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SUMMARY

Title: Development of new rice, Oryza sativa, producing phytoestrogenic

isoflavone using biotechnology.

1. Cloning of Isoflavone synthase.

PCR strategy was used to clone IFS gene from Glycine max, Paldal and
Trifolium pratense. All the IFS genes in the database were analyzed and the
conserved amino acid regions among IFS genes from different sources were
found. Based on these genes, two set of primers were designed. RT-PCR
was performed with total RNA from 10-days old seedling of Glycine max,
Paldal and T. pratense. About 1.1 kb product was obtained. These clones
were subcloned and sequenced. The sequencing results showed the high
homology with several IFS. To clone the full length c¢DNA, 3'- and
5'-RACE were performed. The size of the 3'-RACE product was about 550
bp and it contained the translation stop codon. Also, 5'-RACE gave the 450
bp product, which contained the translation initiation codon. The IFS full
length ¢cDNA from Glycine max, Paldal, which named IFS-Pd, and T.
pratense, which was named IFS-Tp. The IFS-Pd was consisted of 1,593 bp
of open reading frame (531 amino acids; 58.8 kDa; pl = 9.17). The genomic
clone of IFS-Tp was amplified, subcloned and sequenced. IF'S-Tp consists of
1,575 bp open reading frame (525 amino acids) whose the predicted molecular
weight is 59.1 kDa and pl is 8.95. The genomic and cDNA sequences were
entirely collinear with the exception of a 140-bp intron occurring at
nucleotides 976 and 1115. Blast analysis showed high homology with several
isoflavone synthases from other plants such as Metidicago truncatula,

Glycyrrhiza echinata and Cicer arietinum. The identity at the amino acid



level ranges from 75 to 80 9, and the similarity ranges from 92 to 97 %.
The high level (95 99%) of similarity among the cloned isoflavone synthases
from soybean, white clover, alfalfa and mung bean were also observed. The
phylogenic analysis of isoflavone synthase from various plants showed that
the isoflavone synthase from red clover is close to that from Medicago
truncatula.

To know the copy number of IFS-Tp, genomic DNA was digested with
EcoRl and Hindll, respectively. The blot was hybridized with a part of
IFS-Tp cDNA. A single band was observed. It indicated that gene that

encodes protein IFS, might be a single copy.

2. Expression of IFS-Pd and IFS-Tp in the different tissues and
stimuli.

Expression of IFS-Pd in different tissues was investigated. Total RNA
from seed, leave, stem, root, nodule, and flower was isolated separately and
RT-PCR was performed. IFS was expressed in all tissues but a lot in seed,
root, and nodule.

Expression of IFS in different tissues was investigated. Total RNA from
leave, stem, and root was isolated separately and RT-PCR was performed.
IFS was expressed at the almost same level in all tissues investigated
The IFS expression upon glutathione treatment was investigated. IFS
expression was enhanced by glutathione until 6-hr after treatment. UV
treatment also enhances the biosynthesis of flavone since flavonoids generally
absorb in the 280-315 nm region and thus are capable of serving as UV
protectant. We also investigate the effect of UV on the expression of IFS.
UV treatment increased IFS expression. After 6-hr UV-treatment, IFS was

expressed at the highest level and its expression was decreased .
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3. Expression of IFS-Pd and IFS-Tp in S.cerevisiae andsubstrate
specificity.

To know the cloned function of IFS-Pd and -Tp, we expressed IFS-Pd
and -Tp in S. cerevisiae and measured the isoflavone synthase activity with
the yeast microsomes, respectively. The existence of IFSs genes in yeast
cells transformed with IFSs ¢cDNA was checked with PCR with the primers
which soybean and redclover in open reading frames of IFS. Microsomes
from a yeast transformant expressing IFSs were incubated with flavanone,
naringenine and NADPH. The reaction product showed two peaks on the
chiral column with retention time, 21 min and 27 min, respectively. Compared
with authentic naringenine and genistein, the peak at 27 min, was
corresponded to the genistein biologically produced from naringeine. In
addition, UV spectra comparison showed that the compound at 27 min and
authentic genistein have the same UV absorption pattern, showing a
maximum absorption at 260 nm and a shoulder at 325 nm. Taken together, it
indicated that new IFSs encode isoflavone synthase, resulting in catalyzing
the formation of genistesin from flavanone naringenine.

The substrate specificity of the expressed protein IFSs, respectively, were
tested on nine different flavones. The expressed enzyme could convert
7-hydroxyflavanone, 5,7-dihydroxyflavanone, 7,4'—dihydroxyflavanone
(liquiritigenin), and 5, 7, 4’-trihyrdoxyflavanone (naringenine) into the
corresponding isoflavones. However, no reaction products were detected in the
reaction mixtures when flavone, 5,7-dihydroflavone, and flavanone,

4’ -hydroxyflavanone, and 6-hydroxyflavanone were used as substrates.

4. Tansgenic rices expressing isoflavone synthase gene and its analysis.

In order to express IFS in rice, we constructed rice transfomation vectors.

Three different promoters were used. The first one is the maize ubiquitin

_11_



promoter which is expressed in all the cells (pMJU). The second one is the
glutein partial promoter and the third is the glutein full length promter, both
of which are known to be expressed in seeds (pCAM-LA). Several fertile
trangenic rice plants were produced by co-cultivating embryogenic calli with
the Agrobacterium harboring the vectors. The presence of the isoflavone
synthase was checked by PCR. Among eight transgenic plants transformed
pMJU-JA6 (IFS-Pd) with ubiquitin promoter, seven had isoflavone synthase
gene. Expression of IFS in the transgenic lines was confirmed by RT-PCR.
RT-PCR result shows that IFS-Pd was expressed in all 7 transgenic rices.
The southern blot analysis was shown that all 7 transgenic rices had a
integrated IFS gene and same line. But, bad weather caused transgenic rice
not to grow and have empty heads of grain. Therefore, new transformation
was performed. new 15 transgenic rice was gained and PCR result showed
that only 4 of all 15 have a IFS-Pd gene and southern blot analysis was
shown that all 4 were the same line. But, all 4 transgenic rices had empty
heads of grain, again. Therefore, 4 transgenic rices were not analyzed for
isoflavones. Also, the 16 independent transgenic plants with either partial (IP)
or full (IF) length glutein promoter (pCAM-LA-JA7 IFS-Tp)) were
investigated whether IFS gene was integrated. PCR result was shown that all
32 transgenic rices which have partial or full promoter have IFS-Tp gene.
Southern blot analyses were shown that 9 of all 16 kinds of IF were
integrated into the rice and 7 transgenic rices integrated IF were the same
line but 2 were the others lines. In the case of IP, 11 of all 16 kinds of IP

were integrated and 9 were the same line but 2 were the other line.

5. Detection of isoflavones using HPLC system.

The contents of isoflavones from 9 kinds of grain heads from transgenic

rice harboring pCAM-LA-JA7-Fp named IF and 11 kinds harboring
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pCAM-LA-JA7-PP named IP were analyzed. HPLC analysis was shown that
IF biosynthezied isoflavone genistein as much as 7.2ug/g seed using flavone,

naringenin and IP was 6.3ug/g seed.

6. Analysis of rhizosphere microbes near the transgenic rices.

The contents of bacteria, fungi, and actinomycetes in wet rhizosphere soil
near each transgenic rice were investigated. The colony forming unit (cfu) of
bacteria was a few increased but the increase amount was very low. The cfu
of control was 6+3x10° cfu/g wet soil, pMJU-JA6 was 10+1.5x10° cfu/g wet
soil, IF was 85+1.5x10° cfu/g wet soil, and IP was 7+3x10° cfu/g wet soil.
The cfu of fungi was few increased and the cfu of control was 1x10° cfu/g
wet soil, pMJU-JA6 was 4x10° cfu/g wet soil, IF was 3x10° cfu/g wet soil,
and IP was 6x10° cfu/g wet soil. The cfu of actinomycetes was few
increased and the cfu of control was 1x10° cfu/g wet soil, pMJU-JA6 was
1x10° cfu/g wet soil, IF was 2x10° cfu/g wet soil, and IP was 2x10° cfu/g

wet soil.

7. Effect of transgenic rice on rhizobia.

The cfu of rhizobia was a few increased in the case of transgenic rice,
especially pMJU-JA6. The cfu of control was 3+1x10° cfu/g wet soil,
pMJU-JA6 was 18+4x10° cfu/g wet soil, IF was 16+4x10° cfu/g wet soil, IP
was 8+1x10° cfu/g wet soil. Because the promoter of pMJU was expressed in
all tissues, the cfu of rhizobia from transgenic rice harboring pMJU-JA6 was
a lot increased compared with other transgenic rice transformed partial or full

glutelin promoter.
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isoflavone?} antocyanin 52 A #TAEE %x7] GAZE AEA

& gAg0] o 42E Batel YA BT, 28 WAFRE HEe 4ol

Flavanone©l| A isoflavone & &2 9] ke stito] - zte] 93] 4= = Ao
2 A Qe 2 FRHA 9dte] W= WwlAS isoflavone synthase
(IFS)g} geh. o] IFS®= Aw7HAl 53 AEoAAdt dasw o] AdgdAdo]
J= Aoz AEE = geinistein® daidzein 53 Z-2 isoflavonesS 1ol 5
3}= flavone 3',5,7-trihydroxyflavanone (naringenin), 3’,7-dihydroxyflavanone
2 3y vt=sd @A, SRk T3 AES AL A Ed A= isoflavone

o] TAEA da lew I olf= o FAATE EAEA 7] wE ol
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upelx], Tk ZEo A isoflavone $A A
28 53], vlo EQigtty ]Eol e BEo] HEA Ee AEE EHQ
isoflavoned WHES] ¥ 4 1S Folth ol 7|FEe §F WHoezE o gl
T 02 Y FHAE Hell &7 A4S onlsith

FL& 100g & °F 60-181mg<e] phytoestrogen (daidzein® genistein)S &3}

3 ok Aol oA Al soy isoflavone (daidzein ¥ genistein)< 2.0mg/kg (A

—

%) oA Folsta 65 AR H @ =5 4% A3 F isoflavone T
o] 44 + 25 uM7FHA  F7Hghe] #FHAT o= A, AT 50 kg Aol F&
°f 50g HASRNES 4-F EHA o A= ¥ isoflavone =5 FAe= A
o] ®©t} In vitro 7oAl 1-10 nM2] genistein® 24 o ~EZA &A1 #
Absol fridvka BeA glom Ao w Qg oy Azl &Ao] VdiEta
Hojx] gtk 2 PR isoflavones 3k SAES d4A AL o=

= Agg]%l-xéoﬂ D‘JJq_z:sl, o

lo
2}
o]
=
Q)
<
o)
5
o)
il

&
AM dees a2 3dd o Bedds U ¢ dedem 4
€

2 F 9l o9 e HFF=Z [FSE 7z A3

ojf
rlo

m
Aol AAH. & F3 FAEuF #H] % isoflavone, daidzein?} genistein
7N AERY AA 1AHTY FE(chemotaxis), FAA3 AAA Az, Nod
factor 5& FE3=d B3 tl. = isoflavoned AANATE FEE= Wl

A2AAFE BolEe FHAEY AFd =S T Aotk wEbA,
7)1Eo o]} o] FAEHo] ®BH|HA ¢ki= HWol| isoflavone FA FHAAE =
, wH ¥ = isoflavoneEel odte] < m A= W EEghel] AR
A AstetA wkgs Foto] ¥eo] AR ofyel ESe] AHE FAAA A

