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Stress responses of genes for sulfur assimilation

Section 1: Review of stress and sulfur in plants

Sulfur is an essential macronutrient required for plant growth. The assimilation

- pathway of sulfur in higher plants involves at least 6 enzymes, leading from sulfate to

cysteine as the final product (Fig. 1-1).

therefore, constitutively operated to produce cysteine to provide the major source of
sulfur-containing proteins and organic substances. In plant bodies, it is used to
synthesize organic sulfur compounds. Sulfur-containing essential amino acids are

cysteine, cystine, and methionine. Glutathione, a tripeptide, which contains cystein,

works on redox reaction.

The reductive sulfur assimilation pathway is,

PAPS

-
.h

compounds
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phytoalexin)

504%
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|
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APS reductase

.Q
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sumied * Coirsma D A
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APS: adenosine phosphosulfate defensin phytoalexin)
PAPS: phosphoadenosine phosphosulfde  metallothioneine
phytochelatin)

Fig. 1-1: Sulfur assimilation pathway.
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Many sulfur-compounds are bioactive and are employed by plants in self-protection
mechanisms. Thus cysteine-rich compounds are also induced by various stresses in
higher plants. Glutathione, metallothioneins, phytochelatins, thionins and defensins are
well known to be particularly actively involved in plant defense systems. Naturally
occurring sulfur-containing secondary metabolites are not ubiquitous, but are important
as flavors in farm produces. For example, Cruciferae plants including Arabidopsis
thaliana assimilate glucosinolates composed of thioglucoside and sulfate moieties, and
produce sulfur-containing phytoalexins through specially developed sulfur metabolic
pathways. In plant bodies, the physiological functions of these compounds are also
thought to be related to protection against wounding and pathogenic attack (Fig. 1-2).

HaC—CH™CH r?—reu i CH—CH:

allicin (Allium sp.)
insect awidance
antifungal activity

glucosinolate (Cnuciferae)

insect avoidance

antifungal activity quercetin 3-sulfate
(Flaveria sp. , Compositae)

a-terthienyl ) COOH
(Tagates patula, T. erecta , Compositac)
anthel mintic acti vity against nematode

asparagusic acid (Asparagus officinalis)
plant growmth inhibitor

nupharpumilamine A
Nuphar pumilum (TIMM.) DC.
immunosuppression activity

Fig. 1-2: Naturally occurring sulfur compounds.

Hitherto, sulfur has mainly been considered as a nutrient component of sulfur-



containing essential products. Recently, however, a few reports that sulfur-containing
metabolites may be related to stress responses have appeared. In my Ph. D thesis, I
have described the relationship between sulfur assimilation and production of stress
related products containing sulfur. In section 1, I reviewed of stress-related sulfur-

compounds in plants, including physicochemical features and medicinal and food

industry uses.

Section 2: Differential expression of genes encoding enzymes involved in sulfur
assimilation pathways in response to wounding and jasmonate in Arabidopsis

thaliana

Glucosinolates are typical sulfur-containing secondary metabolites that are
constituents of Cruciferae plants, for example, Brassica napus (oilseed), B. juncea
(mustard), and B. oleacea (cabbage). In these edible plants, glucosinolates increase on
herbivore attack, probably acting as insect repellents. Actually they are wounding-stress
related compounds. In order to ascertain whether this is associated with increase in
sulfur supply, I used Arabidopsis because of the large amount of genetic information
that is already available. In section 2, the effects of wounding and jasmonate (JA, plant
hormone, wound related) treatment on transcript accumulation for genes encoding

enzymes involved in sulfur assimilation were examined.

4-methylthiobutylglucosinolate(1)
3-methylsulphinyl propyl glucosinolate (2)

4-methylsulphinylbutylglucosinolate(3)

8-methylsuiphinyloctyl glucosinolate (4)

m
O

3-indolylmethyl glucosinolate (5)

1 n y 2 104, ','lllu',',‘ inolate (6)

4 hoxy-3-indolylmethylgl inolate (7)

Time after MeJA ti stment (h)

Fig. 2-1: Changes in glucosinolate levels. Species and amounts of glucosinolates from leaf tissues of
plants after A) wounding or B) MeJA treatment were determined by HPLC. Results are expressed on the

basis of gram fresh weight. Bars denote the standard deviations for total glucosinolates.
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A time-course analysis of glucosinolate assimilation upon wounding was performed in
order to examine the early induction of related genes (Fig. 2-1A). When 4-week-old
plants were wounded, total glucosinolate content assayed by HPLC increased up to 1.9-
fold the basal level 48 hr after treatment. Among 7 derivatives, the level of 4-
methylsulphinylbutylglucosinolate (3) varied most dramatically. Indeed, this compound
appeared to be newly synthesized upon wounding. MeJA treatment also induced
glucosinolates, including compound 3, within 3 h after treatment (Fig. 2-1B). However,
elevation did not persist, as gradual decrease to the initial level was observed within 3
days.

Then I analyzed the induction of genes for sulfur assimilation by wounding stress.
Transcripts for ATP sulfurylase were rapidly increased with maximum induction within
30 min after wounding (Fig. 2-2A). Transcripts for APS kinase began to decrease
immediately after wounding, but returned to the initial level 3 h later, which was then
maintained up to 48 h. APS reductase transcript levels of changed much in the same way
as those for APS kinase. Since wounding is often associated with production of JA, a
powerful inducer of wound-responding genes, I also analyzed RNA isolated from MeJA
treated plants. RNA blot analyses showed a dramatic increase of transcripts for genes
encoding ATP sulfurylase, APS reductase and APS kinase upon wounding and MeJA
treatment (Fig. 2-2B). These enzymes are located at the branching point of sulfur
assimilation pathways, delivering APS to the primary and secondary metabolic
pathways, respectively. However, while transcripts for APS kinase accumulated within

1h after MelJA treatment, those for APS reductase took 3 h to accumulate. This

A ATP sulfurylase

B ATP sulfurylase .% Rey w

APS kinase APS kira se s AR
APS reductase APS reaucese i R
Actin Actin - - .
rANA -—
0 01 05 1 3 6 24 48 ¢ 1 3 & A
Time (h) Time (h)

Fig. 2-2: RNA blot hybridization analysis of transcripts for enzymes involved in sulfur metabolism.

A) wounding and B) MeJA treatment.
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difference may reflect differential delivery of sulfur to assimilation pathways.

I report here that transcripts of these genes are differentially accumulated upon
exposure to MeJA and wounding, and that the concentration of glucosinolates is
concomitantly increased. I speculate that, upon wounding, Cruciferae plants produce JA,
which activates secondary sulfur metabolic pathways, resulting in production of

glucosinolates.

Section 3: Differential expression of genes encoding enzymes involved in sulfur

assimilation pathways in response to cadmium in Arabidopsis thaliana

Cadmium in soil and water causes serious problems for plants and animals. One of the
defense systems against toxic heavy metals in plants is to employ a cysteine (Cys)-rich
compound, phytochelatin (PC), shown to chelate heavy metals including Cd, Cu, Zn,
Ag, on the thiol moiety of cysteine, resulting in non-toxic complex formation.
Accordingly, resistance to heavy metals in a plant depends on the amount of PC, which
is synthesized in line with exposure. PC has been shown to consist of (y-
glutamylcysteinyl),-glycine residues (n=2-11), synthesized by polymerization of
glutathione (GSH, y-glutamylcysteinylglycine) molecules. Acid labile sulfides also
stabilize the cadmium-PC complex and improve the efficiency of cadmium

sequestering.

0 25 50 100 200

ATPsulfurylas 8 ﬁ”

APS kinase w e W W W

Actin ”.* ‘

Fig. 3-1: RNA blot hybridization analysis of transcripts for enzymes involved in

sulfur metabolism after 4-hour CdCl, treatment.
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The rate-limiting step for PC biosynthesis is considered to be the availability of
reduced sulfur for Cys synthesis. Under non-stressed conditions, this reduction pathway
is moderately and constitutively operated to produce Cys for sulfur-containing
substances. In section 3, I investigated genes and production of sulfur-containing
compounds in Arabidopsis during heavy metal stress.

I examined levels of transcripts for enzymes involved in sulfur assimilating pathways.
Liquid culture seedlings were treated with CdCl, (0-0.2mM) and total RNA and thiols
were extracted. After cadmium treatment, transcripts for ATP sulfurylase, APS reductase,
and sulfite reductase were increased in a concentration-dependent manner (Fig. 3-1).
APS kinase and cysteine synthase, in contrast, were not affected. Results of a time
course quantitative analysis of total thiols, mainly composed of PC, glutathione and

cysteine, are shown in Fig. 3-2.

umokg

150

100

50

0 0 10 20 30 40 50 hr
Time ater &1 mM CdCl, treatment

Fig. 3-2: Effects of cadmium on total thiol compound production.
Samples were extracted from liquid cultures of wild-type Arabidopsis.

Glucosinolates have been reported to act as a sulfur pool under sulfur starvation
conditions. In order to test this hypothesis, I analyzed glucosinolate concentrations after
cadmium treatment. No alteration was apparent, suggesting that wounding and
cadmium poisoning are recognized as different stresses in Arabidiosis. Accumulation of
thiols appeared to correspond to gene activation for sulfur assimilation. Thiols were
temporary decreased 3-6 hours after cadmium treatment, corresponding to the
upregulation of genes. Sulfur demands for synthesis of phytochelatins might thus be a
signal to induce the genes for sulfur assimilation.
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Section 4: Reverse genetics pointers to the sulfur assimilation pathway being

involved in mechanisms of cadmium tolerance in tobacco

As shown in the section 3, sulfur assimilation genes were found to be coordinately
upregulated by cadmium. One of the rate limiting steps to synthesize PC is considered
to be the supply of cysteine, which is synthesized by cysteine synthase (CS) from
hydrogen sulfide and O-acetylserine. In section 4, I adopted a reverse genetics approach
in order to ascertain the contribution of the sulfur assimilation pathway to cadmium
tolerance. I transformed tobacco assimilation pathway to cadmium tolerance. I
transformed tobacco (Nicotiana tabacum) plants with RCS1, a cytosolic CS gene of rice
(Oryza sativa), and examined their sensitivity to cadmium.

The transgenic plants had up to 3-fold higher CS activity than wild type plants (Fig.

4-1). Upon exposure to 0.1 mM cadmium, they exhibited obvious tolerance with much

A Untreated Treated
WT TRCS2 TRCS3 WT TRCS2 TRCS3

RCS1 |

Actin

4.0

3.0

20

WT TRCS2 TRCS3 WT TRCS2 TRCS3
Untreated Treated

Fig. 4-1: Expression and activity of CS. A) RNA blot analysis of the transgene (RCS/) in wild-
type (WT) and transgenic plants (TRCS2, TRCS3); (B) CS activities in leaf tissues from wild-
type (white bars), RCS] transgenic TRCS2 (hatched bar) and TRCS3 (gray bar) lines, 0 and

1 week after 0.1 mM CdCl, treatment. The data are means (+SE) of three separate experiments.
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greater growth (Fig. 4-2A). Genetic analysis of the progeny revealed clear segregation
of cadmium tolerance, indicating the trait to result from the introduced gene (Fig. 4-2B).

The level of PC in shoots was higher in transgenic than in wild-type plants after

Wild-type

TRCS2

TRCS3

Fig. 4-2: A) Effects of cadmium on wild-type and TRCS?2 plants. Plants on agar plates were treated
with 0.1 mM CdCl, and photographed after 3 weeks. Shoots, with a 10 cm height, of wild-type
(left) and TRCS2 (right) were employed. B) Seeds of wild-type, TRCS2 and TRCS3 were
germinated on 0.3-strength MS agar plates containing 0.1 mM CdCl,, incubated for 3 weeks and
photographed. Samples are wild type (upper), TRSC2 (middle) and TRSC3 (bottom). The bar

indicates 1 cm.

cadmium treatment, suggesting that cadmium was actively trapped by PC in plants (Fig.
4-3). However, the cadmium concentration per g fresh weight of whole transgenic
plants was 20% lower than that of wild-type plants, suggesting cadmium to be either
actively excreted, or diluted out by fast growth (Fig. 4-4). In order to clarify the
reason why In order to clarify the reason why the concentration of cadmium was less in
transgenic plants, I worked on systems secreting cadmium in tobacco.

In Nicotiana tabacum L., long and short trichomes can be distinguished
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Fig. 4-3: Effects of cadmium on thiol compound production. Samples were extracted from shoots
of wild-type (WT, white bars), TRCS2 (hatched bar) and TRCS3 (gray bar) lines after 0, 1- and 3-

weeks treatment with 0.1 mM cadmium.
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Fig. 4-4: Total amounts of endogenous cadmium. Values are for whole wild-type (WT, white bar),
TRCS? (hatched bar) and TRCS3 (gray bar) plants, 1week after 0.1 mM CdCl, treatment. Average
values for 3 plants are expressed in A) pg g-1 fresh weight and B) ng per plant.

morphologically. The established function of long trichomes is to exude a sticky gum
containing diterpenes, whereas that of short trichomes is not known. When tobacco
seedlings were exposed to toxic levels of cadmium, growth was retarded, but trichome
number was increased up to 2-fold in comparison with untreated samples. Observation
by variable-pressure scanning electron microscopy (VP-SEM) indicated that crystals
were formed on head cells of both short and long trichomes (Fig. 4-5). VP-SEM
equipped with an energy-dispersive X?ray analysis system (EDX) revealed the crystals
to contain amounts of cadmium and calcium at much higher concentrations than in the
head cells themselves (Fig. 4-6). Transmission electron microscopy demonstrated
crystal formation in amorphous osmiophilic deposits in vacuoles. When seedlings were
treated with Cd in the presence of Ca, tolerance was increased in proportion to the

increase in Ca concentration. These results indicate that tobacco plants actively exclude
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toxic Cd by forming and excreting Cd/Ca-containing crystals through the head cells of

trichomes.

