS (pM)

140 -

120 -

%m-

m_

i al

BE

1B

zn_

0 . . . .
control 0 5 10 20

LPS (0.1 pg/ml) + CaS (uM)

Fig. 3-26. CaS 2] THP-1 M ¥ migration®#] &% &4

7}, Integrin 384 4&d F9F 4

Aol monocyte THP-1°] MCP-1& A28t A5 WS FE3 $o CaSE A 23t Al
Fate] WA= integrin Ao WS EA3TH CCR2, VLA5S, CD299} 22 #xA=
THP-1 monocyte”} &% 9] endothelial 4|9} Whg-3le] duuS JFa E04 5 U=S
THP-1 A|Z2] adhesione] #&3tt}. CaS 20 uM<S HE|ed CCR2 FAAE 68.0%01 4]
39.6% % Tdo] Z3om, VLAS Fx1xke] B9 75.7%l A 39.6% % CD29E 76.1%°1 A 54.4%
2 4tk CaSt integrin 32 HHS AIF o= A THP-1 monocyte®] Aol &
dete Aoz BFEU
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B16 melanoma A3, NIH3T3 A%,

7}, Al Euj <
3 3T3L1A =S



@ Dulbecco’s modified Eagle’s medium (DMEM)ol4 1 X 10°/mL ¢ %2 stz A%
LE7F 90% ool HAS W A wigF 2 AFstAnk. olw wjFxzaL 37T, 5% COE
A8} A T

1»]-. Melanin content assay

6 well plate®] B16 melanoma A X & welld 1 X 10002 MEE BF3lo] 247k 37C, 5%
CO» incubatorol A 10% FBSE -3 DMEM Hj Ao A v k3lc) 24A17F & A8 E FEHEHE
gty 72A17F v et Rt A5V A E wiAE A AL PBSE A HSE FH cell scraper®

AEZE F3 1000rpmoll A 5&37F d4Eesty] AEZE Bt 4S5HE A A 1IN NaOH
300 plE ¥ H 56ToA 307 WESAIA #Habds F2A1 & 96 well plateZ &7
ELISA readerE ©]&3t 450nmolA TF =& =AH3T}

). NF-kB activity assay

24 well plated] NIH3T3 AlZE welld 5 X 10°282 A TS EF&to] 24A3F 37T, 5% CO»
incubatorl A 10% FBSE 33+ DMEM ujj=|o|A] HjF3tc}. 24A1ZF & NF-kB luciferase
report vectorE superfect(Qiagen) reagents ©|-83}l transfectiondt}. transfection ¥ TNF-a
(10 ng/ml)E #1238t NF-kB promoters Z43} A|7]1, N85 TEHEE st 2447
H ¥t ATE 24X & AEE 3 cell lysateEs B2 F YHAEZAA cell pelletS A A

A o] A=HS Juciferase substrate®} ¥WFSA]Z]l &, luminometerE ©]-83] 450nmol A

Z}. Collagen synthesis assay

ZeH(type I 11, T, IV and V)E2 Z2FHlolghe A7E29 Fu=z A€ =
AL ofrlx Woty} JHEA] dde] ZEJE =g JHEQTIAES 2T 22
9] AFANAA Z2ZHA B2 foldings =953 FAl 244 &R
ol ol EAERH A9, Edda deA Ao adA Z2d9E
Fe SAFeEM, AXYoAMY Z AFIHEE=E I4d 4+ Atk Human dermal
fibroblast cellsS 24 well dishell €85 A EE seedingdt & 3175 vt v gd &
serum-free B ¥ O Z 16A17F vl 4Tl FBS7F 0.05% == =4
THE A &, 48412 9t oA ke 48412 -, AlxwiAE FRH. RS 74
sample®] 100 ulE FAZ FEHE microplated] 7z welldl Eil, 37°Co|A] 2A]7HE<t
incubation$tth. Z} wellE PBS 300 ulZ 33 AMAH3ch &A1 (

Antibody-POD conjugate
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solution)& 7+ wellell 100 ul® i1, 37°ColA] 1A%t &<t incubationdtth. 7t wellE PBS
400 ulZ 33] A#H3c}h 718N (TMBZ) 100ulEs Z+ welldl H7FgF &, 24£(20-30°C)oll 15%
7t incubation$tt}.