=

LT3 HE HES T oA AR E HYA AEdA phytoalexing %



phytoalexin $t4 4=

=

ol E

[e)

4 e

_"

e

ol o]

)
=

g

=

isoflavone &4 7219

(iso)flavone 7

do TR OE FE W T T ORT 4 Bl oF o W w w2 o o
L W = o = T N of T w T OB E B 2 T K
I K =
W me_#wwﬂﬂm&ﬂ% i%@@%% ® = " A
mm 3 o= o= B oW R R oo R M i o IR -
X g 2oy W o B R AR 5w xR T
~ e B o B oW oW omow R S = R S =ou T
o T o TR R om - do g o < P
5 = N o T = - M ko= W z o T ﬁﬂ' oo
Iy o= N a2 X
i ¥ L % ¥ e A e BT worod x g S W, 3
il =R O T - A S e
N N1l ~ - RO U —
Y N b o K = = X o o 7o XV o iy oR N oo AR
Mo 2 z TR TR %0 M S m T om o~
o 5 W - T g F oA 2 o J A - = N
b T ox OB & N opon 2R OE g A
%0 AT R o T~ - - TG R
e oo DNCAE - AN B R N T T A o
= Eom oW mr o B T o T 7 A - °
= s o Moy Ty 7 i R o SN Y
= = @ . o o T Mow W o o g o~ =
o = T o L N = q4 o0 W L P T A E E
o M e 14 <O o A
i 27 % w X = H 75 o7 T o = w o 2T
™ pild oE oo ) BORO T — =o w T T ~ o
W W o5 ] ! Jo =t M _M ma Wm Au_ o) e o W W < o Mo
2} B = A T o T T b
) H o N ~ 0
Ak B2 cmw @ o M i = ww % i m7,r TR RO ﬁ i w @w mﬁ e
) ! Gy ' 1o® —
%ﬂr._ég L L T w P o T op P E o L OF
do e T W o Ay o F oo ol w P W Y o o w O Iy %o
cxm T P e OB T TR T woo oy L
o R E R ET 2Rt el g e
R~ . m I - R I B M : T o
?o»ﬂﬂAm&ﬁ%ﬂﬂio%&%%%%a woE e oM
B AR - 50, W m = . M T T T A= = e ,Dl T 114 Hin o < I = <
G Mo & 5 § o) - o T T B O ® o ) Moo &5 &
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1 WY dF/4EHE
T3 A& A phenylpropanpoiddl A -8 A HE FgEE 1
Txok AYA Aol e Aow dEA Jon T AEoAR dAN=
o= dHAUT. FI AEA oy WA FA¥ &EH7F A= phytoalexin
g 3k o] isoflavoneES A7 == dto whEo|zlt}h (Dixon, 1996).
Aradg PAES AEAeA #9]E isoflavones FEAE o] Nod
factorg WrEol 7 AE AU ES AAsta V|FAEC FYSE aRHo

2 FAAZIt}h (Phillips, 1992; Peters 1986). 2322 F3&E3 AiuA 7

Isoflavone=

Ao
9

ol

fl.lO

AEre] FAAE AEAdAE 2o dAadSs dr7IZ2FH ke
atal, EdSdAdA e 29 AR @45 ko AES S3ATE o dF A

A wHe Hygolo] HauEa 9ttt Isoflavoned AL flavanone F A=
¥ cytochrom P-450 #AlE 9] isoflavone ¥4 &4 (isoflavone synthase)ol 2]
a FAAEE Ao deiA vk HE 5o, 2 2 FH AEEHEH o] &4
A7 29 A (Akashi, 1999; Jung, 2000).

Isoflavone §4 F27F EA48kA &= o7l Adl, &, S5 o L
AAE =43 A} daidzeinolY genistein® Z2 isoflavoneES == A o]
AtH (Yu 5, 2000).

EzAe] oFg28& AEWY FAA dALE des dolvh iR

isoflavone 3}3E¢l daidzein, genisteins < o 2E Z A (estrogenic), T ~EZ

r
il

§,]-O

_1
kﬂ

off 2~

=
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o7 oy

il

Al (antigiogenic), A3} (antioxidant), ¥ <$H(anticancer) &3}
9l tH(Anderson, 1998; Arora, 1998; Fotsis, 1993; Kirk, 1998; Messina, 1994).
N2EmA Fio] oate] #HAE 7] A #FHE sves, AdRESS
= s, e 2ERA ko] ofste] Aol wEgle weks
Fof. L3, ksl g3to] 9)sle]  Alzheimer's disease SOl 2&te] wh

& AES @Rt FAE o st TAHE A"

A% dutste] = AoR BHiuFH QY. 53|, daidzin(daidzein® glucoside

o

Ho

conjugate & E])> alcohol T 53 ## o] 9l& human aldehyde
dehydrogenase type I (ALDH-D9] 7= 3t Eo]4 H|7}94 <A A (inhibitor) %

o] g8 A it

2) 8 71sdH A%

FolEngE, o fxdxE =dste] we Fd dskd Hol digd Has
isoflavone ¥4 FAAe] dA A ek Qo] gk HaE ofA itk
gk, isoflavone §A 3 A7F =9E FE HAEA L 29 ES vAELY] A
SAgo] 3k A At gl

whebA, B Aol A= diFoll A isoflavone ¥4 FAAE EElste] o] & H
o = Aegds =45 Aiete AR FFS wHEo] Uil ofF ¢
&ste]l B 29 MAEY BXE S Vst o5 ASE T

7.

d

A 2 A AL &

=

% e

B AFo s gFoA isoflavone €A FAAE EE o] o]E Ho| =
stoad Ay ZH4S AAEE RS EXE 5o YaL o] o] 8351y

Hol o AR S Uit g A5S SXA7I=H Ak
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1. 53 ZEA isoflavone F4 &4 FAAS e 2 A2 7H.

7h ] ZF FRtel A A A 71 isoflavone @ O] AL

b ool A isoflavone A &4 Z}e] Hg.

o 5 7z BEolA isoflavone &4 &4 AR @E FAL
2}, Isoflavone &4 & 49 vAEANA HdS $3 wE Az

v}, Isoflavone A &4 9 mAgEoA ad @ A 3shol,

Ho
[

2. Isoflavone &4 &4 FHAAE o] &3 He FAASZ

axel v =9 d@ uy A,

7}, Isoflavone &4 &4
v, A &gt MEE o] &3 ¥ FF HE

N

o ¥ g4 AdAe AT D isoflavone A FAAY WHdH A=

3. ¥ FAAZA A isoflavone A HAZ.

7ho¥ HAASA ZE Yo A isoflavoned] F=.

Lt F=9 isoflavoned] 3= XA}
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A 2 F. T3 ZEA isoflavone & AR

_l

Lo

2o 2 47

Al 1A A4

AES 12 AR S Eoke] duALI AFE 2ga HE FEE T8
Feolity, ey, Aeo] wEs oY Agdd = 1

tol WEojA = Zlo] ofvet 22k tirtel fsjA TrEAXTH RE A=
EAEE 23 UiAbe] A<D o7} flavone 14 7H 2ot} Flavone F4E 2 &
isoflavone®} antocyanin ° Aol #Ast= 7] GAIZ AEAd EAs= B
= EdE0] o] ZRE Foto FAET. T 23 tAAERE AEY A
A2 12k tiAL ARebe= va2A AE9 Aol A2l Zlo] ofyolA o

g9 zde] bsdttt FHE HAm dvh EW, olES A AME

rlj
X,
it
rlo
o
AL
ol

o
ol

I fAA e oEte] WE = WA S isoflavone synthase (IFS)Z} 3Fth. o]
IFS= A a7bA F3 AZoAwt TAE oz gedAo] e Zo= ARy
= geinistein®} daidzein 53 #< isoflavoneEg 1o 433+ flavoneE<l
3’ b, 7-trihydroxyflavanone (naringenin), 3’,7-dihydroxyflavanone® @ H-E %"=
o dAg) sHA R, 53 A ES AlQgh AEdAE isoflavoneE o] A E A

G Qon 1 ol o fAAT EAGA @] wWEelth wepd, T 2%

o A isoflavone ¥4 FHXE FEY3tA olE tE g HE E3 H L
At 7]E A= WE TEA Ed= AZE 49 isoflavones RHE O]
W 5 9S Aot o= 7€ §F WHoeRE 8 4 gl UE T FdA

FL 100 ¢ I ¢F 60-181 mg? phytoestrogen (daidzein® genistein)S &3}

I Aok Al oA Al soy isoflavone (daidzein ¥ genistein)& 2.0 mg/kg
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A 24, As £ =Y

1. ¥3FZEANA RT-PCREHE o8& T isoflavone HA FAARY £=2Y
2 97 AE 24,

7. AF 25 H Isoflavone §4 F3x F24.

FoRHEEH FS FAAE  cloningst’] #3te] RT-PCRS F 33t
RT-PCR2 Ominiscript transcriptase (Qiagen, Gaitherburg, MD, USA), 15
pmol of oligo (dT)i5, 233 20 U of Rnasin (Promega, Madison, WI, USA)¥}
total RNA 2 go] £gd WSl 35U dojxl cDNAES ©]83H]
PCR (Polymerase chain reaction)= %3 IFS F3A& 43Utk PCR 3 W
< o3 2o
AL8¥ &4 Pfu DNA polymerase (Stratagene, La Jolla, CA, USA)

PCR HFE-3l4= @ 40 cycles (denaturation : 1 min at 94°C, annealing : 1 min at 55°C,
amplification : 1.5 min at 72°C.)
Primers : forward primer — 5’ -CGTGAGGAGGAGAAAGAACG-3’
reverse primer — 5 -GCAGGAAACTCACGACAACA-3’

. Red colver2 ¥H Isoflavone &4 3z E=4.

Red colver®Z H¥E IFS F4AZ cloningdl”] 93ted RT-PCRS <33}
RT-PCR< Ominiscript transcriptase (Qiagen, Gaitherburg, MD, USA), 15
pmol of oligo (dT)is, 2232 20 U of Rnasin (Promega, Madison, WI, USA)¥}
total RNA 2 go] Eg¥ w3olr FaHAT dojxl cDNASE ©]83}
PCR (Polymerase chain reaction)s &3 IFS 85 4dth PCR 3 %9

o thgwt 2

AL8% @4 : Pfu DNA polymerase (Stratagene, La Jolla, CA, USA)
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PCR WFE-314= : 40 cycles (denaturation : 1 min at 94°C, annealing : 1 min at 55°C,
amplification : 1.5 min at 72°C.)
Primers : forward primer — 5  -CTGCAACCATGTTGTTAGAA-3’
reverse primer — 5 -GATTCACACCGTCTCTCAAT-3’

PCR ZA¥#2HE2 pGEM-T easy vector (Promega, Madison, WI, USA)Z 4
Haon, o5 RC-IFSE WHstal g7 A4S AAsA

2. 59 Z FEA isoflavone T4 &4 FAAY Td FAL

7. I F oA Isoflavone §A &4 FAX &d ZA}L

o] ZF Ftol A€ isoflavone ¥4 B4 A LAS XAMSH] $lsko
ol A A, 9l =71, e, nodule 183l x FHE 77 EElste] A EE +
H| &} 3L, ©] = Qiagen plant total isolation kitZ A}-&3}e] total RNAES )3}
Atk Z+zh #E) e total RNAE 1.2 % formaldhyde gelol A ©7]99% & & o]
£ Hybond membrane (Amersham)2 & transfersti, IFS-PB cDNAZE probe®
3kl northern blotting Faat¢ith olwl RNAS %< wuwslr] 5k

soybean actin genes 7FA il 37| blotting 3} % T

. Redcloverdl| A Glutathion UV A g o] o] & 2+ 2 A FIFS-TP A A 2+ 9
W@z AL

geFan FxE= w9 filter paper 9o 7 1097 AASA st
10mM glutathione 1mlS g=ZF =218 7} Zebar 9+ petri disholl A4 T3
o UVAEE 10d5¢ A8 fFHo UVS (GI10T8 UV light lamp, Sankyo
Electric, Japan)©] 30 cmA %= EoAX Al AAs t}F AT o2 A AHzH
sampleE 2 ZHlEZ A A Lo A TS samplingstion, A&3t7] A7LA
-80Ce] XAt RNAE #elste] 1o Arst Wiz U4 RT-PCRS
FPsF . 2 g AFEE RNA9 4& AHFstr] 938t actin primer
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(Forward primer : 5 GTATGCAAGTGGTCGCACAA-3~ ¢} reverse primer
: 57 -CTTGCTCATACGGTCTGCAA-3 " )& AF&3sFt).