A

Fig. 4-5: VP-SEM observation of excreted crystals on the tips of A) short and B) long trichomes of a
wild-type plant, treated with 0.1mM CdCl,, photographed after 1-week. Bar = 100 pm

cpu cpu
1500077717 = 0 15000 i1
CT Ca A co K B
i
c { ] P
UU}S A e Mol
i Mn i |Na cl {lCa
& f . i L_,MIAA‘J A Mn
0.0 10.24keV 0.0 10.24 keV

Fig. 4-6: EDX analysis of crystals on leaf surfaces of tobacco plants. A) X-ray spectrum of crystals.

B) X-ray spectrum of trichome head. Experiments were repeated with more than 5 crystals,

The number of trichomes in our transgenic plants was more than 27 % higher than in
wild-type plants, even in the absence of cadmium (Fig. 4-7). Since trichomes in wild
-type plants increased up to 30 % upon cadmium treatment, heavy metals appear to
induce trichome development. If so, the cadmium tolerance of transgenic plants could
be the result of not only elevated chelating activity but also increase in the number of
trichomes in response to stress. The hypothesis implies that expression of CS activity

and sulfur accumulation are related to trichome development, and are partly consistent

with the following.
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TRCS2
Fig. 4-7: Electron micrographs of N. tabacum taken by VP-SEM. A) Trichomes in the tip of a leaf of
a wild-type plant, unstressed. B) Trichomes in the tip of a leaf of a TRCS2 plant, unstressed. C)
Surface stems in a wild-type plant, unstressed. D) Surface stems of a TRCS2 plant, unstressed.

Irregular trichome initiation was occasionally detected. Bar= 1mm

I assessed the elemental composition of trichome cells by VPSEM-EDX and, as
shown in Fig. 4-8, found high levels of sulfur accumulation, along with phosphorous
and calcium. These results suggested the physiological significance of trichome cells to

be related to CS with possible roles in detoxification processes.
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Fig. 4-8: Wild-type plants were treated with 0.2 mM CdCl, for 3 weeks and then embedded in paraffin.

Sections (10 um) were observed by VPSEM-EDX. A) Electron micrographs of N. tabacum taken by

VP-SEM. B) Elemental compositions of trichome cells and C) mesophyll cells as a control.

Finally mention of "phytoremediation", which deals with the important ecological
strategy for removing toxic heavy metals from the soil is here warranted. Plants
featuring resistance to heavy metals and accumulating them in their bodies can be very
useful for this purpose. The present work adds a novel facet to phytoremediation

technology by revealing cadmium tolerance with strengthened Cys synthesis.

Conclusion

In the present work I have shown a clear relationship between sulfur assimilation and
stress response mechanisms in plants. Future research in this area, including elucidation
of the induction mechanism and artificial modification of expression for genes sulfur

assimilation, is indispensables for molecular breeding of stress-tolerant plants.
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£12 A0 BB (Harms, 1998)

. [ 1+ EfkE L& om
2 |R-SH (thiol) L-cysteine (p21), coenzyme A (p21)
R-S-R (sulfide) hydrogen sulfide, L-methionine (p21)
R-S-glycoside S-glycoside (glucosinolate) (p26)
R-S-CO-R (thiol esters) brassitin (p27)
ﬁ goitrin (degrradated product from
R—C—R (thioketones) 3-butenylglucosinolate)
R—C—sgy (dithioic acid) brassinin (p27), dioxybrassinin (p27)
-1  |R-S-S-R (disulfide) cystine, asparagusic acid (p29), brassicanal D (p27)
R-S-S-O;’ (thiosulfate ester) polythionic acid
0 R-S-OH (sulfenic acid)
H 8-methylshiphinyloctyl glucosinolate (p 51)
R—S—R (sulfoxide) 0.-amanitin
N »0 _ allin (p23), allicin (p25)
R—C™R (S-oxide) nupharpumilamine A (p28)
_]l{__ L S-adenosyl-L-methionine (p21)
R i R (sulfonium ion) salacinol (p29)
+2 H
R—S—OH (sulfinic acid) brassicanal C (p27)
R lentinic acid (p28)
R—-ﬁ R (sulfone)
0)
o ﬁ'—»o
R—C—R (S,S-dioxide)
+4 H C-sulfate
R—-ﬁ — OH (sulfonic acid)
0)
+6 R O-sulfate
—— (phenol sulfate, polysuccaride sulfate)
R ﬁ OR (sulfate)
0]




#13 CSEELCORKEDHBELANT—DHE

(KRE. 1969)
Ep (kcal)
L&t
X=8 X=0
HX-H 89 116
CH,X-H 89 100
CHXH 87 99
CH,-XH 67 90
C,H,XH 63.5 90
C4H,CH,-XH 53 73




K14 1YL IHEPONETEDBE (Saito et al, 1994)

pIoE 3 #E (ppm) ;7
k) +i Y/ Li%)
C 454,000 20,000 22.7
(0] 410,000 490,000 0.84
H 55,000 - -
N 30,QOO 1,000 30
Ca 18,000 13,700 1.3
K 14,000 14,000 1.0
S 3,400 700 4.9
Mg 3,200 5,000 0.64
P 2,300 650 3.5
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X1-4 EYIRICEZR 2 A A7 DIEBR (Crawfold et a1, 2000)
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BTHET 5o YATA YO SHERBILENTSS-EL BB, chizs o s g
D=RTEERBRCEREREERZL TV D, AFAZVid, ¥ V7 ESROE
EIFY ATG 12— FENBT I/ BThbH, MWICEEINET I BET. &5
T3/ BOEFATOFERLIZEY, 20720, AREELCBVTEEGMLET
[5 23] TiE, B—HIR7 IV BHFEHT I/ BICICZ>TV5S 2 LS,

S-TT /I NVAFHZVIE, EHEATOAFMUBHRIEDEEL 2oTBY .,
BOAFME (WbWBAFL—Yay) THEL TV, @i, B17 105
TE) e HBEREEFA VL ECEGYRE L CALR TS, ¥AF L id, A%
FUT—ELREOWMBERE LTEAL, BB 73 VBORFCLECEELTVS,
FTIVIE FIBES IVBIT, KPP oMdTHB SNy I v LTS
HONTWVE, ¥l 2 ) YBOET, BORBHRT 2BEORBEL LCBE
LT3, fiBEFADI AT ZECHFTH 5,

TNVEFALE AFTVEEGGMIRTFFTHB, AP LALHETCIE, BART
L) ICBSDBEAERIILTORDH, X FLALKBT TR, EHRANTORILET
FICICHEGTHL LB, A4 I9D S5V ZE— P OBBEL LTHEORIZEL S
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IThTwib, .
EPICH, SRR 24, BEE L~ AP OXEICE ST % H+ Nod
factor (Fisher andLong, 1992) %, 7 A/85 H A (Asparagus officinalis) %° 1 % (Oryza
saiva) « P EO Y (Zeamays) WEEFNARTF FHEEY A NVE ¥
phytosulfokine Dtk H, (Matsubayashi and Sakagami, 1996; #4#K, 3. 1997) 121,
WBREOFEFLETHS I EBHON TV,

3 HEHPICBIAAPLVAREBRRICAORE L FT{LEW
3N TNFFAY

INVIFFYRVATAVZEG PIRTFFT, BERNICEEREING v—7
V¥ INYATAY (y-glutamylcysteine) 25F T AR IN, ST )V U E
T 5,

BAGA PVANEHBRRRBEZ PRSI LFAONRTWEY, TV F+ ¥
FEEREOHEICHE L TwE, Thid, BREEINVS 74 V0B 5 CBRILEICE
WENBZLILEB, T2, TNVIFFE, INVFFF VS P FUVARAT 25— E
DIERICL Y, EERYLHEEL., BREA L CORY ZHRRICBITSE20 ., A5
PR L7209 $5 2L ICBE LTV 5 (Edwardset al., 2000) 7 V¥ F 4~ S-Aah L
o 7AbEWE, EHESMMA T Oy 7 ENTARERL o420, BRICFF VAR —
FERZD, F BHICHREI NS, ERELHBEFEHOAY I OF AL T o
TWb, =7 VI INVRATA Y GBBEE (¥-GCS) 3, YATA YDEIZXoT
BESNTVWAIELE, FWVFFAVIZEoTTA—FNAY ZREEZZITITWE I L
PHIGNTVS, ZD L) ZEEET. ATV Y F 4V BERZ—ZE IR TWS,

32V RATFAV) Y FRTFF

7o, IBEAI VA, REAMN VAR5 2L, YAF4 V25 EUES
F% X2 THhHAH, F4 = (thionin, F1-5. B 1-8A) 71 7 x> ¥~ (defensin,
#1-6, X 1-8B) K"FEEND, FA=ViX, FI1S5IIRLEY» HBELNTW S

(Florack and Stiekema, 1994) , —F 74 7 = v ¥ ik, WA T ik {, 1Z3HE.
BED»O LMHEABDENY V7 BEHBELN TS (Broekaertetal., 1995) o D 2
2, FFE. VATA VEREOK, RETREAMSFTEINERFEEE O L. &
El3E L TVEY, ZRICEENIZIZEZ>Twa,

FAZY, F47x2 7L b2, #H5kDaDKEE TEICHEBE LB T »
7T, ME. EE BBICHLTESELERT. CoFEHI. EIHBELALS 7K
L, MRBCHFELTHICHELZY Y BE*. DNA F 7213 RNA & P EXAMICHE /E
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RTBZLicds, RAILLCRESNES RS VRER, Ya07 1 Fisb 0w
&K%%LT\%ﬁtsﬁiﬁﬁ%%&wa%o:A#(mmmmmmM)mfi
:Vﬁ\w7$7—€®¥§ﬁﬁ%m%T%(hmwMMmﬁmw&)o?ily
u%57w7sv&8ﬁﬁwyymaﬁkxw74F%%%%&Téﬁ(WMma
m“w%)\C@lﬁ&ﬁﬁﬁmtlUﬁ?ﬁﬁ%@%LTW5b%iQhTméo

3B3AFUFXRAY, 774 FF

x&n%¢%4yu‘amm&8t#v~vayL‘Eﬁﬁ@$}¢xyvxaﬁ
EK%%LTwaa%iahfwé(@Lw)oﬁ%\ﬁﬁ‘ME?ﬁ;<ﬂeﬂ
Twéﬁ\3(%ﬂt&ofﬁ%ﬁ%ﬁﬁf%itﬁ%%#téhf%fwéoﬁﬂ
ﬁ@i5U%i$47&91%47@ﬁﬁﬁﬁﬁéhfwéb®ﬁ\G%HMT&W
X, Typel~5 ICHBENT WD (£ 1-7) o ClassIl it. ¥ A5 4 > DAL BIRFE
énfw&wiyﬂfii4yf‘3A¥%ﬁ?ﬁwméht®%utbktf‘ﬁk
DHEYIZ H BN D (Rauser, 1999), LA L, ELEZ T Cid sy <\ BB EL2 &
@zbvxmgmﬁﬁbfwéaaahé6@5§w:k#6‘%@ﬁ%ﬂﬁﬁ%ﬁ
%Kowfﬁiﬁﬁ%@%ﬂﬁﬁéhfw%(Wamqw%b

774b#?%vu\mwuquaéwwnrﬁb\va4Vﬁ§ﬁ%<‘E
ﬁEﬁET?ﬁE%KEEéhéolh%,?ZiJVtﬁﬁﬁw#v~vaVKl
b%ﬁ&ﬁ?xy—%ﬁorwéoﬁﬁ%#aﬁﬁénéovu&<\7w&+#>
#6#65%&5%602@~H@ﬁ<%7”9&»?Z?4V@ﬁ0ﬂbﬁﬁé
ﬁofw5(mﬁmJ%mhmAwammewamm)o774%#3%ygm
ﬁiu\ﬁﬁmtof\vn4x%X%-ummmmmmummmuw%
WMMwWad”W%)&3A¥(TmMWmCMmmamqw%)#6ﬁ%wfﬁ6
n7z.

