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SUMMARY

I. Title

Enriched production of antioxidant serotonin derivatives in transgenic rice seed

II. Objects and Significance

Serotonin derivatives are polyphenol compounds and include p-coumaroylserotonin
(CS) and feruloylserotonin (FS) that have often been isolated from the seeds of
Carthamus tinctorius, Echinochloa utilis, Amorphophallus konjac, Leuzea carthamoides,
and Centaurea nigra. Recently, serotonin derivatives have also been found in the twigs
of the diseased bamboo as antifungal compounds as well as in the roots of rice. CS
and FS have first identified as antioxidant compounds from safflower (Carthamus
tinctorius) oil cake, and also exhibit various activities, e.g., cathartic effect, inhibitory
activity on proinflammatory cytokine production, anti-tumor promoting activity and the
effect of lowering the plasma cholesterol. Particularly, it was reported that both CS
and FS exhibit stronger antioxidant activities than butylated hydroxytoluene (BHT)
and butylated hydroxyanisole (BHA). Serotonin derivatives are synthesized from two
substrates: hydroxycinnamoyl-CoA thioesters and serotonin, which is in tumn
synthesized by the transfer of hydroxycinnamic acids from hydroxycinnamoyl-CoA
esters to serotonin. This reaction is catalyzed by hydroxycinnamoyl-CoA:serotonin
N-(hydroxycinnamoyDtransferase (SHT). SHT was first cloned from pepper (Capsicum
annuum) as a tyramine N-(hydroxycinnamoyDtransferase (THT), and further
rediscovered to be SHT activity through the study of transgenic rice plants and
kinetic analysis of recombinant pepper SHT. In our prior data, the transgenic rice

plants harboring the pepper SHT produced serotonin derivatives in leaves only upon
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treatments of several substrates into the roots, suggesting that serotonin derivatives
biosynthesized in the roots are transported to the shoot tissues by the treatment of
several chemical compounds such as tyramine and trans—cinnamic acid. In this study,
we investigate whether the ectopic expression of SHT under the control of endosperm
specific promoter can enhance the level of serotonin derivatives in rice roots compared
to that of the constitutive maize ubiquitin promoter. Therefore, we developed several
lines of transgenic rice cultivars expressing the glutelin A3 promoter:SHT, Prolamin
promoter:SHT, Ubiquitin promoter:TDC, and Ubiquitin promoter:THT. From the data
examined, we may get valuable information to do enhance the level of serotonin
derivatives in plants via metabolic engineering that the transport of serotonin
derivatives from the roots to the shoots would be knit to the transport of serotonin

derivatives into seeds.

ITII. Research Contents and Scopes

In our previous study, we had generated transgenic rice plants expressing SHT
under the control of constitutive maize ubiquitin promoter which produced a relatively
high level of serotonin derivatives in rice leaves, but this requires an addition of
substrate chemicals such as cinnamic acid, and serotonin. In our continuation of this
study, we firstly want to examine seed contents of serotonin derivatives in wild-type
and transgenic rice plants overexpressing the SHT, the optimum concentration of
chemical treatments for enhancing serotonin derivatives, and the antioxidant activity of
transgenic rice plants. Secondly, the goal of this research is to express SHT under the
control of endosperm specific promoter to see whether this transgenic rice can produce
more serotonin derivatives than that of the ubiquitin promoter. To do this goal, we
will employ two rice endosperm specific promoters such as glutelin A3 and prolamin.
Thirdly, in order to know the mechanism by which serotonin derivatives are
synthesized during the developmental stage, we will develop THT overexpressing

transgenic lines. From the THT transgenic rice, we may have some information on
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which what are limiting factors to produce tyramine- or serotonin- derivatives in rice
plants. Finally, we want to observe agronomic traits of field-grown transgenic relative
to wild-type rice plants and quality of transgenic rice seeds in view of whiteness,

brightness, content of proteins. Followings are experimental scopes in details.

e Seed contents of transgenic rice expressing SHT under the control of constitutive
maize ubiquitin promoter

e Construction of SHT and THT gene cassettes using various rice endosperm
specific promoter such as glutelin and prolamin.

e Development of transgenic rice plants expressing SHT under the control of glutelin
promoter.

e Development of transgenic rice plants expressing SHT under the control of
prolamin promoter.

e Development of transgenic rice plants expressing THT under the control of
ubiquitin promoter.

e Development of transgenic rice plants expressing TDC under the control of
ubiquitin promoter.

e Molecular analysis of transgene integration and expression

e Analysis of tyramine derivatives and serotonin derivatives in transgenic rice plants

e Tyramine N-hydroxycinnamoyl transferase enzyme activity measurement

e Serotonin N-hydroxycinnamoyl transferase enzyme activity measurement

e Agronomic traits on transgenic rice plants

e Seed contents of serotonin derivativesm tyramine derivatives, serotonin in various
transgenic rice

e Analysis of expression level of transgene by RT-PCR, Northern blot, and Western
blot

e Quality measurement of transgenic rice seed
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IV. Results and Suggestion on Utilization of Results

Serotonin derivatives such as 4-coumaroylserotonin and feruloylserotonin, a family of
plant polyphenol compounds, have been implicated in an array of biological activities
including antioxidative activity, but neither their production nor identification has been
reported in crop plants. Here, we report the detection and enhanced synthesis of serotonin
derivatives in rice seeds. We identified that wild-type rice seeds synthesized a basal
levels of serotonin derivatives with around 30 ng g 'seed weight. However, transgenic
rice expressing the pepper hydroxycinnamoyl-CoA:serotonin N-(hydroxycinnamoyl)
transferase (SHT) produced on average 274 ng g-1 seed weight which was 9 fold
higher than wild-type. In addition, production of serotonin derivatives increased upon
chemical treatments such as trans—cinnamic acid and tyramine in both wild-type and
transgenic rice by two to three fold The DPPH radical scavenging activities of
transgenic rice were higher than that of wild-type and showed concentration dependent
of serotonin derivatives. These results demonstrate that overexpression of SHT
provides the feasibility of engineering increased nutraceutical serotonin derivative levels
in plants using this gene. The second goal of this research is to express SHT in rice
under the control of endosperm specific promoter. This is to accumulate much more
amount of serotonin derivatives in rice seed than transgenic rice using an ubiquitin
promoter. We produced transgenic rice using endosperm specific promoters, glutelin As
and prolamin promoters. We investigated the transgene expression using a series of
molecular tools including Southern, Northern, Western blot, etc. All transgenic rice
plants under the control of glutelin or prolamin showed their stable insertion on rice
genome through Southern blot analysis. However, their expression levels vary among
transgenic cultivars. The glutelin A3 promoter showed a very week expressing of
SHT: SHT mRNA expression was not observed in both transgenic and wild; a faint
band of RT-PCR products were just detected in transgenic rice using total RNA
isolated from seeds. The control rice seed did not show any detectable level of SHT

RT-PCR proucts. This indicated that transgene SHT under the control of glutelin
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promoter was expressed fairly low level. To overcome the low level of SHT
expression, we again employed the rice prolamin promoter. Transgenic rice plants
expressing SHT under the control of rice prolamin promoter showed much more
mRNA expression compared with the glutelin promoter lines. The prolamin lines
expressed SHT transgene abundantly in rice seeds which were shown in Northern blot
analysis. Western blot failed to detect SHT protein in seeds. The accumulation of
serotonin derivatives in rice seeds in these prolamin transgenic lines was not greatly
enhanced relative to the wild type. This may be ascribed to the limitation of amine
substrate such as serotonin especially. The third goal is to express THT in rice to
engineer tyramine derivatives. Tyramine N-hydroxycinnamoyltransferase (THT) is a
28-kDa soluble protein that catalyzes the condensation of hydroxycinnamates and
tyramine via the thioesters. The representative products synthesized by THT include
feruloyltyramine (FT) and 4-coumaroyltyramine (CT). The THT gene of Capsicum
annuum was introduced into the rice genome using Agrobacterium-mediated
transformation. Eight independent transgenic rice plants were selected and
characterized. The transgenic lines had a single- or two—copy insertion of the THT
transgene. Abundant THT mRNA with high THT enzyme activity was detected in
transgenic leaves, but not in wild-type leaves. In young leaves, the level of CT+FT
was very low, but differed significantly between transgenics and the wild type.
However, in old and senesced leaves, a high level of CT+FT was detected in both
transgenics and the wild type, at 32 times higher in the best transgenic line than in
the wild type. Tyramine applied exogenously to roots was directly coupled with the
increased synthesis of CT+FT in young leaves in a dose-dependent manner. Our data
suggest that CT and FT synthesis is developmentally regulated and closely associated
with the presence of tyramine substrate in rice plants. The transgenic line showed no
significant variation in days to heading, panicle length, or panicle number, but the
transgenic plants were slightly shorter than the untransformed wild-type controls, and
both the number of spikelets per panicle and the 1,000—grain weight of the brown rice
were slightly higher in the transgenic line than in the untransformed control.

Interestingly, the spikelet fertility was 12% lower in the transgenic line than in the
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wild-type control, and this difference resulted in a 20% lower yield in the transgenic
line than in the control. In addition to the agronomic traits, the quality of the brown
rice of the two groups was measured. The transgenic line produced 95% head rice,
and the control produced 92%. The lower percentage of head rice in the untransformed
control was ascribed to the higher percentage of immature rice relative to that in the
transgenic line. The other values measured, such as number of damaged kernels,

cracked rice, and dead rice, were not significantly different between the two groups.
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Fig. 1. Representatives of serotonin derivatives
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Fig. 3. Schematic diagram for synthesis of serotonin derivatives and tyramine
derivatives by the action of SHT and THT, respectively.
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including tryptophan decarboxylase(TDC) and tryptamine 5-hydroxylase.
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& Edshs FEedA ol AREdFEA el $A4S Bud dve fle dAol

AEAoR 2 Ave O 7IeAo® 7lwe] e SHT s ¥o] gl A
71(Glutelin promoter:SHT; prolamin promoter:SHT), AlZEd-fFE=A9] =
2 &, @ 7] $4% UbiquitinnSHT @d g2 4o, thkst 71248 A
o7 MNEEUGEAS EA24S G55 AF9, @ Serotonin derivatives®} H]Z=
3l tyramine derivativesE A A s THT FHAE Holl =9iste] AA 712k gk
A 5EAS qrEsta, @ ¥ AW AREDREA o dhad A8 1

A 54, A4n 8 ARel gF AFE Fastnd @k X ATE B FARBHL

AN EEAE e FHOR BE APl AFFAL B T ® ok, #o)A
Adgon APt AZEIFEA 447142 TET + 9 B, v 99 3
of B /1% Mg A B AT B4 Suig @ Ao ArH

$}5H= 2 A Vitamin E(tocopherol) ¥ CE dl2 & & th AZEUFEAE polyphenol
A& SIFERA TR A FhEEAAS 7 4R AS 7= - 549 sEolt
(Zhang et al., 1997). W<l 5(1999)0l 2Jstd &3} oA 2] gt feruloylserotonine &
A de] AREE A i AAEAEsHA] tocopherol ¥ #H4ddHikekAIl BHT 2 BHA9F &
A wlael & w, IC50 #kol 6.6 ug/ml &4 oW 4§ S RY w2 tstadE
WEshs Ao® Bl sgih
FASaHE At 43 LPSAl o3 F%% proinflammatory cytokines] A4S
Aoz Aafets Has om(Takii et al, 2003), o]olx, AR5+ 7158 W
sl 93dx wmagdl glth(Kawashima et al, 1998, Hotta et al, 2002). Al7AA <
7-89F Eo g FAEW, Sl 1300 ddle] AlES FAsia
C B A g $AE AREURFEA g v 4%, dtse
a7 71diE #Bee, ofel4 237 ol Bl ¥ polyphenol AlE9] 2
A= 2] molecular farming 7]=ol A=4 A4S Ageda Ao, A4 Z4HS
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3. A3 - ke S

oA Hele Ul Y d9em tids & 5 Ak AAE AREUAGEA A4S
Zuf3l= SHT §#AE Glutelin promoter ¥ Prolamin promoter ©]-&3lo], HAZA3HE
detal, o] FAAGEIL AREYREA FHS Sl Au54 A2 deAE £
Abgtty 53] Glutelin 2 prolamin promotersE  ©]43 FH B} sESA T
Ubiquitin promoterE ©|83%t JAASHHT o B2 o] HMZEEURFEAY FAH4S Zu)
3z} sk} ®E3F Glutelin promoter : SHT % Prolamin promoter :
SHT 23 dz@ A H-o|A%, ¥elo cinnamic acid, tyramine, ferulic acidE *] ¢
o =4 gehEel SUEE AE 2AskaLA gt ol AlzEd
% stetEolhomozygous lines®] At ol whe} St A 0w AP PH=AE ob&d
ARSI 2 ATE Bote], A EAUdA SHTS o]FEds Falo], AEolA A==
dirmAe] Agd By 8l FAk g4 A7l T8 7] FeldAE wd

T AL AoE AZAHY polyphenol 79 MEEUFEAZS Ex}o thz

s 7l AEeRA A g8d 5

o
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Ubiquitin promoter:SHT & T, homozygous HAHSIHE o] &3], XG4
& 71dE Agst] AREJDREAY 4 2 FA5AS HAUE FRdtes 540
ANA FAstaA} gt Sk ol B AHEe we AKo JFS wH Ho %
sh=nl, AA7E,) Aelsedz ko], W o] Aol AR HE ek ¥= HY
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Aol gk A7E A grolw AMA= Serotonin derivatives ¢+ H]S:38l tyramine
derivativesE A3 st THT FAAE W =48t AgA 717 dist 3%
e e, serotonin F-EA 9} tyramine FE=A S 7re] A #wHA F
o] ®Rk& 712 9 rate limiting Al gk FFZAQ FEE 53] FF o] Fofo
metabolic engineering®l]l E&% <l WHS F5&ux} vl Uixe A7 SA% FAx%
o] A 2 nAEA AnAdEAS ZAFSFLAFSHE Ubiquitin promoter:SHT 2
Glutelin promoter:SHT 23 FAASFHZRE] 39 N2EJGEA &5 T2 3

A St ohe, olE WaAsERe] A, vASel S A S, £714 2 4
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1. Maize ubiquitin promoter 4ol 213 SHT A3 EA 9 MZEURFE=A &
5 24

o T, AW A SHT &4y 4

o 2ol A feruloylserotonin 2 4-coumaroylserotonin 3t A o

o T MEEUREA F2& 98 714 Agan

e trans—cinnamic acid *2jol] 23 o MEZEJFEA ] time course

¢ DPPH S 3l transgenic 9| dXi3taA =4

o Ty FEHEA ] =4 NZEUFE=A FF &

1%

o 71AA Y FA AREUFEA o 24

o FEF AT FAUY ARZEDRFEA T 24

2. Rice glutelin promoter Z4de] &3 SHT #AAgH o §4 2 NZEUFEA Ik
L

e Rice glutelin promoter:SHT binary vector A%}

o Glutelin promoter:SHT & @A 3 A
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o Ty FAHZAL 24 A, Southern blot 4]
o T, FARA3ZA 9] #24 77, Northern blot 2 RT-PCR #4
o T FARAZA 9] Ex4 717, Western blot £4

e

o Ty FEA&A] A4 HA, SHT 24224 &4

Al

o Ty XA W F4}2] functional loci 77

o Ty FAASA B FA) AZEURFEA T 24

. Rice prolamine promoter F7Zol 2|3 SHT #d AW A4 9 AZEUFEA 3

1=
o 2

M

® Rice prolamin promoter:SHT binary vector #|2}
® Prolamin promoter:SHT & & @ A3ty &4

o, FAAAY B4 AA, Southern blot H41

e
o T FARA3SLA o] Ex4 717, Northern blot #4]
o Ty FAAZA ] A4 HA, Western blot 4
o Ty FAMSA] FA4 HA, SHT 484 &4
o Ty FAAZA W FA2] functional loci 7374
o Ty FAMSA B FAo] AmEURFEA & 24

e vlo A NRZEJFEA 499 rate limiting E277H 2 ARZEY = 54

o Ty AHLA 54 2 W AL ARELFEA o 4

. Maize Ubiquitin promoter Z&ol 23 THT @Az §A 2 Ef=A] g
4

® Rice ubiquitin promoter: THT binary vector A%+

e Ubiquitin promoter:THT &&d & dsy S|4

o T, FHHSA ] A4 %

q
=y
o T, FAAIA ] BAH 7

A, Southern blot 4]
A, Northern blot ¥4
o Ty FAAZA I FA4 A4, F¢1¥ THT S4284 4

o 71AA Tl W Bl Al g 24
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A2 & =Ue 7le/ig 2

A1 A AT dgdE

1. 31F2%¥H Serotonin N-(hydroxycinnamoyltransferase (SHT) +4dx =249

2 ATRE AAHAEZE SHT 8248 2849 st9lem, SHT 49 714 Sol4d %
&2 kineticsol] that BEAS 1slEth SHT 34 12304 feruloyltyramineF<]
A& Zwst= tyramine N-(hydroxycinnamoyl) transferase (THT) +3AAI=A 24 ¥
SthBack et al., 2001). =L ¥ 3F THT FHAAE vl AR 35}, fenﬂoyltyraminegl

%

=4S 718k o, feruloylserotonin 72 =% °] de novodstAl ATAES B3I

35 THT a49 548 AzARRTh AAE AxzdasF THT &47) tyramine(Ky,
1165 uM) E.t}h= serotonin(Ky, 73 uM)ell 168 o)At =& 7| Eo|HS WS A&t

—~

¥ D). B3 acyl acceptor2A4], tyramine % serotonin 2]l tryptamine, phenylethylamine
2 dopamine 59 TUE aminesHFE 7|FE AFESHS #913th Acyl donorZA
feruloyl-CoA7} 74 =& H3HE BPom(K, 35 uM), I t2o = caffeoyl-CoA,
p-coumaroyl-CoA 2 cinnamoyl-CoA 59| ol Z2&Ho= 742}, o, EvlE, <&
8] Sl THT &a7F AAEa 540 = e, SHT 242 g7, BalsA]
gFotomn 2 Aol HEx= SHT &84S 7Fd A% iy siith

2. SHT 24 FAAIHY MNZEYREA A4 54

B A3 SHT FAAE 2E x| A W xEs 244 Ubiquitin promoter®l]
2ste], FAAINE SA5lY] AZEUREA S A sES AL G2 A E
Adksle] SHT w29 A ¥ WS DNA/RNA/Western blot® &¢ldtsion SHT
2] 5

et A3, SHT7F 7|s4dez &4 dddS gR1stsdtt. SHT transgene©]
o

PABASE GAAT Y QoA AZEUREA SFEL 2AS A% gt )

o
BN
>~



o5 IhetEcl A FAEA eskth Wb ols Afiel V1de A3 23t tyramine

% serotoning A FGA tyramine ¥ serotonin FEA7F HEEE AL et

ot} o], A A SHTV| A E o= amines 71| limiting factorZ 2}-8-3}
of NZEUFEAZE AFPEA XS & T Atk d9A4E A48 dae b2, o=

FAASHE £ TMolM et o] thgst 7]do] 3¢ MS iAol A 719, 169%€ A&
ANH o] ZAFEE A3 tyramine, cinnamic acid, coumaric acid 7} 50 uM $HFE 3o A =}
& HollA vke] AR EUREAZE A ES Sedh 18y serotonin 22 amine
NNAAEA A st v2A AREdFEAZE A8 @EA 23tk Non-specific
elicitorQ! chitin ¥ CuSOy GA| AZEURE=A TS FE3A &dr) o]efzto] Hglo
cinnamic acidt} tyramines #gA] AZEUFEA L] o] FUEE olfE b4 & F
glo, olso] e g FoE o], AREWURFEAS B4 upregualtiondtAH, obHW, &

e AREUFEAL olF(transport) & HXIA7= dES & Aoew FHHE

A2d =2 B A7 e R Ay

L =W d545%

Sl AEEUGEA AR A7) g ATE Fast 2o B A7 9
o= glovl, FHENY PUHEA 2 2L T4 U AFE FYE 2 @ Fo] 9

© AEfolr (el ©] 1999).

oA vhde FHAM o|AE(3) 1 &3 ellA =3} feruloylserotonin, coumaroylserotonin

ol W g FxAgo] ke, EoY avhESe i B ABARA AR

oo A SHT Fd2 2 &4 #8 d7R1uE ¢lE Aoy, vx THT A9
AZEJREA g8 EAS Afdsts A7FA7 e Aeolth



Dr. Strack 1#(59) @ Hx2 A THTHHAE gt on, igtel s T

A A3+ recombinant THT7} multiple amines % cinnamic acid FE=A& 7|22 o] &3}+=

ATE HEE B 3 THSchimidt et al., 1999).