3. Isoflavone &4 & A9 Saccharomycese cerevisiaeol X T&E 93+

WY AR 2 F2Y3F FARS Saccharomycese cerevisiaed) ] L&

2 T H isoflavone B A 71 4 AP E F<Ql.

pBlueScript Smal site (Stratagene, La Jolla, USA)e] E9¢]%l+= isoflavone
synthase cDNA$®} S cerevisiade pYES2 vector (Invitrogen)ZE A3haE i
Hindlll/Xbalo. 2 AHgste] A2 % ligation 3FA . ©] vectorE E. coli ToplO
© 2 transformation 3 ¥, S cerevisiaedl A IFSEHAS & S cerevisiae
INVSclo. & transformation 3} T},

TransformantE¢] %2 Ura©l $1& mimimum mediumol| Al 2 A] 3193t}
TransformantsE& %3 F plasmidE #235ta, PCRE %3] IFS #4dA+¢]
E9E FosHtt. Ura selection medium® FAE vy Zt}h 67 mg/ml
yeast nitrogen base without amino acid (Difco), 0.77mg/ml -Ura DO
supplement (Clontech), 20 mg/ml glucose.

IFS o] ¥3 2 -Ura selection BiA|oA] 30°C, 300 rpmel A 3s}F&<t w3t
., o]& induction WlAZ ODgwo] 057} H == HF 3}t o] & 30°C, 300 rpm

o A d}FF ot wlYd ¥ microsomes F2|3FA T

Transformantel] 4] ] microsomal fraction®] 2]+ Yeast Protocols: Methods
in cell and Molecular Biology edited by Ivor H. Evans. (Humana press Inc.
Totowa, New Jersey. 1996. p355-366.)° A7/l€ Wi o=z S 23
microsomal fraction®] 1 mM NADPH®} 200 uM naringening %<& %, 2A17t&
¢t 30Col A wkgA|ATE WkgHS 3 mL ethyl acetate® F W FE38}1L, ethyl
acetate® A A3, ©]& 100ul methanol® &3 ¥ HPLC #4& 3Fdth
=0E v 2k

HPLC+ Photo Diode Array (PDA) detector® 7}% Varian LCHH| S AFE3}

HPLC 4
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G, EAE 98 chral column (sumichiral OA-7000, SCAS, 5Sum particle
size, 4.6 mm x 256mm)< ©]£3}%th mobile phasei= 50 mM phosphate buffer
9} acetonitrile2 AF-&3FA T (10% acetonitrile at 0 min, 30% acetonitrile at 10
min, 60% acetonitrile at 40 min, 90% acetonitrile at 45 min, 109 acetonitrile
at 50 min.) flow ratex= 1 ml/min 2 3} 1, UV detection= 270 nmolA 3}

.

A 3A A3 &2 aF,

1. Isoflavone A 29 24 % F=24Yd F42Y 471449 248 <
Ad .

7F. g7l A RT-PCR¥H & ©] &3 isoflavone 4 FAA9 224 4
224dE 3”9 dVIMdE 23 ® A2 9.

Glycine max, PaldalZ%¥ PCR& %3] IFSE cloningst$ith. & EST
sequencesS ZAste] primerE §ASH L, G max Paldalel A/ £33k total
RNAZ 7}A 2 RT-PCRE Fdstgrt 7 Ad3%=2 ¢k 1.6 kb productE AAth
(17 1. ©] clones IFS-Pd= %93ttt o] gene®l sequence A& )
(19 2). IFS-Pd = 1593 bp9 open reading frame (531 amino acids)<S 7}FA] 1L

9t IFSE 588 kDa &x+&3 9179 pl (isoelectric point)E ZtE Aoz

Ay

Z= 1t} signal peptide cleavage sitex= 249} 25A}o]2] amino acid (Nielson et
al, 1997)% SignallLP program® & d|Z% 21 blast analysisollA & 2H
21 59| isoflavone synthase?} %2 homologyS HGth (¥ 2). amino acids
FolA @A Al A9 residuette] zFolE B S Th soybean isoflavone synthase
29l 140 proline residue’} IFS-PdolA] leucine® @ n}¥ o 156 |

threoine: isoleucine, 18] 12 295 A glutamate & lysineC 2 v}¥ At}
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kb

10.0

3.0

1.5
1.0

+—1.6kb

a9 1. Glycine max Paldal2%H Isoflavone synthase A x<¢ E24.
Glycine max isoflavone synthasefrd A& F=Z43t7] 98td], th&
A=l d7IMES EAske] @l F7Hel degeneracy primers
ol &3ttt 2 A3 1.6 kbe PCR =S d9ow o2 pGEMT
~EASY vectorell AF9)etel @714 L& A 8ATH
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IFST 1 MLLELALGLLVLALFLHLRPTPTAKSKALRHLPNPPSPKPRLPF | GHLHLLKDKLLHYAL
IFS2 1 MLLELALGLLVLALFLHLRPTPTAKSKALRHLPNPPSPKPRLPF | GHLHLLKDKLLHYAL
IFS3 1 MLLELALGLFVLALFLHLRPTPSAKSKALRHLPNPPSPKPRLPF | GHLHLLKDKLLHYAL

IFS1 61 IDLSKKHGPLFSLYFGSMPTVVASTPELFKLFLQTHEATSFNTRFQTSAIRRLTYDSSVA
IFS2 61 IDLSKKHGPLFSLYFGSMPTVVASTPELFKLFLQTHEATSFNTRFQTSAIRRLTYDSSVA
IFS3 61 IDLSKKHGPLFSLSFGSMPTVVASTPELFKLFLQTHEATSFNTRFQTSAIRRLTYDNSVA

IFS1 121 MVPFGPYWKFVRKL MNDLLNATTVNKLRPLRTQQ |RKFLRVMAQGAEAQKPLDLTEELL
IFS2 121 MVPFGPYWKFVRKL IMNDLPNATTVNKLRPLRTQQTRKFLRVMAQGAEAQKPLDLTEELL
IFS3 121 MVPFGPYWKFVRKL IMNDLLNATTVNKLRPLRTQQ |RKFLRVMAQSAEAQKPLDVTEELL

IFS1 181 KWTNST I SMMMLGEAEE IRD | AREVLKIFGEYSLTDF IWPLKHLKVGKYEKR 1DD | LNKF
IFS2 181 KWTNST|SMMMLGEAEE IRDIAREVLKIFGEYSLTDF IWPLKHLKVGKYEKR IDD | LNKF
IFS3 181 KWTNSTISMMMLGEAEE IRDIAREVLKIFGEYSLTDF IWPLKYLKVGKYEKR IDD | LNKF

IFS1 241 DPVVERVIKKRRE|VRRRKNGEVVEGEVSGVFLDTLLEFAEDETMGIK1TKDHIKGLVVD
IFS2 241 DPVVERVIKKRRE|VRRRKNGEVVEGEVSGVFLDTLLEFAEDETME IK|TKDHIEGLVVD
IFS3 241 DPVVERVIKKRREIVRRRKNGEVVEGEASGVFLDTLLEFAEDETME IK1TKEQ IKGLVVD

IFS1 301 FFSAGTDSTAVATEWALAEL INNPKVLEKAREEVYSVVGKDRLVDEVDTQNLPY IRAIVK
IFS2 301 FFSAGTDSTAVATEWALAEL INNPKVLEKAREEVYSVVGKDRLVDEVDTGNLPY IRAIVK
IFS3 301 FFSAGTDSTAVATEWALAEL INNPRVLQKAREEVYSVVGKDRLVDEVDTQNLPY IRAIVK

IFS1 361 ETFRMHPPLPVVKRKCTEECGE INGYVIPEGAL ILFNVWQVGRDPKYWDRPSEFRPERFLE
IFS2 361 ETFRMHPPLPVVKRKCTEECEINGYVIPEGAL | LFNVWQVGRDPKYWDRPSEFRPERFLE
IFS3 361 ETFRMHPPLPVVKRKCTEECE INGYVIPEGALVLFNVWQVGRDPKYWDRPSEFRPERFLE

IFS1 421 TGAEGEAGPLDLRGQHFQLLPFGSGRRMCPGVNLATSGMATLLASL IQCFDLQVLGPQGQ
IFS2 421 TGAEGEAGPLDLRGQHFQLLPFGSGRRMCPGVNLATSGMATLLASL IQCFDLQVLGPQGQ
IFS3 421 TGAEGEAGPLDLRGQHFQLLPFGSGRRMCPGVNLATSGMATLLASL IQCFDLQVLGPQGQ

IFS1 481 ILKGGDAKVSMEERAGLTVPRAHSLVCVPLARIGVASKLLS
IFS2 481 |LKGGDAKVSMEERAGLTVPRAHSLVCVPLARIGVASKLLS
IFS3 481 |LKGDDAKVSMEERAGLTVPRAHSLVCVPLARIGVASKLLS

a9 2. 98 isoflavone synthases geneE 32 ddE olm| A g9 #
A W] L,
IFS1, Glycine max, Paldal2%F 2% isoflavone synthase; IFS2,
Glycine max2%8 2%  isoflavone synthase 1 (Genbank
accession number AF195799); IFS3, Glycine maxZ4%E #2]%
isoflavone synthase 2 from (Genbank accession number AF195798).
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1. Red cloverdl A RT-PCR¥ Y& ©] &3 isoflavone &4 FH R

229 2 F2YHE AR g71448 23 2 AE 1.

= S22 A Isoflavone FAFHAE 2937 $5to], database 739l
st om, oEFHAAE FEAHoR VA Y=
oful iz ik Aol npEate] FF
w23 RNAE AF&3te] RT-PCRES Sttt ¢F 1.1 kbe] PCRAES <
subcloning st @7IMEE ZAAs ol2A 2 AVIALE nRoR
Isoflavone F3-fr3d kel A A71AEE 47 #1849 3" -RACE® 5" -RACE
S AAsYT 37 -RACES A3} 9F 550 bpe A2 ¥ o, stop codong
EZahstar ldoh ®3 57 -RACEE AAldte] ©F 450 bpol =g Ao,
initiation condon< X &3tar gAch.olE A 3o, isoflavone TA-FAAFY A
~Tpetar W3 o™ genomic FEE 3
3}l subcloning 3o 97| ES AAsFT IFS-Tp = 1,575 bpe ORF (525
ofnl =Ah 9} B AeEe 591 kDag® d=Hqom pl = 8959t Genomic I
cDNAY d71AgE v st 23 nucleotided 9763 1,1154F0]9] 140 bpe AN E

o
]
o
%
oX,
Ho
L
)
it
o
Mo

ON

o primerE A Z3e] 104AE A& FE A

GLde AL

N
32,
32,
o
=
=

22 JHA32 ATl Blast A A3 Metidicago truncatula, Glycyrrhiza
echinata, Cicer arietinum® #2 IFS FAFARe} A3 =& FAAES 29
thoopm Ak oA oF 75-80%9] AEdE HAom, °oF 92-97%9 fFAH
S B (2¥ 3-A). dAEA A redclover IFSE  Metidicago truncatula$t

o LA dAwko] 3l

o
o
tlo

¢ 4 Ak (2¥ 3-B). IFS-Tp 9 copy 5 4
A3}7] 918+ genomic DNAS EcoRl ¥ Hindlllo.2 HAwsle] holts A A8
o™ probe IFS-Tp cDNAE AFE3tth blotAdy ©d W=g #AZs

pod

O o) X
EE]—Tg\}]\

o] A2 redclovertoll IFS-Tp 27} single copy”} &A3t=
o (29 4).