34 SR _RAHED
ﬁ%$%@4i7%ﬁﬁ%%@§(ﬁ,AKtoTu\ﬁﬁ®§%&ﬁ\§ﬁﬁﬁ
ELTHLNTVS, ZhbI, T4 RUERERCHEERE LT, MUy

SBHET L LTEARENLbDE, AR REICRIE LTV tEzHLhTW
b0 CNICHHL TR, ROETHL {2,
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1-5 D F F = / (Florack and Stiekema , 1994)

wa % R Are i 2y AR accession
Arabidopsis thaliana ya4{R+XF |thionin (Thi2.1) (L KICCPSNQARNGYSVCRIRFSKGRCMQVSGCONSDTCPRGWVNAILE |AACA1678
Hordeum vulgare *rh¥ a-hordothionin E KSCCRSTLGRNCYNLCRVRGAQKL--CAGVCRCKLTSSGKCPTGFPK | X05901
Hordeum vulgare ZFL¥ B-hordothionin E KSCCRSTLGRNCYNLCRVRGAQKL--~CANACRCKLTSGLKCPSSFPK |Z13008
Triticum aestivum aL¥ al-purothionin  |E KSCCRTTLGRNCYNLCRSRGAQKL--CSTVCRCKLTSGLSCPKGFPK |D84390
Triticum aestivum an¥ a.2-purothionin E KSCCRSTLGRNCYNLCRARGAQKL--CAGVCRCKISSGLSCPRGFPK |X70666
Triticum aestivum aL¥ B-purothionin E KSCCKSTLGRNCYNLCRARGAQKL~-CANVCRCKLTSGLSCPKDFPK |AF004018
Avena sativa Ay a-avenothionin E KSCCRNTLGRNCYNLCRSRGAPKL-~-CATVCRCKISSGLSCPKDFPK |223457
Avena sativa Yy B-avenothionin E KSCCKNTLGRNCYNLCRARGAPKL--CSTVCRCKLTSGLSCPKDFPK |223458
Secale cereale F446¥ secalethionin E KSCCKSTLGRNCYNLCRTRGAQKL-~CANFCRCKLISSTSCPKEFPK |X96449
Hordeum vulgare JEZ PN DB4 L KSCCKDTLARNCYNTCHFAGGSRPV~-CAGACRCKIISGPKCPSDYPK |X05576
Hordeum vulgare i L¥ DG3 L KSCCKNTTGRNCYNACRFAGGSRPV-CATACGCKIISGOTCPRDYPK |P09617
Hordeum vulgare *FL¥ BTH6 L KSCCKDTLARNCYNTCRFAGGSRPV-CAGACRCKITSGPKCPSDYPK |L36882
Pyrularia pubera Aty pyrularia thionin  [L, N KSCCRNTWARNCYNVCRLPGTISREICAKKCDCKIISGTTCPSDYPK |A24074
Viscum album YFU¥ Viscotoxin A2 L,St KSCCPNTTGRNIYNTCRFGGGSR-EVCASLSGCKIISASTCPSYPDK |VIVAA2
Viscum album YFU¥ Viscotoxin A3 L. St. Se | KSCCPNTTGRNIYNACRLTGAPR-PTCAKLSGCKIISGSTCPSYPDK |VIVAA3
Dendrophtora clavata Denclatoxin LSt  |KSCCPTTAARNQYNICRLPGTPR-PVCAALSGCKIISGTGCPPGYRH |DKDCB
Phoradendron liga 74077 Far |Ligatoxin L,S¢ |KSCCPSTTARNIYNTCRLTGTSR-PTCASLSGCKIISGSTCBSGWBH |LOFDAL
Phoradendron tomentosum | 7 4 7 FO | Phoratoxin L,St KSCCPTTTARNIYNTCRFGGGSR~PVCAKLSGCKIISGTKCDSGWNH |VFFDIT
Crambe abyssinica Nzt Crambin A Se TTCCPSIVARSNFNVCRLPGTPE-AICATYTGCIIIPGATCPGDYAN |KECX
Consensus motif K-CC Y-~C C CK-=-8§---Crom—==
#1-6 HWHWDT 47z~ (Brocksenetal, 1994)

% A% YRz Rk Iy AR accession
Arabidiosis thaliana YoM 2+X+ |Pdfl2 Rs QKLC-EKPSGTWSGVCGNSNACKNQCINLEG-AKHGSCNYVFPAHKCICYVPC | W43429
Raphanus sativus F4ar Rs-AFP1 |S QKLC-ERPSGTWSGVCGNNNACKNQCINLEK-ARHGSCNYVFPAHKCICYFPC | U18557 AAAG9541
Raphanus sativus y4ar Rs-AFP2 |S QKLC-QRPSGTWSGVCGNNNACKNQC IRLEK-ARHGSCNYVFPAHKCICYFPC | U18556
Heuchera sanguinea VA S =g Hs-AFP1 |S DGVRLC-DVPSGTWSGHBCGSSSKCSQQCKDREHFAYGGACHYQFPSVKCFCRRQC | AAB34974
Aesculus hippocastanum | } 7/ % AB-AMP1 |S LCNERPSQTWSGNCGNTARCDKQCQODWEK -ASHGACHKRENHWKCFCYPNC | AAB34970
Dahlia merckii T Dm-AMP1 (S ELC-EKASKTWSGNCGNTGHCDNQCKSWEG-ARHGACHVRNGKHMCFCYFNC | AAB34972
Clitoria ternatea Favzi Ct-AMP1  |S NLC-ERASLTWTGNCGNTGHCDTQCRNWES-AKHGACHKR-GNWKCFCYFDC | AAB34971
Vigna unguiculata H4y pSAS10 S KTC-ENLVDTYRGPCFTTGSCDDHCKNKEHLLSGRCRDDV~~-~~RCWCTRNC | X16877
Pisum sativum TrFy pI230 Po NTC-ENLAGSYKGVCFGG--CDRHCRTQEG-AT SGRCRDDF~~-RCWCTKNC | L01578 588685
Sorghum bicolor VH b Sia2 s RVC-MKGSQHHSF PCI SDRLCSNECVKEEGGWTAGYCHL----RYCRCQKAC | 569145
Triticum aestivum ILF 71-P S KIC-RRRSAGFKGPCMSNKNCAQVCQ-QEG-WGGGNCDGPF--RRCKCIRQC | P20158
Hordeum vulgare dAL¥ v1-H S uc—ﬁnnsmpcvsnmcmvcn-oze—wcccmcncm— ~RRCKCMRRC | $13849
Solanum tuberosum PAY LS p322 T RHC-ESLSHRFKGPCTRDSNCASVCET-ER- FSGGNCHGFR--RRCFCTKPC | X13180 M22140
Petunia inflata _RFaz7 PPT Pi RTC-ESQSHRFHGTCVRESNCASVCQT-EG-FIGGNCRAFR--RRCFCTRNC | Q40901
Nicotiana tabacum ysia FST F REC-KTESNTFPGICITKPPCRKACIS-EK~FTDGHCSKLL--RRCLCTKPC | P32026
Glycine max y4X Dhn8 L RTC-ESQSHRFKGPCLSDTNCGSVCRT-ER-FTGGHCRGFR--RRCFCTKHC | U12150
Consensus motif --C -ly?-s-c C--~C-~-E~~=--G-C-======eC-C--—C

W

E: MEETL (endosperm) | F . 7E (flower) . L: 3% (leaf) . N: B3 (nuts) . Pi: ® L~ (pistil) . Po: %% (pod) . Rs: T¥ > 13 (rosctie leaf) .
Se . HF (seed) . St: % (stem) . T:E (wber)
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LU

K17 EWDOClass] A OF 54> (Rauser, 1999)

NEBIUCKOIZ LY HFARAILY., Typel-Si-HEEN3,

Type W% nx NkB3 > &% 2RH CHMIY £ 4 ABA | accession
1 C-C---C-C--~C-C C-C---C-C~--C-C
Triticum aestivum IL¥ CNCGSGCSCGSDCKC CSCGDNCKCNPCNC L11879
Hordeum vulgare FFu¥ CSCGSSCGCGSNCNC CSCGANCKCNPCNC BAA23628
Vicia faba V5T CGCGSSCHCGDSCKC CRCGDKCTCDPCNC X91077
2| - CC---C-C-=~C~C-~-C~--C [C~C---C-C~~C-C
Lycopersicon esculentum | < } CCGGSCGCGSGCKCGNGCGGC | CKCGSNCTCDPCNC 268309
Actinidia deliciosa ¥—4 CCGGKCGCGSSCSCGSGCGEC | CRCGSDCKCDPCTC L27813
Coffea arabica a—-k— CCGGNCGCGAGCKCSGGCGGC | CKCGPDCKCNPCNC 1094860
Arabidopsis thaliana ¥4 X+ X+ | CCGENCGCGSGCKCGNGCGEE | CKCGSDCKCDPCTC . | D11394
3 C~C-+-C-C-—-~C-C C-~C-C---C~C---C-C
Arabidopsis thaliana 04 X+ X+ |CGCGSSCKOGDSCSC CDNCSCGSNCSCGSHCNC U11253
4 CC--~C~C-=~C-C---C--C |C~C--C—C---C~C-CC~C
Oryza sativa CCGGNCGCGSSCQCGNGCGGC | CGCNTCRKCGTSCGCSCONC | AB002820
5 C--C-C~--=~C C-C--~C-C-~~C-C--C-C
Actinidia deliciosa *—vq CGNCDCADSSQC CKCGTSCPCVNCTC L27811
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S042

ATP

@an705-%)
PP

APS
PAPS (APS v¥ysy -—-L’)

compounds SO

(glucosinolte

phytoalexin)  (EwmLv75-+) L

Fed red

Fed ox

O-Acetylserine «§———— serine
(vaz4 /emﬁﬂr (0AS)
U/Tt?k]

mw::

Cysteine

Methionine Pro}ein S-compounds
(glutathione (allin, gllicin
thionin glucosinolate
defensin phytoalexin)
metallothioneine
phytochelatin)

Hi1-6 EZEHEWICBIT S A I T EILER

20



] |
HzN—-c:—-coou HoN—C ——COOH
ik |
e &
—chy
R, R =f; id
L-Cysteine L-Methionine atty aci
sulfoquinovosyldiacylglycerol
S-adenosyl L-methionine
H
"3N+—— 1_ c00-
i ,
H2 N
Ha
0
d- biotin
H H
H OH OH
H 2
2 / ' |
N / l CH 2=~CH 2~ o—P'—O——T._ o thlamme
)% CH, . .- L
HsC

i AFT 8

@—cm—-m-—m—c—-cm—euz—m—c-—rcrcm-u I o ]r

o o

Coenzyme A

H1-7 ZBA+vPE

21



L AR SR

FA=O—f, EXATFF 2 A3 (Viscotoxin A3, Viscum Album L.)

10 20 =0 45 =0

FF/F, T4 7 2 ¥ (Ah-Ampl, Aesculus hippocastanum L.)

AFITBIRFLEALT Ly 2 A%2{BAIRTEIA
(Cd-6 Metallothionein-1, B-Domain, Callinectes sapidus)

F1-8 AMLACHEEINLEIATA VY 9FRIFF
VATA YRERERTEREINRTWVWS,
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BIW EWEEBWREILTO4FY
BI1EH XR¥EW. REPOL+98ELEY

RABYHRD A + 7 EHAEWDE 13, BYOERBES. BEESE LTE L A
LRLINTVE, 72, FAMPELTLEELRbOFEV, RENL LI, &%
BB/=r =2 (A.sativum) 25 <3¥ (A cepa) B EDAFE (Allium sp.) =
FINB TV (allicin) . BEDIANT £ FILAWHD S, —RBIZiE, =
STRIRAFOFBREOFERYE L LTHOA TS (M1-9) o BTEEE alliin 13 40
REFOMINIEIONTEY, HHREET Y & —¥ (allinase) 13 HRICEET 2
120, BBRPIEEIHEYAICTFEL TV 5, YRGS S Tl sEmhs = &
NIV BEEEBRVEML, FREREIRI T, TUSVDERNEZ S, 2O 7
VoY RELIZDFRPDAN T 4 FIbEWIE, HEEE. BRiCHT 2EA8MRE
EEEZALTVEL L, MPHS L > TRASHHYETHL L EL: bNT VS
(Collin et al., 1989; /Mk, 1999),

) 1 ODYHRDOREMERILEWIE, FAEEBEDO I VL )L —
(glucosinolate) TH b, YNV IAY ) L— k775 F R Y (Cruciferae) % (1
EZHAHLTBY, — ML S 5 ¥ (Brassica juncea) % 77+ ¥ (W. japonica), 4 3
V7 ¥ (Amoraciarusticana) DIRREST & LTHLNTW S (K1-10, Mk, 1999)
NS, BYHAT, BREGBERIOI L N— A2 MZE L. KBATE &
NHILIZEDEM, Kbd2, Zvav /- b7, HEERE. BhoEaE
FEHZAL TS, 20X 2BHEMIE A+ 7 8B LAY oY E 5 0
b Lz, Thid, 1 3 7EFRRIGESE WD, EHEATHRBELTBZ L
THOEI L WERZRITLL VI ERISHLLbELIbN 22,

SO, TTITTHEWIE, A 9%EBTE 774 TLEI V2 E8KT 2,
(@LH)Ch%ﬁ‘7)ﬂ&8@ﬁ%@774%7b#77ﬁ&ﬁﬁm\%@%ﬁ
L hFESN, AEEEERD, hoid, ZVay ) L— b 28BEKE LTo ¢
HN T2 % (Padras etal., 2000)0 < DREDHEHEE DA + 7 &8 - KACHED 2 1L,
BI-12I0R L7 L) 2 b DFBITON 2, RRECEBERIRESATEY, %
BUCEIT2 L) 2ERRO) - FILEWL LTEALEI LR b0 b5\, Y H
%Kﬁ?%ﬁ%uﬁ%énfw&w%%Bzwﬁ‘#7ﬂmvu—j—wk(nym
patula, T. erecta) \CBHF ENB q-F— 514 L= )L (a—terthienyl) DFRHHIEHL &
WKHhLND X HIZ, BYOPEE#HEND—> L LTHYERZNICEBRSIToh a4
EERALOPoTVELDLH 2,
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B2H EREXHL. SREXS

ERmOFTIA0 %, RETIZ0BPAFIEFEEATEY, EYHEHEDEL
LTS A VEDPERLMEBICH S 2 X505 (KB, 1993) . EHEA + 71k
Y. ARATVEEWLE L, EHE LTEHVLRATW S,

ERAAVEHELTE, T3, 5F447 (S) ¥#ETFohs, B3, [#
BRABRE] SRR SNTRAET, [ARE] TRERE] L dHIhTwvz @12

CNIZHAERFIIIEEERH L L TRBER TV 255, FOEEBEIL. KB
RETHRA CRILAE (HS) 2RV F4 VB, BIoRy I F+ VB E R VHEER
RBETILICLE, MATEBEDY V30D S-HEIEBOAELICHEEL T
WA, FRESSIKERT A LICE VAERILER 2T %, FARBT FU Y
L, EEBLV T VOBEBEEL LTHWONRT WS, OB, NIy
LEESRERAL, e BRICT 228, T Y EBALT, BHOBVFF ¥
TH—PEBELTHILICE > TS (B BUEAFERHBHE. 199) o