Dr. Negrel 15 (Z52) @ G4 HEZZE tyramine F=47F vlo]#] 2 A YA

[e)
o
97140l o A Be ATE SFUE ATE

1 Badk 2oy, tyramine FEA $HA
oty 1 & oA THTHAAS FEY3te] Eur. J. Biochem. (Farmer et al., 1999)
Ade] 2R 3FAT

Dr. Von Roepenack Z1(9 =) @ EvlE A THTHAA 3/ME E24d3oH, B
EnlE %557k gene for gene interaction A, WOl EE AgA] i3k AFES S35

o
Y
)

a5Fo|t}h 4719 gene for gene ¥l coumaroyloctopamine % coumaroylnoradrenaline
Aol A dAAEe] AFs A siien, ols E4& A¥dee A THT
S Bagith ol5o] EntEddAN S2Y3 THT R tyramineol] 7Hd =2 3
S BYa(Ky, 4-60 uM), noradrenalineo]] Wit 7] @213 Alo] Q&S xLC02 HS}
t}

2 9] THT #d 349 54 9 #4424 945 Fdsts Xo® 49 Dr. Ishihara
I%(Kyoto Univ.), "]=2] Dr. Ryan Z%&(Washington State Univ.), % 7i4yt}¢] Dr.
Facchini ZE(Univ. of Calgary) S°] ith
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Dr. Tsuda 1E(YE) : Kyoto W2 Dr. Tsuda 1EA B 798 b= oA

coumaroylserotonin 2 feruloylserotonin®] 234 9-S H313}%2H, ©]%F coumaroylserotonin

& FFo] H(A take)ol Tt EIF Y= AR B s tHTanaka et al., 2003).

Dr. Sakakibara “135(¥¥) : Nagoya tete] Dr. Sakakibara ®AF AFE-E Aichi o th9
Dr. Hotta 153 5082 MEEUREA =9 dassol o3 AIndd g
WolA-8-& ®BeS 7|Y¥ 1 Langendorff A74-S ©]-&3F A3l 3t o]elgh #rojzt
42 o5 F=A7F NO e =i, Ca2+ stk 7ash Aol ASS AASATH

(Hotta et al., 2002).

ot
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Dr. Onozaki “15(¥¥) : Coumaroylserotonin®| proinflammatory cytokines 43S mRNA
levelol /] w@3=0] Z0 2 A anti-inflammatory drug(ZFZAAEIHEA AL = 9

< Rt th(Takii et al., 2003).

st E Y A7 IE(YE, ) ¢ YR Tanaka 1&(Niwa et al, 2002), Sakakibara
al, 1996), & dkaro] wivkol “18(1999) SollA] MZEUSEA 7 72sk st
3tgAdo] S-S Husth AREUFEAL] sakslaatrt s skaksiAlel BHT (butylated
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ol
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, o, o5 EAZE o]&gt 144
¥, 2 WAREAE 4 T 22 g SN §E& ThsE Aom Rt 53
sl S 7 AREUREA S3ES AEA fA9 AG7|ZHshelf life)S U
g g s ¥ ooy THE &8 ol 7IQlEke A E] AMSiEd ko] AEshe Y S
SUHAE T s Aow ot 53] FAHE O Hejo] cinnamic acidE ##A]

webA Ubiquitin : SHT @@AE8 S o]gslo] A7]e] WAld st 7S W
&= model system©O. A Apgo] ZhsdiH, V|xAHow MREURREA =] A4,
olF, R TARS] AHel I VEATE FHsh=H F EEs FA 2 Aot
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M3E AN g o 2

Al 1 A Maize ubiquitin promoter X2l 93+ SHT &2z 3
Ho] 54 8 AREUYREA T 24

g 2 kst AEFEE o] XA NGrusak, 2002). MZEURE=AE 29 E 3
SHEtol] &b, XA S 2 feruloylserotonin, 4-coumaroylserotonin 5°] AtE FE T

3} (Sakamura et al., 1980), Echinochloa utilistWatanabe et al., 1999), Amorphophallus
konjac(Niwa et al, 2000), Leuzea carthamoides(Pavlik et al, 2002), Centaurea
nigra(Kumarasamy et al., 2003) 52 FAF dFFHo] A= Aoz Huro] o FH*
o] AZEUfEArt Hod9der Zdd i 7HXelME @55 (Tanaka et al,
2004), Hel BN EZ 9= FHoeZ BHuEI dti(Jang et al, 2004). Feruloylserotonin
9 4-coumaroylserotonin 59 AEZEJIHFEA 3¢S T34 AEoA Hx=E 343}
EAZA FAHEAL(Zhang et al., 1996), cathartic £¥HHotta et al.,, 2003), &5HH-S-<#|
&7 (Kawashima et al, 1998), 398 3}(Nagatsu et al, 2000), FZd|2v=Asta
(Cho et al, 2004) & v FH a3 e Aow Husdth AREUGREAE F

A ER AL o8 TRl

=

+ 7142 hydroxycinnamoyl-CoA thioesters¥}

g

serotonin®| t}. Hydroxycinnamoyl-CoA thioestersol| 4] hydroxycinnamic acids”} serotonin®ll
Adzxlo] FIEH, o] WSS Zuldli= Ao serotonin N-hydroxycinnamoyl transferase
(SHT) &4olt4(Jang et al, 2004). SHT S4+E IFo|A THT T42 A B FHA
S} (Back et al., 2001), ©] THT A5 Ho] dAAH S AZETRFEA7F 45 =
Ao g 8el¥ a1 recombinant THT enzymes ©]-83}e] kinetic ¥41-& ¥ A3} tyramine

Rt} serotonin®ll © & 7]1AXsAo] ASE FASIe] SHT F-AAZ Wiy do 2 ¢



T SHT #FA27F Bdlshs A8 E o] &ete], SA AzEdR=A d3ds =
_"l

st o] ibstEdo] o] A EQIAl FAMStY] AZEUfFEAL FASAA digh AAlS
bl

N

A7 S Py
7}. Ubiquitin:SHT $4A% ¥ W, 7|45, 448 24

31539] hydroxycinnamoyl-CoA: serotonin N-(hydroxycinnamoyl) transferase(SHT)ZE
W& 5= Ty homozygous BAASE W Jang 59 T FdASE WEZRE STH2004).
SHT F375 =943 To 448 ¥ S52 Ty TS g5t 98 A7F 241
Aok Tab wild type TAHES 30% &<t 70% EtOH oAl the 204 5<% 2%9
NaOClgo| A st} FAES Had 33 SHFE 2 A AHF=2 50uM9 trans-
cinnamic acid’} AAY {1 1/2 Murashige & Scoog(MS)uj#]oll x| AFglch 18 o8 2
5ColA AlEAQ W ofefA wjgattt v & HA i KolA 4al 1 FE55 3m9
methanol® &3H3c} Sep-Pak cartridgeE 33t sampleES HPLCE #4313t £}
©] serotoninr=A9] S ImMe] vhFeE 712 (2000m0)S H7betAY H7bekA] 2 <=

o Al gk A3} £ 40U ® Ty TAE o] &3t A ATH
1. SHT activity %

B e 4T 10mM soduim phosphate buffer(pH7.5)¢} 14.4mM mercaptoethanol 2 %
7Vato] whapabE R ZrolErh 1 F 12000rpmeE 108 B AR E A7) 1 Asod
S T2 =A9 sample(crude enzyme solution) % AFE38FATE 1040 crude enzyme
solutione 1mM®] feruloyl-CoA 10xf, 10mM serotonin 10g0, 100mM Tris-HCIl
buffer(pH8.5) 70p0< H7Fste] 30Col A 10¥5<t incubation? 7] 20102] acetic acidZ
A7Vske] whg-S AXAIZITE 2 5 500402 methanol® -$-1 10uE HPLCE &

A&}, gz s = Bio Rad protein assay dyeZ ©]-83%F Bradford W o2 =433t}
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t}. DPPH W& o] 43 Radical scavenging activity (4384 &4)

RE S FEEE SoA e 354 seEE9 534 s et s
FAES Y& ZHo7 9 FEEES Sep-Pak cartridge®] E3A]A HPLC #4] W&

o] &gk 50 ¢ FEFE MeOHE #H7bste] 100w= 231 900 0.15mM
methanolic solution?] 1,1-diphenyl-2-picrylhydrazyl(DPPH)E #7}8le] E-tube] wo}
A3l HolEth tubeE 27TCol 204 &<t Foleth dx+e od FEELE YA ¥
A FHE] ok 517nmoll A sampleEe] ¥ EE 574 gth Radical scavenging activity
+ inhibition %2 YERG o33 o] ALFs Y ¢ radical scavenging activity (%) =
(control OD-sample OD/control OD)x100. & FZ=EHE2 <€A A= CS, FS9 5%

~

+ radical scavenging activityE 9135 3 A5 24 BEA5FATH

3. 47 &3 Fd+
7}, T4 B2AZ o] X9 SHT enzyme activity

139 SHTE 2449 ubiquitin promoter?} 7 2] genomeo] =YAIATHJang et
. 2004). MEEYFE=AL] 3t 4 B Astetd A& 98] AReS SHT 2 €4
Ag = Ty AHE o] &akith ol Tt To9 Al |5 silencest#] &AW Ty Alth
oA WA 7153k gene silenceE T &7 98kl Ty Al homozygous Fe1S AW sl
A8t tHLyer et al, 2000). Ty Aldiel Al SHT gene d& 2ALSY] sl a%d 2
TH FAE 1/2 MS iRl A 159 &9t w3t transgenic line@} wild type ¥ =Z5-E

SHT Zagds SAskdtH (24 1-1).

9} vector?t W& 3} transgenic control EF 1 pkat/mgHE U 2 &40l A4 FH

AeHzZE 1). 7F4 =& SHT activity:= 14 lineoll A 60 pkat/mgl & =AY, o
2 a8l 52 FEAF line> 10W oI, 7|6 linesEXx thaTol W& =& &
L8 o] HEHOl FAASH AN nFFHe] SHT FAA7F v Idgs g
Atk TyAH line 14¢] SHT enzyme activitys T» Altie] SHT 484 =4 =<1 78
pkat/mg¥ A9 5SS & F U (Jang et al, 2004). 2 o % B Ty transgenic
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Fig. 1-1. SHT enzyme activities of independent transgenic rice plants. Sterilized
seeds were sown and grown in half-strength MS medium for 15days
at 25C under alternating 12 h light/dark, and the leaves of the rice
were used in this assay. SHT activity is expressed as mean+S.D. (pkat
mg ' protein) on duplicate experiments. WT: nontransformed rice; TC:
transformed rice expressing a vector only; 9-17: independent transgenic

rice lines.
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lines®] #wk4o] SHT &4gA> TiAtolA SAH A3t 7o) fARRS Bol FAd
o] A& FAHZHAA A7t - Eo]E SHT transgene ©] X o2 Ay, 7|5
Ao @At AL ongt

Y. A4 97 ¥ FZ9 A p-coumaroylserotonin® feruloylserotonin®] %%

SHT gene°] #&AA3IEoJ+= Ty transgenice] F3E Hl7|aL HPLC 7]7]& o]&-3}¢]
serotonin-fF = o] +EFS SAHFATHZH 1-2). WET wild typed} transgenic control®l
A= F2F g9 30 ng9 ofF AL #9| serotonintE=A7F AEHJT FHHE transgenic
Tl A = wild typeRth 5-18¥) O =2 ks Hol FAth FAAs A A F
2ke] % serotoninfr =4 (Fr 2L 22X (CO)+H| FRAAZEI(FS)) 9] e T2 g
165-562 ng Abeloll RESFATHCS 213 ng, FS 349 ng). B2 HEH 14 line¥} wild type
S AYstiE hREE9 transgenic lineol A p-coumaroylserotonin®] feruloylserotoninX.
o} okt O =4 AR AN AUk o 149} 16 linesS Al9)stiE CSY FSY 3tk
Byxzfole] Bolde wARXA gk} o]gdt #d2 feruloyl-CoAt p-coumaroyl-CoA
of tldt SHT enzyme® Vmax®t Knol AFolshA] 22 transgene SHT =49 i3 A
A% =2 #o] e AoRE Alndth A T A<l serotonintrE A 9
steke 274 ng/g AE olt}t. FEA3S SHT w e ZFA}oA maize ubiquitin®l] tH3F
serotonin+ =2 IopAAke]l A 7)Z2R2 WElslR] A|vE ubiquitin promoterel] 2] gt
SHT transgene®] W ¥gjoA Frjuta o] BaloA 3o} A E serotoninfr =47} 3
GG ARG m A= V4ol 54 AulA Asietd Azl o As5

Hh7le] A2 k= Ao® F4 "ri(Jang et al., 2004).
. T serotoninfrE 9 F& o QQAA 71F A &I

AgAT Aol ostd, ARZEUFREA9 32 amine 3}3HE©] 2
el Agshd, Aed Hel AdxAoM AzEdfEA o] oo HHH= A4S
vetiigleng, & Agolr s dEAEH ] AFATEt g dyEde He #
gloll A glste] mokom, of5o] Aol o FAe AREY

s
Ak wol M ke Q= vl Pelo] e B4 ABL W FA4] serotonind

T
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Fig. 1-2. Levels of 4-coumaroylserotonin and feruloylserotonin in dehulled rice
seeds from wild-type and transgenic rice lines. T4 homozygous seeds
grown in the paddy field were employed for HPLC analysis. Data from
duplicates of the same sample were identical. WT: nontransformed rice;
TC: transformed rice expressing a vector only; 9-17. independent

transgenic rice lines.
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ZAe] gl Frkst=AlE Adsty] fla Jist § 4090l HEe] 3o Z2dE E4
A28t tH2000 mé/plant). ImM F%9] chemicalsS 2|34 30¢ § TAE 583 4
¥} serotoninfr=A49] FEFo] FXFE S B 7 AATHEE 1-D).

g z=7<2 wild typedl A& tyramines 2o Ak Aol A A F2> A HU}F
serotonin-- =47} 3uf o4} =7}t Wild typedl A9 vlz7FA] & transgenic Aol A
Egk 1 mM9] chemicals #e]3 o] serotoninfr=Ae] $haFo] o =ty Hyt Ao
transgenic Bl A= chemicalS A |3k 3lo] A edhA] &2 3 Hrt} ofF 2v) A% F7}s

Atk B2 chemical 2] A& B uf tyramine®] #HiL9 inducer® ZHg3}A| vk

Sb

transgenic F A}l A= trans—cinnamic acid®} p-coumaric acid®t 722 ©E chemicalE =
serotonin- =412 Aol doJA tyramined FAEF &2 A dE HF ) Chemical
Aefoll &gt FAl A serotoninfE=AC] BAF T2 W oA o] shgHEo] Al s
ARZEQFEA o] S7HH s Baust dAshs 2345 vehliglth ez FapoA
9] serotoninfrE=A 2] 4 FZL serotoninfrE=A 7} B dA s HFote] FAR &
HHE = Ads Al 8 5 dvk =3 )8 409§ 1 mMe] chemical# 2] A E]
a4 = izl vlal o] w3t H3E = dAds JEdTh 99 w3tE opr]EkA]

3 FANY AZEUGEA FFS Arjst & 5+ e AA chemical FEE o
A

il

2}, Trans-cinnamic acid®] * g o] <3 ¢ serotonin F=A] F time course

Trans—cinnamic acid’} - iAol Al Frl2 A ZEU(CS)Y} HF2 LM ZEU(FS)
Aol ofBA A A $15ke], Ad®E ¥ EAE 50 uMe|  trans—cinnamic

acid?} 39 1/2 MS(Murashige & Skoog)uj Ao X AFsle] AAAA AT 92 5 A|7)d

23

2 v YdE FF5t serotoninfr =AY #FE SAsIATE & 4L wiY 7IRbs<t
transgenic A& 114 22t 110 pg/g¥ 140ug/g o2 CSeF FS7F 71 =it o] =
7t AlEFE = 1Y o] F HAAA SR serotoninfrEA Q] FFo] st 34UA A=
& ¢hds] w=stEdar CSeF FSO &S A7 3 uglg, 5 ng/g ofel® FAskivh(Ld

1-3).
trans—cinnamic acid’} §1& 5ol transgenic W] ol ZA} serotoninr =47} 7

=5 A skt A A3 waste] 1194 He 99 wild type YoM 9] serotonint-
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Table 1-1.

Table |

Seed contents of serotonin derivatives upon various substrate
treatment. One mililiter substrates(2000 ml) were applied once into
the soil of wild and transgenic rice (line 14) at 40 days after
anthesis, harvested after one month and then quantified the products
by HPLC. Rice seeds were dehusked and subjected to extraction for
analyses. Each experiment was carried out at least twice and

expressed as mean += S.D.