_33_



Ca -MRLVEIAVTLVLIALF THFRPTPTAKSKALRHLPNPPSPKPRLPFVGHLHLLDHPLLHOS 60

Ge -MLVELAITLLVIALF THLRPTLSAKSKSLRHLPNPPSPKPRLPFVGHLHLLDKPLLHYS 59

Mt -MLVELAVTLLVIALF THLRPTPTAKSKALRHLPNPPSPKPRLPFIGHLHLLDNPLLHHT 59

Tp -MLLETAVALLVIALFIYLRPTPTAKSKALRHLPNPPSPKPRLPFIGHLHLLDHPLLHIS 59
ok ok ok pkkkk Rk okl plRolcokolor kR Rk

Ca - LIRLGERYGPLYSLYFGSMPT IVASTPDLEKLFLQTHEAVSENTREQTSAIRRLTYDNSV 120

Ge -LIDLSKRYGPLYSLYFGSMPTVVASTPELFKLFLQTHEASSENTRFQTSATRRLTYDNSV 119

Tp - LIRLGERYGPLYSLYFGSMPTVVASTPDLEKLFLQTHEATSENTREQTSAIRRLTYDNSV 119

Mt - LIKLGKRYGPLYTLYFGSMPTVVASTPDLEKLFLQTHEATSENTREQTSAISRLTYDNSV 119
Rk kkkiRk RRRkkR Rk otk kR Rk Rk

Ca - AMVPFAPYWKF TRKL IMNDLLNATTVNKLRPLRSQEIRKVLNVMAKSAQTQEPLNVTEEL 180

Ge - AMVPFGPYWKF TRKL IMNDLLNATTVNKLRPLRSQEIRKVLRVMAQSAESQVPLNVTEEL 179

Tp - AMVPFGPYWKFVRKL IMNDLLNATTVNKLRPLRSKEIRKVLNVMANSAETQQPLNITVEL 179

Mt - AMVPFAPYWKFTRKLIMNDLLNATTVNKLRPLRSREILKVLKVMANSAETQQPLDVTEEL 179
Rkkkk kkkkR Rk kkRk Rk kR kkk k% % Rk % kx

Ca - LKWTNSTISRMMLGEAEEIRDIARDVLKIFGEYSLTDFIWPLKKLK - VGKYEKKIEEIFN 239

Ge - LKWTNSTISRMMLGEAEEIRDIARDVLKIFGEYSLTDF IWPLKKLK - VGQYEKRIDDIFN 238

Tp - LKWTNSTISTMMLGEAEEVRDIARDVLKIFGEYSVTDF IGPLKIFKKFGNYEQRIDAIFN 239

Mt -LKWINSTISTMMLGEAEEVRDIARDVLKIFGEYSVTNFIWPLNKFK - FGNYDKRTEEIEN 238
Rkkkkkkkk RkRRRkkR kkkkkkkkkkkkkk ok k% k% ok ok % FTT]

Ca - RFDPVIEKVIKKRQDVRRRRKERNGELEEGEQ- SVVELDTLLDFAEDETMEIKITKEQIK 298

Ge -RFDPVIERVIKKRQEIRKKRKERNGEIEEGEQ- SVVELDTLLDFAEDETMEIKITKEQIK 297

Tp -KYDPI TERVIKKRQGIVNKRK - -NGEVLVGEEENVVFLDTLLEFAQDETMEIKITKEQIK 297

Mt -KYDPI TEKVIKKRQEIVNKRK - -NGEIVEGEQ-NVVFLDTLLEFAQDETMEIKITKEQIK 295
Kk ok koksokoRk sk dokk Rk RskosoRskr Rk plsoRsoRsoloRsoRoRE

Ca -GLVVDFFSAGTDSTAVATDWCLSEL INNPRVMKKAREEVDSVVGKDRLVDESDIOQNLPYI 358

Ge -GLVVDFFSAGTDSTAVATDWALSEL INNPRVFQKAREEIDAVVGKDRLVDEADVONLPYT 357

Tp -GLVVDFFSAGTDSTAVATEWTLAELINNPRVLKKAREEVESVVGKDRLVDESDIONLPYI 357

Mt -GLVVDFFSAGTDSTAVATEWTLAEL INNPRVWKKAQEE IDSVVGKDRLVDESDVONLPYT 355
Rk Rk Rk Rk Rk kR Rkl okaokokx

Ca -RAVVKETFRMHPPLPVVKRKCTEECE INGYVIPEGALVLENVWAVGRDPKYWDRPLEFRP 418

Ge -RSTVKETFRMHPPLPVVKRKCVQECEVDGYVIPEGALILENVWAVGRDPKYWDRPTEFRP 417

Tp - RAMVKEVFRLHPPLPVVKRKCTEECEINGYVIPEGALILENVWQVGRDPKYWEKPLEFRP 417

Mt - RAMVKEVFRLHPPLPVVKRKCTEECEINGYVIPEGALILENVWQVGRDPKYWEKPLEFRP 415
K kkR Rk BRRoRkE kR ookl lokkk olkolskokk % kR

Ca - ERFLENAG - - EGDAGS I DLRGQHFQLLPFGSGRRMCPGVNLATAGMATLLSSVLQCFELQ 476

Ge -ERFLENVG- -EGDQ - AVDLRGQHFQLLPFGSGRRMCPGVNLATAGMATLLASVIQCFDLS 474

Tp - ERFLENAGVGEGEASS I DLRGOHF TLLPFGSGRRMCPGVNLATAGMATLLSSIIQCEDLQ 477

Mt - ERFLENASQGEGEAAS IDLRGQHF TLLPFGSGRRMCPGVNLATAGMATLLSSI IQCFDLQ 475
ETTTT Y *% kR Rk Rk Rk Rk % kR %

Ca - VAGPNGQILKGADAKVSMDERPGLTVPRAHNLVCVPLARPGAAAKLLSS 525

Ge - VWGPQGK I LKGNDAKVSMEERAGLTVPRAHNL ICVPVARSSAVPKLESS 523

Tp - VPGPNGQILKGSDAKVTMDERPGLSVPRAQNLVCVPLARAG-AAKLLSS 525

Mt - VPGPHGQILKGDDVKVSMDERPGLTVPRAHNLMCVPLARAGVAAKLLS - 523
% k% ok kkkE ok k% % k% Rk RkRE Rk kkk k% % %
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a3 3..99 isoflavone synthases FZAXEHS] oln|=4t 9o (A v,
A. 299 o}u) A E v, Trifolium pratense (Tp, GenBank accession

number AY?253284), Metidicago truncatula (Mt, GenBank accession number
AY167424), Glycyrrhiza echinata (Ge, GenBank accession number AB023636)
and Cicer arietinum (Ca, GenBank accession number AJ243804). A& 2] o}
wAbe 2 H AT B. 98 isoflavone synthase$] Phylogenetic analysis.
Pm, Pueraria montana (AF462633). Gml, (AF195798)3 Gm2, (AF195799)+
Glycine max, Vrl, (AF195806), Vr2, (AF195807), Vr3, (AF195808), 12|31 Vr4
(AF195809) 474 R+ Vigna radiata®5¥ ¥ IFS.
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23,138 |

DAl ] =
6,557

4341

1883 ™

2027

a9 4. IFS-Tp 9 DNAblotE4. Red clover genomic DNAY EcoRI (lane 1)
Hindlll (lane 2)% A& % Hybond N+ membrane®] blotd}l o™ [FS-Tp2]

N-terminal F¥< ©| 83} hybridization 3} th.
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2. Isoflavone &A FAR & =A}L

7F. 59 A Isovlavone &4 FAxLe] d& Z A},

7ol Zb H-9le A 9] IFS-Pde] 2@ RT-PCRel of3 ZARE St A, <,
Z7], ™3] nodule 183 Zo|A] B7]d total RNAS 7|9 %33, membrane
o transfer @ %, IFS-PdZE probe® 3}e] blotingd At} IFS-Pd: 4],

noduled| A LEHE= RS doladrt (18 5). =79 oA e AR

Y.z 24 IFS-Tp 4R 23 $4A7 gRAFd os =@ FA.

s
o
ol
BN
3
=2
=
ol
14
ol
X,
i)
£t
Ll
]
X9
dlo
filo
T
32
o
¥
i)
S
o
&
=
O
=
)

glutathionell ¢ & IFS frdzte] Td S AT Glutathiones A 2] 3
B GAZMAE AW BRE [FS A GAxpe] ukE go] Zrbete AL Bt
(1% 6). UV ZAF APl % glutathiones A 2]3S woh mpa7bA 2 UVE
AF B eA 7] IFS A G- Apo] ura gko] Huw =gkrh

3. Isoflavone ¥4 &4 9 vAEdA THS 93 dg AZ 2 2294
FRAAY HABEAAY Td L HHA isoflavone AL 7]F &
AAE Q.

IFS-Pd¢} IFS-Tpel #&S 47 YaiA, IFS-Pde}t IFS-PdE yeastol A &
el 229 IFSY activity® yeast microsomal fractions #2]3te] =43}
AT}, yeastere] IFS-Pd ¢ IFS-Tp A9 dAAE {5 & plasmidg #2

st PCRYUH S o] &3le] &<l th. yeast transformanto] Al microsomesS
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glgk ¢+ U, naringenin®} NADPHE Yo HbgNS ZAS F 30ColA 24
ZF Wkg-3t ¥ Ethyl acetate® WHSES F W F&3Fo] HPLCEsle] &43% 2

7 2o F 09 peak’} EoJX=H 7219 retention times 21%
peak: substrate®! naringenin peak¥ < authentic
naringening & F7A A 2 Ay & F o, F WA peak 9Al
ANTE o] AL 7+ peake] absorbance
At} (28 8). IFS-Pd¢}t IFS-TpH 3

e T3 7 5E L Jdom, o] AL Hol [FS-Pde IFS-TpE isoflavone

i
(@}
=
12}
8
=
o
S
1
%
af
o
fr
Y
binld
X
({4

+ 4>

synthaseE coding3t= FHALE & F AATE yeastoll A HHH IFS-Pd<}
glste] 9o} e wkgow oy A thE
flavoneEol] W activity® &els] Btk (F 1). 7-hydroxyflavanoned,

e}
M

IFS-Tp% microsomal fraction

7-dihydroxyflavanone naringenin (5,7,4'-trihydroxyflavanone), liquiritigenin
(7,4'-dihydroxyflavanone)©] substrate® A& % o]AS & = At} substrate
2 Ay 2o =2 flavanoned A ringd 79 X7} IFS ¢ #&o 03 H

o o~
= & F Uk

o]
™

Me

_38_



Nodule
Flower

=eed

Leave
Stem
Koot

IFS

CHS

- e e 1T

#
.
i

'’

a9 5. IFS-Pde] =3 5old wrd ¢4 v,

Total RNA+ seed, flower, leave, stem, nodule® rootol A 2% ]
om  o]= formaldehyde agarose geldlA HA7195S Sy} &
nylon membrane®| blotting = %Ith. ©] blotdl IFS c¢DNA, CHS
cDNA, DFR cDNA¢®} actin cDNAE ZZ} probeZA A2 35T}
IFS-Pde= EE xAddA AF Hdxes s & F Ao, seed,
root®} noduleol| Al Wol] WAH= AS & + AT CHSS DFR9

e ue d e Btk
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B Glutathione
Co C24 3 i 9 12 2dhr

IFS
Act

-
-

0 Cl4 3 [ 9 12 24hr
IFS

Act

a9 6. IFS-Tp #+dA RT-PCR W& °]&3 4

ATE ZZo zFoczRHLHA IFS (IFS, isoflavone synthase Tp; Act,
actin gene). B.Total RNA+ GSH-stimulated seedlingsel 4] 0(CO0), 3, 6, 9, 12,
8] al 24 A7 Fofl wElE AT C24% water-treated tZ&T ©]th. Total RNA
= 24N Fo BgE A C. UV-treated seedlings <33 3 0 (C0), 3, 6,
9,12, 1& 3L 24 AZF Fof] 2 E total RNA. C24 A1 EL tlxT2A W45
A 24X s vl ¥ % total RNAE 83ttt
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19 7. Isoflavone synthase (IFS-Pd && Tp)¢}t wilYg £FEE=2] HPLC elution
profiles.