IN HSO; 100 ulE 2+ welldl #H7F 3t 2 4= 5, 450nmol| 4] ELISA reader® detection
gt

u}. Collagenase activity inhibition assay

A ZFAMCI=Z (MMP-1)e] 8AAEE S43= WHOZ collagenase

=1 . B AlgA = Type I Collagenase assay kit (Amersham)E ©]-83}%1
on, ELISARZ &322 =A39tt Human dermal fibroblast A ¥E ZF 33 vjx=E 37T
5% CO, incubator 138}l #l ¢ FAGHH AlFdS fste] AT 9 AXE AHI wjEs
710 ekl GAARE wjgFstd MEe] 2 15 &, serum-free HlF Yol A 164t Hl
Fgh. ME wjFde] AlFEA(0.05%~1%)7 TNF-a (10ng/ml)S 7}ate] 24417 St ) oka}
Atk o] W MMP-1& 437 E 522 TNF-oE AHESTh 2443 v S, AZujAE 5
et 1 F 100 ulE assay welldl 23l 2-8%0|A overnight incubationdtth. 7}7}9] assay
wellS wash bufferg ©]&3ted 4¥ washdt ¥, 7} welldl APMA 50 ul, assay buffer,
detection reagent (detection enzyme + substrate)E 717} 50 ul® FH7lsted & 4olFEoh 37T
ol 1 907t incubationdt ¥, ELISA readerES ©]-83}4] 405 nmol| A =743t}

=2
=3

v}, A WA T A X 3T3L1 £3}

3T3-L1 A3+ 3T3 H]E{E B ¥ MEZFZA Greend} Kehindeld] 93l #&| =] Al
w3 FAe AFeted FE&3 RdE AMSHA o EIFEEdS As £ AA

F(adipose cel)E 3}t HAS Zhudvh. AFAEERE APAEES] E37F Lojup
HH, AEZl triglyceride® o] Fo Al FHHEY. old Ao d& FA7] AT
oil-red O staining method+ oil-red O (solvent red 27; 1-([4-(Xylylazo)xylyl]azo)-2-naphthol)
ghs gAefo] AGAQ Aol Solxoz dMgozH A Ao £33 8 7S T
DA H= WS Z Sudan II(Cerasin Red; Fat Ponceau G; Scarlet B; Fat Soluble Sudan)<]
W T fARSITE Oil red O staininge g7} B4 AEZ PBSE FA4 sFL 10%
formaldehyde in PBS A HE A sl AF2olA 158 WA|soh. nHANES A AL
Oil-Red O @H&NE HojFa AF2o]A 302 w327tk tA] PBSE 23] washingdl] i
AP AME oil-red OF &FA717] 2138 Isopropyl alcoholS *2]d & 30&E5 %
)&t} ELISA reader® 540nmoi A S =43t} Triglyceride 82 tha3 2THA g
7t £% STBLIMES PBSE AR § AXE & w33 Alxs d4dde] & A
22 5 1 mM EDTAE X&3 25 mM Tirs buffer& ¥ o531l sonicater Z 2 gch. &2

o) B o
FBEE



H Al

e

Ay
o
ro
iy

£HS TG assay kit( Sigma)e} WFSAIA TGS

A}. TGF-beta A4} assay

TGF-betae A5 A|3E0l 23k 243 fibronectin®] AAS F7HAA ARC=E A0
#ogtth. TGF-beta7t AejxZ % A ZoA AF3E Z2dste T8 WIEZE2 g
2 FAANEHE A2l WAE 95 TGF-betaE XEEHHZ Bo| o] 83t k. Human
dermal fibroblast cellsS 24 well disholl €859 MEE seedingdt & 3tF &<t vjFsioh
Hj GBS serum-free MR o= 16A1ZF HiSFSth. FBS7F 0.05% =AU+ 242 welldll
TGF-beta(20 ng/mL)¢} A HEZAE FEEZ A2 F, 48417 F<t thA] vy éE} 48 4] 3t
A2 A& 33 & TGF-beta elisa assay kit (R&D system)E ©]-83} TGF-beta <
1=