Seed contents of serotonin derivatives upon various substrate treatments

Substrates Coungrolserolonin (ng ¢ ' seed) Fenuloylserotonin (ng g~ seed) Total (ng g seed)

Wild-type 1910 10£11 Bl
Tyramine* 12 RS N+l

Transgenic 113163 49157 0260
Cinnamic acid* 4378 406 £81 B9 £ 79
p-Coumaric gcid DAELS) WM ELES Y
Tvramine DEES) 084 £94 ¥ £73
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Fig. 1-3. Time course of leaf serotonin derivatives contents during the experiment
challenged with trans—cinnamic acid(A) and a representative HPLC
chromatogram of leaf extracts on day 5 (B). Rice seeds were sown and
grown in half-strength Murashige and Skoog medium in the presence of
trans—cinnamic acid(50 uM). The leaves of the rice were harvested and
the levels of serotonin derivatives were detremined at each time point.
Relative trends in duplicate experiments were identical. W: wild-type; 14:

transgenic line 14, CS:4-coumaroylserotonin;, FS: feruloylserotonin.
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TAe] T CS, FS 77} 15 ng/g, 25 ng/gel SAHATE A7 s < wild typee]
AZEDREA 34 Axs 27 1A He 3 Hae F4&5885 el 1 Fole
FoEE FEAA A4S JUEAY Trans—cinnamic acid® <13l F=% Aol A
serotoninf- =42 #(998ng/g seed weight)? UolA el ZF(360ug/g leaf weight)S H]aL
3 ®kS ) serotoninfE=A Q] F 0.3%eHs vl A o] oA FAR M= &
Fe e 28y AlREdfFRA gl Htejol A A EHo] 54 sl AlE
el AsE Wol F7|® o] FHal, HFA R FAR olFHE ARE Fi FHHEA,
oUW, FTAE Xl BE F9oA W E= ubiquitin promotere] g0 2 Fx}o|
N AZEYFEA7E A=A E Qe & ¢ ¢tk 2822 SHT geneZ
glutelin promoter?} 72 T2 5o|4 promoter2te] §3ste] Ho] AHA LS w, FA

oA serotoninFF=A 2] AL STZHEAE ZAEHE A7F FaEo ok & Flolt}
vl, DPPH #'H& %3 transgenic ¥ 9] antioxidant activity &4

CS¢} FS+= 743 a4k3tEAd (antioxidant activity)S H.QItha B % o] $ktHBaek et al.,
1999; Niwa et al, 2002). webx SHT A2 Hdsts Aol o2 &itst
DS AREUREA o] o] HAHE= o F91E5 o] &ste] St st S
ZA317] 9ste, 1,1-diphenyl-2-picrylhydrazyl(DPPH) A] kS ]85}, radical scavenging
activity S 221813t} Baek et al.(1999)¢] H.aie] 9olshH, FSe RCs& A aaksiAQl
butylated hydroxytoluene(BHT:RCso = 12.2 ng)¥} butylated hydroxyanisole(BHA:RCsy =
74 ng)e} vlas] E oo 66 pgl® H& FAEES THA A e FeE RuELh ¥

A& FANAM = serotoninfr=A 9] FHFo] wt] wiEo] T4 FEES o€ 5 /i3

il
N
[oX0 )
ol
o
~N
do
of
o

t}. webA transgenic wild typel 25 radical scavenging activity
o] 9o FEES ol&sh & FEELS 194elA CSoF FS Aol o] &-3H sample
S o] &3}t Wild typed & FEEL 5-20% AE9 w2 DPPH radical scavenging
activityS HOIth(1¥1-4). ¥t & transgenic H2] ¥ FEEL 10-93%2] =<2 quench
DPPH radical activity®S E.Q1th. DPPH radical scavenging activity= serotonin-%=] 2]
dojegat 212 o] vk 119A9] 9 F%E8 quench DPPH radicalel Al 7Hg @2
activity 2 ¥olil 1 HE 793 1584 &2 S Bk webA 50% DPPH

radical scavenging activityE 23 3}7] ¢34 & serotoninf= A (CS+FS)7F ¢F 5 ngol
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Fig. 1-4.
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Drays after cermination

DPPH radical scavenging activity in transgenic leaf extracts (A).
Relationship between RSA  activity and serotonin  derivative
concentration (B). The Sep-Pak filtered leaf extracts analyzed for
serotonin derivative content (shown in Fig. 4) were analyzed for RSA,
in order to minimize interference from other chemicals found in crude
leaf extracts. WT, wild-type 14, transgenic RSA, radical scavenging

activity. Data from duplicates of the same sample were identical.
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i}

Fash, o] 9= SHT Ud s F2 5g A&7 a5 o] Ztt

AEX oz ol#slt A= AEAA] o Yefe] &4 (phytochemical or neutraceuticals)
S A=Y 9o SHT f4A7 583 988 $338S Ko FX|v wild-type =
FAA oA AZEDFEA 2474 2 rate limiting &4 gk o @2 A+
7 FaEo] Aof & Bow AlmHTh WE H|E A EoAe] CS9 FSe| A 750l
Z W A A= FANE SHT Fpepdrdol ofgh &4kl 421 serotoninfrEA 2] 44 &
7he A FAE 2E#Z gk AE 249 AYAHS FHAIZ ZloltK(Tanaka et

al., 2003; Demmig—-Adams & Adams, 2002). o]=#3F A &AL &0 ALY} Fx} A2+

e

A 2 A Rice glutelin promoter Z&o| <3t SHT &2 d3sH

o 4 B AREUFE=A T 4

1. A4 A

dwtd oz W T A diAde gE59] &8 mel insoluble glutelins, alcohol-
soluble prolamins, salt-soluble globulins, water-soluble albumins ©]Z A Y] 71X &2 &5
Aot w3k ¥ Hl AlECE type I protein body(PBD$} type II protein body(PBI)
5o wmad A% Axryl EA3=Y prolamine PBIo| #F ¥+ wbA glutelind
globulin< PBIIo| =A%t} Gluteline Wl &2} A% whulz o] 70%%, prolamine &
T2 A7 @ E e 20~25%5 Tdskal Atk Gus FAAbel Ak FAF A v o
promotersE &g Foll o] FHAAE W E=YA7IaL Zzte]l FAa A did
promotersell 2|3 WdEE gus activitys: W FAFA SA3e] B A3} prolamind
globulin promotersell €3} ¥& @ gus activityZ’} 7HE =& ¥+ allergenic @Al
albumin®] promoter®] Aol 7F e Ao 2 w1t} Glutelin promoters GluA-3
o} GluB-1, 7 FR/=2 EAete o] & BF 3 AEY activitys HItha Bi 3%
tHWu et al. 1999).

ol E ¥ FA WAL Wl f Soldow wAw] Wil 9% FHAE Fxjo] Sel

=
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Hog I A7) e W o]E FAAY promoters: FE o]&3t) wlElA B A3E=
SHT #7445 ¥ glutelin A3 promoter 24 3sloll Fof JAHg ANAS W A
o AREURFREA o]l o9l HeA daztste] B A4E FAESlh
Glutelin A3 promoter:SHT ¥&d A #4 7} ubiquitin promoter:SHT & 3

=
of ma) AREQGEA Gl oA Fe vex Avlsls B A9 FAss

2. A7 53 U
7}. Rice glutelin promoter< ©]8€3 SHT F+2x 2d ®¥E construction

He] wjf W So] TEWEHE Glutelin A3 FARHXH4313) 714 LDS o] &atAth
AW primer®ZA4  F1117(5'-AGTGGATCCAGAAGAAAGATAATAACC-3')S, 5w
primer & 24+ F1118(5'-GATAAGCTTAATGCTTTTGTGAGAAATG-3")& Al 2Hsle],
AW EYFU)ERE B Glutelin A3 genomic DNAS F3 o2 3o PCR
= Ak F2YE FHAE Bid §H2 AhH dA] sslon, A Ade A

YH GluA3 4R+ AW primere] BamHI A$+& 4 site’}, &
W primeroll = HindIl A|ghEA site7} A1 o] do], GluA3 325 BamHI? Hindlll
insert® @] ste] nlojyz] WEl Azl o] gt th(1d 2-1).

. Rice Glutelin:SHT @& FAAIAYH SAS ¢ Callus 7=

GlutelinAs:SHT+ 24 28-S 913k o] minkiaf calluse HsH=
o WA e FARES AdEste] AR FEE Fost] F9E BAW $ 70%
EtOH=Z ¢F 30% &<t 3

2% NaOCIZ AHtslaich o], Hirs 3%

i #] (callus FE=H1A]-50ml N6 macro elements, 1ml micro elements, 1ml N6 vitamins,
5ml FesEDTA, 300mg/L casein enzymatic hydrolysate, 500mg/L proline, 500mg/L
glutamin, 30g/L sucrose, 2mg/L 2,4-D, 4.0g/L phytagel, pH5.8)°l4 65 o] < w3t
calluszoll Al AEo] 1~2mme] EHE callusthS Adste] 2N6 7] 2w A]o] 3~4Y &<t

oF el s FAIA callusE 27338t AZTH
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agaagaaada

taaataaccy

gytgctagat
tgtataagaa
actatcttoca
Cctaccaactt
tooctoctagg
tatatgogadg
cotggatygy
Logoctocataa
tocatgtagoa
toocaaaatgt
tococcaaaage
gtggaagata
ccattgtgta
acttotatct
togatcacta
cattgagtte

attgotatat
ttttaggtta
caagcacatyg
goatgatatt
ttatacctga
catggaacaa
ttaatatcgt
Jagaccaaaa
atacaagaga
agtaggtota
aatcactaaa
acaagaaggc
toocattgat
agtgagtcac
ctttacttca
agtococcacaa

aaactattty
aatactcaat
gtytygcaaty
ctatagtatt
atattogtga
ccatggtatt
gagaacaaaa
gatcatcaaa
CcoAaaaagoac
taatatatoga
actgattgtt
goaacacaca
tcactgaaaa
acttogtatgt
ttoatatgtyg
ctataaaadqy
aaacatggca

gagagoatte
graatgotoa
taagtytage
gttcoaagat
atatcotato
tgagagacct
tgcaaggatt
agagatatge
Atatgtocota
cgtygttaty
taaagtgaty
acgtatagte
atasaagcaa
ctatttatct
gacattaaca
accaacatat

22 HZ2E Glutelin 43 78 At promoter ME

aggttacatdg
atagatataa
ttottatage
gaaagaataa
cottggotta
ttogtatagot
tttttatact
atasaattaa
aacaaactyo
acttattcac
tyocttactygt
caccttgoac
agasaaggat
atccacottt
8actCcratct

atcaccattt ctcacasaag

gttagtcoat
grttoaaage
ttagtyctit
ttoatcothy
taatgaaaty
gaaaccaaco
gyttocatgos
agtaataaat
ALCLLYLLLY
tLthbtgtac
agaagtttca
graattotot
atcaaacaga
tgtgtacott
taacatctag

0a0
lz0
lan
240
300
3A0
420
4s0
540
=1 l1]
=131
720
Tan
540
a0n
a0

Fig. 2-1. Nucleotide sequence of rice glutelin-A3 promoter sequence. Sequence

underlined were used as primer set for subcloning into binary vector.
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oov FEAE 2 A B3

pGA1611:glutelinAs:SHTS} pGA1611:prolamin:SHT %% vector® Agrobacterium
tumefaciensE A 7] A A H Agrobacterium tumefaciensE ©]&35Fo] H
= g4 AsEFTt. 20pg/mLe hygromycin® 3pg/mLe] tetracycline®] I 10ml
YEP ¥®iX*|(10g/L Bacto-tryptone, b5g/L. Yeast extract, 10g/L NaCDeollA A3 =
Agrobacteriums °F 17A17Hs<t 28 ColA ajYstdtt. #5< s%7F 600nmelAl OD2.0
AE7F HH 3500rpmo2 7 T 4TolA Al AA dede HEln JHAEL
acetosyringone®| FH 5mle] AA-ASHEIA(AA®IA]; AA macroelements, N6 micro
elements & vitamins, 5mg/lL FesEDTA, 1mg/L. 24-D, 20g/L sucrose, pH5.5 - 100uM
acetosyringone)o] =9tk HHE petri -disholl Agrobacterium©] =olE 5mle
AA-ASHIAIE EHlskaL, 3~4 oF AEjolA vl GAIA S sHE callusE o] HIA| A 30
B Fx stk a2 wigo] U callusoll ol e #uisk Agrobacterium=
A2 9o callusE &AA 715 M F 1] AA-ASHIA] 7}

2|7} A d= 2N6-ASHIA(2N6 7] 2 =] - 19.62mg/L aceto— syringone)® %71

A 28T, Aol A 2~3A7F vkttt 2~397F vkl Eubd 250mg/L cefotaxime®]
ShEl Aoyt dAUdE Az ZEaAe] calusE A4 23] AR P200rpmo 2
shaking3Pa A callus Wl B+ Agro —bacteriums AAS FAH. o] & HAAd
oARAl AR callusE &A =715 AlAstaL AxA1Z F A wfAQl 2N6-CH¥H A (2N6
712w =] pH5.2 - 40mg/L hygromycin, 250mg/L cefotaxime) 2 callusol S FA| &o
AA AT oF AEel A kst 25 A 23] AR RS AR &7)WA A
w3ttt o] Al7lel PAHF o] o]Fo|A callusES ELEHA o] a8 e
AES AWsta A fvh AdaA oA AdobdS callusE wlojlo] & 4374 A3t wf
%91 2N6-BNHIA](44g/L. MS salts & vitamins(Murachige & skoog), 2g/L. casamino
acid, 30g/L sorbitol, 30g/L sucrose, 2mg/L. BAP, 1mg/L NAA, 40mg/L hygromycin, 250mg
/L cefotaxime, 4g/L phytagel, pH5.8) 2.2 &7 WoA vldA|Zt of 250 3HHA A
AR AT oF 3 Fole= E47E AAAEM Qo] Attt o] AAHY 2 A
s Aol Ay Fes fofst wole] Bel A oAl &3t i<l
2N6-Rooting Bl #] (4.4g/L. MS salts & vitamins (Murachige & skoog), 2g/L. casamino
acid, 30g/L sorbitol, 30g/L sucrose, 4g/L phytagel, pH5.8)ol 4 wjsle] ¥elS FEA
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Zd AAES Bl 2ods wiAE 2 AT F

[e)
&
& AEE 92 LEO o]Aste] LA o|Ude w7px] AHA AT
Z}. Genomic DNA &3 % Southern ¥4

P2 A% vo] TyAldl(glutelinAs:SHT) 9} ToAl dl (prolamin:SHT) 2] 21 0.1gS AA 24
o ©ol FA wsle] gDNA F% &5 A(IM Tris-HCl pH8.0, 0.0M EDTA pH 80,
5M NaCl, 0.16% B-mercaptoethanol) 500l Hol 2z ol F 20% SDSE 33.3u40
7Fste] 2A)17FEor 37°Ce ¥Xx]3FAtE 5M potassium acetateS 166p0 H7Fske] 2 E3gHe)
5 3083 4T WAEATE 4TAA 13500mpme 2 15837 94l ZE2lste] A5 dS Al
2& E-tubedl 7)1 7004l isopropanolS #7}ste] & £33k 5 -80Co] 1587 W
gk 4TelA 13500rpme.2 1023 941 Eefsto] a2 w2lal 500u 70% EtOHE
H7bste] T3 £ 37 AR dto] AeodS Wil EtOHS 2 X7 5
AHES IXTE ¢ dolu ditd 34 S0l =3ivh BwFste] 10pge] gDNAE Hind
Il A3 A(invitrogen)E AwHsk 5 08% o722 Ao B3t & AT dJS o4&
3}o] nylon membrane (Hybond -XL, Amersham Pharmacia Biotech)ol] #o]%F t}S UV
—crosslinker® 143t Prime [t°® 1 Kit(Stratagene)S ©]4, 13 SHT insert=

dCTP-P¥2 ¥ A8 T hybridization SfoA] w-SAl7A 01xSSC SHoZ S5t

et

>~

2

Phosphoimage analyzer® 24]3}31t}.

"}, Total RNA £# ¥ reverse transcriptase PCR, Northern blot £4]

EAFo A s dsEo] FEet & AFAIZ glutelinAg:SHT 3 v ThEAE A4
AL W7 F 8 5o B F5ekA ate] A Aol wobd #A e ¥ TRI®reagent
I A& 01gs &3

o] oA ofF 5EZF WAgH F 4TelA 13500rpmo & 1057
0.2m0¢] chloroform} &gato] AHL-ollA 1027F WA & & thA
t} o] & g REMS re HHo| &7 05mY isopropanold 2z 44&
T Aol A 103 RISkl ohA] A4l skl =S DEPC waterell o] total RNA
= 5y 3k #2813 2ue9] total RNAS Random primer, 10mM dNTP, DEPC water ¢+
&3l 80Tl 3+, iceoll 1083 & % 10xRT buffer, 25mM MgCl2, 0.1IM DTT, RNase
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inhibitorE 7}3le] 25Col| 287 51 9dA & (nvitrogen)S A7FsE & 25T 108
42°Coll 1AZHEE WHEAIA AR A DNA(complementaryDNA)E 44315tk ©] cDNAE
12} SHT genes M GO703(5'-TATCAAGCTTCCATGGCTTCTGCTCCTCAA- 3'),
T GI217 (5'-TCAAAGCTTACAGCTTCCTGCACCATT-3') primersE& ©]-83}4,
controlZ#] rice 185 gene< HH F0704(5'-GCAGGGACGGGAA ACATG-3'), ¥4
FO703(5'-ATGGCCGTTCTTAGTTCA-3") primersE ©|83to] PCRE FaaFATHAT
2%, 94T 30%, 50T 30%, 72T 1, 70C 10+ 30cycle PCR).

ZF 5 10~15¥9 ¥ prolamin:SHT @A A3 ¥ T\ FAE AA A L0 Hol 54 =3
32 glutelinAsSHT ToH A A3 W Fx1e} A3 o= total RNAS #8]3 & 20
ues # 3ol EtOHZ A A7l oS 65% formaldehyde2} 50% formamide”} ¥
10<Mops  H&ol¥} Egste] WwAAAT WA4E ASE 19% formaldehyde’t E3H¢
1xMops &=do] @7 A7|9%F kit A 0.8% formaldehyde agarose geld E3l total

2 2839tk 25mM sodium phosphate® 7 ¥ gelS A3 & ZAH AAS o]
43} nylon membrane (Hybond -XL, Amersham Pharmacia Biotech)ol #o]3l t}2
UV —cross linker2 143t Prime It® T Kit(Stratagene)2 ©]4, 13 SHT insert=
dCTP-P”2 ®A§ F hybridization &olA wHAlA 01xSSC SHoz S48t
Phosphoimage analyzer® #4}3}43t}.