A) genistein (FX)3} isoflavone synthase gene (AX)S X 33}A

&2 S cerevisiae ©] microsomal fraction¥ naringenin®} &7 vl %

st Ao EFES HPLC &EF%. B) isoflavone synthase gene
(AA)S £33 S cerevisiae 2 microsomal fraction® naringenin¥}

@ Wdste] doldl E@Ee HPLC EEE.

{1

O
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7% 8. Naringenin (F2 H41), genistein (F4)¥# IFS-Pd &2 -Tpet w
3t A Zo] A AE (A4)9Y UV spectra.
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Substrate Biotransformation

Flavone
5,7-dihydroxyflavone
flavanone
7-hydroxyflavanone
4'-hydroxyflavanone
6-hydroxyflavanone
5,7-dihydroxyflavanone
naringenin
(5,7,4'-trihydroxyflavanone)

liquiritigenin

© O O ¥ ¥ O ¥ ¥ X

(7,4'-dihydroxyflavanone)

(O showed new peaks on the HPLC profile)

rr

¥ 1. Isoflavone synthaseE X33l ¢
flavone 79 AZ AEE.

R % microsomal fraction
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A 44 A8

isoflavone s A3t d A A3k s dE S HT Ha=E s, EAE
o] A}-8-= isoflavone synthase 4SS W24 cloning?d ¥, A7 +4xF
7 A4S Ad AR ez Edo] Ho flavone 72U 71EAE E3 5]

= T 5l

isoflavone #& 3

o,

—_

= obe AWE dus e 2o,

|

i

1. IFS-Pd2 #H9H¥E Fdx= 1593 bpe open reading frame (531 amino
acids)< 7FAl 2 Ao 588 kDa +AF=¥ 9.172] pl (isoelectric point) & 2zt
= Ao=w F=H9t}l. SignalLP program® # o] =3 A3} signal peptide
cleavage site:= 24%} 25A}o] 9] amino acid (Nielson et al., 1997)& A=
W blast analysislA] T2 2% 24 &9 isoflavone synthase®} =-2 homology

At

2. IFS-Tp® #WHE FHAE 1575 bp9 open reading frame (525 amino
acids)E 7FAaL Ao, 59.1 kDa A2 8959 PIE Zt+ Aoz FFHHS
=

k
ot & IFS AR EHE 433 =2 FF9 homology:s EI{th 7] =2

3. 7] IFS A& yeastoll Al Edsto] isoflavonee] A4S &dstAtt. &
°ol"l A3} naringenin® ZHE genisteinge TA= AS FAsAY. thEhA,

F7] FAAE o] & H§, flavone FE 71AZ o] &34 isoflavoneo. 2 7%

4. 7] AI+E Mol Cells 2003 15: 301-306°1 HAIF AT (Bong Gyu
Kim, Song-Young Kim, Hee Su Song, Chan Lee, Hor-Gil Hur, Su-Il
Kim and Joong-Hoon Ahn. Cloning and Expression of the Isoflavone

Synthase Gene (IFS-Tp) from Trifolium pratense).
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A1 A AMA.

Flavone< phenylalanine®} malonyl-CoAE& A2 S22 3o A= g
3 o FFEER FAEHO Ut o5& chalcones, flavones, flavonols,
flavandiols, anthocyanins, condensed tannins 5 <41 719 subgroupl & 4

2152 flavone $AS E3F anthocyaninZhA 9] A A=ZE
ZPA AL oy tEE T3z E o At isoflavone$tA 4 27F 27 @ tHsoflavone
& T3 A& A phenylpropanpoidol A -8 A HE ER O xR A
22 o] e Ao Ay don T} AEdAvt dHy = Aow &
HA Aok T3 ZAEAdA o] WAdAC & &7 A+ phytoalexin®] 4
T o] isoflavoness ATEHE sto] wt=EoXtt (Dixon, 1996). o] & g
isoflavone< isoflavone synthasez}i= shvbe] & Aol 9]3)A] tlranfepdpt] B8 &
AEE  naringeninol gt E&@o] gaA FAHE Aor d¥A Qo
Isoflavone®] A3 flavanone THAZ HH cytochrom P-450 7% <
isoflavone &4 &4 (isoflavone synthase)o] 93] A== Row d#HA
oo HZ 50, 2 2 5 A=EFYH o] 84 A FEYEHAT (Akashi,

1999; Jung, 2000). Isoflavone ¥4 F+dA7F EA18kA] &+ of7] Ad, &, &

T T 1 FHAE =93 A daidzein©] U} genistein® 2 isoflavone®
S vt Aol FlFATH (Yu %, 2000).

Isoflavones} T3 A& Zloz ezl gAY E49 JrEzA

Az AR AAE z2dets Aow odud gk tEA isoflavone 3}

¥=<¢  daidzein, genisteins& ol ZE® A (estrogenic),  FoZE A

(antigiogenic), ¥4F3}(antioxidant), &% (anticancer) E31E Z&= o=z I#H A
2l tH(Anderson, 1998; Arora, 1998; Fotsis, 1993; Kirk, 1998; Messina, 1994). ©l
2~EZA g3te] 9ste] H A7 AgolA #AFFE FuTs, AERHEAISE 9
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3l PCR

IFS (JA6)+= pGEMT-easy (promega) vector®l cloning

(JA6)

S

A1

=

=

.
el gAY M A

=

=]
cDNA

i

O]
u

A=

oo
EcoRV ¢t Spel ©2 digestion

R

RT-PCR=

1. IFS #3d<& 9

A 2 A,



subcloning 3} th. subcloning ¥ IFSE Hindlll&4 & 83 & Klenow:
AHEsle] ERES HEeA WHETS Notl o2 daste] 49d fdAsE &
gkl ow, Aol 438 2 doz 2dAT 4 = ubiquitin promoter
7} pMJU vector®] 7 9= BamHIE A2 3 t}3 Klenows Ab&3le] &%
e B wE F Notlez dwste] o2 vwjg]l FHlE IFS 732k (JA6)

_‘?_
= A2 AAdste] Ao HAAEE vectors A Zs T}

d

il

2. FAANA IFSHAAE EAA7I7] A% ¥ FEAHE HE Az
TARNA IFS FAaxE FEAAT7] A8 AEFRuteld F2Y3 RC-IFS
(JADE AH&3d 0. JA7 A A= endosperm-specific ZZFE 2l gluteling 7}
A Q= pSEC 19 vectorz F =Yt ¢3te] pSEC 19 vectore= BalllZ

digestion 3+ T3 klenow &EA4E AP st EH TS HESHA P o,
AMZ Sacl EA42 digestionE AAISFA T JA7 pSEC 19 vector= EcoRV &4
2 AY3 e Sacd E42E A3t pSEC 19 vector¥ AZAs AT o]HA A
A¥ plasmid (pSEC19-IFS)E ¥ ¥ @ HEE vector?! pCAM-LA vectorel] 4
dat7] flstel F 7HA S AREstA T A WA= glutelin ZERE O A
2 (Bkb)S AYstgdoen, = 3y provitamin AS riced] LHAF]7] 98]
AHE A E glutelin ZE X E & partial (¢F 2kb)E AF&sto]l Attt A #A
= pSEC19-IFS¢t pCAM-LA vectorg Zt7; Hindlll9h Saclez s gitt. o

27 dd¥d DNAZRZNS d43ste] vlo] FAAEE vectors: AZ3tch + W
A= AA glutelin ZTE2EE 717 Ho] FAASLE vectorol| A Hindlll ¢ EcoRI
o2 Huste] GFRES A A thS o]F klenow AP dte] & oS HE A

ThEo] A2 A4S partial glutelin Z2XEE 713 B FJHEE vectors:

A2k 9 o

3. W F2AE.

7} pMJU vectord] 44 IFSE ALE3 59 FAAS
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H (dEH)e A4S ¥A i e 99% ethanol & 187 FHA=ES 3t}
S ST 233 AFHSIGT 2% HotdA A HEEF (NaClOo)dl =4 30=3H

agrobacterium®} &7 2N6-AS wj Ao XAtsle] 25C 9 dAEl2 3U7F FEn)
Fs HAAEAT. FE S A AE 250 mg/ 4 cefotaxime©] H7bE HitFR
3~53] A& 3ste] agrobacteriume Al SFITh Alwtgt e 2~ filter paper 9
NA FERS AAT S FAAS Ael 2 duA] (2N6-CP medium)ell x| 43}
of 28CSHeol A 353 widksiaith. e Aexs oA AR fFRuiA
(MSKS-CP medium)® &7 F0] 28C2] w2 efol Al wjkatdch 375 thA
AEst A=A A (MSF-CP)Z %74 353 28TolA nmjste] ekxds) 2
A4S AT

Y. pCAM-LA (glutelin) vectore] 4 Y@ IFSE AI&3% W FFAE.
W
H

A F5 W A vl 2 agrobacterium® FEHI S-S Aol Wy F
A3HA Atk &SI A AE 250 mg/ L cefotaximeo] H7tE HiEF =
~53] A& 3}e] agrobacteriume At Tl AT A 2~ filter paper 9o

A ogEes AT ve 13 S Al (2N6-CHI medium)ol] A
‘gatel 28CH el 1043 v FstAtt. 1043 miFdh Ao 22F A4
A9l 2N6-CH2HI Al & & AT ohs 353 230 ks AAeqd ol g A e
Ao ~e oAl AEst = (MSKS-CH medium)® &7 50 28T 9] ¥&
FEfoll A wikst it 355 Al AEs AEAFdmA (MSF-CH & &4 35
b 28CelA v st @ds] A=AE AU

4. JAAFA Y &< 2 IFSY Id AA.
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7F. pMJU vectore] 441 € IFS (pMJU-JA6)7t 324 8d FAA#A &
2 IFSe 2d HA.