7

e o

g

@

o}. Fibronectin & &

<

Human dermal fibroblast cells& 100 mm dishel|l Y9 HEZE seedingst ¥ 3HF5
v oFalct, vjoFAS serum-free BYA O Z 16A|7F w3ttt FBS7F 0.05% S0+ Z+zt
welloll TGF-beta(20ng/mL)$} Al FEZDE T=EZ A3 &, 2447 5 thA] vkt 2

bl

otting Al o] &3l fibronectin@d <GS T3t

o

=3
o
=~

rol

A7 &, A EE 4283} western

A, R ARATA Y

Atte AUE 3 ASAderN HEAYS st ASFFERDEHY X}lol Ao

M gE g JEo=E g3} Jhe

Algel F7ian. HERA= Ao ASF(EITAY FE2 A9) = dL¥

FAIES Brtetr]ol A3 F4E HANHEI 3
o

AAST AA % Azge] Fure] 24

o,
A
s
X
oY,
i
>,
oo
flo
oft
>
>,
=2
>
_‘
o%
_,d
s 4
—_
o

o
rO
o

o

d

ool o 2
A o
i

>~

2l AIZEY f=A 9 pH, € HFAE A E

MZEYS F%4| 3F Feruloylserotonin, Coumarylserotonin, Caffeoylserotonin® A ZEd
of tisted pHS Eol g AdAHEE ZFHITh. Feruloylserotonin, Coumarylserotonin,
Caffeoylserotonin (Hgdl #|F), MZEY (Sigma, >98%) 10 mg= A Z3A Go} de&s
o] o 10mLE &t} o] 100 uL= ZH2t pH3, 4, 5, 6, 7, 8, 92 AN &5 Yol =9
10 mLE2 $9S FFHoz gt o] 5 mlS o] 121TCA 30&7F 7IsPEaA1dS A
Aoz st} 247} HAd FFHS 022 ym F7]9 Syrindge filterZ AH3HF AAIZvlE

—
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AZEY $54 332 242000 ge), A2EUNe 232400 He B4 A8
=
Z2z7(1)
7] 7] : Waters 600 controller, Waters 996 PDA, Waters 616 pump, Waters 717

autosampler
: Phenomenex Luna C18 4.6 x 150 mm, 5um

a2 @
AZ7134 : 315nm
248 =

T AR
o] & 7 : Water (0.1% TFA) : Acetonitrile = 75 : 25
S ia % : 1.0 mL/min
F 9 = :10pL
22 271(2)
7] 7] : Waters 600 controller, Waters 996 PDA, Waters 616 pump, Waters 717
autosampler
A & : Phenomenex Luna C18 4.6 x 150 mm, 5um
AZ719+ ¢ 280nm
Ay 2E A
o] & % : Water (0.1% TFA) : Acetonitrile = 90 : 10
+r & : 1.0 mL/min
F ¢4 %10 L

7h B3B3 AC e A4 #F

Aolr Az AA L FFzAS 7P 300 pLE A 96-well platec] &7 To} ELISA
Reader7]2 420nmoll A =43 OD(Optical Density) & 7R3l Ad7ge] W37t A=A B2
. (n=3)

B AZEY =AY FEXEF 98 JEFEFAAF

Ao E&re 88 AAS 71Yol I d(Jackson Laboratories) T F-& ti/doz Zgt= FA
(PermeGear, Inc)< ©]&3t SAs AT A1 AA, @& AA 7IYol HJa9 HF
o ARE AHstA, FWY 1lard WHOE Hdgt &, o]F FHRAFY AHAo] 09! F3dol

A2sta, FHzZ= aAsAT. 9Fo FFW(donor &7])2  coumarylserotonin®}

°
g
o
o
1K
)

coumarylserotonin-liposome ¥ 5 0.5 mlE 77 ¥o]Fgl receptor &7])2 A A
==

Zo} olgrgo] 41 FHHNZ FHY SUI9 PHIES o, AP LEE AR £
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=21 32TE FASAT A A& £, 44 Az 1402 8o dFE AHT F, JF-E
S %3 coumarylserotonin®] & S43sle], = = T AFEFEFug/a/TER)LE Y
giler, 2 Axs &7 & 1o YERH T Coumarylserotonin®] A& &4 & A4
fe=]
AA

AZvtEIH Y (HPLC) WHo = 33}
3. 94 &3 2%
7}, AIZEY 5 =47} B16 melanoma A ¥ 2] W A mX= I £

MZEY AgAd ot Axzy dad AZHFS 43 23 forskoling |3t =73}
H 3RS o FrlEAZEJDY 7 SAZEd 93] deid AAdo] AAES stk

HEESAREL S depd A &S vAA Fas A8t 7HSAZEDLS 100 uM
ol A toxicityE HEATH(LH 3-28)