MOEERL LTAV SR T2 EEA F 7 baWDS i, LEERENEE
ThB. BERBRIIBV TR, BBE k27 — FLAWOBIREL ERE T,
S5 IHRVEREELROLEWERZ FESAVONTRE, T, BEET %
AFTRFICEBRT 2FER, REFBICAAVEFLEATIHEIFT v 77
A7 DEBEE LTLIZLIZAW SN TV 5 (Krogsgaard-Larsen etal., 1996) . Hi&iE
DWFRE LTV S NE H2 BHi e R 5 I YAIDBMBOBE & B 113 ISR (B,
WA, 1995),

BRERICAVONSEREA T 7LEWICIE, DFAH—NA-b R, FASVRE
EFHMONTVS, WBEIREAEL LTAHATH Y, BEEIICRBFIL LTHL A

TVB, F47VRRER, 7RIS H A (asparagusic acid, p29) D& 3 KK F
F T AEMEETNVICERENT-BAETH B,
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alliin?> 5 allicin D4 B, (Allium sativum)
: ~COOH
H:C:w—ma_;'_ﬂh-ﬁl\ alliin
NH 2
I allinase
L L _-C00H
CH ——CH—CH2—§H CH:—c
} \ NH 2
2x| -Hz20

NH s
H2C=CH=—CH --i—s——crl 1=CH=CH G =CoCa0H

allicin (Fil{EH. =>=278)
allicin X U°RH; e DE /A, 1999

Allium sativum (=»=7)
CH2=——CHCH »~§=——S——CH :~CH=CH .
H:C=—=CH=—CH:~§——S——CH:~CH=CH: ——»
“; diallyldisulfide
0

CH2""CHCH :~§——§——§——CH 2™CHZZCH:
allicin diallyltrisulfide

Allivmsepa (¥ 73 %)
mc—cuzcu—;—s-—cnzcu—cm ——» H:C— CH=CH—S—OH
: /
H3C——CH2—CH—s ¥0

thiopropanal S-oxide
(e®EER)

Y

H3C—§=——=8——CH:2CH:CH1

HiC=$——8——CHs ——3» Hic—s—0H

methylpropyldisulfide

X1-9 2VEAFE (Alliumsp.) \2&F h b SHLAY
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HO
ynvay)v—p
R-Z7I/ERICEHELTEY,
100f8LL EFIo T3
FNaAY ) b=t PoAVFFLTHR— bDER
R N—OSOgH
T
- R N—O0SO;H  Lossend#zfif AVFFSTFH—F
= myrosinase = ——————P»— p_N—C—s
_ H pH7
HO + 5042'
HO
Fnay -} BR/ERES
ROSRERE
PGS
, (ERHEOHEHE )
T77T+% @D s 1999

WNCS cS
HO
74 ¥ (Wasabia japonica)

T4 74 ¥ (Armoracia rusticand)
#1 5 3 (Brassica juncea) S e
] H 7 T /(Sinapis alba)
HOMBEL, R By 2L (RS

AN
s N =
¥ 4 3 7 (Raphanus sativus)
RRAF YR

74 ¥ (Wasabia japonica)
# 5 ¥ (Brassica juncea)

' \/\/"cs # b/ ¥ (Nasturtium officinale R. Br.)
PR

74 ¥ (Wasabia japonica)
# % (Brassica juncea)

BRERVIZBW

K1-10 775 F#t (Cruciferae) ¥ DEHILEY
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R e

T757 8774 P LEL Ly OHE

brassinin cyclobrassinin

: \<‘ c}%ﬂa

brassitin

brassicanal C

§ =

ot u (-

H L]
cyclobrassinin spirobrassinin dioxibrassinin

H1-11 775 EPOEH 774 PP L F

(Monde and Takasugi, 1991; Padras et al., 2000)
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H

Y¥-L-Glu—NH—C—cC00

CH3
(o]
l?nthionine . lentinic acid
Y1457 (Lenfmus edodes) ¥4 %% (Lentinus edodes)
X5 (Kasai and Larsen, 1980) lenthionine® Ay 5 (Kasai and Larsen, 1980)

NHR

CHp~CH— COOH

CHy—CH— COOH

NHy

R=H djenkolic acid

quercetin 3-sulfate R = Ac N-acetyldjenkolic acid

(sulfated-flavonoids) _ . '
F o875~ TR (Flaveriasp.) IART AT TR (Acaciasp.)
(Barron et al., 1988) (¥ E. 1980)

CHj3

nupharpumilamine A
F LT3 K% (Nuphar pumilum (TIMM.) DC.)
RIZHHIEYE (Yoshikawa et al., 1997b)

H1-12-1 43y 25t kCHEY
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o—terthienyl

7V F3) —T— )V ¥ (Tagates patula)
77V hr=)—T—=)VF (T erecta)
R HVER (Croes et al., 1994)

COOH

asparagusic acid

COOH

dihydroasparagusic acid
sulfoorientalol a
Y F €4 (Alisma orientale JUZEPCZUK)

T A73F 7 A (Asparagus officinalis)
W5 T B U 3015 ¥ (Yoshikawa et al., 1993) EYBEBEWE (Yanagawa, 1979)

6-gingesulfonic acid

a7 ¥ (Zingiber officinale ROSCOE)
HLIRIEIEE (Yoshikawa et al., 1994)

CHo0H OH

salacinol (Salacia reticulata)
o-7Y) 3T ¥—FHERNE
(Yoshikawa et al., 1997a)

R1-12-2 A4y &t RRHEY
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LAFZ IV

7Y=IF

AFTIF

CHg

44

A F T 7 (cimetidine = tagamet)

ARIRIGAZ-TYF - 7VyFHiF, CXFIVERULLES Y-S LTTOY
7FBHILET, LRSI VOER (ZOBEEBROSW) 2HH T 2EYORELIER
L. LAY IVEEWEDILEER 2T o0 BAICELONI-DIZ, X7 I DOHIBY
WFATVTEEZEALT)TIF, LAL, BOBSTB I DERABSA LR
Bolze FITELIT, AFVVECH ZSICEBR LA AFTI FHEERENL, 22
T, BHRZIEULHEC 2 ), BOBRSTHIELEL ) ICholz, LIHH, FOMKED
FAVVTEOFED, BWER L L CBNRBAELSIERITIEDLY, Thtdy
TI/TTZVVEBIIEZ, 2H)LTHRBENLDYE, YAFIUThHL (BW. .,
1995) .

E1-13 H2EH e 2% I v EOBROES
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-] KW%D@W“%?Wﬂw&Xvamg—
B1H A1 39RBRORA MLV REHTIIEORH

ABUIB EBRR72L I ICKRY. HBVIERMEE L TA 4 bW 0L EN: %
ﬂ%bf%tﬁ‘ﬁ%é%%ﬁk&zbvxﬁ%w%ﬁffiﬁﬂﬁ%%ﬂmbfm
b0 WHITERATHMOREZERLTVBEEWVEIELE LAk,
APVARBTTOA 7 RERIE, FAPVAEBTERVICRRoTWSE D &
PHESND, BIZIE, 774 M7 5F Vit FERXAPLALBETTIAESRSAL W
P, ESRA PV ALHTCHRRENICENS, 774 MrS5F  3ESBIZFL - 5
YERILTERLL, S6ICTVIFF U8 LOHRBICES, BahTiE X
bl sulfide L HEELTRAFIAIV Ly 2 RERY, IVEELRETE, I FI
VADHEIIL, S LCADEITKEVIZL, BELSATVWRILEILRTVS,
DL, ESBRFETTRAFYOEREBIIRBICHNT 2L E2002, LA
LED—=HT, YRATAVRINVI FFVITIE, FDBEXIZIZ—FIHEDL S % ok
AFXARGVADFREEHBILHHLNT WS,
AFTERE_RHEWTHE, TIVV Y, ZAVaALI)L—b, 774 b S5SF
ZEDEEDRF X, TOLHEO—KABHROFERILLFIERITEELIONS, L
L. CRETOAFIRBRICETEHMER. 1+ 2 EPORE I CLELRFE L
LTELRZZDDHFIREALET, APLAREWEE LTOESHILAWOERE L 4 +
VLR EMAEDETERL b DR ALNE o7, ThOEDA F IEHILEY
NEiE, EWEHSCR PV ARMENEST5 L E 2 on5 Fic, BEZEMC L EKk
FRAEHERZEL T h), BREWORPLICBVOREDEELH 5, HEWHERA T
BWTINODEERZHBATENL, REFSFCOEERBROSBCOEALE
WmThbrLEZOLNS,

FAETIE, AP LVRAREHE_RRBMEWL LT, 200WEICED L= 1075,
BEALVAREETE7Vav /b=, 9 100, ELBA ML RICES5T 2
774N TFYBIUFA-MEEWTH S, FIBRIKEEL., P51V ICHE
TBHEER LNTV S Sglucose £Z #H, F 72, BIGOREE 227 3 JEIX. B
UT+77 &b XA FF= U H% v (Halkierand Du, 1997) S0 X 9 124 % 4t
FHRVZDMEWDEEGHRRIECEE L TVAEEL NS, BEICHLTIE. o
AT A Y DEOEBYPERRRTE L BENHS Z LICHLTIt, 4 2HEL BT
SNTVEA, EHIEERDAFIRIEDAT v 7L OBEIZOWTIEoRE TIF &
AEBIRIN TV 2V, FHED—DDEMIZ, ThITRHEINTI dhol, —
AAHEYOERETIERIT A P UAF—BALER, i, BTRLRICBLIZH
ERIZOWTRETAZLItdh 5,
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B2l AFTIRBRBIICLIIESER F L AREEY 05N

YDA FIERNEWEEESHE LA MV RABEICHWTWEZEE, A PL A
ENLDOWEDEERADERED VU EFhICEoTwa L ELLNRLLITo N T
TICHBRTELe EXT, AATRBREA NV ABEICET 2 ROMRE LT,
BEFHFEERAV, T4bb, 13 9REBRETLBRARESEL2LTICLY
APVAMBEPFETE B0 E2RET Lz, 610, A AvRBR*MmILT 22 LT,
A VARUERPOVER DB TER VIR LER e FOEFAVELELT, 4475804
BWEEWMELOBEEICOVWTHEDOER IS S, 7 FI v AR REZ L, =
NETOWERL, YATAVRELBELI VNI, RTF FHPERTLLHNES
BRHEICEETHHLEZ LN TS, WP, NI 2H W, XS 0FF 7L
BIEFOBEACL VESEREINEENE 2 ESBRICRVWHEENTEY ., HEER
VELTHE, BATLIRIZFIZ, VATAVABRBEZEBAY., VX574 VLK
BeHEMSE, 774 M9 F V2 BRICERESELLICL ), BELERMEAH 5
TAHIELEZHME L,

CNOCDHAZEL T, BEEPATOAATOFBE AN =X LEBHL, 414 v
ZERETHIERMRDEE L ZOBEBICOVWTEET 2,
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B2 AFTRBEEFOBE T2 BNt B
B R

B1H HWOBER L ARESRSE

WEN LU LBHY. ROBEL LICL VEYOREIEOT LN, FOHAT /-
REL D EELIUFEROEEREZR TR RLI L EZEPYDBEL L .5, WYL
BTE 2wz, BRLEREOEMICTELZFER GG L CHTBHET 5 4E A
b5 (K&, 1999 ERES., 1999), BEZT-HWI—Hb BRBEEL. 2255
DIHRRBREEE, EGTHELII LT, 2OREL LTRUTOLE) 2 0
PETFONS (K., £F. 1999) ,

1) P1% 73212k 2 BB DML HE

RORELZITA L, E6LRERH DI, ROKERHET S PI (FO 7
T—E¥Lre¥s—) 2FBT L, PIOELZEIT, BE% FOBAED HLEEE
EEZHEEL, HILARZ B €, BEMCEELIH T2 L2 0hTwa,

2) BAEYHIRLRE D3R
-%#6@%@%@%%M¢tb\ﬁ%%ﬁﬁﬁ%ﬁ%ﬁénaomwmmmm
related) ¥ 237 BEBRBEN TV D, FOBEIE. BEOMIERS THo5F
RITNHE VDR TH 5,

3) MEEEE b O RICHED

RERBEDOBRIIC L VRO ICEESNL ZRHERIIBEIC. 774 7L ES
EFEIN, BEAFLVRALDBEEIHEENTVS, FEX T VAZBTTHLERE
TV ZRAMEWOREEIZ, ChETRBEL SNTELN, EE, X FLRAEHHE
WELEEZOND VL OPDHIESBLNTVS,

4) MRBEDBIE L oafL

REEOBRAHZ 570, BB EBERETLLE bI2. EEBEOBHELFTS .
2%, MRBOERFTHEY) V=V OEBRES. M BRI 2~AI L0 —
ADEEHDLILI AT VY Y DEENFTFbRAS,

BEREDY 7T MEZIZOWTHE, TEFHALADRSVY, Yy ATV BIEEE
REBREZERIZLTOUAILDPHALPIIR)DOH b, T1-8iE. BEAFL AN 7
TMEZRIZBWT, VY AEVBED LHTHETIATF RV SATn:, &
NoDZLho, VYAEVBABERIZ, BEAFLADEFTLVE LTAVWLR S
Ledic, BELERGTOEEMTICOAVLRATHS,

W2 Inavlr—prEid

ThVIAY V= ME AT VHBEREEL SR, REBELFA VO - 2EE B
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DRRNHEDTH 5, 777 FREZRE LD L THIRNFERBDICHHFLTVWD (K
2-1) o TNAV V- L RERETAHEWIE, FO5BEBEETHLIOLF—F
(thioglucosidaase, EC3.2.3.1.) %X $HoTwb,

IRV F—ER@B-T NIV T—ED—FETHD, K2-1 \TRTEETI VIS L—
FESET S (Rasketal, 2000) o THE, A VFFITRA—F 2ELDLET LR
EVHPERTL, ShOWThifERTHY, BEHSHENE. B+ 284
HEENE. IRENZRT. I0dF—¥ernay ) Lb—rid, BEIIROMEL I
FRAONTWAEY, BEICL VMBI ERLZ L ICEVEML, KET 2, ZVa 3y
JU—=1MREIE (H1-10) TR XH 2, BEWOFR. FRBESOAREL L
THRLINTVEA, HBYWHEF T 588812, Ek\%EZFVZVﬁk@5Té
HFThHsLtEZOLNTWES,

Ivay /- rOMEETI VBICHEL TS, f Y F=—LVFVav)L—},
FEBEIVaAY V-1, BBEZVvaT 7 L— Mok &, 100 L 255 h
T3 (£22) o EOTNVIY ) L—FHEEENRTVE2IE, HPOHEICE> T
BroTwa, flzZiE, Y04 X F X FEICRFEEINIY ) L—MIESTIATS
5F. AV F=N, BRHEOb DT THS,

B3IH Invav)v— OBk

Thay/v— rOREYTO/RENT, 1 DICZEREY. RRICHT2EBAHE.