HAASE W Ydo® RE Genomic DNAE E#3 3t (Qigen plants
Genomi kit). IFS9] E=io]F-= PCRYEH S ol&3ste] sttt 3k IFS 4
Aol wES 1A Y] 98] total RNAE #83te] RT-PCRS F33t3ith.
RT-PCR< Ominiscript transcriptase (Qiagen, Gaitherburg, MD, USA), 15
pmol of oligo (dT)i5, Z2]2 20 U of Rnasin (Promega, Madison, WI, USA)¥}
total RNA 2 uge] 235t¥ whgolA Fa ATt Aojzl cDNAE AF&3te] PCR
(Polymerase chain reaction)2 %3 IFS #xx}e] @d S HAs 4t PCR 3
e thea 2ok A8 H §4 % hot start polymerase (Qiagen, Gaitherburg,
MD, USA)e] 2™, 30 cycles (denaturation : 1 min at 94°C, annealing : 1 min at
55°C, amplification : 1.5 min at 72°C)S 33}ty £k PCRA| AS-¥ primer=
forward primer (5 -CGTGAGGAGGAGAAAGAACG-3 )3} reverse primer
(5" ~-GCAGGAAACTCACGACAACA-3 " )o] 3t}

FAARA L TS FAstr] skl zzhe] FHHgA ] gDNAE JA6E
g3 o R o] &3t southern blots T8ttt AAWHS bS53 k. w9
A AA B EA stol Hapel wRpAbES o] &8kl Ef stAth i E Al
%5 DNeasy” Plant Mini Kit (QUIAGEN A}) Al%& o]-&3te] ¥ DNAE 3

sttt FE9 724719 genomic DNAY HE2 dEXH 02 15 mglo = 94

e
2

%, Algt&E A BamHl (TaKaRa AH< o] &3te] 37T 16A17F &<t v 3ho
genomic DNAE AW3td . 447 AlEE 0.8% agarose gel A7|95S 33t
% denaturation &% (1.5M NaCl, 0.56M NaOH)& o]&3lo] & rjgog ne
Atk ZukE oo} F3} wWH(pH 749 IM Tris-HCl, 1.5M NaCh& ©]&34
gels T3HAIZ § 20xSSC &9 & o] &3te] HybonTM-N+ (Amersham ARl %
o] &4t JA69 FHAE o]&3sle] DNA9 [0-*P] dCTPE random priming
PHow gAs @34E Agstel PROBER" (NRON Ah) AFo =2 AA
3}t Membranes 68T 2| prehybridization &9 (6xSSC, 5xDenhardt, 0.5%
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SDS)ell ¥ a1, 100 pg/ml 1] A=A DNAE #71ste] 68TolA 5A17F F<b iyt
st™ prehybridization $ ¢ @ 7tge] SHAE HIbste] 2 7oA 164]
b &k 1Hk 1Y WkSo] ¢ 5 ¥ membranes 2xSSC, 0.5% SDS &do =
Aol A 5EZF M F 2xSSC, 0.1% SDS g9 o 2 65Tl A 15687 7 H Al

ZH3tAth 47 membranes ©|&3dto] X-rayZEol -20CelA 3 33t

Y. pCAM-LA (glutelin) vectore] 4 %@ IFS (pCAM-LA-JAT)ol 82 A
gd FAAEAY &<

A 15% ¥} partial promoter”}

AdE s ARdA 15F5E Adste] 744s PCRE 38kl IFS (JA6)o

FAASEG=XE At AM2H  primere=  forward primer (5

o
o
—t+
o,
=
=5
g
=
@]
=}
o
—
(@}
=
N
N
>
1A
i
2
x2,
rr
2
BN
%

-CGTGAGGAGGAGAAAGAACG-3 ")} reverse primer GH
'-CGAAGACAAATGGGAGATGA-3 " )¢l em PCR &2 94C 1 min, 5
5C 1min, 72T 2min, % 30 cycles ¥&E3AT. Ao PCR product= 1.5%
agarose gel 7195 S St 439}

FAARA L TS FQstr] flstel zzhe] FHA A gDNAS JATS
FH o7 o] &3t southern blots sttt Wl & A Aih A 3lol
ghakel wApal g ol gate] E sl #4¥ Al8E DNeasy® Plant Mini
Kit (QUIAGEN Ah A& o]&3te] Ble] DNAE FEstiltt. F5d 2479
genomic DNA?] %22 UdEHOoR 15 mgl=® 9aE 3 AFTA BamHl
(TaKaRa AH& ©o]-&3}e 37CoA 16A17F &9t vl 3} genomic DNAE A
w3ttt A7) AR E 0.8% agarose gel d719 %S 33 % denaturation &
H(L5M NaCl, 0.5M NaOH)& o]&sto] @< 7pgo s nkagit. Enf2 oo
3k Wo(pH 749 IM Tris-HCl, 15M NaCh)E ol &3te] gels A2 F
20xSSC &HS o] &3lo] HybonIM-N+ (Amersham Abel] o] sttt JA7Y
GAAZ o] 4359 DNA9 [0-*P] dCTPE random priming o2 ¥ 2|3}
g3 AE Al #ete] PROBERTM (INtRON Ab) AlFo & A 3ttt Membrane
S 68T 9 prehybridization &9 (6xSSC, 5xDenhardt, 0.5% SDS)ol ¥ iz, 100 p
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g/ml el AA DNAE FH7bskel  68TCelA  H5A3F FoF ke
prehybridization & § ©< 7hee] ®3AE H7bste] 22 20lA 16417 &
oF iyt &3tk WhEo] ¥45 ¥ membranes 2xSSC, 05% SDS &Hoz A2
o 4 5E7F AlF $ 2xSSC, 0.1% SDS & o2 65ToA 15687 + ¥ AlH3}
ATh 7] membraned ©]§38le] X-rayZEol -20ColA 733 s ch

5. A AEA 9 FAZRH isoflavone TF AZF.

W T A Al ¥ar, waiel Abks o] gate] wAletal EAdsHA
At 2 FAE W T2 2 g8 50 ml I Y3 80 % (v/v) methanol
10 ml& H7bet & &50] 4ot 80 WollA 1038 &<t a3 ®a&7F 3
HAaL, 37TCTAA 16417 &F X' v HATh o] FHA W& vigH A8 &
44 =42 Whatman No2 o3 Fo]& o] &3] 1a o # =G, FA7] o3
AE Fall vA] 22k of 3 HAvk ol #H A HAe ] ARl speed vacuums ©]-&
skl 10413 &<t methanole] = ATh methanole] X7 SE A5 0.1
M acetate buffer (pH 5.0) 10 mlE 7} %13, celluase 200 unitsE& % 7}5 S
ko] AL 37TAAA vl 16417 5 ' wFE At s dE A5 ethyl
acetate 4 ml2 FE3lE= #HAo] 3ukE HQ 1, 1 ZFo] ethyl acetaterx %
At olHA Ao A S & acetonitrile 1 mlZ HE & gARE] FAHS AAA
HPLC A8 AR5 At}

U E Ag9 g2+ (39, 9549 + 05 mM genistein, 859 + 05
mM naringenin, Y548 +naringenin¥ genistein® &N 05 mM)ES &3
2 A EA AT

olg& A Fw|3 A 8559 HPLC profile2 photodiode array(PDA)$ Sumi

r*O

Chiral OA-7000 column (5 pm particle size, 46 mm x 25 cm, Sumika
Chemical Analysis Service, Ltd., Japan)°] %% Varian ProStar HPLC
(Walnut Creek, C.A)E o]&3ste] A5t HPLC HAde =42 50 mM
potassium phosphate buffer (pH 3.0) (A)¢} 100 % acetonitile €< (B)Z 4]
HArh &5 WS 279 ABO HlE&S 90110 (V/V)o = Ade] Hygs vt

g
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Z9 3 AZFFA 102 ok AB HES 70:30 (vv)o.E &=
= Bk 40160 &S, HFHoRE 5E7FA 10190 (v/v)o] HEE ASAA F
gom 1 F 5EEQ 90110 (v/v)eE LEA7E HAHOR o|Fo] AUk F&

I/minZ 4 3912, B AEEL 270 nmolA A H A 3L, peakl

A7l F 408 71A

4+
H
rlr
B

UV 23 EZL2 200 nmol A 400 nm7FA] 7] =% At}
6. §HAAEA =AY MAEY ZA}L

7t gt ol 2§ A FH.
dhelgjo} =28 wlA]E= 3 g tryptic soy broth, 15 g agarE 1 L& @5
=2l & autoclave A 2l3to], o] AS TH7|AA 56C7HA] 213  cycloheximide
& e, &5t FHlet B¢
3| S 9%t 085 % saline 3|4 4%= 85 g NaClE 1 L9 "ol = $

autoclave A2 3lo] Fn]3}% T}

ol (200 mg/ml) 1 ml& #H7fsbar 2

ot

stock

U, FFo] =g njx F4],
Z3o] =g wjx = 20 g malt extract, 0.2 g chloramphenicol, 15 g agar

£ 1LY "Easel =59 F autoclave A #]akal E53ste] ]38t

t}. Actinomycetes =& & Wjx] FH],

Actinomycetes =28 ¥lX]= 0.2 g sodium caseinate, 0.5 g KoHPO,, 041 g
MgSOy - TH20, 0.017 g FeCls - 6H-0, 15 g agarE 1 Lo "o %<9 5 pH
6.5% #4743kl autoclave A g]g § L35t FH| 8T

& 4z AX g 3.

T el B AlmE 27 10g8 FHAste] 95mlel 0.85% saline 841470 ¥
%, ImlE #Aste] AHZE 9mlo saline 3450l Fol 3| aqth oA U9
108 AF2 S0 101 107 107, 107, 10789 34 &S whs9t),

3

O

1%

_55_



10°, 107 107 W2 343 g A 0.1mlE FHatol 2+ F72] wjA (e o}
=g wjx], FHo] =28 WA actinomycete ==& wjA])o] 3H A HE3A

F oA A=A wjded o, de gl =g njx| et
wgo] =g Hlx = 157497 actinomycete =08 wjA &= 25U w3 oh

b wj Aol Ape ko] s Aol B o] JaE wE - AR d¥e

7. 9AABA} 2R FA AL 9FE 2AL

7 AA uRZTF =L dX F).

da aAgw =g wWAs ve53 22 PHes EREdyY 10 g
mannitol, 0.5 g KoHPO4 0.2 g MgSO, - 7TH20, 0.1 g NaCl, 0.01 g CaCOs3 0.2 g

yeast extract, 15 g agarg 1 Lo ol = F autoclave A &3},
cycloheximide stock €< (200 mg/ml) 1 mlS #H7lsta & &3, E531¢ =

n] skl ot

L R e - il RV
F Y EY ABE 42 10g¥ HAste] 95mle 0.85% saline 34570 @
F, ImlE #Hat A2 9mle saline &4 Yol 8|43} oA U~
108 3|A42 9= 107 107 107 107 10789 3|4 1S w9t} o]
10° 107 10° wj& 348 Ao A 01mlE et A4 nAT =g wfA
3 A HEFSAT JFHE v ES F2oA ZA u
Sg wj A= 39zt vtk Zb mi Aol Ak FEhe] JigE Ao 3|4 wi
o

o] A5 Fo F AR AFoR o] EYF 1g9 MAES 55 4

[e5

lo

= of)

o2
ol
2
o
=
i
B~
]
o
=l
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Medium

Composition

2N6

AAM

2N6-AS

2N6-CP

MSKS-CP

MSF-CP

N6 major salts, N6 minor salts, N6 vitamins, 1g/L casmino
acids, 30g/L sucrose, 2mg/L 2,4-D, 2.878mg/L proline, 2g/L
Gelite, pH 5.8