N
=

v}, Western blot &4l

=T 5 10~15¢% Jdde ¥ FAE dA D0 Hol #A vhste] 02gS w23}
H=8M60mM Tris-HCl pH6.8, 4% SDS, 4% 2-mercapto ethanol, 15% glycerol) 0.8ml
of A3}t 12000rpmo.2E A EE ¢ thg e dS Western #4719 @il A5 =

AFEEFATE 30pg ©E AlRE 11% SDS-PAGECA #2471 % PVDF membrane
(Osmoics Inc.)oll AelA#A SHT polyclonal 3-Ae} AGuk-e A]7)a1 22} &4 w33 ui
=] 7+4]+= Western Blot Kit (Boehriger Mannheim)E AFg-3lo] 433319

A}. SHT &4 84 &R

5 F 10~1599 A4 o FAS AAAh] dol FA vhastel 025¢2 T4



3} 4=8A(100mM sodium phosphate buffer pH7.5, 144 mM mercaptoethanol) Imlol
Fol 4T FAgtsta FUg L=oA 13,000 rpmo 2 1087 AAlEe o v A%
1S g8 549 sample® AFESFATE A de] 10plE ImMS] Feruloyl-coA 10,
10mMe] serotonin 10x¢, 100mM Tris-HCI buffer(pH85) 7009 Z7Fske] 30TCell A 10+
ot Hkg A7l EFES] Methanols #H7Fste] 500z 2= $ 10uE HPLC
(Waters2695) = #2135}t 10l sample ¢ % HPLCEZALS 33% methanols
Nova-Pak® C18 4um 4.6x150mm cartridge columnoll E3A|#A Waters 2487 UV detector

= o]g3lo] A32000A] feruloylserotoning H&E3 & A=HS AXbslch

"

(o3
o

=5

AAFH : sample area x standard®(ng)/standard area x 3]Au<4= x 1000 (G934t -

ng—pg) / reaction time(sec.) / serotoninf-=*] Mw/ protein content (mg/10.u0)
o}, 2} W serotonin = F £4

sEo] g3 & AxAZ FAME W FAE 44s U+
0.25g5 A mhetal 1.5ml MeOHS #7bete] #4stst of5 1.5ml¢] MeOHE t© 7}
3to] 10,000g= A4 § AT dS Baa] wi HdEC] 3mle] MeOHE ¢ #7tst
o] thA] 10000g® AAEEE & AedS ofd AsodH Fote] FA & 6mle de
oo 15mle] H.0E5 H7}ste] o] samples 80% MeOH=Z pre-equilibrationr] 71 C18
cartridge(Waters)ol] 531171 % o]Z =9 A7l t}2 2mle H.0ol =%t} o] samples
H-O% pre-equilibration*] %! C18 cartridge(Waters)oll E3}A]7]3L 20% MeOHE E XA A
cartridge® Aol F FF 50% MeOHE FHAIA o] samples ol A7 200u402]
MeOHel| =th MeOHol|l =ol3li sampleo] 6ml®] CHClsS #71ste] CHCls:MeOH
=30:1%2 pre—equilibration*]Z! Silica cartridge(Waters) ©| E3}A]7]322 CHCl3:MeOH=20:1
2 cartridge® Al FAAIZ Foll o] sampleES 3t FUAIA 100wt MeOHo 521
T 10 E HPLC(Waters2695)2 #2434tk 100 sample ¢ § HPLCZHL 33%
Methanol & Nova-Pak® C18 4um 4.6x150mm cartridge column®l] E3}A]7#H Waters2487
UV detectorg ©]&-3te] A32091A4 feruloylserotonin % 4-coumaroylserotonins 7% 3t

F A2 A
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AAPR ¢ sample area x standard®(ng) / standard area x 3|48j4= / #2338 sample

Hg) x AHE
Z Ty §AASA FA9 FA489 HA

o) FAF EE AR © o Bol A TiAlgel e fAxE dol S of
& Pobr 7] 918l Hygromycin AdafAlel Al fzke] AFdoditel 4F9) Locis 7
Aatdrtrglth Ty $2k9 98 AAT F 2728 F=2T 4 AMEsAY e
AatA 70% ole-E3} 2% NaOCIZ ¥w A#atgirh o] F 50 mg/l hygromycino] $Hr
% half-strength MSujA]ol] A At FAE XAste] oF 1095 dujdste] S219

Wohi RS Pl AFH FAsk 4o FAel weu g Hvn gk

%
offt

o
ol

3. A7 38 2%

7}. Glutelin Z22EHE o] €% SHT +4A ¢d v A3

B JA38-S 93 binary vector HME 2 A|ZE thSH o] sl He FHAS
o] AFg3l7] €3k ¥ glutelin promoter®} 11F SHT FdAES XL 3tsl= HE S A %3S
t}. pBluescriptell 3H+-# H glutelin promoter(ZE&-E o] 9w wg Ao Fx4A4 A4
S olg) 28 2-59) EA)EA T B Glutelin promoter F+AAS BamHI 3 Hindll A3
Eh B9E FRske AWELIT 5 -AGTGGATCCAGAAGAAAGATAATAACC-3"))
2 $uKF1118; 5'-GATAAGCTTAATGCTTTTGTGAGAAAT-3') primersE A|2}s}oq,
FA2 =Z A 7] 3 pBluescript cloning ®E ol AYsled, Aol LD} primers 9

of A7IMAA A7 A=A FAMSE & DES8L paperZ ©]|-83Fe] BamHIZ} Hindll A3k

1:1

E2HEYE g5t 960 bp AE9 glutelin promoter insertS 74 A 5F3

S SHT ks Aldt &4 Hindlll 2 KpnlE 373 AW(B1109; 5'-ATCAA
GCTTATGGCTTCTGCTCCTCAA-3") % FWHBI1110; 5'-GTGGAGCTCCTAACAGCT
TCCTGCACC-3') primerse]-&3te] DNAE FZ3stal, 53 F SHT DNAE pBluescript?]
Smal F-%1°l subcloningsle] 3z g el Wsl7t glas &<l % DES] paperg ©|-&3t

o] Hindlll 2 Kpnl insertE A5k



Binary vectordl Z243}7] $18] pGA1611 vector(E3 3t ¢t2E wFRFEEGE
AHE-3F 2™ maize ubiquitin promoterZ A 4387 Y8 BamHI®} Kpnle. 2 Hekslgdo),
BamHI 3} Kpnle. 2 A3k pGA1611 vectorel]l ZellA A A3k Glutelin promoteret SHT
FAAE FAl ZAZ(ligation)d o 24 pGA1611:GluSHT #F3A T+x2E5 AAskd Tt
(2% 2-D).

B AR 9 AEst=E g3 2ol pGAIGILGIwSHT Ax3 W ZE ol =ukg g
5 ddASsta 7] FAASE vABES ol&sto] BlE FAHSSIA

§ ARE-3E Ble] Ze]2(callus)= N6 HiA|(Rashid et al, 1996; Hiei et al,
199714 st W] wiuk(FE: FX)oRFE fFEskch 3 WA 4 FEe] dHE o

o] AejxE A7) o zutHel FrlabAl s LBA4404 AE ol 3% 51t A7

oft U'{O
A
g
o

Ao 2 WA 39 woF X wiRAFHTE Tx djdE ARaE AEEA
(Cefotaxime) 250mg/L7} 3l Hatr=E AlFste] k& AletS AAsEaL, Alete] AAH
A 25 A EE4 (Cefotaxime) 250mg/L 2 o] &2 r}o] Al 50mg/LS E33l= N6 viA
2 &4 Wttt 3F WA 45 sete] mMiYF A Sl | A aESs o B e
A48 AR AR &A WMEAATHTE 2-2). A5 9F9] independent FH 7

. Glutelin:SHT T; FFAIHAY EAF HAA © FEAIANZHEH genomic
Southern blot 4]

71Nl A hygromycin A@4 ¥ FEE 40lA £8ste], 4] AL independent
line 200959 A EA4 = & 12 lined AEAZHE genomic DNAS £#38F9] Southern
blots 33 23 1170e] AEAel SHT #d47F AdHNeS & & AJHTH
2-3). Line 11WHL 42 ASlo] $A4HA Fdeox O o] Aol Ab&ahA] &steh
F 11#9] =9 lines oA line 101} line 12¥HolA 2 copyel A&7} 4

L
3ol s9ar, 2 9 959 independent linesEolA= 25 1 copy

>

o] 3

8
e
e
E

qsel des A
Z7F Al E ol 1= Atk 39 Southern blotol A 1 copy® E1H 9 lines¥HS E%
oA Aufstel dd=S FdskAnh
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EamHI Fpnl

# —GluAJ Promoter|  SHT Tnos | CaMV 355-HPT-TiA6-7 —
HindIIT

8 3 E0| proraoter Glatelin SHT HI0|LH 2| WE RHE

Fig. 2-1. Schematic diagram of binary vector pGA1611 harboring SHT gene

under the control of rice glutelin A3 promoter
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| Transformation of rice plant method

shoot-CH medium

Fig. 2-2. Generation of transgenic rice from scutellum derived calli. Upper photo
shows coculture stage, middle denotes selection from CH medium
supplemented with 50 mg/l hygromycin. Lower represents shoot

regeneration from hygromycin resistant calli.
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Fig. 2-3. Genomic Southern blot analysis. Ty transgenic rice leaves were used for
extracting genomic DNA as described in materials and method. WT;

Untransformed rice, 1-12; Transformed rice plants.
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o} Glutelin'SHT T; 32 A3 A £A8 AA  FAASAZ5H Northern blot

£4], RT-PCR #4

GlutelinnSHT & T, d&dgAe] 7] <u)f(immature endosperm)=+-E total RNA
5 F%°319, northern blot 45 33}tk SHT mRNAS] #&E& wjfolA Bz}
<9 northern blotE G383t o}, HEHA] &t weka] T, AEulFolA total RNA
FZ3}o], reverse transcription polymerase chain reaction(RT-PCR)& F33}th( 2
2-4). Wild typelAl FZ3 RNAIA = PCR AAEo] AEHA ko), dd43s
line 4 & line 59|41 %3 RNAoIAM = SHT #3149 PCR 2H=o] AEFES & & U
t}. Positive controlZ4], ubiquitin'SHT @& @A) A3 vfolr] F=3 RNAS
FHdo2 RT-PCRE stk <ol 7P B2 PCR Abeo] A3
© /10759 PCR Ah=o] A=FHArh A3t wi#¢ PCR Ao Adiskatol= total
RNAd 2@ 5= SHT mRNAS 2@ JaaArt Sl Aoz wojzit o s
glutelin'SHT#E  FAAsA 2] wjfolA HAEH RT-PCR A4 E(line 5-2 ubiquitin:
SHT®] HifrellA #74¥ RT-PCR A=l 8l 1/109] +F2 =2 RT-PCR A& A
dE= Ao Hol, glutelinSHT F2d&A o] ol A ww|gh Qo] SHT mRNA7F
HHAE T 5S AAFSY Line 49 -9+ line 59 W3 g5 42 oz ddgs &

F gtk W2 A o WA, SHT mRNAZF ulfol 4 48 AAba,

2. Glutelin:SHT T; ¥ A 38 A Western blot £4

3
2706 W=} ofF mokal Al wel7)t sht WY mletste] SHT whujzel] Shalg
S itk olelst Az EAulslel SHT mRNA wazko] w9 He Az e

7F 9 Aoz HozT)
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Leaf Seed

M 4 14 G4 G5

& 000

Fig. 2-4. RT-PCR analysis from glutelin:SHT expressing T2 transgenic rice
endosperm. Total RNAs isolated form T2 plants were used as
templates for RT-PCR. WT, Untransformed rice, U4, Transgenic rice
expressing ubiquitin:SHT gene construct, G4-G5; Transgenic rice

plants expressing glutelin:SHT gene construct.
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Fig. 2-b.

wri1r 2 31 4 5 PC WI &5 ¢ T & 0 PC

<t 28K da

Immunoblot analysis of transgenic rice plants (T2) expressing
glutelin:SHT. Proteins were extracted from seeds of transgenic and
wild type and incubated with SHT antibodies. WT: Nontransformed
rice, 1-9; Transgenic rice, PC; purified recombinant SHT protein (40

ng).
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vk, Glutelin:SHT T: @24 & A SHT 2284 HA

GlutelinSHT & T, FAASA ] vl 21dx)olA dlds S35k,
SHT&A &4& =43t A4 23 49 lineoll A% Wild typeR.th 2w o]4do] =
Ee SHT 4344 oy 2 99 A linesol A& Wild typeXth SiAL B]5:3
o AL BAKIY 2-6). o] SHT %A7F mRNA levele] w9 vti, SHT
mRNA9A translation® SHT ©@#j@ o] wj 2o 484 F49 374 HAEHHA
oz AlgETh tdlo] line 4014+ 2w o] E& Aol YEton ol&
RT-PCR A#}e} nlszek wefolA] A slo] A5 e 2oz Alndt)

4

)

v}, Glutelin:SHT T; 823219 functional loci 23

GluSHT Ti E2e] 71554 copy 5 #7887 flste] 3004709 Ty $AE o]-&38fd
hygromycin A& ol A4S AAISFATE 50mg/Le] Hygromycinol 5ol e &
of wH ol FF= &3 A¥ line 4 ¢ 125 |93 BE lineollA hygromycin A3
A v o] 31 2 Yl 7152 2= single dominant gene Aol ol&) fHAES
Itttk Line 4 ¢ 12+ A& b& Ao AdHASTS B 1 2 loci o]/l
AE o] FHaES geldd ¢ otk 3] line 49 7% southern blot £A10lAE 1 copy
o hygromycin testol &= F 7 ©]4d2] loci o AAEASS YERYo=
southern blotell Al YER}A] ¢4 ThE band7} &S AAIGCE Line 129 4%
southern blot Z¥}¢} A X$tc} Line 10 ¢ 7% southern blot &40 A= 2 copy= R
TR, hygromycin AANA 171] A= EelElo] AdAES Bol7]d FHe #4

A7 A7kl AAElel &S & 5 ATHE 2-1).

Lo
I
£
b

AL Glutelin:SHT 2@ T, FAWY AZEJRFEZA  (p-coumaroylserotonin}

feruloylserotonin) 3] A=

SHT gene°] #&A AT oJd+= Ty transgenic®] F3E Hl7|aL HPLC 7]7]& o] -&-3}¢]
serotonin-fF- =X o] S AR TR 2-7). FAAZEIA] &2 thZ2T wild typeol A

= T4 g9 30 ngel ok A

r10

Zo] serotoninfr =47} AEEAtE. W E transgenic
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Fig. 2-6. SHT enzyme activity of transgenic and wild type rice. Proteins were
extracted from seeds of both transgenic and wild type rice and assayed

with feruloyl-CoA as a substrate. WT: Nontransformed rice, 1-9;

Transgenic rice.
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¥ 2-1. Ratio of hygromycin resistance verse susceptible seeds grown 50 mg/]

antibiotic hygromycin.

lines Resistant Susceptible copy number
1 22 8 1
2 20 10 1
3 21 9 1
4 30 0 >2
5 26 4 1
6 20 10 1
7 24 6 1
8 20 10 1
9 23 7 1
10 20 10 1
11 19 11 1
12 29 1 >2
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ng/g seed weight

Fig. 2-7.

50
45 F B Serotonine ZAH 2EF

o B R I
30:% T IL{_

Quantification of serotonin derivatives from wild type and T2 transgenic
rice seeds. Seeds were extracted with methanol as describes in
Materials and methods and subjected to HPLC analysis. The content of
serotonin derivatives denotes the sum of 4-coumaroylserotonin and

feruloylserotonin. WT: Nontransformed rice, 1-9; Transgenic rice.
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AN A= wild typeRTh 10-25% AEe] t] =2 S Ho] FTE B koA
et T2 F serotoninfr EA (FrFR DA 2 ED(CS)+HF 2L ZEU(FS)) 2] e
A gF 28-40 ng Abolol FESIATE FAAIY 1, 2, 4, 6, 7 linesol A 7 B2 o]
AEHAJAT ubiquitin promoter:SHT && T, A2 #Hit AZEURE=A d3F 274
ng/gell ¥l H2Fow ZAHS IRl GlutelinnSHT 2@ &2 d 88 7}F ubiquitin:
SHT @ddguio] vls e ko] AREUGFREA] ks Hole A2 aifuiddlA
SHT ©d =21 mRNA #&o] ubiquitiniSHT line Xt} #|u|ste]A] 1% o™ FAu

of omlz| e Aol whe AR AWAAE AFoAE & & gl Aol fEkA

s

O

glutelin promoter H.t} @do] =2 Zoz2 d#Z prolamin promoter:SHT @3d 2 A
duls dA FAdgsta glen, prolaminiSHT G2 gkl Fxhe] SHT 72
7} glutelin'SHT Hv}h @Wo] WA =AE &2l & 5 wiFWle SHT o3 Ao we
AZEUREA e w7t AaaArr AR 35 AZEUREA] g it

HE g5t 24742 (85E AAeA 2 Aoz Alswch
of. AREUREA &4 Y rate limiting &4 7% 2 serotonin FFZA

MZEYSFEA A rate limiting ¥ 7]12& serotonin ©]th A|ZEWE oln|
2 tryptophan©] tryptophan decarboxylase(TDC)oll ]3] tryptamine®©] ¥ 3, tryptamine
2 tryptamine 5-hydroxylase(TH)oll ]3| serotonin®] A ¥l webA serotonin A
A A2 A bottlenecko] = EA7F FoIAE 2] 93] TDC ¥ TH S4284L 4

of FedE FAet TDC 24842 el  Fe9jollA wlg v HEHw, 539
o, =71, FAL(hul) 2 FAAAE TDC E&a84do] ofF mw|gtth 18 5y
el A= TDC &4deo] ZIeks-2lel sl 18u) o] o}, TDC &4 = Hefol =

Ao 2 YeEPITHE 2-2). Ueno et al. (2003) 5 Hiro] &3kH wolA TDC &4%

o] 13k 7]l Ao HEHA ¥l sl mutant linedl M et} BlE ADsdS

O‘Lz

£
=X

Tagdo] HEdve Bael YA gt e TDC &4do] Befol| constitutive sk 2
JAETHE Hae B Adxlo] Ao g AASTE TDC Hdo] Bl EAjate oot
Aol de 23 Jrrojof @ Aoz RAIT} Serotonin AT wlAE F Al
tryptamine hydroxylase(TH)¢] £484& H5o= FAsIe] & Ay vo dFLjd 7
oFsHAl WHE = o Holn TDC &4 7) vpi7iA 2 o] HEH oz Wiy



Table 2-2. Serotonin contents and corresponding enzyme's activities in various

rice tissues.

1298 MES 3 U BRE4 BY £

Serotonit Tryptophan decarbosylase Tryptarnine hydroxylase
ng gl fw plat mg! protein
Leaf 235 * 35 0.02 = 0.01 0.05 £ 0.01
=tem 314 + 15 0.06 £ 0.02 0.z1 = 0.08
Foot 3535 £ 350 0.54 + 0.03 3.41 £ 0.23
Hull d03e £ Z80 0.03 + 0.01 0.06 £ 0.02
seed 153 & 14 0.0z £ 0.01 0.17 + 0.03
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I S-S ek TE o] serotonin AL FAlo] Bl EASIAL AES AlAFSHH
TDCe} THE &40 A2 1183 dTEo A8 AlALSHH, o]d gk A&l o
e 235 A& oA serotonin AT AR W3 F93 AHE AT F YgS Ao=w

HoZ vixato g TDC % TH ZA g4 o] ¥alo] e Aol serotonin AEA w3} 4

ol AdE serotonin®] hull F-$= olgshz Aoz FAHY, o= oA Al

REAREAZ A dubrleAe] deds #EHA ARt ASFNr]e] doME #

5 W} 9@ AZEJFEAS 4FYsHs SHT, TDC 2 TH &4vt =%
Z]

of EA el Etstar AEFRv]e ool HEE= A HeolA dddE ARE

nicotines o= 5 4 AUTHWink & Roberts, 1993).
7t Glutelin:SHT 2& T, HAAEFTAS] 7|AA ] BE AZEJREA FFSA

Glutelinn'SHT Ty @&xd8kH e 71421 serotoning A #3t3& W AZEUFEA HaF
o] Wsl7t A=A ARSI TH L™ 2-8).