DENBEREWRETHHLEZOLNT VS, Hl2IE, LREOZTOFT 2N
(Papilio polyxenes) %t ) #® 1) (Apium graveolensL. var. dulce (Mill.) Pers.) %
HFATERSY, ) ZABDY =7 ¥ (Sinigrin, %£22) % LAATH2 L,
BN RY)BILTLE D (RHE, 1994) , 775 F (B. napus) BFH 5 Hifg %
o b TR, REOFARL LTHAVLRTWAED, FVvay /) L— L\ SHENE
W& REDVRE > TERZ W/, REDERESIHML %\ (Schoneetal., 1997) ,
—7#. E¥UF a7 (Pieris rapac), 4 €0 F a% (Pieris brassica) . IF 5
(Plutella maculipennis) . % A 2> /ST (Hylemya brassica) 7z ¥ D$HICE - Tl
CNOIIBEABWE L 251300 5, BRBICEL o TEFHEWEE 2oTW3 (X
H. 1994) ,

TNay ) b—rOMOBEEE LT, AV F—VFVvad)b—Mi, F—F2
THH4 Y F-VEEROBRETH A TEHEIRENRT WS, YOLXFXFDT N
IV V- MREZREELKL, HERETHFEINL I —FL 0ERK L. HSPIO
DEHERNTB Y, BRICEZMTH o7 (Ludwig-Miiller et al., 2000) o 1 > F—
WTNIY /) V=t DoFHEEND =YKL, 1Y (B. olearea) DG/ %
25 LT3 (Kosemuraetal., 1997) ,

Z7:, MBP OHRIEDOE WRIEFIEFHEEMICEBELTWAZ LRSS
ERL, YEAXRFIFIZBBTINVAY ) L—F EHEMORE L OBEERITEE T
5Z L LRRENTVS (Takechi etal., 1999)
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. B SR WO Sy B
g3 L T e e el

WA INVav ) V- FPAELRRET

B22 IR XHIC, Fvay /) v—1roOR8Iz, TI/BO7 5=, X)),
A7, Avaf vy, Fuv v, 7z V752, ML T 7Y, AFF=
VICHER LTS, HiC, BIIBROBHZ A FF= V2 EEKBHRLELTBY., 20
PRERICB L UBILRICZZ T2 LICE VESGRENTVSE, /393 SHhER
B ATA VICHARL TS, HBLD ATy FIZPAPS # #£HEE LT, ANVT +
FF Y AT x5 —¥ (sulfotransferase) 12 & o> TiThbh, ChEZVvas /)L — b
EEBRDBEAT v 7 ThHbH 5,

FREBEL VY )V — PEABKIZ, A—DHBETHLITNVFFI %82
(F23) o 2OZLRFTLIHLFTL Y =TV FF¥ A (phydroxyphenyl-
acetaldoxime) D EHRPICE T 2BED, FHREE AL SBREY TH L/54 ¥
(Carica papaya) . ) 7 & (Sorghum bicolor) &, 7 Va3 )L — b E&BHEY T
%045 (Sinapisalba) TRIFENTWSE L H RV &N Baketal., 1998)
ZERLLEMITOND,
FREBEIEYRIL AL TRIEN, FRICERZVI Y ) L— D54 IX
BonTwd (£2-1) . Thii, FREEGOESEEEYIC, H/-lccs ) 7—
BEEPREELZDDEEZONT WS, DI LiE, 777 FRHM b0y &
KRTCS )7 —ElEFREVI Ero bXHEN TS (Kiddle et al., 1999),
TNnay /) b—MEGEIZIZ, SOXHIT, BLEA 7 L BTEA A ORE Hs
HE5LTWwER, BRATy 7THIRBIARIEIERETHLEEL N TWE, £
7 AVT7 bV A7 25 —FIZX WIS, B2 BWTit PAPS Dk
WKL T 5 (Klassen, 1997) o TN ED5H, FEA L ALBET Cld, APS *
FT—¥IZX % PAPS ESEICH L EN L Z L islies 3,

BSEH Iuydy—¥/7rvavv—-1r+%

IpvF—¥id, 30 /4B (myrosincell) | I 2 BBMBEICERE
TBY ., insitu hybridization DR HH, mRNA b COMBTHRIEL T3 2L s
RENTWS (Falketal, 1995) o £72, 753 F (B. junce) TORRHSIE 7N 2
YIV—LFTHBEVETIVE, TV a0 BHBICEELTBY, I il
KIREF SR TR (Kellyetal, 1998), MIAMEEEhL 2Lk, RELE
EVEML., RIDAB &5, Z 0K . MBPmyrosinase-binding protein) .
MBP-RP(MBP-related protein) . MyAP (myrosinase- associated protein) & % &% Jrt L
THEREZRT. CNODEEBEBICBET L5 V37 0&IE, BEAFLARY ¥
AEVEE, ) TFNVBRETHEMTAZLIRENTVRIELNLS, THEDF VIS5
PIEHZHIE L TWw5H LE 2 5TV b (Bones and Rossiter, 1996),

MBP it. BEEIIRATH 2, 30T F—B L HEERATLIZ N, 15
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PORTINY T L2 HET 2 RFTHLEEL 5NTVS (Falketal., 1995) .
MyAP 3, 18— € L A\ (Taipalensuuet al., 1997), ZHit, Z Va3 )L —
FEGRREE R RCT YVEETHEELTEY (£22) . BREOBET 1L
BIZERT AU MyAP IR XN TW B EZ X O NT w2

BOH AT VEHLEWLEBEAILR

REEN DA+ IRBBETFILELLL60DRF v S TREWICFIL SRS =

LRFmTRANIZLBY) THB, LHOHBRAF i3, HBEEA 4 PS5 AR—% |2
LOVEAICENZ TN, ATPAN 715 —HIZk ) APS & o TEBILSNE, =
CTHBITNEII, APS 2 HE L TARER 2ED Y, BBIZZ 2 T2012500
o —DEAPS FF—HIZL DY UEBMEENTPAPS &2 ), BELAW: & —
RAHED L2 TH D, )~ APS LF 2 y—¥ 2k ), BHEEL 2D .
SHIEDTRDYATA VIIELRBTH B, A M LALETTHLADA A S %
ILEYPELREINDE I L2 #E 2 2L ZFVX%#TT@{%?&W#H@#@&
BLIKEL(ERoTwAZLEEL NS,

BIETRRZEIIFA =Y, FA T2V v EORBMEY V8212, V25
AVEZLEATVR L W) BN D2, S/, E1HTRSS LD 12, EWIIEE
BERED—2& LT, MEMR, REICHT 2804 B omE s+ EET 2oL %
BRTzo YEARFAFIREEND 7T T FHHEW & TN - RRHEDTH 2 .
TNAYIV=rRT7TAMTLETUOEREIL, BEA L ABECHEELTW 2
LEZONL TT77FRIZBVTIHRIC, ChSDTRAFEDOELSEZIL. A
FORBROTRICDBLEL LN,

TITHRETE, 14 TRBEEREFOIE L “RRBEDOEE LR U 2
WRDETFNVAEBET ZEHT, REFLAVOFESEATRE S04 XF X F
%%wtoﬁﬁﬁlw\%%ZFDZK%T%??%W@ET%%9?1%7@%
%w(MMJ%mw\%nawx%vxTwﬁﬁ%@%ﬁEaﬁw:9/v—bg
BLOEEEZART,
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ft‘) ‘

e i ek

#21 FNvavL—p ’%&Aﬁi‘ﬂ"éi M DI (Rodman, 1991)
pp Ha B/ % ori

Akaniaceae TH=THY /1 [A=Z 59 7HE

Bataceae 1/2  |\BET7TAUSKE. 77U HKEE
DB

Brassicaceae 775 )% 350 /3000 |imWrHTIZIE A

Bretschneideraceae (7L F %1 75§ 1/1 HE

Capparidaceae 770FagyoR? | 45,800 |BEREICIE S

Caricaceae 7884 X Bt 4/30 |BRTAUIKE, TTUI KR
DA

Drypetes *’ s 1/150 |#%, W@

Gyrostemonaceae 5/17 |F=-ZF5y7

Limnanthaceae PRS- 2/11 (L7 A kKRR

Moringaceae VARPES 1/10 T7VAKE, 7 7 08% i
;]

Pentadiplandraceae 1/2 T 7 A KEEDBHH

Resedaceae ErEAL VIR 6/70 |77 A KEEIE, -1y,
TIT. 67 A hkBE

Salvadoraceae FANFSH 3/12 [T7YAKE, HE7IT

Tovariaceac 1/2 MALT X ) 1 KEE OB b 7

Tropaeolaceae BNV H 3/92  |BWAdT A AKEE

BESNTVIORWTFILLRFERYTH 2,

1) &2 T# (Sapindaceae) |Z3E#%
2) T BLIER
3) b ¥4 7Y% H (Buphorbiaceae) ¥ 4"E F+ B,
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{t&% (-glucosinolate) |14 S
PERER I V3 Y ) L—}
CH—CH—CcH— allyl Sinigrin 439 IH%¥E, U
' YE, Froul
il 3-butenyl Gluconapin T77FRICLL 7
ki
CH— CH ClT o o™ 4-pentenyl Glucobrassicanapin 43I HE, A
_ S IHE, b
chn—rif‘Cll,— (ZR)_Z,hydroxy-B-buta]yl Progoitrin 7 T77F. AT,
oH ' ' Fry
TN (2S)-2-hydroxy-3-butenyl | Epigoitrin NTF
_ OH
CHTSTCH oo™ { 3-methylthiopropyl Glucoibervirin RHFYNF, L3
TIYHE, F¥L4ar
/3
CHT ST CHT ChT ol o 4-methyithiopropyl Glucoerucin T7I3F+BICIEL &
i
CHT ST CHT KT T e o 5-methylthiopentyl Glucoberteroin |43 IHE, ¥
4ar . N"r¥ 4,
WENHRE
i It B 3-methylsulphinylpropyl | Glucoiberin R RAY AN A -
STHE, a-N T
¥t '
O 8o Gl Cl o o 4-methylsulphinylbutyl Glucoraphanin y4arv, 7oy a
: ). Fxravl
| G 80 CH CHy— CH CH—CH— 5-methylsulphinylpentyl Glucoalyssin NTHA, AT
B A7FXF R ¥
_ oM™ 80~ CH=CH—cHoy— 4-methylsulphinyl-3-butenyl | Glucoraphenin F4ar N
(W80 CHTCl o 3-methylsulphonylpropyl | Glucocheirolin 43995 ¥, #
‘ Y799— 27
CH™ 805 CH™ CHm oHm o " | 4-methylsulphonylbutyl Glucoerysolin WENRH, AT

%221 FhEINaL ) V— ol r o4

(Bjerg and Sgrensen, 1987a; Harborne and Baxter, 1993)

ThIY) V-FiZE (p39) D &) EXEREL TBY, K227 F L) 2H 4R D
bODPAMENTD, MPEOERIC L - T, Bk, &K 1> F—rrray)b—ricky
ENB, IVI-RBECT 2/ —VANEVBFIATFAUBEL TS LEREATVS (5)
A, ERLZHBEIRISTEER TV RV, '
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t&%% (-glucosinolate) |1EF% Vil
FEEINTL I L—} "
' benzyl Glucotropaeolin FTRAYF a2y A,
A i
: VAVAY B4
phenethyl Gluconasturtiin VAN &N
' ' (R)-2-hydroxy-2-phenylethyl | (R)-Glucobarbarin NVEZEYTHS
@——T—w,— (S)-2-hydroxy-2-phenylethyl | (S)-Glucobarbarin e
o" .
p-hydroxybenzyl Sinalbin a4
.o__©_q.,_ IYINTGHS
P
m-methoxybenzyl Glucolimnanthin VA>T
oH—. '
LAY F—=nNTnas) L—F
CHy—
l
N
h
R'=R’=H 3-indolylmethyl Glucobrassicin T77 8L L
|55
R'=0CH;; R>=H 1-methoxy-3-indolylmethyl | Neoglucobrassicin T75F, ¥x+
X HYTFT—,
Zavayipy
R'=SOH; R* =H 1-sulpho-3-indolylmethyl | Sulphoglucobrassicin AUty 14
R'=H, R*=0H 4-hydroxy-3-indolylmethyl | 4-hydroxyglucobrassicin | %5, 2 O# S
:‘/\ b/l '} 797 —
/Rl
| 4-methoxy-3-indolylmethyl | 4-methoxyglucobrassicin | % 1) 75 7 — 7z &
R N—OSOgH
T/
R, O
- o
U H R3,R* = phenol derivatives
H
~-*
IV ) v—tOEREE HE SN TV B LGN TOEE

39




HO

H H
H N——0——50, H
H
glucosinolate
R—N—Cc—Ss }////////
isothiocyanate _
(pH>7) CH ZOCH—CHZ— C——N
: S
R ——CH— CH,
R—C—N I epithionitrile
NH (epithiospecifier protein
nitrile O\ / d Fel+
(pH<4) lc and Fe<)
R——§—C—N oxazolidine- Z-thlone
thiocyanate
(from aliphatic glucosinolate)

X2-1 Znvay ) V— D4R (Halkier and Du, 1997)

Iy F-¥iliWmkGBInI . BEREEZECV L 2PORIEHFRE 5, £¥D
ERPPERE L TEL 2513, pHZ EOMKGBOSLMER., MIEOBEICL Y B

bo EFMRVTRLFHMTH Y, RROBEAMEFEECHERLEOFGETHL L £
ZbhTwa,
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4> F=n

EEHEI VAL L—-} ks vassv— ¢ INIAY ) L—}
Aromatic glucosinolates Aliphatic glucosinolates Indoyl
glucosinolates
Tyrosine Phenylalanine Methionine Tryptophan

N\ '

chain ext. 1 chain ext.