AA salts and amino acids, MS vitamins, 500mg/L casamino
acids, 68.5g/L sucrose, 36g/L. glucose, 100uM acetosyringone,
pH 5.2

2N6 medium plus 10g/L  glucose and 100uM(20mg)
acetosyringone, pH 5.2

2N6  medium plus 250mg/L  cefotaxime and 7mg/L
phophinotricin, pH 5.8

MS salts and MS vitamins, 30g/L sucrose, 30g/L sorbital, 2g/L
casamino acid, 11g/L(5mM) MES, 4g/L Gelite, pH5.8, 2mg/L
NAA, Img/L  kinetin, 250mg/L  cefotaxime, 7mg/L
phosphinotricin

MS medium plus 250mg/L  cefotaxime and 7mg/L
phosphinotricin, pH 5.8, 8g/L agar

E 1. pMJU-JA6E of129H &S o] &3to] Henol dddssr] 95k

ARG A e 2.
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Medium

Composition

2N6-CH1

2N6-CH2

MSKS-CH

MSF-CH

2N6 medium plus 250mg/ ¢ cefotaxime

and 50mg/ ¢ hygromycinep H 5.8

2N6 medium plus 250mg/ ¢ cefotaxime

and 250mg/ ¢ hygromycine pH 5.8

MS salts and MS vitamins, 30g/L sucrose,

30g/L sorbitol, 2g/L. casamino acid, 11g/L (5mM) MES,
4g/L Gelite. pH 5.8, 2mg/L NAA, 1mg/L kinetin,
250mg/L cefotaxime, 250mg/L hygromycine

'MS medium plus 250mg/L 250mg/L cefotaxime
and 250mg/L hygromycine, pH 5.8 8g/L agar

X 2. pCAM-LA-JA7S ol 2dte gl w5 o] &3t Yo F2Hgs}7]

CECIREE N EEES)
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A 34, A3 2 uF

1. 3248 99 Az 2 A= =9

7 3AAE AEH A=
Subcloning ¥ IFSHHA (JAG)E o]&3sto] vle] dxz 9 7| ZiF

$e sEom wEANY 4 9

rir

A 72 ubiquitin ZE2 R E ¢ bar gene
selection "}AE 7FA 3 Y= pMJU vector®Z IFS FAAE E9s712 A48}

Aok (29 1). IFSO pMJU MH 2] =i = AdE L Smal?t Noll o=
DNAE Awsto] g1k Ay IFS FHdA7E Aol HASS A8ttt (19

2). o]Z A A&E vector= freezer and thaw WHS AlE3le] Agrobacterium

= e Ay agks wE Rof NG| A A 33U A widdAE A A
Agko] A& TE agrobacterium@} 39U 3Fe] TGS AX FAZZ )
A (2N6-CP)oll 9071 Aej~E &A Fof 28T HdeelA
ok 3% 407 Amvb Adu Aol A AWME A g A2 AGE BYgon (1
g 3-C), UH A ZAYre BF AW AY AGS HolA] auth M= A
e Hol: Ayt AEA B3 fFE= (MSKS-CP)MIAZ &7 353 w3t

w
N
N

=
==
o3
ol
o
32

= =2 T M
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RT _ Ubi—pro

I8 1. IFS (JA6) FAAE ¥ FZAF ALL3H7] Y8t A" E pMJU
WE e 7+¥F%. (Ubi-pro : ubiquitin promoter; Uni-intron :
ubiquitin intron; Pin II : terminator; 35S-p : 35S promoter; bar

: bar gene; 3'NOS : nos-terminator)

_60_



a9 2. IFS (JAG)FAA7F 44 ¥ pMJU-JA6 recombinant®] 1% agarose
A719% A7 37 AZFAE Smal/Notle 2 ZE H .
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AtHZ™ 3-F). o] 3 A=A+ 209 F7] 2 2-33] E3n| 53 AH]3F9 o).

2. %A Bold =Ry A%

H ol Fape Al Be e RC-IFS FHAE EdA7]7] f18te] full length
glutelin Z2REHE 7} 3 9= pSECI9 vectore]l RC-IFSE =<3k ith
RC-IFS¢} full length glutelin 222X ¥ (5kb)E hygromycine gene selection V}
AL 7k gl ¥WEdE pCAM-LA vectorel E=9atdth (18 4-A). RC-IFS
o] wWiygy®E pCAM-LA ¥y EfjoF = AgEA  EcoRl(lane 1),
Hindlll/Kpnl (lane 2) %-& Hindlll/Sacl (lane 3)2.% DNAE Hwsle] <13}
At (¥ 5-A).

CYdE FAAFHEE o] &3] provitamin A o] AL H partial TEXR
HYAY @QCkbvrs AFEsE FAAIAEHE At (¥ 4-B).  partial
Glutelin Z2% ¥ ¢} RC-IFS 349 = B= Adash Hindlll®F Saclez
DNAE Adsle] ol (28 5-B). o2 A #AlzE vector: freezer and

thaw WS AF83}e] Agrobacterium o =9 38le] & ol AL8-3}S .

3. pMJU-JA67F F2 1 8d FZAAZRAY &2l
pMJU-IFS construct® @A H3kE wol X Genomic DNAE #E3te] IFS
full length F+Ad27F APE A=A 55 PCRZ FQlstdvt. 1 23 8749
AAgA S TH AEAA IFS x5 7M1 d&S Elsdn (19
6). AAFAY FH4A copy T, B2 FHAFAAA T FAs7] 54
southern blots 33 A3, PCRZ 1 7% EFolA Fdx7F A==

co] F 3wow wuE FAAAA W e FEz 49

N

4. pMJU-JA67} 218 JFAAEANAN IFSe TdHA
3. oA sQle 7he] A Bl IFSHAAke] wd 2> RT-PCRel 2 &)
ZAE AT 770] el A total RNAS FEske] 2dS sttt (2" 7).



a9 3. ¥ AXZ=25H IFS A7 9248 AAdE JAAd8A49

A

=2

1.

A: 9454 (Oryza sativa) 2% E callus9 F=.

B:

pPMJU-JA6E R332 & olazd g IS o] &3 callus Z
4 ALA.

D Pptell ARAEE Hole F2AEA A9

D: Callus2 78 A E pptoll AJAE LS HolH £35Ho] AHHE =

Ae 49 A,

: DMJU-JAGE #4351 gt ofa2odss 494U F 10F

Sk wdd H.
FAAGF 15FF EF FH &A A T 3248
g H.
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CaMV35S
R
Poly A LT

39 4. IFS (JA7) F3AE ¥ A& A&317] 93t Agd
pCAM-LA 9E 9 7+F=. AE glutelin full promoter7} A 59
9lE Aoli BE glutelin partial promoter7} A4 & o] g+ Aot}
(GIt-FP : Glutelin full promoter; NOS-T : NOS-terminator;
HygR : hygromycine resistance; CaM35S poly A : 35S

terminator).
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[ T Ry

a9 5. AZFA pCAM-LA-JA7S 0.8% agasore gel A7) 9% 27},
A : Glutelin full promoter7} 4 59o A= pCAM-LA-JA7
(M: marker 1 : EcoRI, 2: HindIll/Kpnl, 3: HindIII/Sacl)
B : Glutelin partial promoter7} A9 3o} 9+ pCAM-LA-JA7
(C : control (Glutelin full promoter), 1 and 2 : HindIII/Sacl)
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¥ 6. pMJU-JA67} 2 A3 A 8% FAAZAS PCR £4 (1.5%
agarose gel A7]1%9%F; Line 1-8: Z+Z9] FAAZA, C;, hET)
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2% 7. RT-PCRE o] &3 pMJU-JA67} 248" 759 dAAZA
o] IFS 23 £4,
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7. pMJU-JA69] MZL FAAE 9 FAASA F<l.
Fo] #aA & AFE D gtol pMJU-IFS constructE ©]-&3to] A=
& FAARE AEseh 1 Ay, AR FAREA 1558 Ao, o &

o] AAAE AHshe] gDNAZ Relsgith IFS FAA7F 4
=

EA A IFS FAAE 7HA 1L 98-S st (29 12-A). A7) 243
Aol AES gelslry] $18+9] southern blotS =33 A3 (19 12-B), 4% =
T IFS #4827 Add AS &9 & 5 Ao, 4F0] & ATY AL

o == A vt

it

8. pMJU-JA67} 82 A" M2 FAAZA Y isoflavone T F FAL.
A2 FEAAZA 45 (7 13)ol] diste] &4 8tz st oy 47] 4% 9]

FAAZAE A FAHAS BA] K rh A wFsta, v Aol 3
o)A E HA AL wWFo] Formg EWE EAAHS wARZA ¢kort &
Ak Falo] WA A FS 0 R isoflavoned] THEAS AA & ¢ QA

9. pPCAM-LA-JA7°] ZtZ FAA2E FAASA Y isoflavone FF £4.
TAAA SolstA TdH= Z2EHE 7H] pCAM-LA-JA7 (29 8)°] ¥
st FAAFA AN Tl BAHJT APdE FHS o] &3] isoflavone
o] FFS EAsAT WA dxTEA Jed (2" 14-A), HEH + 05 mM
narnigenin (¥ 14-B), 454 + 0.5 mM genistein (¥ 15-A), 9% + 05
mM naringenin¥ genistein®] =% (¥ 15-B)S o] &3] HPLCE 33}
sh g &, IF7F 4489 W 9F7F9 T4 (249 16-A)3 IP7F &4

H
HN

—

o

g5 W 11Z (29 16-B)ol thale] isoflavone¢! genistein® ATA 5= Z
Zy ATk IFeE IP 2% flavone?l naringenin® ZH-E]  isoflavone?!
genisteing 2 AgAIE Aoz Yelyt. AEA W genistein®] 42 [F+=

72 ug/g seed, IP= 6.3 ug/g seedz Z+7; L ERGE



a9 8 pCAM-LA-JA7°] §&dA%dA W ALA (IF : glutelin full promoter,

IP : glutelin partial promoter).
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123 435617 881WMN1213141516¢C

Glutelin promoter(Full length, IF)

1 23 49 67 8 910M1218141916 C

Glutelin promoter(Partial length, IP)

a9 9. pCAM-LA-JA7°] 3AH3HA 165 FFAHEFAY PCR £4 27
A. Glutelin A A promoter7t 4 ¢ € =% A. B. Glutelin & #
promoter’} Y E AZFA (1.5% agarose gel 4719 %F; Line
1-16: Z+zte] A ASA, C; hHZEZ T, M: morcular weight marker)
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A

238 10. pCAM-LA-JA7°] 32 A& 1659 FZAAEA 2 Southern blot
24 A3, A. Glutelin A promoter’t A4 ® =3 HA. B.
Glutelin 9% promoter7} 4@ A =x%A.
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I3 11. pMJU-JA67F 2 A8 E FAASA S FHo] W3 Fo ALA.
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g 910111213 14 15

TS TG EA
$E B% F% Y

a9 12. pMJU-JA67F 82 A3 dE 1559 JAASEAY PCR £4 274 (A)
2 southern blot 43 A 3},
(1.5% agarose gel A7]1%9%; Line 1-15: ZtZ} o] A AZ A,

C; &7, M: morcular weight marker)
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19 13. pMJU-JA6E TA 2 A &8t 455U FAAE H 9
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a9 14. ¥4EY 279 HPLC & E%.
A) HEd dxy T AAe] HPLC 5% B) H$e8 FA
internal standard® 0.5 mM genisteing Z7}g HPLC Z&
naringenins Y ERY.
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-34
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Minutes

a9 15. 4E5H 29 HPLC 38X,

A)

4%

Sl

internal standard® 0.5 mM naringening 3 7}3

HPLC &Z&%. B) 9%4 =29 internal standard® 0.5 mM genistein

¥} 05 mM naringening #7}3 HPLC ZE&8%

. N2 naringenin, G+

genisteing YEFH.
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200
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200
150
100

€z

S0 10 20 30 40 50 e

a9 16. 45014 Z2EE7l 218" $E¥ e HPLC

1y =
A) IF7F 847-3%E dsH e HPLC 58§%. B) IP7} d4A
B o] HPLC &&%. N& naringenin, | (red-arrow):= A&
(genistein®. & F4).