FAATA 2 tx79F Glutelin'SHT Ty P2 7AgA|o] 5mM serotoning =571
F 1094 =W GRE o540 R 3W FAo| Attt 1§ TAE Fgete] T4
ol AZedfEd d3gs 543 49 AZEd AHed e A2Edfed] g
Zgvs B2 A Gkt o)g)dt A¥E= glutelin promoterol] ©]3F SHT 2ralo] #x
ato] AREUS TApl Agstole 71dg o83 SHT &47F U 2 dds oM o

ot @FUA = T v el Asjaddel lejAM A= FF prolamin:SHT
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Fig. 2-8. Seed serotonin derivatives contents. Serotonin was treated with 1 mM
concentration after anthesis. After 1 month, seed were harvested and
quantified the levels of serotonin derivatives by using HPLC. WT;
Nontransgenic rice seed, D; transgenic rice; serotonin derivatives,

4-coumaroylserotonin plus feruloylserotonin.
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Z}. Ubiquitin:'SHT 2@ Ty FZ2AEAY vif R 27 (bran) T F9E A=Ed
FEA FFEH
UbiquitintSHT 2@ Ty FAAg oA AzEdfee] s Tz geFate] B
k. fFHe 4§ tyramine &2 serotonin 71E S AP FHA] &S AF AZREUREA
Fhekol tiz7 B FAMSH BF AEHA GArHE 2-9). Ly gz 34
HE 583 714 glo] EFNA 71 §, =5 30Y¥ 49| shootE AFHsI] AlmEW
ARGE A3t 2ol A 1.2 ng(g AAT) A= AREdREAZE HEY

A

il

b
Y
i
o

[o
N

L

s =

AaL, AN = 12 pg (g BAT)ol AFHAT Avsdes AL 2T 45, F
(hulDell A ZE38] B Fol AREdfeA ko] AZdEAem, ¥4 15 ug(g A&
%) A=A 79 hulleld =2 ke A8 MR 33 nglg AET) =9
Hau w2 dEer S4HE As & AJAHI™E 7). 2 9] R E el =
2 nglg A=<)o] FAHASHNM= 10 pglg =)ol FAHJAL, Avjolr= 2%
HolA 0.7 pglg A=a)4=7F S4E0a, Hujel A= @rle] 10% dr=rte] = Ao

= yehdth tixzte] dvjeM s dEdg o] MujoA HFH = sl AREYRE
Al FHgol SAHJY. FHE AREUREA e AT & ARESY F 7] AR
= A F Ak AAE FH 9 EFddde gy 2 FEAS oA AREYFEA
ol QoA A HEHA FUARE, 5 o] F QoA v AREUFE=AZ X
Aot} ol MZEURZ=A7F dolA de novo

FAAEEA ofUA oA FAAE AMEEUFEAZ S5 F oW signaldl 93l Heo
72 A T F 30-409474 9] <ollA TDC &A4&
4% A3 aag4o] A AEFHA F5s B uf ofutk oA ARZEURFEA A

=

PR AZEIREATL 25 F m8e Fo oEsh Aoz ARAL BAL ARE

h= ]

UHF=A ghako] hullolAd A3 wo] ZHEE U= ARdo|t) H]E hullolAdE= TDC %
TH &4%A 0] basal levelZ2 Aol = EF3l2 hullolA] AZEUFEA ko] =7
el ol % olvf MZEY AT oA FA4E AZEUREAVE &4 F hul

o] §5H= Aol olul7}l AZhHr
7). Ubiquitin'SHT T; #AA&H o) 71 AAA7E FA0 AZEIFEA a3

718A 2 A7]e g FA AREJGREA e ®EE SAsr] 98] 200 M
cinnamic acid (0.1%6 MeOH)Z 2L % Bglo] g stgvH 18 2-10).
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Fig. 2-9.
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Wild type Tranzgenic
Quantification of serotonin derivatives in rice tissues expressing

ubiquitini'SHT at T4 generation. CS; 4-coumaroylserotonin, FS;

feruloylserotonin.
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Fig. 2-10. Content of seed serotonin derivatives in transgenic rice of
ubiquitin:SHT (T3) challenged with cinnamic acid after transplanting.

CS; 4-coumaroylserotonin, FS; feruloylserotonin.
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HAHEH(TI4 line)+= 30 cm AF° FAXE(bottomless pot)oll Aom, 2] A]7]
© BEUZIASRE S5 77T Bl7] Al7IQ) 592995 S A TE31d kA
cinnamic acidg Ael& 44, AZEDREA ] wsts d2EA] g dA4sH 05
ng/ g ! seed UEISEIL, 5 5 AgAdlE 10 pg/ g ' seed AR E5H At 2u)
ol E& Atk ol AAS 5 Aol TAY Aol FAHA X3 A

o

2 7)aAE g AZEIREA Gl FAZ olEEA R, B F AL B
dold GHE AZEIFEAG E42 olFHolA et Ay od sow ¥ 5
It WebA ubiquitinSHT 3 2A8mel A AZEdGEA] 4L ol7] flatel At

T 5 1A 299 Ale® YEETHIE 2-10).

it}

El. Ubiquitin:SHT T, 82 A3FZ] AFA7|7HE AW AZEUFEA &3F

Ubiquitin'SHT 23 Ty FAHIFHE Foato] T2 A% 717 AzEdfeA] &
Fe A Btk AR7|hE A AREUREA dake] Wels dREA] e
H, ol FAb HHH AREUGEAV g2 BEdR BeHAY AT atsle] o &
A go] dojupx] F2s B FE AR ARZEUREAZ AN A 35

2-11).

5 JEHE Jdos AR " 2-11)
3}, Ubiquitin:SHT & T4 FEAASYSF € T3 AFE9 southern ¥4

AN (5H 270 2Rl SXIH 271 2)) Ty FEAS ATuE A et &
o] AEEHE SH(FsHA AN AFEE AR)et7lel EAe] Aldizlde] & transgene
SHT F327F b o5 ARglse] Soio] ddw]ar ler] 2AKE] 918k, southern-blot
A& FAATHH 2-12). ot 22 A FA Hindll= Add S35, 3 F0H
FAAZ /MA 9 genomic DNAY southern-blot ¥4 A¥lolt}h Algd Y% 2 #elx} %

R
)
=
AL
o
é
o
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ol
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ol
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o
HU
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©
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AR FEel Atol® copy FE 271 Ty AdelA Sl Fok BAstgch. FE
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[)

H 2 geldAe EF 2709 SHT 427 Wl Alx
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Fig. 2-11. Serotonin derivatives of T4 ubiquitin:SHT transgenic rice seeds. CS;

4-coumaroylserotonin, FS; feruloylserotonin.
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Fig. 2-12. Southern blot analysis at T4 generation of transgenic rice cv. Dongjin
and cv. Nakdong. gDNAs were digested with Hindlll and separated on
agarose gel and blotted to nylon membrane which then hybridized

with P labeled SHT probe.
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Al 3 A Rice prolamine promoter ZZof 2]+ SHT & d3t

Mol £4 W AREVREA FF B
LA A

SHT #4AE ¥ Zabd W A|7]7] Yete] AF&3F FxE0] promoter?] gultelin
A3 promoters= F A W3 o] Fx}oA SHTmRNA & ko] wj¢ n|ekste] RT-PCR 4
FolA BES A AE=Uh Northern blot 4o AEEH A e Arz nofst
A HE3A Y. &3 glutelin promoter:SHT & 2
serotonin derivatives?] @<lo] SHT F3A7F 83 S A Zolr ek z=AlsH
7] 9lshe], glutelin-A3 promoter H.t} ddo] £ oz de(f-dwl Al xgE)
rice prolamin promoter< ©]-83%}o] SHT FAAE Hol| @RS e/ 2 sFey & A

=3 Weo] Fxto] SHT FHrpEdo] serotonin =4 FHEHS SdiAZ & Jd=4 &
T WA =

A&

Aola, B AyZ T3 serotonin derivatives®] ¥ FFHAS g Fad

& 9le elth

i
_llﬂ ﬂl
]

3]
=)

DN
2
-
o2
of
i)

O FA g binary vector 2Hd(pGA1611:Glutelin:SHT binary vector construction) —
PCRE ©]$& rice glutelin ¥ SHT #dAF9] promoter 599 ORFEES AEaLRHE
718 primerE AFE SZ31o] AA A EALE AE T binary vectordl ligationdle]
T2 o2 Agrobacterim tumefaciens 4404 o ¥ A A3 s}

@ Agrobacterium "7H 23 ¥ FAAS ¢ 5 scutellumol A 23 calli
= AL

@ Agrobacterium "7 ol og v P B

al., 2004 ; Lee et al., 2000 )ol| we} F& A3t sic}

N
ol
rlo

B A7 set up @ WHEHa et
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Y. Total RNA % 2 reverse transcriptase PCR, Northern £4]

=T ¥ 10~15%¢ ¥ prolamin:'SHT A& ¥ TiEAE A Dol Fol w4 v
stal glutelinAg:SHT T, B FAke} £Ad3 PHOR total RNAS 2|3 F 20
ues # 3ol EtOHZ A A7l o8 65% formaldehyde2} 50% formamide”} ¥
10xMops &5 H3} &35ty HAAAAHY. HAdE AEE 1.9% formaldehyde”’} X3gHd
1xMops $+=9o] G711 #7195 kitolA 0.8% formaldehyde agarose gelS %3l total
RNAEZ 83} 25mM sodium phosphate® F W gelS A& & ZAH A4S o]
43F9] nylon membrane (Hybond -XL, Amersham Pharmacia Biotech)ol #o]%t t}-S
UV —cross linker2 243l Prime It® 1 Kit(Stratagene)2 ©]4, 113 SHT insertS
dCTP-P”2 A3 F hybridization &olA wHAlA 01xSSC SHoz S48t

Phosphoimage analyzer® 413}
t}. Southern blot @ Northern blot 2@ £4

Ao ALg 2 Ty & TS HAdA4o Holr] FHA e F TRI reagent(Sigma,
USA) 1 mLY A= 0.1 g& &§ste] A=ellA] oF 57F A8 F 13500rpm o= 101t
2 mLe] chloroform¥} &¥sto] oA 1023F A 5 ot

Al DARE syt o] & fARRuULS xRS EHo| &7 05 mLY isopropanol® Z+
T Aol A 1027 WAL Al YAlEelE skl W =S diethyl pyrocarbonate-
treated water(DEPC-treated water)oll o] ZA] RNAE £H]8FITh o] 5 10 pgel #A|
RNAE #Hslo] oete2 HA A7l 3 65% formaldehyde®} 50% formamide”} 3% 10x
Mops &7 E9Fte] 80Tl M 323t MG AT WAd® A8E 1.9% formaldehyde”}
¥3E 1x Mops g5=do] 97l A7|9%F kitoll A 0.8% formaldehyde agarose gelS 53}]
AA RNAS A7 25 mM sodium phosphate® 5 WHoll 23 &S A|23t & =2A)
S o] g3 o g HAA RNAZ nylon membraneo] Zo]A# UV-crosslinker® 14
17tk o] nylon membranee] ~zto]w AF 5'-d(GOCCATGGATCACATGCCAAGA)-3' <}
9 Zgho]H2l 5 -d(GGGTACCCTACGGTGCATGAGAAGT)-3"  (carboxy-terminal
sequence)E ©|83Fe] PCRZ 9o{z A DNA probeZ S AlHY. 1 &
¥p-dCTPZ ¥ A8 t}S, hybridization buffero] ] ¥HS-A1# phosphoimaging analyzer=

i}

s e
=

AN

S

M
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A EATE Z12ke] A RNAE 58 oldol olfvs Brvlele=m e k& E46t
Atk

Genomic DNAX DNAzol ES(Molecular Research Center, USA)E A}-g3lo] E2)3+9
t}. Genomic DNAG pg)E A ELE A2 T 08% o7tz Aol 719 E3ste] v
2 membrane(Nylon 66 plus, Pharmacia Biotech) 2.2 E%"3}34t. 8 ¥H-2 RNAS}

ZA AYE 359t (Jang et al., 2004)
g}. Western blot 4]

FAABH] Ty At & 02 g AFHASFA AAAL7F2E Fol7bw 35 e v
A3} 2F=M(80 mM potassium phosphate buffer (pH7.0), 20% (w/v) glycerol, 10 mM
sodium metabissulfate, 10 mM sodium ascorbate, 15 mM MgCl,, bmM (-
mercaptoethanol 128]31, 10 mL % 1709 complete protease inhibitor[complete,Mini;
Boehringer MannheimD®] 1 mL® A&g& #d3} Azt 43 € A8s F H9
Miracloth[CalBiochem]& “&3dtel o #pA1Z1 thg 3,000golA 10&7F 4] stxdrth ol
T A5 S 100,000g0 4 1047 AAlEE skl A7 HHES 100 uLe] #&st S
o 1ok @ F S 10% SDS-PAGEA #2421 & PVDF membrane] % o] A]#
M. xanthus Protox polyclonal A9} WA AWHg-S Al 224 ARSI =9 7AX=
enhanced chemiluminescence system® 2 w57 do) whel 33FAHECL kit; Boehringer
Mannheim).

=

ay
e

3. 497 3 25
7}. Prolamin:SHT 28 A A3 SA

Prolamin:SHTZ #Z43k" Arobacterium LBA4404 & 7VZy Yawol S 245§

719 callus®t Tz Fste] Al R Ak Al 2N6-CHul Aol &3] callus

o] <t efoll A 3-4F7F AAl FAATE callusE> FHE 7HAH Aot A8 2

R FAAS HA G callusES ARgrit A= HdA Wste 5 S B
Hl

FAal =
of Aopdol REsh= callusE Al EEHHAR] MS-BNel &AM SlellA af gt

L VR
50,
po

52
x2
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Ak G247t AN AR Qo] HoIkE AL HAT & YTk o] 1 st
callusl A LH ofe] Jle] AAEE e Ao Ashgon, shbe welAs sht
W BY9 AFon dgstath ool AYHW 1 AANE el Aed g
% frolst] wojujel W 44 Al ®3 wjxe) 2N6-Rooting®l Al 7Fo] ehF

F et 4EPS H9 & 5 AUk o2 F] prolaminSHTE 1959 59 lined

=

Y. Prolamin:SHT & @ AEH 9 Southern blot ¥4

Agrobacterium V70l o3 FAAZ st AEA| o] SHTHAA7E ko= 4]
o A=A #e1sky] #18ke] Southern blot 48ttt Prolamin :SHT= X7l o] 43
19 linee] Ty, 4& A3, glutelinAs:SHT+= 471 vk} o] T, AUZHEE A&
T1EAE 40mg/Le] hygromycin®] ¥ 1/2MS uX|o|A 7|9 A¥ 53 do
Southern blot& Fe3kch GlutelinAzSHTE @& ©]%3std 30 line 5 12 lined] 7l
Aol Mgk TiFEAS 58 5= JA o] 12 lines 7 A8S =38t 1 A3 11
Aol A=Al glutelinAzSHT 27 AdEdeS ¢ 3 o]F 2 lineoll A 2
copy® AL UM A= B 1 copyel FAAE AAEAEol g1E AT prolamin:
SHTHAAE= 2 19 line 5 17 line?] 21 EA o] A49d3a 1 = 5 linewo] 1 copye &
AA7E UM AE 2~4 copyd FAAE AYPEAES IRASIATHE 4). glutelinAs:
SHTE= 1 copy?t =9 % 971 linee] T>FAHE, prolamin:SHTE FAA7 Ad A + &

ol obd A lined] TiFAE ©lF-9 A8 AIRE ARESIATH Y 3-1).

i

it

i

3l

-
50

A

o

t}. Prolamin:SHT o3 2 A &F =2 Western blot +4 ¥ SHT 2484

A

<!

of

H 1] 5-°] promoter?] prolamin promoterE ©]-83te] SHT FAAE =gk &
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Fig. 3-1. Southern blot analysis using transgenic rice expressing SHT genes
under the control of rice glutelin-A3 (7}) and prolamine (1)
promoters. 7} indicated the trangenic rice cv. Nakdong expressing
glutelin'SHT. '} demonstrated the transgenic rice cv. Dongjin
expressing prolamin:SHT. gDNA from leaves were digested with
HindIII restriction endonuclease enzyme, separated on 1% agarose gel
and transferred onto nylon membrane which then were probed with
PP-SHT cDNA. NW; cv. Nakdong, DW, cv. Dongjin.
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g W9 FAellA SHT a7t 7s2 oz wdo] i wéo] #rpd o] SHTE A7}
Auprs S48 HeAE gotry] flste] SHT £4 €4 574 2 Western blotS 53
sy

ol ALdt 4 F 10~15Y @ prolamin:SHTE DA% W £x19} U3 A7)
o] =AY Fx} A FZE8] W protein S0ugS SDS-PAGE A #&]sle] SHT sHA<F A
Iuts AlA B AT glutelinAs:SHT @43 ¥ o] Western blotol| A ¢} n»l37Fx] 2 SH
wild =719 28Kdaol A= ol M=k AEHA FArHE 3-2). A3 WA 2
FE& 27] 98 dET= oju] SHTHHo] &% ubiquitin'SHT HZ2A3 ¥ AL T}
Mt FLFF WHOE proteing FEIO] FARFE F=E3 proteint A AES &
P3FATE Western blotS T390 W 5Lt Al719 prolamin:SHTE A A3 ¥ FAk<}
2 FAFo|A sodium phosphate bufferE ©]-&3sle] 4 A4S ¢4 s od