HMet DMet/TMet
TetMet

larger
homol.

v i

P450

P450

FP

Peroxidases

\

\

FP FPILW
v Y \

Y

I3 A oxime

| | -

P450: cytochrome P450

FP: flavin-containing monooxygenase

HMet: homomethionine
DMet: dihomomethionine
TMet: trihomomethionine
TetMet: tetrahomomethionine

ext. : extension

M22 T3I7BAbI7Vay)— bEIBMES £ 43 COM
s

EHEAEE

Thay /) b—r BIUFMEEKICEOTHGEA L 20EEK, 73/ Bh sy
Ofpf L BALEZETH * > AL 4% FH# & 15 Halkier and Du, 1997),
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R\ A "N

nz/c \CH —_—— Rilc\ﬁ /0—sugar
|
N
N\OH
E e PN ERECHEA

vo, o

o* “oH
= rufked
SH- (cysteine) L CSV)7—%¥
R’\,c /H ‘
H
R2 \szs

Ho” M on

- -
R\ H R\ /H
7
Rz/c\cﬂ,sm - Hz}\ﬁ ~SH
-

N
NO ~ OH

UDPG L TNVAVNVE G VAT T—E

R\ H
nz/c ,\ »S-glucose
fi

N
oH

PAPS L ANVT PG AT 25—¥

A\

nz/G \ ~S-glucose

=0

Fvay)r—4

~
0s0

B2-3 Znal ) L— FEASEER (3T LUE)
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B2l ERHEBLIUHE
1 JufXFXFOEBEHEE

BWORBIBEEZSEZIC L (FH, 1996) . IMKNO, (Sml) . IMK-PO, i
# (pHS5.5, 25ml) . IMMgSO, (2ml) . 1M Ca(NO,), (2ml) 20 mM Fe-EDTA
(2.5ml) micrinutrients (1 ml) ZEFEKICEBEESE, ILICARAT vy SL, Yu4f X
FATHERERB Lz, ThiC, 7HO—2R (6g. 06%) 2METAH—bor 1L —
7 (121TC. 2043) L, Y*—V (BE15cm, EH&E9cm) 220ml FoO5EL, ¥
U4 XFXFR7FO-AF V- 2R/BLT,

YUARXFXF (AuVET) OEBET 100 % 1.5 ml Bl F 2 — FIAFTIC
L. BEKTHESELT, TILHYORTohELZLEVRV, REAK (Im) %
Mz, <4270 3F4—T1040BREL /20 7 -V RUFHT, BEA (1ml.
10[8) CTHFTVCTHEBEEZRE, 0. 1% ERBERIBBE LS/, YOS XFXFH
THOA—=ZAFV—MIHEEL, 4T, 4 HREROER, E8E 25C. 140100 B
) TlAMBBEEL,

B2H VUL RFAXFDIXYARAEVBAFN, Y20 FT I FOE

YA XFXFRATHAO XS L — FCEERELZI 04 X+ XFI12 MeJA K&
# (200pM, 1ml) . 2> FO—VHAKBE (Im) 2 FhERME., /S5 74 A
Th7z% L, BREERTOHEBEH CI-OIZEH Y v NI ANTY = — V57— 7 TH
T L7 (BHRE 10uM) o A ML AWEFRRBEO LD (0BE) &, MBLDL O
IZDOWTIX 1, 3. 6. 4BFHBRICENRENT T V7 LT ATAETE RNA #Hj B
L7

vrunFxy IF (CHX) LEOBCIE, CHX KBEH (100puM) T 7-id@Bk %
1ml Nz 1FEREHE L (R¥BEESuM) . MeJA KBEHEZRMEFRKICME (BRigE
10uM) 7z (24A) , ‘

BEHE (1m) ; EEK 900p, 10%7>FHRVIY 100pu
Tween 20 (polyoxyethylene(20) sorbitan monolaurate) 2 pl
MeJA ZKE# ; 20mMMeJA (41b# . mixed isomer, FIJHEE) =¥ ) — V¥
(100u) %, WEAKTI10m ZFRL 720
I PO VHKEE ; L5 = (100u) %, BREATIOm ICHERL,
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BIFH YULRFXFOREBLIUVBER L AME

A+BIvy7 A (Metro-mix, Scotts, OH) : /S—3I F 254 h (KE. BAl) FKE
T (KE ML) 22:1:10KTREL, REA+LE Lo SEE+24— 21—
7 (120C, 204) L. Y04 X+ XF (2ur¥7) 0BT +HB@EL. 4 HBER
A L7z, 4EAMRE (25C, 14h/100 ) TE T, O¥y NEEHT10 - 12 BUEEH
L72E CHATRRBRICHV 2, REATIBFRELTE Y MEIZY ) AR E AN, i
B LB Z > 7Y 7 L (F92-4B) o MeJA LB id . FfEICE T2 u4 X
FAFER)ZFLUEHR Q0L) AR, BREBRE1UM & 25 X 5 12 MeJA % 1
. EEHCHEREY 7Y 27 L7z (F240)

$4W ATAEICE 2504 X5 X5 552 RNA OHil

YR (09-1.3g) ZRLKICAN, BEEELMAES T, AETHERIL2
TTECEML, 50CICIREL - ATA (aurin tricarboxylic acid) B&#H (5ml) &
P=-ANAT LS /= (S5u) ZMZ, &5ICEE2 ML I=INF2— 7
ICB L. 3MKCl (0.7ml) %%, KET205%2 L7, i (8000 rpm x 20min)
L. EREHLWF 2 - 7128 L7z, SMLICI (2.5ml) %0%. -80C D BBE T 1
a5\ 7z Bl (8000 pmx 15min) L, B %Mva7z, (B % DEPCK (2ml) (o
L. bufferedphenol (2ml) %hN%. ##E L& (s (8000 ipmx 20min) L, K@% & -
Tb ) —F buffered phenol (2ml) #HNZ. FEE L& (8000 rpm x 20min) L7z, 7
BEFLva=Fnick ), sMNaCl (02ml) . #L5 /— (5ml) zmz. -80
COBRETI BBz, #is (8000 pmx 20min) L. F#E % B 7, LIz,
DEPC K THBLZ70%L % 7 — ) (5ml) ZMz. > (8000 rpm x 20min) L., F
Rz, L% DEPCK (1ml) 124> U720 2ml #BLY . DEPC AT 100 f&12 %
WU TRAEZHE L7zo RNAO pg H4 % 1.5ml DFLF 2 — 742k ), A¥— F
Ny 7 THEBERR Uiz, U714 L VBHH (lopl) M THEMSE, 65C. 15
SHEMEL, BELIIKTER LT,

ATA #R 1. ; 300 mMNaCl, 50 mM Tris-HCI (pH 8.0), 5 mM EDTA (pH 8.0, 2%
SDS, 1mM ATA | |
DEPC’K ;X 1L, 1ml DEPC (diethylpyrocarbonate)
RNA U —71 7 JRMER (1 #k47-0)
formamide (12.5 pl)
37 % formaldehyde solution (&N =<1 ., 4.25 ul)
10 x MOPS R (2.5 ul)
EtBr (10 mg/ml, 0.05 pi)



BPB (bromophenol blue)
XC (xylene cyanol)
MOPS #Xf&# ; 20mM  3-(N-morpholino)propansulfonic acid. 5 mM CH,COONa
1mM EDTA - 2Na - 2HO

B5H 7u-—7HDNAKEOAN

- VHARXFAF (TAFAT - a0 E7) HRDDNAFIET ) AEGR L L,
R23IIRLITTA R —DEAEDE T, 50ul DZETPCR #4757 PCR EYW #
IV /= VIEBREEEEVIT R L, SR RBIEND - - kIc o T,
1%7 770 —2/05xTBE 7’ V&V CELKKEI L. HIYDNA DY FEEHH L.
Prep A gene (Bio-RAD) %\ CHEIL, TEHEWE LTHE DNA KR %187, T~ %
5 — (pT7Blue) (ZHEBELBY Y7270 —=> 7 L7, Big Bye Terminator Ready
Reaction Mixture (ABIPRIZM. 8pl) . MI3 75 4 ~<— (Y—2 ¥ ZMH, 2pmoll. 1
H) « FTAIF (400ng ML) EAN, AFAT200 £ 2B XD ICHEAEML .
FBRIC. RVF A — %G VIV ERM L7z, PCREET, 96C. 1450, 1
A7 NDHK, 96TTI0H, S0CT5H, 60CT45% 25414 7 VRIBS¥7, K
ICHERYZ 0.5 ml DFLF 2 —TIB L, BT Y 7 AKER (M. pH5.2, 2 )
LWLy /= (50pl) ZMZ. &4 (14000 pm x 15min) L7 FiE%E X, 70
%Ly /—v (30ul) ZHMA, Ei (14000 pmx 15 min) L7z, FiEFBR X, B
TREL. O—7 1 Y7RER (20)) MR AVT Y 2 RITHFTEBBEET,
BTHOE— 7Oy I T2HEMBL, 7273bITKE LTz ¥ EFY—S—2 Ty
% (ABIPRISM 310 Genetic Analyzer, Perkin Elmer) CH#H7 L CREFIZREEL 7= (F2-3) .

M13 primer . 5'- CGCCAGGGTTTTCCCAGTCACGAC
RV primer . 5'- AGCGGATAACAATTTCACACAGGA

B6H RIBBR/ u—7OWN

% DNA W/ (16ng. 2 pul) . Randomprimer (1pl) . TE (4pl) #% 1.5ml D& L
Fa—7IAN, 95C, 37EBMEL ., BEH K% L7z, 10xbuffer (1.25p1) .
dNTP (1.25pl) . dCTP* (2.5pl) . BcaBEST DNA polymerase (BcaBEST labeling kit.
TaKaRa, 0.5ul) £MZ. 55C. 103 & €72, 95C, 3FBME L. BEb ik
Lico RIGHDFBENATIITAE—-Ya sy 7y —10m (1EF) 2z,
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B7H BE. DYAEVBAFIVRBEI O, XFXFDRNATT Y MEH

ATAZETHBLIZZRNAZEL — ¥ 30pg T2, 1 %7 A0 —AEH S Vico —
FL. 1 xMOPS #&f&# (800ml) T 120V, 1B BRIKEN L72o 7 NICHA OV 2
¥ 7V (Hybond-N+. Amersham) % D+, 20 x SSC T48 Bf* v+ ¥5 1 — T ~
AT 72107200 AV TV /% 20xSSC THELPEW, UVIZORAY v h—, R—F
7 (62T, 2Ff]) THEHZEILLz0 AV TV Y ENL TR MNVICAR, N4 T
FAE—=aryNy 77— (10ml) £z, 2T, 1BRES LN T)F4E—-T 3
YEfTok RIEE T =T KM VITZ. 42T, 16BN, 7)) ¥4 E— 3
Y &fTol, —RUEH (2xSSC. 0.1 % SDS. 10ml. 65C. 30min) . —k. =Xk
# (0.1xSSC. 0.1 % SDS. 10ml, 65C, 30min, 2[H) %4757 XAV TL DN
¥ FOWEIX, BAS2000 2 BAS 2500 (7 V74 VA, B¥) 2HAVWTEEREL-DL,
X#7ANVLAZEKL: (82C, 1-3HM) « ATy Fu—¥rrii, &
BENY MZ, 05%SDS (100ml) AN, ®vy PRI =5 THhESE, XV T
Y AN, ELICIBZIED., B 3IRERE LG T Lo HAT -5 —THh
TV M RNWCERHR L, actin DU -T2 HWTHUINA T F L ¥—3 3
YEfTRoT, FIBRDFEICH-TERL, BNV FOMBEX % RNA 7OV b
BT —74 v 7 OEHEMEIZH T,

1%7 Hu—AEET7VOFE ;