_78_



10. FAASA 248 B EAL XA}

Foll A IFS7F B3 H =S e pMJU-JA67L &
gE e, [F7E dAd88 He, [P d4dd%8d S 2dow
FE g Eobvhs FE ket 2 Ad, 9 1744 B ko], tlxT ol
A= 6+3x10° cfu (colony forming unit)/g wet soil®] uFelglo} AES ol &
FoAden, pMJU-JA6E 10£1.5x10° cfu/g wet soil, TFolAE 85+1.5x10°
cfu/g wet soil, TPl A= 7+3x10° cfu/g wet soil 9] drg|glo} 2 el &
AATE F, T ol BlsiA FAASE W @l A BheE o] ko] ofzt
sttt AS ¢ g dSdH sHAY, B

PN
T
Tk folg WA el FE HA F 5 A

+

M 1x10° cfu/g wet soil®] F3o]F HAS el 3 4 dow, pMJU-JA6
= 4x10° cfu/g wet soil, IFo| A= 3x10° cfu/g wet soil, IPAAE 6x10° cfu/g
wet soil o FFolfF FE &<l T AATH F, Tl vl FHHEE
W AWl A F33ol 7o o] ot TUtete e & 5 UM sHARE B

Fol FbE BAT F ANw, dETSH FUY AN Gne S5 g I

i
32

J
rr

ol

o
b

t}. Actinomycetes.
HzTFe Y, W BE oA IFS7F $H3 =& 7= pMJU-JA67F &
AAdgte s, IF7F dEd8E Sey, [P7F dE-A8E Jaue] Ao

=
F-E actinomycetesWS @ dsle] B Ay a9 1994 E ¢ X%l thF
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T = 1x10° cfu/g wet soil® actinomycetes 7|FE 391 & 4 9dglow,
pMJU-JA6E 1x10° cfu/g wet soil, IFolAE= 2x10° cfu/g wet soil, IPolA =
& 4 Y. xR ¥
AATH

o

2x10° cfu/g wet soil ¢ actinomycetes & &

dHgd wolA ot SUkE AdwE & &

4

11. FA-AEA 7 dAaA T A= 9F AL
Holl IFS 27k A=l wdo] Hof isoflavone F5 A4sHA =W 2
< g Ak wEbA, o] & Flekr] St AW e
o], tETA =
IR NAE &1 T dden, pMJU-JA6
= 18+4x10° cfu/g wet soil, IFIAE 16+4x10° cfu/g wet soil, IPo|A=

At zelE: AHREgT a9 20004 & 5 9l
—/J\_ =

3+1x10° cfu/g wet soile] #

]

8+1x10° cfu/g wet soil®] AATATFS 3 & & At pMJU HES o] &
St A7 AAuATe ANASI Mg B AR e o] pMJUS
Jo]7] W&o IFS7F =

(Kl

ZREI} BE

BN
°
2

T,
i

fu
4
%0,
rir
Jm
o
o
N
T

£ 2o x wdo] Ho} 53] Wl AN ol

¢

AU £ o B2 dor EAFA 3 Aow FAGH
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whe ok A%

Y4549 control

6+3x10° cfu/g wet soil

pMJU-JA6 10+1.5%x10° cfu/g wet soil
IF 85+1.5x10° cfu/g wet soil
IP 7+3x10° cfu/g wet soil

a7 17. 10° A s wjg F AAE wEorF (A9 4749 FAARA
oA BAHE WHEotie HE AAF (B). C 98 =+, S IF

7 @A E 2 AEA.
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TFol i A

Y4549 control

1x10° cfu/g wet soil

pMJU-JA6 4x10° cfu/g wet soil
IF 3x10° cfu/g wet soil
IP 6x10° cfu/g wet soil

ot

AR g 3

ofh
i

=

a7 18. 10° At Wl F AHE FFoF (A 479 FAARA
A AR FRolFe AT AMAF (B). C Hed Wz, S IF7
Giky




ALF AA+

Y% 1 control

1x10° cfu/g wet soil

pMJU-JA6 1x10° cfu/g wet soil
IF 2x10° cfu/g wet soil
IP 2x10° cfu/g wet soil

a7 19.10° A e W% F ALY AFF (A9 4749 FAASA
A AQE AdFe] B AAs B). C 98 dx=+, S IF7F 9
ke FAASA.




A7 F AAF

Y4549 control

3+1x10° cfu/g wet soil

pMJU-JA6 18+4x10° cfu/g wet soil
IF 16+4x10° cfu/g wet soil
IP 8+1x10° cfu/g wet soil

(A)st Z+zte] JAAR

_'EI_
AR FF AAF B). C G HE=T,



a4E.

A 4 A,

Z]

o)
NIl

p—

= =
= ©°

S 2 isoflavones 4yt #FE

[a13
=

isoflavone®]

QzHAT  ahehAl,

Ao

1
R

F-7F 71 A

A

il

£ Hd

isoflavone synthase 7=}

1}

3P

KeX
=]

=

4 A8y 3%

3

&

il B

9]

1. WAl isoflavone synthase FHAE W37 ¢

= isoflavone synthasefZ A& maize ubiquitin

=
©

ik

s skl

2

‘E]_E]l__
T Aol A

1o A isoflaovne synthase-# =#}7}

[

promoter©]|

Sold o

1
.

Agatsied o

=
=

. Uy A F FF+= glutein promoter

o7 A #F449 promoters o] tt.

)

oA IFS A7}

2HE IFS FA4A7F 449

@,

2

&le] northern blot

, ol TFE ol &

717

T qhol el el A

FAI R, 2003 o

Ak

=
T

o
o)
o

el

7, =% IFS7h

w

3f

e
o

il

130

0

ZHA 2 A=

=
=

A4FN A IFS 2}

I 15F%

of & 4

to] southern blot&

23]

°]
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TR 5ol ZERHE o83 FAMASAE A FAS|A ZERYH
AA A7 s de FAASA AF) 16%, FiE A7 Ad=9A9
= dAHEA IP) 16%, & 32 T FAASAE AJh PCRE o] &3t 4
7] FAAZA Y IFS A2 APl ste] & A3 25 IFS #4145
ZHA AL e Al w gl dn. A7 dAHSAE o]-&5t southern blots T

= 16709 FAHEA F 9Fl diste] IFS FAA7F A
HASS G F F A} o] 9 FF o F Fuko] AlFol vE FoR o
A

t IPe) Ag-= 165F 1150 FRIHNe, of T & 2F%to] u& Als

4, THAE5H Z2HREHE X9 I IAHSAZEE AP THE o8
sty FA o) isoflavone F7F AFA F A=A HPLCE o] &3le EA &t &
Mgk Ad FA5H ZERY HAAZE 23E FAASA IF)S TH

£ flavone¢! naringenin® 2% E 7.2 ug/g seed? isoflavone?] genistein®] 4§ 3t

A AL g & F Y, FAE0 R TEwE dFE7 L3E FAASA

= = =2 o =

(IP) =249 A% 6.3ug/g seed? isoflavone¢l genisteino] A H AL g

HZ o7 49+ txz27d HGad, vle BE oA IFS7F Bdy s vk
pMJU-JA67F E2ASE HS5u [Fr7l ddd3te Jded, IP7F d2dss

FHo] o gRy g olnts Eeujgete] A P E 6+3x10°
cfu (colony forming unit)/g wet soil®] drH glo} /MAE & & F Ao,
pMJU-JA6% 10£1.5x10° cfu/g wet soil, IFel A 85+15x10° cfu/g wet soil,
IPoll M= 7£3x10° cfu/g wet soil ¢ wHH|2le} £& &9 & 5 Yt = =z
Toll HlsfA FEHsE W AW A wH ot o] ofRt FUketeE Ae &

T St shAIRE, B o Sk SIS o glRlan, dETek FolA el
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kel T7HE 1 Y 7 AR wgelRiol uete] ddd 2t

ZFolFyke BEEulele] B AR g2 AE 1x10° cfu/g wet soile] =%

o]F MAZ ol & 4 o, pMJU-JA6E 4x10° cfu/g wet soil, IR A=

3x10° cfu/g wet soil, [Pl A= 6x10° cfu/g wet soil ¢ ZFolfF 4= 39 &
T AAJT F, dixzTol vlElA FAHFE W AU A FFol 7 Fol ofF
1 FhE RS & 4 ATk SAN, ge fo Tk AT 4 Al o

275 o4 WA o FAE B B £ 9

A
(actinomycetes)oll tale] FAlsle] . Az} x4 o

=
A, 2o A= 1x10° cfu/g wet soil actinomycetes 7| A& el & 4 9]
o, pMJU-JA6E 1x10° cfu/g wet soil, IFol Al = 2x10° cfu/g wet soil, TPo]l
g g AU 2R
A

—

¢

A= 2x10° cfu/g wet soil ¢ actinomycetes & &9

9 A08R WA o 48 AFFE T

]
¥

Ni

5 FAASA T Aol nA = FEFol st AHE kv Wl IFS
Ax7b AbqlEle] wado] Hof isoflavone FE AASA HW AAuAT Ao
WaE el S ok mEbd, o2 sy flste AU Aaa gt
polE AW E An gzl 3x1x10° cfu/g wet soile] ATLAT A

ol 3 4 9l9lon, pMJU-JA6E 18+4x10° cfu/g wet soil, IFo A= 16+4x10°

o

cfu/g wet soil, IPol| A= 8+1x10° cfu/g wet soil®] AAuATFS 3 & 4 9
ATt pMJU B E o] &3 A-¢7F A7 7B B Aom Yyt o=
pMJU®] L2 REJ} FE X%

IFS7} #te] ZFoAE wido] vo] AALnGd {7 FAUAA ¥ B o=
EASHA g Ao Tt v, IF = pMJUS AME3 S wroh
AL 2RY7 4 HAoH TPl Hlste] B2 ¢fo] = Aoz Ayt

2ol 2y d = 3= 545 Ad A7l el

1o
o
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He 84 58 A% AEaA A AAe 2AA AuiEa dd. shA W, H
E

GrEstEs FE st oM Bg GEJAAEC] HEIT o dHA

rr

Aok webA, W g d Sus 587 9% A5l &3] AyHa 9
o I F, 98 /X "R JAAERE Fo| FoA TATFE isoflavone?l
daidzein®} genisteine phytoestrogen®. & LA o A7 E3 A ES A

A WA #AS K3 o wEkA], T3 ZE A isoflavone A F A A}

2 ZF24Y53le] olZ W] =g 7]Ed Qe WEo] whEXA Eae Af2e
542l isoflavones THEo] ¥ £ S Aoz dAWste] B AFolA= voA

isoflavones "5l W74 FH2E A isoflavone synthaseE &3}
o] AAE qrHEsta olE B FA dE My A4 W FAHS AAs
o] Hofl A isoflavones A7 3} = ZuE Jd7E St

7R A, T3 Aol A isoflavone @A Ak el 2 A S A
st A3 ¥ (Glycine max, Palda) 258 Z24YH F42 (IFS-Pd= %H4)=
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