FEotaL o] FET WA S 54 A 549 sample® ARSI X8 FA=
&

H:l

o

v

B 2219} §AFSHA 0.7pkat/mg protein AE9] SHT &§4EA4S B3 prolamin:SHT
2438 Hi= wild typedt AR B4 84S BYW glutelinAsSHT @ A3l vel=
2] wild typed} A Aol WAl FARE Ao F3H KWk & SHT 484
Bolar 13} 49 line wild typeRth 48] 2 245 BAth kAW prolamin:SHT
FAAS W FANA SHT7E G438 ddste=A Sald o+ glddth & A3 288
ANEE10~169 ¥ Hewel A48 8 FARTYH FE8 W G ES feruloyl-CoA,

serotonin¥ ¥FS-A|7# Ao feruloyserotonin®s AEdle] &4 A4S Aaketh

il

oflt ﬂl10

2}. Prolamin:SHT 2@ F2AA& ¥ F A9 Northern blot ¥4

Prolamin promoterE ©|&3te] SHTHAAE =13k A3 v Fx}ol|A] SHTH4 =}
o] MAL {55 F87] $15ke Northern blotg 33ttt &4 ¢ 10~159 # &%
W 2 FAHI B ZAEHE total RNAS 3+%3}1 formaldehyde agarose gelS
201g9] total RNAE #3213t & ZA# H44S o839 nylon membraned] #o|gt Tt}
WAL 9942 X% SHTZE probe 4o}l hybridizationA] 1t} Northern blot =3 2
7 A linelAl mRNAZF ZHAIE QAL wbH A3 A7IA] @ 53 B FAA =
SHT mRNA7} ZA 5 A dtH 29 3-3). Lines 13 16WHlA 714 ©-2 SHT mRNA
7F sAREN e, BE EE lines oA xE 4938 B ZFe SHT mRNA 7F 2ddS &

oft
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Fig. 3-2. Molecular analysis of transgenic rice expressing prolamin:SHT with
Western blot (7}) and SHT enzyme activity (1}). Seeds were employed
for these analysis. M ; protein molecular size marker, WT ; wild-type
rice seed, 1~18 ; transgenic lines, Ubi ; ubiquitin:SHT transgenci rice

leaves, PC ; purified reombinant SHT(50ng).
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wr 1 2 4 5 6 8 10 11 12 14 15 16 18

SHT

rRNA

Fig. 3-3. Northern blot analysis of transgenic rice expressing prolamin:SHT
construct. Dehusked seeds were used for total RNA isolation. WT;
control rice, 1-18; transgenic lines, lower figure showed total RNA
separated on 1% formaldehyde agarose gel which was stained with

ethidium bromide.
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= glutelin promoter X.t} prolamine promoter 7} B &34 ow SHT F3
|

’

1ES FETS & 5 ATk
vt Prolamin:SHT %¥ FZ 3 ¥ F29 serotonin 24 FFEA
SHT& 49 Zuj& <13+ prolamin:SHT @&l F@AS W Fx}o] 49 serotonin =4
TS SAt Bokth A A AsEo] F23 F AXAR S FAet &
Adg W TR FIE AASL MeOHE ©]843le] serotoninfr=ils FE53 &
HPLCE ©]83}9] 4-coumaroylserotonin®} feruloylserotoning 7A&3sle] 1 HAE=HS A
Abal] FAt
Prolamin:SHT &A% B 3+ glutelinAs:SHTE A A3 v e} nlx71A 2 serotoninr
TA9 g2 wild typeZt IA ZFolE HolX] &odth 1, 2, 8 10W linevto] wild type
3 wsEAY o 12~158 AR &L ] serotonin S ATH " 3-4)
GlutelinAz:SHT @ 2 A gk 8] 4 Alo& Agstdd ZAAe oln] wvo] F2b o] SHT7
|42 0]83}:= serotonin®] AFo gz ZEATS LG 7] wHEo] wild type XY 153
¢} SHT 327 ZY4EHASS &2 ¢ prolaminnSHTE A A3 ¥ 3 linedl &4 ¥ 20¢
A e E25YH 39 14, 7 A, 5mMe] serotoning  HEel AHlE] FATh
serotoninge A3t FA Ask ¥ Fo| T lined EJOE FTAE AA EsAal o
WA lined A7 Y3 WHO R serotoninfr- =4 HES =AU
=7 A3} serotoning A& 3 wild typed FAFNAME A 2]dA] e wild typeFEAH
o} oF7F =& serotonin FFEAQ] SRS HGAIRE o] oA WS el dE oAk
serotonine ] 2] 3l FH AL 169 line wild typeRtt © &, 18H lined
wild typeXt} oF 17914 T =2 S HAX Y o] 3 serotoning A B F &3
A% v AAS] SHTRA ddo s QIgh Ayjetal Az} o=
S A 2o serotonin A Akl FETFS FWHEF]
in Y ohje} F2 W] SHT
Aoz BZpHT)

ZAR-R =B s:
18]
serotonin® FX=E 1+9}5HA] E3F A3} serotonin
= o

| Aol A
3t 7)Ze] I o2 7139l CoAR9 HAl7F oY
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Fig. 3-4. Contents of serotonin derivatives in rice seeds. 7} indicated serotonin
derivatives quantified in T1 transgenic seeds. Y} meaned the serotonin
derivative found upon serotonin treatment with 5 mM 20 days after

heading.
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Al 4 4  Maize Ubiquitin promoter =49l 2]gt THT & A3}
M) §4 W BT fe A
1.4 4
Feruloyltyramine(FT) 2 4-coumaroyltyramine(CT) %¢] 3}g&S  phenylpropanoid

amides A%< 33HE Tl &80 o] 3FE Toll= feruloylserotonin, feruloyloctopamine,

4-coumaroylnoradrenalin, caffeoyltyramine %5©] $tHFacchini et al, 2002, Roepenack-

Lahaye et al., 2003). ©]2]3} phenylpropanoid amides 3EEES A& HATEL HA Yol
st WoEd 9 AE A5 A5 2E #ASH: alleopathy 3H3E2A 7|5

ksl 9l &2 o|tHRoepenack-Lahaye et al., 2003, Hahabrock et al., 1989, Cutillo

et al, 2003, Tanaka et al., 2003). ©o|& 3}3t&E2] A& Wl digt Yo7 42 o5 &
ol MAEHAA FFAdE] MEHOR o]Fstal Mol FAEH T peroxidative
S oA AEHS FlstonA A 9 wdwe Mo AP E Hodte o=

B uEo] dti(Negrel et al, 1987, Negrel et al., 1993, Guillet et al., 2005, Hagel et al,
2005). o|ZA AEHo] H3tE 2&ELS fungal hyphaed] AHS At A, Hdo <
st Axd el TitslE FolFoRA W] Hd sk AlxEe] g§ds Eo] o
(Grandmaion et al., 1993). w&}A feruloyltyramine % 4-coumaroyltyramine %<&
tyramine F+=AES A& ZheiAE 0 2EU A S =84 A, BddE Y,
AAl Aol gk A&e] whgow Aol fFero] il 9l B AEAdA T
(Negrel et al, 1984, Miyagawa et al., 1998, Pearce et al., 1998, Ishihara et al., 2000,
Matsuda et al., 2005). Tyramine N-hydroxycinnamoyl transferase(THT) <S4+
tyramine %A $ES Fuiste EAEA AA e A=AAA 48 FHAE 2
duo] gAEAe] HEe] = AbEjo]tHRoepenack-Lahaye et al., 2003, Farmer et
al., 1999, Schimidt et al., 1999, Kang et al., 2006). 53] Wol= THT homolog”7} <43}
A 931(DNA Bank, Japan, GenBank), 22770¢] olmjw=Ato® Al E AK073240 H-d =47}
THTSE opv]=al Fd2de] 32%E5 Holi= F3A7F slefuh, E. coli ol '#&stofaffinity
chromatography 2 A #1$+ recombinant @2l §48AS HAst A3 THT 484
o] gl Aoz yehgthme® #8). THT F3x= 2dstes A% 244 g5

rlo



A A3k Gafo A heterologous THT ¥&-S Northern blot ¥ THT &4
g FHom IRl oY, tyramine FEA FAS FAHIEA] F =T Tt
3l tH(Hagel et al., 2005). ©]&= oF7l 7]A<Ql tyramine ©] A|gkalo
= Agstal e Aoz AZddd. ¥ dolrt THT ¢ tyramine A3 FAk<1
tyrosine decarboxylase(TYDC) 9} sAlo a7l FAdstdujol A Z2} tyramine #
Tl ol #EFA a1, @A tyramine o] FriAsko] #EE LS ot} o= 7]
AgE o] elo] vhe At T]Ffo] Q= Ao ' oA wEbA 2 At aLFellA
Yd THTHAAE He =438k, THT 82+ ectopic && o] tyramine %
Aol A FA 02 #Hsto] tyramine FEAS] A o] Bl A o] Fo]x]=A] oW ¥
o A e} 7ol THT 7F HdEo]% tyramien FEA49 AT =g oz o
Ag ZAbstazL 2 A3S S5t Afdo® THTEHE FAASHE 197
3 AAS K] e T B 4 e tyramien FEAE AT
W, A E B 2 AFolzh v WA YEbstal, 53] fAEel tyramines & HSHA
Suf 2ol tyramine FEAZF AT HE Ao EZHOL tyramine ¢ 3 tyramine
=

Ao A2 AEs] AAH JFE = F ol FF ol¥F tyramine =A<

=
¥
ot
oM.
o

o
i
fd

ox MU m¥
R =
e o

2
L L
3
214
9
>
o

Agrobacteriums ©]83% PFAHHo T FAAIHE Ak THT full length
cDNA(AY819700; Kang et al, 2006)E template® A}&3t3, ZHH  primer= A
5'-ATCAAGCTTATGGCTTCAGCTATATCT-3'(Hindlll site 2%, Ho/A= #F& 2
A), W primer 5 -TTGGGTACCGAGCTCTAACAGTTTCCTCCTTC-3'(kPNi SITE
EE)S AHEste] PCR whHe 389l 359 PCR 2H&& Hindlll 3 Kpnl A|tEa
2 A=23, A7) AFasLE A" pGAl611 binary vectorel ligation AATH =9
THT &A= 2429 ubiquitin promoter ZZ3&}o 511, nopaline terminator © <8 =
AV FAse 7IFe® AAPE o]FoiAEE eF9th pGAI6ILTHT binary vectore

T-DNAol| #ZAAg AenpAZA hygromycin®] At} #1ZFHE binary vectorS Agrobacterium
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LBA4404¢] FAdgsla (28 4-1), o] starine o] &3] 21 o] wjutol A FelE calli
oF T LS Tl oA AAgE GAASHA o FAAINHE FAFATT

1. Total RNA #%Z, genomic DNA & 2 &

X

Total RNA= TRI REAGENT(Sigma)E ©]-8-8F21t}. 10ug®] total RNAE formaldehyde
Sk 1% agarose gelol #25tx2, 20 mM MOPS(3-(XN-morpholino)-propanesulfonic
acid)S A7|9E buffer2A A&t #2]8 RNAZE nylon membrane® 2 &7|iL
PCRoll ¢J3] 44¥ THT cDNAZ probeZ ©]-&3}th 55 %S loading 3F+=X &1
2} ethidium bromide® G23le] <13k & blottingS 3t Th Genomic DNAE DNAzol
ES(Molecular Research Center)< ©]-&3le] %3193, 5 ug®l genomic DNAE Hindlll
2 Addte] 08% agarose gelol 3 35k3ith
hybridizations & #¢] W wa} 33} th(Jang et al., 2004)

5 gelE nylon membranel @ %7]3

r~1m

. ¥ Z3F A feruloyltyramine 2 4-coumaroyltyramine &% &4

Tyramine F+=#¢] A2 Ishihara 59 Wl ol =A3AtHIshihara et al,
2000). teFebAl AdeElshd, 250 mg AEe W S HAlEAolA Zar 3 ml RSl A
nenfetch AJSE 12,000 rpmell A 10327F 9422 3t $ A5 S Seppak Cl8Waters)
of Z¥A]7|a thA] Sep-pak Silica(Waters) cartridgeo] E3¥A171th S22 ¥ EWg2
B0NE &9 EB3S 78] evaporator® ZEA|7)3L, HEZH o7 05 ml e
o] B yot e wHoZ HPLCO A#3tHJang et al., 2004, Kang et al., 2006).

% THT 484 334

4

B 215 100 mM sodium phosphate(pH 7.5)¢} 144 mM mercaptoethanol £<°] =
T AelellA FA 2k FE9S 12,000 rpmell Al 1083F ¥ A48k,

THE BAaY A4S A% AERE AREgT dstA 248 SAS aok A o
S3 Zt) 10 ul AlEE 1 mM feruloyl-CoA, 10 mM tyramine, 100 mM Tris-HCL(pH
SAlFel AL 30TelA BARESS AlAFETE 107 5 20 ul 89| acetic

0)«

oo
Sl
o
o
i
r]I.
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acide F7bste] WS FE3ka 500 ul7t %% MeOHS Holwth o7]dA 10 uls
AFH s HPLCO Fsle] E43ht}h, whild A =2 protein assay dye(Bio-Rad)& A&
st

of\

vl # oA Tyramine &% £4

FAHEH e} gz FAoA FIE A ASE, Atskal, Murashige-Skoog Bl A] ol
A|7dget wiA o= et F X9 tyramines FolFth 25C A ClA 12h W/12h B
o] Mo R 7AZ KA 1 F 03 g AR 2AS o]&ste] dA Aio|A
225 ¥ 5 6 ml MeOH = F=3th 555 12000 rpmel A 1023 A4liEe] st
%, Millex-LG(Millipore) ZEE &3 Al7]aL, §&45 80% MeOH &7} ¥ =5 4
3} & Sep-pak Light C18 cartridgeE %3} =
05 ml MeOHell ¢, 10 ul A% A& HPLC o Fgt) 2
H(4 um particle size, 46 mm x 150 mm, Waters), 5% MeOH<2} 0.3% trifluoroacetic

acid ¢ AgwZ £9 08 ml F522 280 nmoll A tyramineS A %3ic},
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3. A7 38 2%

7F 384748 4 ¥ Southern blot 4

¢

15 FAe THTHAAE Tdshs Fdx88 = sdno] wiitelM felld calli <
pGA1611:THTbinary +dx+& 712 Agrobacterium®} &% o}
FAE 3 BEEE 45 ubiquitin 2Este] HHEEE stgth 2089 SYF
3 7

A

HAHSAE hygromycin FAA SN 7| Aikela, 7 5 8F S FHOoE %
X
=

rir
B
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>
ol
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o
ol
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a3, “P= #¥¥ THT ¢cDNAZ hybridization 3t¥th Hindll= Awd A9 THT
cDNAZ ZAealA] &7] wj&Fol 3719 genomic blot band: THT-+A A7} W haploid Al
ol ek 0w 13] AYEAeS onditt 671 FAASA lines 1, 4, 9, 15, 17, 200

A 170¢] band7} HEH o W] Aol 1 copy2 AUENSS & 5 L, Wbl 5749
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A

HindIll Epnl
pCral6A1l #—] TeiF TTms| F355-HPT-Tik6-]  |—yp
HindIIl
pGAlG11:THT f—{ UbiP THT Tnos | P335-HPT-Tik6-7 i/

Epml

WIl 4 6 8 91517 20

= 3 o P 1 s Vi e
TR e N

Fig. 4-1. Schematic diagram of T-DNA of the pGA1611 binary vectors used for
plant transformation (A). Ubi-P, maize ubiquitin promoter; Tnos,
nopaline synthase terminator; P35S, cauliflower mosaic virus 35S
promoter; HPT, hygromycin phosphotransferase;, TiA6-7, TiA6-7
terminator THT, tyramine N-hydroxycinnamoyltransferase. Southern
blot analysis (B). HindIll-digested rice genomic DNA was probed with
THT cDNA.
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THT actrvity
(platimg protein)
Peci B L % Lan O =0 O MO
o O O [ e R s e R

WT 1 4 ] o 15 17 20

Fig. 4-2. (A) Northern blot of tyramine N-hydroxycinnamoyltransferase (THT).
Total RNA (10 ug) was isolated from 8-week-old leaves of transgenic
or wild-type rice and blotted onto a nylon membrane (see Materials
and methods). (B) THT enzyme activity measured in extracts of

8-week-old leaves of wild-type and transgenic rice (Typ. THT activity

is expressed as pkat mg1 protein.
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FAALA lines 6 2 82 F el Aol AYHUMETS B FrHLH 4-1). 8719 =4
29l PJAAFAE Southern blot oAl BF AR T2 sized R T ZO=Z Hol
o2 He] A F9lol AEY e =

=
A AFYE BE BAATAE A2H phenotype O AT JSRYE T, £4

oft

H H
2 F8aga Ty 249 M4 ARt geiisd), o) s wjkA] wAle §AA W
o] & transgene? Ar¢lol 93 G4 94 A 4 9l AHolu}

U FAd&B A THT #3872 ¢ 238 AX: Northern blot ® 484 574

Ty BAAFHe) A THT Fa49 AA4EE 2157] 915he] Northern blot 242

Tty dAdg el ol 9 B9 ¢loA FE3 total RNA 25FH THT mRNA
o WEE 4% 2y, RE FEASHAA THT F84 AAE doldS & 4 AU
o, gzl FEAEA] e A= THT mRNAS #do] A=A FUrh(1d
4-2A). TH L FAnict gdgkom line 9 @ 208 H o] B S B H o lines 4, 6,
15, 17 & S3HAR1 & Btk 224l line 12 w9~ 2 @] THT mRNA 7} =2d
H Atk Northern blot Al ANFHF A3k HIS2gk Al7]o] 2 Qo wiy d¥d-S nenfslo]
THT &484& =43t THTEA LS feruloyltyramine €4 = 7|l A HAs)

k. THT £4274 Ak THT mRNA FE3 HS2gh AaHaAE 1o FAth(ad
284S Bl line 12 784S mRNA 2d Fg 1o

=
FR3L, lines 9 2 20 #Hie] THT £424% A4 7H =& THT mRNA FF&

ol
b

BolFdth 22y THT 84242 tixzl dddsksta] o2 <oA= vl vlofst
A AEEHJ=T o]2Hol Ho|Ae THT ZAZAo] de S ¢ + A o] Axs=

Jang 5(2004) °] Ao} AATS & 5 th(Jang et al, 2004).

ot To §2A3Ye o4 2 T, FAA tyramine F=A FF=HA

To FAHAS7}F 197 F=AE 73

i
-
ot
2

A} & AFASEe] tyramine frEA)
s AbeRoATh dlxTe FAAE 19 F9 20 ng A% CT+FT $ako] ZALH
18k8] o] FAo| A= 32004 62 ng A= CT+FT 3ol AZEw o] oF 154
oA 3uf Bl e TS B FUTh ol HlaE] el Fgole xTelMe 17
T 046 ug A= HEFY, A= 28, 147, 7.2 ug =7} lines 1, 6, 1791

3

(o
,L
m&
rN
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A HAEEAC A A A CT+FT S 6vl, 328, 16H] A% %o 4
ATH1™ 4-3).

otk

2wl F

2t T) F2AEH 9 FRAA R doA THT 2284

Ti AL 8% & THT 24845 T FREAA SH4se Roth Line 202 49,
#H3e] mRNA ¥ 24848 RAoy, FAE 9X E3dh MS wixolA =gk 10¢
Hol A oA THTEAS o & 4 gldlov, dddsno fuoars AJide
2 ¥ THT 84845 Ho FAuh d3tes v27 THT o] ulzT9 HeldA

14 pkat mg ' protein =2l FAhdAgo] AZEH T, old vl FAAZH] A U=
TR} 348 =S HiF 47 pkat pkat mg ' protein Zélw:_iﬂ THT &424< vehygict
(19 4-4).