WK 72 ml
BERKEIHT Ao — 2R 1g
10 x MOPS #& & #& 10 ml

BFLYIUTHRLBREE, TTRTHLI LI T THRL,
31%AFN LTIV TR FARER (18ml) ZH0R TRE,
TRy FICHii L, I—22ZLZRTELE®,

B8H YuAXFXFHhoINay)L— O L HPLC 44

XBRDFEIHEV . — 8 4B B L7z (Hogge and Underhill, 1988; Kriling et al., 1990;
Haughnetal., 1991)c &, MeJAME L 7-3 0 4 X FXF# LE (300 - 500 mg) % .
V7)Y TERCBEERTHLE, BRLz, & E2A% /- (10ml)
FIZAN 1 3BEB L2 & (3000 rpmx 10min) L, BREZ*BE#HX ¥/ — )L

(10ml) ETHith, &l L., EEZHED/, BERETF Y 7 LB % (20 mmol, pH 4)
THE L2, BA 4+ 55 #H 5 5 (TOYOPAKDEAEM, RV —)ICLiE*# EL. D
BNz RHOMEWEREEE/, H T L%EBF M) Y LBEH 2ml. 20 mmol, pH
4) THHF L2o HF AIC sulfatase K EHE (75 pl. type H-1, from Helix pomatia, 0.5 %
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wiv, Sigma) M. 37CT 16 BEKE S, FAVT+ 702 ) L— b FEL
720 BB LIZTANT A7 WAV ) L— ME%EK 1.5ml THIB LY. YT 7 4 — ¥
DEIFIG X 2 NEBERED SR L 723, 98T, 2 RSB, Ks L7z WER
B (NPG. Onitrophenyl-B-D-galactopyranoside. 20mg/50ml) #KEH & L. 5 ul
ATEKRALY 2 I0mMDRARATSFRAIIHMATARAT Y 7 L7 100 ul % HPLC
FHDY > FVve iz, HPLC £ 13 E 25 2R Lze £ 2 T. PDA
(photodiode array) #HI3F% 3% L7 HPLC Tb db¥TH#H L. TR ZPhOV— »
DO UVEBRD EHE2HB: (H2-6) o ThPRDOEFDOE— 2 ERE, BEILTW
% Response factor D % F\»T (Haughn et al., 1991), HWEFEHE L D TE M L 7-
(Bjerg and Sgrensen (1987a, b) o

BIK WEXAFVRAYINTIDORNA T v FEH

FNIFGEA IV ARBERD/- D, AHFEECHEB IR AL TL Y 2 H 0
(Haraetal., 2000a,b) o 7U—7i37 5 ¥ F /< XD APS3, APSKI. PRH19 % i\
o AVTVIZENATIRIMNVIEAN NATYFL -2 avNy Ty — (10
m) ZMZ, 2T, 1A TIINL 7Y T L ¥—2 32 %fFo7, RIESTD—7 %
APVITMZ, 2C, 16 BEEANA TV T4 ¥~ 3> %575 7, low stringency (6x
SSC. 0.1%SDS, 50T, 20 min, 3 [l) THEF%4To72 (Ogawaetal., 1999) , A ¥ 7
LY DN FOMBEIL, BAS2000 %5 21k BAS2500 (7 V74 VA, BE) 2#Hw
TERELZDL, X#7 42 (Kodak) ICEHL7 (-82C. 3 HE) .
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23 RNA 77Uy MEHICAV/-DNA 7O—7

RIETFH 70— |SWS54<— IMSITL=— B K @ | Accession
b & & (bp)
A 4 ATST] |ARACTCCCAAACCCTACCGG CGAGTAGTCACAGAACGACAGC 2045 | D89631
FPILRB-F
ATPANTY F—+¥ APS3* 1576 |U06275
U59738
APS ¥} -¥ APSK! |TCTAGACCACCGTGAGATATGATCG | GAGCTCAAACAGCCATGGATTTGC 947 (U05238
APS V¥ /58 PRHIY9 |GGAGGTTGAATCCTGAGAGG TGAAGTCCACATTCCTTGGC 523|U53864
APS VY Y~ PRH43 |GGTTATCTGATCGAACCCAT CACTGGATCAACCTGAACAR 595 | U53866
HEHEBRLY s 5—¥ sir CAACAGAGAAGAACGTGTGGTGG |CGCTGTGTGACTACAATGG 738249217
AT ERBE cys3A | TGAAGCTTGAATCATGGCC TGGAGAATGTTCAAGCCTCG 992| X84097
VATV EBEER mtACS1 | AAGTAGGATCATGGTGGCG MGAAGTA@CCMGHGC 1325 X81973
VAT AV EBER ¢pACS1 | TCTAGAGCAAGTCATGGCGGC CTCGAGGTTCCTTGTTGGTCACG 1231 | X81698
Y-TIWVEINIRT 4 > |gshl ARGTCCTCCAACGGAAGAGG GAGTGCGTAGTCAACATACTGC 775 | AF068299
g1+
TN F B gsh? TGCTAGGCTGCTTATCGAGG TTCGTGCGCATTAGATAACC 501 | X83411
a/b-binding protein cab GAACTCGCTTATGAGCTGTGG AGGTTCGCTGGAACTTCTCC 231|X56062

*DNAFAT77 V2RI =) v/ LTHBLeEETu—7L LTRVE,
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A JAMLEEZEER (RNA)
Methyl Jasmonate (MeJA)

/ final concentration: 10 pM
cycloheximide(CHX)

( final concentration: 5 uM

B HBEAMLVAEER RNA, Z Vv /) L—})

C JAMLHEEE: (Fray/L—1)

final concentration:

MeJA (1 pM)

K2-4 04 XFXFDIA, IBEZX L ANE

A MeJAMLERFEY), RNAHH
B HBEAMLAMEREY, RNA, ZVa ) L— bHEA

C MeJAMEHEY, YNVaL /L — MBE

49



A i Mz ZJ]/% 2’]

vu4 2+ X (L)
(6fE4k, 300-500mg)

A% J—)v, I H S
OH
Ay )= VBT % 2 Ho - o
DEAEY 5 A 12k . i ThIYI V=t

YN 77y — R ¢%&

B ( H\r/N—OHj
HO S
ANT valJL—
| C?.) F NI M}Ej o
PR o HO —TH
l PIEBEBER, AR T7 v S HO
\_ TANVZ AT NVAY ) L— }\J
HPLcﬁ}’ﬂ?ﬁﬁ
B HPLC Wigftt

Chromatograph : Waters 600E Multisolvent Delivery System
Column : TSK-GEL ODS-80Ts (4.6 x 150)
Column temp. : 40C

Mobile phase :
100% 0%
CHaCN
2%
1% |
0% 100%
0 5 20 30 45 (min)

Flow rate : 1.0 ml/min

Detector : Waters Tunable Absorbance Detector
Detection : UV 226 nm

Data blotting : Chromatopac LC-6A

B2-5 HPLCIZEAZNVval ) L— b EE
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J

; ‘ raggs T VAL g,
i 4 A 11 J“.";S Hissssiin ey I Sl b

250.00

Joo.oo

3so.oo

e L
o.oo §00 10.00 15.00 20.00 2500 30.00 35.00 +0.00
Mhvtes
tg (min)

I b0 — 7 . Waters 600S Multisolvent Delivery System
R 7 . Waters 616 Pump

%17 A . TSK-GEL ODS-80Ts (4.6 x 150), 40C
PDAZ% & . Waters 996 Photodiode Array Detector

F— YW T 7)) r— 3 3~ Millenium 32, Waters

[X2-6 PDA(photodiode array detector ) {Z & % glucosinolate D 734

A YOALRFAXTFTTAMIHZNTTL ) b— G HDEDAARY kil

PDAMRHZEBIZ. =RTTHPLCZ BT 757 1 — L LIEEH, KRB & SRR
EMOSTOBIIHVEN S, RN (g) &L bIZEY -7 DUVERILARY M LOTF
BEBT, E—270RZEICHAT S, MOBE. HEh SRR, SEICUVIRILDHE
. BEICIIUVIRILO @B EATREN TV A,

B EHEZ Va7 L— b OHEDB X UPUVIRILO

C AvF=nrnray)L—roEEL X UUVRILO kT
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R N—OSO0
\f g
HO
0
H
H
HO
B JRHifEZ Va2 L—}
R= H,C——8—(CH),— 4-methylthiobutylglucosinolate (1)
H,C—8—(O ) —%r n = 3 : 3-methylsulphinylpropylglucosinolate ( 2)
n = 4 : 4-methylsulphinylbuthylglucosinolate ( 3)
o n =5 : 5-methylsulphinylpenthylglucosinolate ( 8)
n = 6 : 6-methylsulphinylhexyylglucosinolate ( 9)
n =7 : 7-methylsulphinylheptylglucosinolate ( 10)
n = 8 : 8-methylsulphinyloctylglucosinolate ( 4)

2250 2200 2350
ks

BIEIEE 7 Vva> /) L— F OUVIRILDHEE

C A F—=WThai )l —}

R2
R= e RI=R2=H: 3-indolylmethylglucosinolate (glucobrassicin, 5)

I Rl =OMe,R2=H: 1-methoxy-3-indolylmethylglucosinolate (6)

R! = H, R2 = OMe: 4-methoxy-3-indolylmethylglucosinolate (7)

e b
AU

: Lﬂﬂ

zrae 2180 2m.00
M
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s 1 T
B1H BE. DYAEVBAFVAEI O X+ XFDRNATZT Y bE#H

TVay ) V—FIBEEAFATHESh, BHEBYEL LTHEELTWS &
ZXAbNTwaZLE, TOEARBAATRFROTHICEELTWIEEI LN
AZLIZINITRRIZEBY)THE, FXT, ZVvay /) L— L OEEBIUER
PAFT T DG LBEEL TVE2ERFT 5720, 41+ 9 HBETF D mRNA L8
B2z AV7-REFIE, ALV PS5V RAK—% (ATSTI) . ATPANL T Y
7—+¥ (APS3) . APS ¥} —+¥ (APSKI) . APS L' ¥ 7 ¥ —¥ (PRHI9., PRH43) .
VATA YV EBRBED3IODT 4V T+ —4h (cys3A. mtACSI, cpACSI) TH b,
CIT, BBRAFT Y P F Y AR—F L cys A DML, EREBETHZ (F24) .
BEA PV ARLIEILIEYVYRAEVE (JA) OELLBELTB). JABIUY ¥
AEVBATFNVIZAT N (MeJA) BERERIZF2FET LSO NT WA,
DT ERNL, AH, HEAF LV AMEL L B MeJA LBICHTT BIEE DR L7,

APS3 DEBERBERBBICLAL., 305 TR AL %%, APSKI DEBIMFERR
LT3 HHTRADOLNVE TEEL, 48K T THIZESN 2, PRHI9 b [F
BRICEE)T5. APSLY 2 5 —BDMDOT AV 7+ —2%3—F+2 PRH4Z IZBE
RIFHATRBISHI L, BRICIZ2ZHEZELZ, Y04 XFXF D JA RBER ]
FRRELAICER/T A A HEE TS (McComn etal., 1997) S & &6, FRO
BT D MeJA 1003 2 & b2 TRE L7z (B2-7) o MeJA I X 3 up-regulation
DAY PA=NWEL T, =T NVIINVYATA EBEBEE (y-GCS, gsh1) . 7V
5F 4GB EBEE (GS. gsh2) TRV ThHIEAAIRBZDOTFRIZHY .
MeJA TIEICFHEIN L Z P HEEN TV S (Xiang and Oliver, 1998) o MelA |- &
. APS3 DURE (IMBG 1 B HEIC 4L Eic#mL., 3BFBICIETOL~LC
Ro720 APSK1 b LBk 1 Re B TH 351N L 720 PRHI9 b —B58Y =B DRI
VHb/zH, SEHERICEBRE kofce RYTF 4 Fav bu— i LTHW,
gshl & gsh2 bEBEDBRIIIRHBE CThHolo ThOHIZKL, APS L2 7 —¥ D
D7 AV 74— LTH%B PRHA3 1%, MeJA MMBETIIL A EBALA e o720 FREIZ.
ATST3, BERBRV 52 5 —¥ (Sin. 3DV AT 4 Y ABBEEICOVWTLER ST 5
7oo TDRHERZE24IIRT,

BENBZDOBRETOEEI, 300837 -V ITKUENBZ L5357 (2-8)
Typel Lip%a L72. APS3 DX )2, —HMICEEDOH N R BRIEFOLEIL. 5
EDMHILERETFTAHAONBIRE /Y —VIZEB LTV 5 (Haraetal., 2000a,b)
APSK1. PRHI19. mtACS1 D X ) 7% Type Il OBIE FE#iZ. MeJA TEEIHEML., 4
E#% D mRNA EREIX, SHICBA L, 20%2FICAET LD LEHR ST N
%o Type Il DBIEFHIL MeJA IZIGER T, HEHRRNA BREIE., SFICHI L,
FOBWSLKDEMAIETELDTH B, = NoDERENS, —EEHIZ mRNA BEH8
2525 Type I DRIZF I3, BECLLVEENFESBIBI L, JA I VEET LD T
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R2VPLEZON D, Typelit, HBEL JA TEESHINT 2 ., BENYLLRE
%kﬁt&(ftﬁ?%k%i%héonwmlu‘%%mgﬁmtuﬁﬁbfm&
Wi, e EIBRLELEIRFTIREVEZZIONS,

v7an®yIF (CHX) &, BOWiRBETHWS L., invivo ¥ ¥ 737 SEREH] &
LTRIEAEY, ZDR T VABEBIZFORE 44T 5 (Berberichet al., 1998)
BIETEELOBEZHAL2IC SR TV VA, CHX BBER REREMRET D
RBEIHEFLTRAZ LAREN TS (Suzukietal, 1998) o 4+ 7R BBET D
BELEORRN TO—D2 L LT, 5uM® CHX T L T mRNA NDERE 3 F~
2o ZDFR. APSKI. PRHI9. APS313, RMEBDO L DL HBLTELFN 3.
44E. 20 £512 mRNA EREV AL 720 MW K% MeJA. CHX TR ICAEL /- &
5. Gl CHET D L bRE N, —F ., Typelll IZE ¥+ % PREM3 I3,
CHX RATO RALt e drof: (M29) o SO LIZEY Typel, HICET 2 RIET
X, BERELTHHZ LI ENT,