Melanin content assay

140
120 * *
100 =
80
60 —‘

I

40 ﬂ I
20 ‘
g L4 L1
; &

2% of contrl

¥ 3-28. FK(15 uM0)* 23+ B16 melanomas| £ ¢ melanin AAd "X & A=
EJ JAFAY 59

Y. AZEY fEA 7} NIH 3139 NF-kBS| A4 m|X& 93 24

MzEY AFA o 23 NF-kBe] &4 7S =43 A3 TNF-oE A3 Hx+3 v
S w) 371A] AZEUYATA] 5 NF-LKBY A4S A8 A Ze Aoz AZHJT. F



NF-kB activity assay

£000
.. 7000
£ G000 T I
T 5000
I
@ 4000
E 3000
g 2000
= 1000
0
™ F ] b
M .93“?\ '\Q& %@"“'\ .yo‘l‘ @5‘*\ @"\9 \9“5\ G.»":‘\ t:P@}
DA S S A G e
#?7 }ﬁ@ \,%59 .;Qﬁv ; & &%ﬁ? & &_@ &g"
T L i 3
< . Qq} q\@“ q\@_-& \Q@ %ﬁ o %‘%

a9 3-29. TNF-a (10ng/ml) 2% NF-kB &4 nX& AZEY AT &7

. AZED FEAZ QAN AFHAE S GA FNE IF BA

Human dermal fibroblast Al ZWol 2] FepAdgel] e A2edd7Ae ads AXS
ol gle s=EWlAM A3 23 (I™ A), ]?ﬁ%é‘w 5 Ade=Edd wet =2 *3?5“*
AUA 771 BUT (p<0.05). CaSe] B¢ 238 sxoEF g Fehl o

He A9E R (¥ 3-30) ok/HEHZ——rLE?._T‘E Fibroblasts growth factor 2 (FGF2)&

O:

_—

0.250
0.200 I

0.150

0.100 A

Pro collagen type 1 (A450nm]

- ‘_‘ ‘I‘

0.000

a9 3-30. AZEC AFAZE AAFH ARotAE ek APl vAE 5%
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2 AZEY AFA JAARH AfFotAEY AU ol2 MMP-1 49 mXe 9F &4

Human dermal fibroblastol] ZE}AIU|o]|Z= MMP-1S 843 A17|= RAoE ¢# 7 TNFaE * g
stal A AZEYATAE $EEE AEg 23, TNFa Aol Hll collagenase &/3<
ou| Al AT AlEe TEEA] FUTHLE 3-31).

0.160
0.140 I
0.120 3 I I
0.100
0.080
0.060 -+

0.040 -

MMP-1 activity (A450nm)

0.020 -

0.000 T T T T T T

TNF @ 20ng/mlL

a9 3-31. AZEY FEAV AAFH AFoHE ZEAd o l2MMP-1) &4 7|
A= 523

ol A2EY AFA7 STBLIARATAE 23] v 9T £4

Oil-red O AW S o] &ate] AYATARESY E3}ol mA= AlZEYD AT7Ae axs #F
g A3 CS, Cas, FS 27 50 pMollA AA AL £3HE A= 235 EIJTHTH 3-32).

1.400 ~
1.200 ~
1.000 ~ I
0.800 +

0.600 4 ]:

0400 4

Oil-red O staining [A540nm]

0.200 4

0.000

(—“:._‘rﬁ} cont.) | .C-aS 75.111\/[
19 3-32. HZEY §EA7} STILIASATAE &35 = &3
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vl Al Z2EY AFA 7} 3ST3LIA A WAE TG AAkd v X & J3 24

TG assay kitE ©]&3dtd APFAFAEL] TG vA= AZEY AFAY ads @
23 A} CS, Cas, FS BF BEEHOZ TG YAE Al A4S HATHTHE3-33).

0180 -
0.160 -
0.140 - I
0.120 -
0.100 -
0.080 - 1

0.060 -

Trigly ceride (A540nm)

0.040 4

0.020 4

0.000 +

S L T o) N ™ B = a o) )
& ﬁ & L@@ S OSSN
b

Y 3-33. NZEY AFEAZ} 3TLIAGATAESL TG A4t v =a7

A HEEAY 48 AR 79

ARo|Es A tigh vh3o 2 3RO AFEAME7L S48t S, olHEvd, 2
IA =ZEZH e A EEH (extracellular matrix)ES FYOZ AAE uf THEojZITH
Human dermal fibroblastE ©]-&3}], CaSe] wound healing#&d A=Zol= A 2§ 7|HdE&
Z2}H7ll, TGF-beta, fibronectin® @3 A4S ##3Aoh. Human dermal fibroblast A U
ANl FepAgAdel e CaSe EHE AME=FAo] fle FEUAN AFS 2 s=99&
Hog FepAl o] PgaEHE ARE HJTHTH 3-34).