vl Tyramine #7} WA oA F8S CT+FT §4 5 HAA

2
)
i
(3
)
ol

r st @AAgE e CT+FT 4 o2& ®7I9lel] 50 uM tyramine

g wiAel] 1043 -t FElR 7 e, 43 fejol CT+FT ko] o4 A
T WSl Tyramineo] $H1¥A] &2 iAol A gtz 5.9 <l el
A= 002 201 ug AL CT+FT7F A&H Ak whdo] JAdsinie] Qo= 2ufd
A BAE 108 7H4] =& CT+FT ghgol dEHA oy, HeldM s tix9F nlsz3 74
& Hol AolE Ho] FA USUTHLE 4-5). 7] ARE B, FASH oA
THT7} 7Is4o® 2Estal das & 5 AJgTh FEAA CT+FT %2 izl H
3 FABHAA A dER oY, Al CT+FT & 13 F3F 27 0.2 ug °lst
= Yebstth kARt 50 uM tyramine©] $HrE wiA A A fFH A oA 1 ug,
Bao A 10 ug AEe AUl o] A5eS B 4 JUth 50 uM tyramine©] $HH
oA 2pek FAZS Q1S tyramien®] §li= oA kgt dmch 5uf oo CT+FT 3

S Ko Fovh P HFe o] o] A 9= tyramineo] $1E FtollA Apgh EE]e] bl
27l A 558l =2 CT+FT 3-8 Ho] F9lt) Line 6% 10 ug, 18]3 line 17 ¥ line
1> 747t 52, 33 ug A=A SiE CT+FT &2 g7 oA tyramine©] )
= A3 obd A3 ouAH e Aol & Wol FAth Tyramine®] Aelel we &2 CT+FT

P& frHolA tyramine §/do] vt H5S Hol i, & A fFHOIA Y B2

o
o
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Fig. 4-3. Feruloyltyramine (FT) and 4-coumaroyltyramine (CT) content in leaves

(A) and seeds (B) (mean SE, n = 3). Seeds and leaves were harvested
from 19-week-old rice plants and subjected to HPLC. WT, wild type;

117, transgenic lines; fw, fresh weight.
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Fig. 4-4. Tissue-specific tyramine N-hydroxycinnamoyltransferase (THT) enzyme

activity in wild-type and transgenic rice plants. THT enzyme activity

was measured in extracts from 10-day-old

leaves and roots of

wild-type and transgenic rice (T; grown in Murashige and Skoog

medium. THT activity is expressed as pkat mg1 protein WT, wild type;

117, transgenic lines.
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A. No treatment B. Tyramine treatment

. 1207
5l ‘OeT 1LOr per I
' OFT 100 gFT
$ £i
b (6 T wo 70T ||
Z st 20|
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Shoot Foot Shont Foot
Fig. 4-5. Feruloyltyramine (FT) and 4-coumaroyltyramine (CT) content in

seedlings grown (A) without and (B) with exogenous tyramine (mean
SE, n = 3). Rice seeds (T1) were grown for 10 days in half-strength
Murashige and Skoog medium with and without tyramine-HCI (50 M)
the seedlings were then divided into shoots and roots, and subjected

to HPLC. WT, wild type; 117, transgenic lines; fw, fresh weight.
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7o BFHe AAE webd tyramined] 34
GA7lef weh 2AE T S-S
| A2 g ol THT FAol

olsl= Aol oy, WA coumaroyl-CoA

=
T

.|_4

=k

9 CT+FTZ-2 tyramine i}
L= S A=A e A PSS =L
coumaroyl-CoA®] tf

o gAdo] k2 st 719l

(<3}
AR
5 1o

3}

pud

ey Afa N
Gl

vl 4243 8o A tyramine o] W& tyramine ¥FI CT+FTEF W3 FH

CT+FTAZol ti3t tyramine] &35 apd o= A8 flaiA FAx3Y
Z79 TAE tyramineo] ¥ wiA|o] X/Fseivh Hal 20 mMe] tyramine©] FHt-E]
FAA AFAA B A} 20 mMo EEoA okt ASo] A EE S vt
Sk, 10 mM 7= FEA o2 AfolE AA HolA gkt 12y 50 mM tyramine
ol W7 Aol AekA ke 4-60). sholl Al 2hek & A 3k o}
hap

=]

>{

[e23

5 % &

o

Z79 HWellA tyramine ¥EFS 21 Z Aol A tyramine * 2]
ol W Z5-H tyramine©]
3= , 20 mM tyraminell Al A2
T 5ug ¥ 85 ug BEY tyramineo] HAEHATh Tyramine?] At
ZTo A AR e o] FA4HAh Tyramine 557} 5, 10, 20 mM *
= W, tHETlA tyramine FAAS R AL 2u) ol =& Ayt #
tHZ® 4-6A). o2sk A} oA tyramine ©] CT+FT& #3t=o] ¢
= AAAAM, olF FAFE7] §l8l CT+FT = ARsAh
=7 =2 5 ol wHldlste] CT+FT o]
dE EW, tyramineo] {= A AF FEY

1o, tyramineo] 1= tellA A E 12, 17,
CT+FT ghzko] 5 10, 15, 20 mM tyramine HjA|o|A] &=A 5

W tyramine 5717} 1.8

o AaHor iz

JHom o oF
=
/g—

1
i

FA0%

9] tyramine

3T

[e) [e]
T =2

22, 55 ug Ax=9 uj

A

$, CT+FT o] 2 ug A=7H4]
el Exl Zo] tyramine FF=A7F A

= THT +42}9 ectopic &3] 7]¢l &

o

R LiEs
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Tyrramine (g fiwr)

Fig.
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4-6. (A) Tyramine content and (B) feruloyltyramine (FT) and

4-coumaroyltyramine (CT) content in leaves of rice seedlings grown
in various concentrations of tyramine (mean SE, n = 3). (C)
Phenotype of rice seedlings grown in various concentrations of
tyramine HCIL. Rice seeds (T1) were grown as described in Fig. 5.

WT, wild type; THT6, T1 transgenic lines; fw, fresh weight.
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A 5 A  Serotonin ALY rate limiting 42 tryptophan
decarboxylase(TDC) A =9 FAA3H ] 4

2 serotonin 1 B SA

<
—
Ho

AAE ol FAASEA ubiquitin promotere] ¢, Ak dA L] ARE
dH-=A47F =259 olo) w8 Zx}Eo] promoter¢! prolaming AFEE A$, AU
SHT 3d7te] wdo] By AZEUREAS 42 79 o|FofAa A &5 & F
ATt olelgh A¥= THT 2d FAdsH e Avfel v)szgh A& ok THT &
d FAASHAA tyramine FEAC] TS AAH o2 = W AFFRT|] tyramine
FEA FEE dolds B T A, FHRAME @Al dojuA &EEs o F U,
ol2]8k dAfo] miZ o}yl 719l tyramine?] Aol 9d UL 2l 3 4 YUTh w}
g B A= SHT &9 ofdl 7|42 #8-3k= serotonind] that A7} Ad ook
3tS & 4 URHh Serotonine TEANA AAFALEEHH, JES Hfole EZoln
FHZ F A= Tk JaS sl o] ¥ A tHOdjakova et al.,, 1997, Lesurtel et

al., 2006). Serotonin AP FMY EaFgoR Q3 o]Fojx=d FH WHA G

d

tryptophan decarboxylase(TDC)7} serotonin &4 9] rate limiting £4% #&3l= Ao
2 48 Jduh TDC S4v WEE opn Akl tryptophang tryptamine 2 ZuljA]7]
© ®aolth HoA TDC FAF f71AES ZAEH o] FHAXE Wl FAxFs}o]

serotonin Aol Wit 7| x5 2§83} V&S A7) 3 2 AFE A3

ol
Niﬂl

7}. Ubiquitin promoter:TDC binary vector A3t & ¥ F@ A

9}

A8 E K439 Putative TDC full
length ¢cDNA(AK069031)& template® AF8-3l3, AW primer24] 5'-ATCAAGCTT
ATGGGCAGCTTGGACACC-3'(HindIII site ¥ =, Zol/lAl= &2 &4), 9 primer

Agrobacterium< ©]-83% JHHEHo=

of!
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5 -TTGGGTACCTTAGTTCATCATCTCGGTGGT-3" (Kpnl site ©=)<S AFg3te] PCR
W2 35kl F5% PCR AHES Hindlll 9 Kpnl A$taA= 23 A7) AgE

ZA7ME pGA1611 binary vectorel ligationAlZth =9® AKO069031(AK31) #2A=

rr

<+ ubiquitin promoter FZ&3&}oll i1, nopaline terminator © &3] HALS ZAs}
o7 A7} o] FojX =& FFth pGA1611:AK31 binary vectors= T-DNAo| &2
3 AEnlA 224 hygromycin®] Atk A2 binary vector® Agrobacterium LBA44049]
FAAEeL(LY 4-1), ©] starins o]&ato] T o] wjtel A FelE calli o &3l

F& Sl ckellA A AN o LS A

e}

Y. Total RNA % % Northern blot ¥4

Total RNA= TRI REAGENT(Sigma)E ©]-8-8F21t}. 10ug®] total RNAE formaldehyde
Sk 1% agarose gelol F23tx, 20 mM MOPS(3-(N-morpholino)-propanesulfonic
acid)& A7|9E buffer2A4] AFE3th #2]8 RNAZE nylon membrane® 2 £7]31,
PCRel ¢Js] AA4¥ THT cDNAZ probeZ ©]£33th 552 loading 3 +=4 ¢4

2} ethidium bromide=® 443}o] &gk & blottingS 3153t
o AK31 f3AY] digd olFddE 9 AA

AK31 FAAe] ol WA (H o] fA H)oll Neol ¥-9=5 F713F primerS Al 2HahaL,
stop codonF-$Jell stopS AtAlEta AFEA Hindlll 92 F713F primerE ©]-&,
polymerase chain reactionS =83}l PCR WA ES 1% agarose gel Ao 8 3 =

% A ES DESI paperell 234171 ¥ 15 M NaCle] ]9+ elution buffer
o 312 A7 ethanol W ez PCR =S A &, AT&EL Neol R HindlllS ©]
| 9 WIS AE I Neol W HindlllZ A/0E pET28bl ligation A Z1th.

o]% ligation® DNAE &1 hostdl E coli BL21(DE3)2. 2 transformationdt

kanamycin &4 YEP mediumol| 2o}

7% gl

% AAE coloniesE plasmid mini preparation
o 9]a] AK3l-insert band’} & &Ittt AK31l Fdx&0] A3 DNA integrity &
Agras % PCR WHOR &<l F o5+ overnight WlF3 seed culture®] 100 pl # 3t

o] 2 mL% new medium®| ¥ ]5F¢] bacteria titere] OD600=1.0°] = ufj7}#] v =
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HFEE7h 1 mM H=% IPTGE Aste] AK3L f37ke] da}, dolg f=ate] 4
o

2} A=l AK31 ©@ldo] thgtto|a] WEXE=AE AK3l 484 =4 Hhy

AK31l +32& stop codon®] gle] pET28b ¥ o] 7HE4 detol] 67]9] histidine?} A
A3IEE 1otE o] affinity chromatography W o= AAsch W3y 2 AHAHHe
Novagene protocol®]l W=m 100 mL Teriffic Brothel] overnight cultured 2 mL seed
cultures o] 37Cel 3-4A12F vl ¥ 0.3 mM IPTGS 3 7kste] thA]l 28Toll A 521k
Hjorale]l QAR Ee] E coli pelletZ 1x binding buffer(Novagen)oll &3asle] =&}
7|2 T AEES Fsich gaE gt lysateS 4C LAE7] 719 13,000rpm
o 20097F Y4 E2Iske soluble extractE Nickel columnell -0 AAsl™ dAst Wi

2 Novagen protocol S w2t}
g TDC 484 =4

TDC 484 =4L L-[methylene-"Cltryptophan ©] [MCltryptamineo.2 3% =
g =Aste 2= De Luca 59 Wil F3lo] AAISIATHDe Luca et al., 1988). 7+
et Adsid, W 22 02 g2 A ZadA Zda Alg 7FFE 1 ml extraction
buffer(0.1 M Hepes buffer(pH 7.5), 25 mM mercaptoethanol, 1 mM DTT)ol A F&3}a
o] FEES 13000 rpmell 207 AR st Feds BAgAd FH8S S8 AR
Al 300 ul AES 3 mM tryptophan, 04 uci “C-tryptophan, 8 uM pyridoxal
phosphate, 50 mM Hepes(pH 7.5) ¥Hg-Holl Y31 30Cel| 30+ w5471 & 2 M NaOH
2 4k =k A17)a1, 600 ul ethyl acetate & 338t 13,000 rpm o 28%F A&

3l t}S ethyl acetate 200 ulZ scintillation counterel ¥ il cpm 7S o] A =3t}

v}, B oA serotonin 2 tyramine 3F E4A

FAHEH e} iz FTAA FIE A AL, Aetdtal, Murashige-Skoog Hl =]l
A 4Fetch Aol e thkdt FE9 tyramines Yols=th 25T AyAolA 12h ¥l/12h B
Jeje] Weto g 7U ASAIY 11 F 03 g AR A4S o] gt HA HaolA

5
=
85 ¥ % 6 ml MeOH = FE30h #5225 12000 rpmellA 1023 A2y
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¥, Millex-LG(Millipore) ZE1E 53 Al7]a1, §&9& 80% MeOH 527t HEE 24
3l & Sep-pak Light C18 cartridgeE E33lt}t E3g 598 =

05 ml MeOHell =], 10 ul A% A 8Z HPLCo| F3ht} AFR-3 columne C18 ©]
(4 um particle size, 46 mm x 150 mm, Waters), 5% MeOH
acid®] AAEvZ £ 08 ml 522 280 nmol A tyramines A %3},

_s
o
%
X
—
=)
=
=
3
=
8
8
g
(@]

3. A7 ¥ 2%

7h o 2, affinity A4 2 2484 HA

zb= @A S coding shEAlE H557] fst

o

o] AK31 §4x7F TDC &4 84
of WA gt WelA 2 d H ¥ (histidine-tagged) |34 deje] A
AK31 @i dS gdsilty. 1§ o] AEFAE affinity chromatography *H o= A
ste} o1 E4o] 2AMEITE 2% AK3L cDNA (full length cDNA)E HA} 7
Aeleta AT wE WE Sl pET28(b)oll A8kl Protox 2@ construct® =H]&H¢ith

AAL Mo so] ek G R w4 5]

codon&

o] Az F Hdst= g1 go] A3

A

Q]
(]
$&}e] 670 histidine tagS WME Q] 7HEA Tuke] AAS T 27 5-12 A WelA
o Alx=d AK3Le] TE FAE BT vk IPTGE #F53H7] 59 tot
soluble ©¥AS- B 4 9l=d], AZ3 Protoxi= PTGl 98] 1 #do] w2
= =k dubd oz tiFre]l F soluble ©E o]l 15-30% HE7F recombinant
Protox® etk @3 4(one step)d 3 AA(affinity purification)™= Ni-NTA
columns AHE3l Fastglom 1o 93] Joj His-tagged @& °F 05-0.7 mg/0.1
L cultureth o]Ze gt AA| soluble &2 F AK31 @l do] oF 27-38 %=
dojX = AL wogFErh g AAE His—tagged AK3l @l dS o] g5l gAhEAS
=48 A7, =& TDC 4284 (pkat mg ' protein)S AUl 9om HHHO| tyrosine

decarboxylase(TYDC) 4842 glE Aoz 8R1s1%

& =
!
o
f
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()
GenBank Amino acid GC % Punfication  Mvitro enzyme actinty

accession no.  length in & coli TYDC TDC
(plat mg! protein)
AKN69031 514 fid Yes 1] 3372
(B AK31
e M1 2 3 4
——
- -
K _—

Fig. 5-1. Functional expression of the AK31 gene in E. coli. Expression of the
AK31 gene in E. coli and affinity purification of His-tagged Protox
protein. E. coli BL21(DE3) cells harboring the pET28b-Protox plasmid
construct were cultured with or without isopropyl-D-thiogalactoside
(IPTG) before preparation of total and soluble protein extracts. Extracts
were electrophoresed on SDS polyacrylamide gels, which were stained
for protein using Coomassie Brilliant Blue: M, molecular weight
standards lane 1, total protein in 15-ul aliquots of bacterial cells
without IPTG; lane 2, total protein after IPTG treatment; lane 3, 20 ug
of the 15,000 g supernatant fraction; lane 4, AK31 protein (20 ug)
purified by Ni-NTA affinity chromatography.
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. 2439 §4 % Southern blot &4

W e AK3IFAxE 23t FRE ] ujub A F-dE  calligt
pGA1611: AK3l binary F#A=2 712 Agrobacterium® &Fu|dS E8) AU TH

H 5-2A). AK3l A= 4 2= 559 ubiquitin 2&st] LHH =S S3iTh

rir
ot

= AR IR

rir

1929 =A<l FAASAS hygromycin SAA oA 7| Adslar, 7 5 95S =
Foz A To MNAE FA8FE Ty seedsE 3t Ty, A ASH A AK31 F74
(e}

Aol GAHES B9187] S15e] Northem blot #41& Saaich. @A age] o o
=]

3
Ao A AK31 frdate] Axrh dojds B & i, dix2el FRASEA e
Ho A= AK31 mRNAS] o] HAg= =] FUrH1d 5-2B). L Fe MAvr dsro
), line 5, 15 % 192 FH o] LTS B oM, lines 2, 9, 14, 17, 18 52 740 =+
+& Btk AK3l 447 ¥ cDNA Jell= B3t izl A4 42 o
o] SlolAE= AK3l mRNAZF H8 HEHA 58 =u W oA AK31 54840 A
o AEHA 2SS & 5 Ja o9t & A Arase T Atet IS Fo &

tH Arase et al, 2003). Arase 5& TDC @4L& EA mutant Ho] BAFS H=

ba 3 el Al mlekshl fEEths Rag sk

ol
)
.

ol

o FEAIH A tyramine ¥ tryptamine &F A

TDCO] Zrpdde] ofst P Hgulo|x] GALHERQ] tryptamine?] FaFo] FoE =4
izl T1 FxpollA opAzl 258 FHC] oA tryptamine®] TS FH3HATE
Tryptamine®] 3H2ke x99 PAAZIalA] & Holx 03 ug g fresh weight A%
AEFdom, A WA= 45 ug g fresh weight7h &% o] &2 ghuiy ol A
tryptamine $wFo] thxzol Hlsl 108] o] HAES & 5 AJTHLH 5-3). o]l nHl]
A tyramine®| FS ETolA 3 ug B ASHAL, FEASHAALE Ly}

o] AEHUY 719 A= AK31eo]l TYDC &4 zka 9l
A &3, TDC 8A4& z3 Jube in vitro 23} U39S in plantdll A A3 &< &

ATt

off

523 9] tyramine 3

%0

=
T
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109v =8kth 4% tryptaminee] oA 4 Y= Zom Xl tryptamine
5-hydroxylase ZH-g&ol 9Jdl serotonin® & AZtE =% Lz 2578 FHEZHE serotonin
s ZAstodn) glxate] A AZEUS IS 02 ug g fresh weight ZES 0
U, JAA8AE BFE 5 ug g fresh weight 459 AZEUe] 49L& 4 9,
ol tE&9] serotonin TR F8 258 =2 FAE Ho] T JqrH(IE 5-4). o]F
A FAAg o] =% 5= serotonin ©] Ty EAFIAE ko] ox] Lzt Fxto] &)
2 ol 5% serotonin FHEFe] =S4 EA ST dxTelAE #drl B wWele] 02 B
0.1 ug g ' dry weight 4% 77} AEF oy, FAHgH ] ArjorE 12 oA 1.8 ug
dry weight =% HE5o] i+ At 6 - 9] =2 &S Hol FAG 44
sk o] WMol A= 05 - 0.8 ug dry weight 24 tiZ+H} 5 - 8uf % NEE

dol 49 & & At

M}r
rlo

ot FAATHNA AZEJREA §F =4

QoA HHE = AREUC] Wl gl SHT &4l 93 serotonin =42 W3lsh=
A Br19s) FAAE 9lol A feruloylserotonin 3HEdFS A8kl BUvh SAHT A
2= JAA8A linesol A EF feruloylserotonin®] 3&Fo] iz ztol7t glas &
5), frEAA S7td AzEd o] AREdf=A gt Agdes A4

o] A Fee = F AT o= W dellA SHT &4gAo] wi¢- vekaiAy ¢l

it
£

i

2
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Hindlll
(A pGal611:AK3 i#—_UbiP LK1 Tros | P35S-HPT-Tiké7 |—#

Bl

(B)
AK31

Fig. 5-2. Schematic diagram of T-DNA of the pGA1611 binary vectors used for
plant transformation (A). Ubi-P, maize ubiquitin promoter; Thnos,
nopaline synthase terminator; P35S, cauliflower mosaic virus 35S
promoter; HPT, hygromycin phosphotransferase, TiA6-7, TiA6-7
terminator AK31, tryptophan decarboxylase. Northern blot of AK31(B).
Total RNA (10 ug) was isolated from 8-week-old leaves of transgenic
or wild-type rice and blotted onto a nylon membrane (see Materials

and methods).
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{(Ay Tyramine contents (By Tryptamine contents
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Fig. 5-3. Contents of tyramine and tryptamine. 2 week old leaves grown in a half

strength Murashige and Skoog medium were subjected to HPLC analysis.
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&K31 Leaf serotomn content
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Fig. 5-4. Serotonin contents in leaves and seeds. WT,; Wild type, 5-10; transformed

rice.
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Feniloylserotonin
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Fig. 5-5. Quantification of feruloylserotonin in wild type (WT) and transgenic rice

leaves (5-18). Two weeks old leaves were employed for extraction

which then subjected to HPLC.
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3. A7 =8 4%
7F. Ubiquitin:SHT & Ts; 2 Go8iet F38 9 =84 54 A

Ubiquitin'SHT 2&& T, A3k 9] AidS S48 flete] AE#43td 553
AFZANA AuE stk AlFARE 2004 49 259 gkFEgla, IEFel 59 259
of AuiEge] 157 184 £o2 oS stk AlW#e] 9 Aujdel= &t 1%
FA e el Fshe] AuiE shlth

Az AETH 54 T E57 GeHrE 89 149 ol s THT413¢] 8
94 1697 29 =& ub 8 THT414E= S5 uc 39 =2 89 179 ot 1+
Y587l Toemel WA Y58 THT413S 70cm°]9b"’_, Y= THT414%= 55cmo] it
FAL G5yt 20cemelQa, YW THT4132 S el v|S=3 =3
THT414% 152 SeH ol ¢d3s] b2 28-S Jehlideh 28y 45 a8t 9
70 Q1 whA wEH THT4132 1070 ©llal “eH THT414% 9= Ssreh vs=g 4
g Bk 28R FYYFE 4E B8H oot WEH THT413S 7393

7 949% = INHEF T} W29

H THT414+= sHe dv ¢+
549% Aol AA etk AldAES A=Y 54 T E57)E T 839 169
o]al FXH THT41S 8¢ 1792 19 =2 Wk 538 THT42+= SX8Rc 2dme
84 144 <At} 1S FXH7E el WA FW THT41S 63em= 5X18]o] H|&}o]
19em7} 2 Qkal, &3W THT42%E 60cn® F31He] Hlste] 22em7b 2 gkeh. o]2te] Zol=
FRH, A8 THT41, 578 THT427F 742} 21, 19, 14em= S8 THT41S &390
Hgto] 2em7b FS WA FXW THT42E F8 7onb &kl 55 5389 539
THT41= 970 Q1 ¥ 5x18 THT42+= 1071 ot 3 5397 1079 oS
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. Ubiquitin:SHT 2d T3 AAE JE5u e 538 FAHA

Serle] S SA] flste]l sEIEA e W A EZAA A F
g2 Advles AT Ay HEH 9

188% oot HEH THT413E 79.2% °|lal, H&H THT414

o} W52 oI e HYFTS 216g o2 AukAQl AujEF nszskyl ot
SoH THT413S 238go2 auo] Hlate] HAyFol FAf, Sow THT414+:=
178go.2 Yol vl dyFo] 7hsith. s3] A9 APFo] 2482 AW
FEZo mlete] FAYOoY FX8 THT4lS 232g0% FX8d Hlate] 7P Yx, H1H
THT42+= 185g o= a8 JxdghAlol Hlste] 7hH gty = skl = el
745 238go|Ra W THT 4139 4% 152go1w whd e8] THT 414%= 97g &
2 ouEee] 40.7%0] AuvA ekttt ey sXIW o] T S7E7E 209g01
SX8 THT 412 1770199 ¥ 528 THT 42% 180go 2 F38 2] 60.2% o] At}

Aol Fa ARl Az e GEH e A9 30089 529%g oI HEH THT

4132 337kg o2 HEH o 63.7% ollov HEH THT414+= 216kge =2 3 oA =
e 408% o AuA ddrh eI B v FAAGA ] FFdS ST
664kg o3l 5x1¥ THT 41 % =3I¥ THT 42+ 77} 393, 400kg 082 W FF4
°] 59.2~60.2% ©]3ltt.

AL
offt
R:2
offt
™
=
WE,
I
lo
o
i)
B
riet
2
lo
=
i)
o
M
1%
ol
ol
N

o
Q‘L
£
&
i)
rot
>,
el
)
ki
il
&
M

- 117 -



Table 6-1. Agronomic characteristics of transgenic rice cultivar, cv Nakdong.

Heading

. panicle . . ripening

Cultivar date h(eéi?t length pag;cle g;r?iléll/e rate

(m. d) (cm) b (%)
Nakdong 8. 14 75 20 9 106 94.9
Nakdong
SHTAI3 8. 16 70 19 10 73 90.3
Nakdong
SHTA14 8. 17 55 15 9 43 54.9
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Wild type cv Nakdong SHT413 SHT414

Fig. 6-1. Phenotype of wild type Nakdong and transgenic rice (cv. Nakdong).
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Wild type cv Dongjin SHT41 SHT42

Fig. 6-2. Phenotype of wild type Dongjin and transgenic rice (cv. Dongjin).
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Table 6-2. Agronomic characteristics of transgenic rice cv. Dongjin.

Heading . Panicle . Ripening
Cultivar date H(e;%)h t length  |Panicle no Gramic?eo/ rate

(m. d) (cm) pan (%)
Dongjin 8. 16 82 21 9 107 98.0
Dongjin 8. 17 63 19 9 79 82.9
SHT41 : :
Dongjin 8. 14 60 14 10 94 787
SHT42 : :
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Fig. 6-3. Polishing rate of transgenic Nakdong and Dongjin.
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Fig. 6-4. A thousand grain weight and yield per one plant.
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Fig. 6-5. Yield between wild type and transgenic rice (THT denotes SHT).
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Table 6-3. Phenotypic characteristics of brown rice between wild type and transgenics.

brown rice (%)
Round Cracked | Immature | Damaged |Dead grain
Nakdong 176 32.1 10.1 5.9 0.1
Nakdong SHT413 49.6 14.1 58.9 9.7 0.1
Nakdong SHT414 217.3 18.8 13.7 6.4 0.2
Dongjin 51.8 32.1 10.1 59 0.1
Dongjin SHT41 17.2 14.1 58.9 9.7 0.1
Dongjin SHT42 60.9 18.8 13.7 6.4 0.2
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Table 6-4. Phenotypic characteristics of polished rice between wild type and transgenics.

Polished rice
Normal Shattered Cracked
Nakdong 61.3 289 9.0
Nakdong SHT413 13.0 74.3 10.5
Nakdong SHT414 28.1 61.5 7.6
Dongjin 69.5 14.1 10.8
Dongjin SHT41 774 3.0 14.2
Dongjin SHT42 56.2 30.1 10.1
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Fig. 6-6. Phenotypes of wild type and transgenic rice.
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Table 6-5. Characteristics of glossiness and taste-related index.

Protein (%) Whiteness Glossiness
Nakdong 6.3 57.8 60.4
Nakdong SHT413 6.5 69.1 54.7
Nakdong SHT414 75 50.9 70.2
Dongjin 59 53.2 58.7
Dongjin SHT41 6.5 52.4 66.4
Dongjin SHT42 6.5 53.9 64.6
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Table 6-6. Agronomic characteristics of transgenic rice plants, Nakdong and Dongin.

Heading . Panicle . . Ripening
Cultivars data H(e ;%1 t length Pag:)de no?r;rilcle rate
(m. d) (cm) P (%)
Nakdong 8. 15 88 19.1 16.7 70 94.5
Nakdong
SHT 413 8. 15 85 18.8 15.3 74 82.1
Dongjin 8. 17 69 176 13.7 388 96.2
Dongjin
SHTA1 8. 17 81 20.6 16.2 87 72.8
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Fig. 6-8. Milling ratio and polished rice per brown rice
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Fig. 6-9. A thousand grain weight of transgenic rice plants.
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Table 6-7. The degree of white center rice and chalky grain in the transgenic rice.

Nakdong | Nakdong SHT 413 Dongjin Dongjin SHT41
White center rice 0 3 0 0
Chalky grain 0 5 0 0
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Table 6-8. Quality of transgenic brown rice.

Quality of brown rice (%)
Crvtatine | i | Dt | Ben | o
Nakdong 92.11 4.62 3.09 0.07 0.11
Nakdong SHT413 95.79 0.23 3.57 0.41 0.00
Dongjin 92.51 0.00 7.09 0.29 0.10
Dongjin SHT41 92.95 0.05 6.77 0.16 0.07
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Fig. 6-11. Appearance of brown rice and polished rice in the transgenic rice.
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Table 6-9. Quality of polished rice in the transgenic rice.

Quality of polished rice(%)

Perfect kernel | Mealy kernel Broken rice Dead rice
Nakdong 90.2 2.1 2.4 5.3
Nakdong SHT 413 25.6 53.9 4.1 164
Dongjin 91.9 05 1.7 59
Dongjin SHT 41 92.0 0.6 2.0 54
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Fig. 6-12. Ratio of perfect rice in transgenic rice.
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Table 6-10

. Characteristics of glossiness and taste-related index.

Protein (%) Whiteness Glossiness
Nakdong 6.2 37.1 71.2
Nakdong SHT413 6.1 41.2 63.4
Dongjin 6.3 375 76.3
Dongjin SHT41 6.6 37.3 79.2
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Table 6-11. Biochemical features of transgenic polished seeds (cv Nakdong) by storage

period and temperature.

Cultivar | Temp It)rgtsmifrzg Pr((()g;m Mo(1os/0t)ure An&;j;)se Whiteness | Glossiness (mZ?goiCUl?ggg)
Nakdong | 15T 0 6.2 14.2 183 37.1 71.2 1.7
10 6.2 14.1 183 37.1 71.2 1.8
20 6.2 14.0 182 374 78.8 2.4
30 6.1 14.0 173 3175 79.1 25
40 6.0 14.0 17.3 375 69.0 3.1
50 6.0 139 172 317 70.1 3.3
60 6.0 139 17.1 378 7.7 34
Room 0 6.2 142 18.3 371 .2 1.7
Temp. 10 6.2 14.1 18.2 371 7.2 25
20 6.3 14.0 182 37.2 71.2 26
30 6.1 139 172 31.2 80.6 25
40 6.1 138 172 374 79.4 3.2
50 6.1 138 172 374 70.7 35
60 6.1 138 170 37.6 69.0 35
Nakdong | 15T 0 6.1 144 199 41.2 62.3 3.8
SHT413 10 6.1 144 19.7 41.2 62.3 39
20 6.1 14.4 195 41.8 62.2 51
30 6.1 14.3 19.0 415 62.1 54
40 6.0 14.3 19.0 41.6 62.0 6.5
50 6.1 14.3 19.0 41.7 61.8 6.6
60 59 14.2 19.0 41.8 61.3 6.6
Room 0 6.1 14.4 19.9 41.2 62.3 3.8
Temp. 10 6.1 14.3 19.9 41.2 63.1 3.8
20 6.1 14.3 193 41.3 63.4 50
30 6.0 14.3 19.0 41.2 63.5 5.2
40 6.0 142 19.1 41.7 62.2 6.0
50 6.0 14.1 19.0 415 62.2 6.9
60 59 14.1 19.3 414 61.6 7.2
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Table 6-12. Biochemical features of transgenic polished seeds (cv Dongjin) by storage

period and temperature.

Cultivar | Temp EZZtSmifrEfsr Pr((())zm Mo(1os/0t)ure Ang;j;)se Whiteness |Glossiness (mZ?go?CUl?ggg)
Dongjin | 15T 0 6.3 14.1 185 375 76.3 1.1
10 6.3 14.1 185 375 76.7 1.3
20 6.3 14.1 187 375 715 1.6
30 6.3 14.0 179 376 718 1.8
40 6.2 14.0 179 375 80.1 1.9
50 6.2 139 17.8 376 79.0 1.9
60 6.2 139 176 317 78.6 21
Room 0 6.3 141 185 375 76.3 1.1
Temp. 10 6.4 141 187 375 76.3 1.1
20 6.4 14.1 187 375 784 1.5
30 6.3 139 178 376 78.7 1.5
40 6.3 138 177 31.7 719 2.0
50 6.3 138 177 31.7 71.2 20
60 6.2 138 176 38.2 714 2.2
Dongjin | 15T 0 6.6 14.0 183 31.3 71.3 1.3
SHT 41 10 6.6 14.0 183 373 71.3 1.3
20 6.5 14.0 183 371.3 74.3 1.6
30 6.4 14.0 177 31.7 75.5 15
40 6.4 139 174 318 79.0 2.0
50 6.4 138 176 318 78.0 2.0
60 6.4 139 175 38.0 71.3 2.0
Room 0 6.6 14.0 187 37.3 71.3 1.3
Temp. 10 6.6 14.1 187 37.3 78.1 1.3
20 6.4 14.0 185 371.2 78.3 1.3
30 6.4 139 177 31.2 78.7 15
40 6.4 13.8 176 37.1 74.2 2.1
50 6.4 13.7 176 37.1 779 2.1
60 6.4 13.7 175 37.1 71.3 2.2
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Fig. 6-14. Degree of akali lysis of transgenic rice seeds by storage temperature

and period. Upper lane: from left to right; Nakdong, Nakdong SHT413,

Dongjin, Dongjin SHT41. Lower lane: 60 days after from left to right;
Nakdong, Nakdong SHT413, Dongjin, Dongjin SHT41.
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Table 7-1. Agronomic characteristics of transgenic rice cultivar, cv Dongjin

Heading . Panicle . Ripening
Cultivar date H(e ;‘CH”? t length panicle no. o (/}rzgilcle rate
(m. d) (cm) /P (%)
Dongjin 2. 20 60 129 36 35 64
Dongjin 2. 24 55 12.4 41 30 5
T2-9 : : :
Dongiin 9. 24 56 12.7 33 33 6
T2-10 : : :
Dongjin 2. 24 59 152 37 23 4
T2-14 : : .
Dongjin 2. 24 50 112 3.0 28 4
T2-18 : : :
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Figure 7-1. Polishing rate of transgenic Dongjin and its corresponding wild-type.
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Table 7-2. The degree of white center rice and chalky grain in the transgenic rice

Dongjin T2-9 T2-10 T2-14 T2-18
Whitg center 0 0 1 1 0
rice
Chalky grain 0 0 1 1 0

- 154 -




Table 7-3. Phenotypic characteristics of brown rice between wild type and transgenics.

Brown rice (%)
Round Immature Damaged Cracked Dead
Dongjin 96.8 2.0 1.2 0 0
T2-9 90.8 2.7 6.4 0.2 0.1
T2-10 97.1 15 1.3 0.1 0.0
T2-14 96.3 2.7 0.9 0.0 0.0
T2-18 95.7 2.8 1.1 0.1 0.3
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Table 7-4. Phenotypic characteristics of polished rice between wild type and transgenics.

Polished rice (%)

Perfect kernel | Mealy kernel Broken rice Dead rice
Dongjin 93.3 3.4 2.1 1.2
T2-9 92.8 4.1 2.0 1.1
T2-10 90.7 5.2 3.1 0.9
T2-14 38.2 2.0 4.7 5.0
T2-18 94.7 16 2.5 1.2
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Figure 7-2. The degree of perfect kernel in the transgenic rice.
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Table 7-5. Characteristics of glossiness and taste-related index.

Protein(%) Whiteness Glossiness
Dongjin 8.6 35.0 74.2
T2-9 9.0 34.4 72.3
T2-10 79 36.7 73.7
T2-14 8.0 34.5 73.3
T2-18 8.2 35.0 72.3
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Figure 7-3. Comparison of protein and glossiness rate in transgenic rice.
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1. Method for biosynthesizing the serotonin derivatives in plants (5<% 2006. 08. 01)
Kyoungwhan Back and Sun-Mi Jang. 7| E35E2H3E (7,084,322)
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1. Kang K, Jang SM, Kang S, Back K (2005) Production of neutraceutical serotonin
derivatives in rice seed enhanced by transgenic hydrocycinnamoyl-CoA:serotonin

N-(hydroxycinnamoyDtransferase. Plant Science 168(3):783-788.

2. Lee D, Kang K, Lee SG, Back K (2007) Enhanced synthesis of feruloyltyramine and
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4-coumaroyltyramine is asscociated with tyramine availability in transgenic rice
expressing pepper tyramine N-hydroxycinnamoyltransferase. Plant Science. 172(1):
57-63.

2. =4 SCI =&5%F3 5 14

1. Kang S, Kang K, Back K: Characterization of tryptamine 5-hydroxylase and

serotonin synthesis in rice plants. Plant Cell Rep. submitted.
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