— 120% - 120% -
B
8

100% - = ry 1
"'g .,g. 100% +
X s0% - - ]
= Bg 80%
v
-Fq_.: 60% -| :E: 60% -
e =
3 | =
g 40% :l'?: 20% |
@ % | —
g i 3 2% |
Q
Oooo%

{-) CaS( 10} Ca${25)  Cas(50) 0% ' ' '
) CaS{10) Cas{25) CaS{50)
Concentration ( & M) Concentration ( £ M)
a9 3-34. AZEY ATFA} QAR ARHEAE 44 AP "X 2%
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Human dermal fibroblast Aol A 2] TGF-betaol] 2¢l3] F=H ZctAgAdo] i3k CaSel
BHE AP Ay sRYEHoRE FAl o] gasHe d8E R (1™ 3-35)

160% - 1 -
-E 140% - 09 4
=] —_—
-E 120% - £ 0.8 1
® o 0.7 4
= 100% 1 M b |
g x 06
2 80% - z 05 -
= 60% - 3 044
£ s 0.3 4
$ 40% - 2 03
= & 0.2 -
S 2% 0.1 -

0% 0
i) TGFB  +Ca5{10)+Cas{25)+Ca5(50) () TGFR  +Ca5({10)+Cas{25) +Cas(50)
Concentration (uM) Concentration (uM)

a9 3-35. AIZEY FE=A7F TGF-betad] 93] fr=¥ Fetdl A WX 9T 4

Human dermal fibroblast A W ol A 2] TGEF-betacl] <3}
2HE AP A9 v JEHo7 FEHl o] HA

i
rr
o
o
Ll
]
32
&
u
o
P
S

120% -
100% - —I—
80% -
60% -
0% -
20% -

{-) Ca${10) CaS{25) CaS{50)

TGF & (% of cont]

Concentration [uM

a9 3-36. AZEY FEAV QAFY HAFEAE TGF-beta B3| vX&= &z

Human dermal fibroblast AW ol 4 2] TGE-betal] &3] +=% fibronectin®& o] 3k CaS
o] a¥E AY3 Ay} TR EFHOZ fibronectinZ o] TAhEE AHJE HIJHH
3-37).
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Fibronectin

Actin

Cas (50 u M {0) (0} (25) (500
TGF 8 (20ng/ml]  (-) I+ (+) [+

a8 3-37. AREY $=A47F QA8 A82AHE Fibronectin

T PAE &2

oh. AZEY fEAY 28, 33y 54 713

AZEY
HZ I Seles T2

[Coumaroylserotonin®] -3 =]

fFEAe e, a SHL FHHE 49e FAHAL. AREIL
[e]

g, Bele =4 gt 540 Ao (3] E 3F).

Solvents Solubility

Macadamia nut oil

Insoluble

Glycerol

Insoluble

Butylene Glycol

Soluble (7}2Z7)

Propylene Glycol

Soluble (7}2Z7)

Alcohol  (100%) Soluble
Water/Alcohol (50:50) Soluble (7F2ZE7d)
Water(100%) Insoluble

[Caffeoylserotonin®] &3] %]

Solvents Solubility

Macadamia nut oil

Insoluble

Glycerol

Soluble (7I2Z7)

Butylene Glycol

Soluble (7}=2Z7)

Propylene Glycol

Soluble (Z}I2Z=7d)

Alcohol  (100%)

Soluble

Water/Alcohol (50:50)

Soluble
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Water(100%) Insoluble
[Feluroylserotonin®] & 3| =]

Solvents Solubility

Macadamia nut oil Insoluble
Glycerol Insoluble
Butylene Glycol Soluble (ZI2Z7)
Propylene Glycol Soluble (ZI2ZE7)
Alcohol  (100%) Soluble
Water/Alcohol (50:50) Soluble
Water(100%) Insoluble
04 7 140 -
:::: 1 120
0.07 ? 1ed "_._'._-_._—"""-—':
- 0.06 _._”,.‘ E 50 .
B e e | S
0.08 g: Wt

pH} pHY pHE pHi pHT pHE pHS pH}  pH4  pHS  pH& pHT plIS  pHS

1% 3-38. Coumaroylserotonin: pH stability test

121°Cel A 3025 7H3 A& *W% 420 nmoilA

I
o

JtASm pH8~97HA] ODZtol
Z2AEAFTH A AT A
A2 HAT Aew v
o2 FAHFJTHIH 3-38,

me 4

2t mo|
Z7tele S QA a, pHS, 9914 S<toz #H
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