B2 Znad)r— o

HIBHTRANZREFORED, ZVIV /L - rOERCRBENIPED i i
AT 5700, HELE, MJARBHDI VY ) L— P ERBYTA, 5584
BEOYOA4XFXFZH v, HPLC 2T T o0 ERFICOVTER Y F o 72
(& 2-10, 11) ,

BEATVARET, BV /U — FREIZASBEIC 1.9 (B0 72,
MeJA TRETLHRI NI/ L— P EBIZHML, NI 3EE THAICEL 72, 7
JR53 T, 4-methylsulphinylbutylglucosinolate (3) it %, MeJA A L X THEH |7
CEN, EMLOR L ATOGEROERFBOAE NI LG hor, LirL, 2
DEIMIR @B T, 3 HUAICABHOL AL E TR 72, CHLDERENS .
INIYI V=DM, 44 RBBEFOHRAGLZERCICEALTVW2> &
PEFENT,
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3
. APS3 .
APS3 2 ERER
10
APSK1 g . o ,
PRH1® . z
c 00
E ° Y = Py 'S = = 0 10 40 0
PRH43 2
T 15
Actin i< PRH43
'”'1l\/ 10
MANA ol os
APSK1
0 0105 1 3 6 24 48 i 2 % @ 8 9Ty 0 w s
Time
a R b LRI ORI (h)
B
apss . WNER
4
APSK1 ”“’g GSH1
rrio & M

Relative mRNA level
-]
k-]
-]
H
k-]

A BEAFLAREIZL ZmRNASREOEB 2R T, LOLETE T/ HALR I OA X
+ X+ (AuY¥T7) 2BEA L AANE L, BRI EREICH T TLTE
RNAZHIH L, BHZ2T % o7 OBBTOY Y FLOMEL 1 L L THIMETEL .
B MeJAMMEIZ L ZmRNAERBEDEH %1, 7THO—ASL -} L TCETC/AHAER S
U4 X+X+ (30 ET) FEZEMIARE L, FEEMNIZIZH 7)) Y7 LTERNAY
ML, BIREfT o7 OBMTOY 7 FVOMESX 1 L L THIMETRL7. MeJAL
CHX7#SAPSKI, PRHI9, APS33 X UFPRH43\- DmRNAETE = R \T 4 B % A7, CHX (B #
W 5 uM) B B WV IZHEE K IIMeIAREE D 1 FEERTIZMA 72, OB TOY 7 F L OME%

1L LTHAETRL,
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I : I1 IT1

mRNA L X

\_—

BER b L ANESE OB

[¥2-8
BE, JA, CHXIZIBE L 7- mRNAZEEDOEIIC L 2 7 5 2431

BEA VAT BIEED Y — X 3B 2 E SR,
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35
30
i | 25
<
APS3 % 20
g 15
&=
=10
5
0|
10; Typell
APSK1

CHX (5uM) . MeJA(IOpM)T 1 BFRE L ¥ > 7Y » 7 L7 mRNABRENE
B A Z 1 &L LTHMETE L. MJATER SN BIEFIZS 2 0AFS
IF (CHX)THFEIN, MJA+CHXT E & 12 R I35 2 5,
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*2-4 1BE. MelA. CHXMLE|Z L 2
A X IR EETOmRNAEDER

RIZFE 2—FToEE MRNBE BEAFLA  MeJAMHEIZ CHX MBIk
: MBIz L B X AZmRNA 2%mRNA

mRNA DLE) T %
ATST3 ®WEBAFY M52 HRE m ND NT
R—%
APS3  ATPANT7Y)S5—¥ Eifk I + -+
APSKI  APS ¥J—¥ Eix ks I + +
PRHI9 APS V¥ 7 ¥ —¥  #Eik jif + +
PRH43 APS V¥ 2% —¥  #E#ik I - -
Sir BWREEL Y 75 —¥ Eijk I - NT
mACSI VA7 4 Y EREBE Bk I + NT
CPACS] VAT VEBEE EgEk m - NT
cys3A VAT A VEBEEE WREK m - NT

HEAD VAL ZmRNA OEE/ Y — VidH2-8% BB
ND: BRH E1$°  NT: not tested
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BHiEIvasy /) L—}

H;C—8 —(CH,),——  4-methylthiobutylglucosinolate (1)

HyC—— S—(CH,), n = 3 : 3-methylsulphinylpropylglucosinolate (2)
n = 4 : 4-methylsulphinylbuthylglucosinolate (3)
°o n = 8 : 8-methylsulphinyloctylglucosinolate (4)

AYFE=NINVIAL )L —}

H,~ Rl=R2=H :3-indolylmethylglucosinolate (glucobrassicin, 5)
| R! =0OMe,R2=H: 1-methoxy-3-indolylmethylglucosinolate (6)
N
éi Rl= H, R2 = OMe: 4-methoxy-3-indolylmethylglucosinolate (7)

Internal Standard ; O-nitrophenyl-B-D-galactopyranoside (NPG)

BELERUNDI DO 7O+ 75 4

J J
NPle
3 k 45
y }JJ
N || "

tg (min)

X2-10 HPLCZ U< b 75 A L FHICH W
Jval)lL— b5
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Glucosinolates (nmol/mg FW)

20

12- A .
06 '. ‘ szl/ﬂ
02 14." A % l . .

Time after wounding (h) Time after MeJA treatment (h)

[2-11
BEAP VA, MJARMBED I Va Y ) L — VEEDEE)

REL7-2 04 2 F X5 ERE B ICH Y 7Y ¥ 7 L. HLCCEE R+ H5%
Lf:o

4-methylthiobutylglucosinolate(1)
lilll 3-methylsulphinylpropylglucosinolate (2)
D 4-methylsulphinylbutylglucosinolate(3)

t2]  8-methylsulphinyloctylglucosinolate (4)

3-indolylmethylglucosinolate (5)
E 1-methoxy-3-indolylmethylglucosinolate (6)

D 4-methoxy-3-indolylmethylglucosinolate (7)
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B1BH A1 A9RMRETORE. VYREVBAFMCE BB

RNA 70y MEIDHERP O, ATPANT )5 —BE I, APS L ¥ 2 ¥ — ¥,
APS ¥ 7 —E D mRNA EHEMHEMT LI LAHHEL 2, ThODBEEFIZ. 4 4
U RTFMEROZESIAE L, APS 2 ZhZh—KkMRH. —kRBCEY 5 248
BEERI:L T35, MeJA LEDEX, APS ¥ F — BI130E% 1 B TRAISET 3 75,
Mﬂ»ﬁ&&—%@%gu%n;béﬁnfwtoit‘Mmuy7&~€@%§
NG =i, THD gsh1 B P gsh2 L E{—H LTz, ZOBRIOEIF. —%kft
FHR L ZRRBRDA F I EENAMESERD7- DDA F I DFBRICESE LTV &
Zzo6h3%,

DX A ITRBROERALIE, ER_-KABEWE ST 75 FRHIEBED
bOBL LR, LWVIRMENI I TRESNS, 22T, BEBEOHZEIIE ¢
Yo TWwBE I /Na%ZHVT, mRNA BOEREBDOF R LR 42 o7, >0
A X FXF P APS3, APSKI. PRHI9 % I T, ¥52 OMFEREF OB 2R AT
DR, APS3, APSKITit, Y7 F VIR TE L H» o785 PRHIOD ¥ )82 T
DOHFEBIETF 13, BFER L RNBE 1 B TERAIGET 22 L AMB L (M2-12) .
Tlo, BRFRET, 74177y xl FARTVAERACTI NIDBER b
VAREMWRZTZ HEBEL TV2 4% (Haraetal., 2000, b) . BSEIC % T, Hile A
AP VAR-5 LHAEOBCRIZFSEBESATVWE, ChoDZths, 4
A URBROEHRILR., 777 FRUNOEI LD TIETF2o L ELIONS, L
L. COEEEL, 1A VERBROGED A N =X LD EBHTH L0 LD i, &
BORH NG,

B2 Znvav/v—1r4ER0EL

#HE (Bodnaryk, 1992). MeJA SLEE (Bodnaryk 1994; Doughty et al., 1995) T 7L 23
JV—bAEMTAILiE, 77T (B.napus) THRESHTVD, ZOERIT
SBDI UL XFXFTOEREBBIMICIE—FKLTEY, 777 HHEY @D
BEFFETAILIRREND, LPL, 775+ Tk, ChHDA FLATHLE
T2EL, INav/ V- rOBLRVOERFEHABHEL DL, S0l xFLF
TREBNEVCHEHRTIEDOL VIR Twb, Zhit, BEEEHEETFISEH 5
ALLRBIEAL, EXRNLRBFRIUHENRETH D (Baldwin, 1993) . 20
REZRIBETZILE, BPEICL o THRZoTRHTHEDLEZLIONE,
04X+ X0 1 HREZ) ORMIZ, 1 2FE20 228 ThHa05. 775 F ik
WIPATHY., O, HUEOFERY, BECELECEELTVWEDTIEZ v L
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ZZTWwh, ~

Tl BEAMNVAEZEZ /2B L, MeJA TRE L /- L 20BEBEOTRIZ, L
VIV DEREDER TR 5N/z (McComnet al., 1997) , ZHhid, 12iZi
BERIAEV LA T2 ETCORBEOThIEZONSE, b9 12iF, FVvay )L —
FOGBREZARDITYF—Eh, FEL MeJA THEENL Z LA BESINTWS,
BEAMALET, ZVay/ V— ME—BChTRCRST5 L, #Nsw -
Y ThHILid, FBROBEHALEZIRELTBY, ZVvav/Lv—1r0y—rFt—
W—HFMELTWAEIEPHEEEINS,
FEICHWLTESP TR ILEIISKEVDIL., Bk Vvay /) Lv—+Tdhsb
4-methylsulphinylbutylglucosinolate (3) iX. £, MeJA X } LA THENICEN, Fh
LDAMVATODEEEDEEINRDODKEV, KXIFEDABRREHIC, BEHEZ V2
VIV MERAF AU OEGHREING, T, BEICEETIHEYRIVEY D —
DTHEILFVVIE, AFFZUDObAEERENLZLIHONTWES, 1 F 78 H
FROTHRTIHMBELERFBUERL TR EEZ LIS,

B3 Zhav /) Vv—-LrEGRRZHBL-EYOSFEHA

Fnay) =3B EEYOBEERICER{EDLIWETH Y, FFEHEIC &
NZEDEEREZHBMTHILICL Y, FRLGEYFEAB SN TEEEDL, Zh
TOMRHAE LT, AV F—=NVTVay ) L—FOHBEKETHE N) T 77 U %,
tryptophan decarboxylase {Z& ) b)) ¥ I VIZHFETH I LICE ), EBRYWOEE R
O LREERT 75 F it &N T % (Chavadejetal., 1994) o FT ¥ U Hb F
0¥ ¥ —=TN F& ¥ A (p-hydroxyphenylacetaldoxime) DZEMFE Ml 2% % V
W L (S. bicolor) H1%. Y04 XFXF THFAIRBEEE-LIA, ARz Aq
XFXFiCREEhCwwFuy r—vay ) Lb— FBESK SN (Baketal.,
1999),

FHECE ), BEANVRAIZXD T 7 SHRMEWIZIA 2 EEL, 41 +7RHHZ
EEBAL. TVIV V- P EABREREEMEED ZEDHHL o MIJAICE B
BEFOEEHBHEOREIZ, §BO—DDBRETH LI, ZOAN=XLZBHT
HZEZEY), TNVav ) V- EERHBTE I LIMETIZVREEZLILNS,
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BEA ML AMBEHORER (h)

0O 01 05 1 3 6 12 24 36 48

X2-12
4 732 PRHIGHEFI - B{EF D1
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Ei3m AFTRBRETFOESRICHT 25
Bl R
B1H BSRVHEWICBLIEZIRBLI T A S5+

ig¢m%&8ﬁ%¢®ﬁFstuﬁﬁ%Ktof¥L<ﬁ%vﬁéo@mmm
Toppi and Gabbrielli, 1999), #1212, WEBTEBEEIE IS FI v Az DEL ¢ =
SNBHTEDD, HBRORIN%HE L THWIZEERZ L % 5 (Hernandez etal., 1996),
AFITLRANTG Y RIZHB% 5 2 (Costaand Morel, 1994), A B%E % HET 2 =
L bHH5N TS (Siedlecka and Baszynsky, 1996) o ¥ 7=, M{LA F L 2 & bFEUT>On
TV % (Gallego et al., 1996),

YUARFXF, I8, SRR ESLOMWIE, BEBA L AKETT. ¥ 2
TAYES(EH, BESR L BEDOBRTF FEESRLTVE, IhoHs, 77
AN IFVBIURASUFARA Y THB, ZDI L, T4 FrS5FVDEED
AP TREGBBBIFEL T3, VA7 A VREDF+— L% (SH) I°E
ERVHEL THL - MLAWE KL, BHLBR ¢ (E3-1) , &512, =
DI7AMTTF Y =% FI7 LK (LMW Cd/S complex) i2. ABC 5 ¥ 2 # —
5 & LERICEITN 2 2% (Ortizetal., 1995; Li etal., 1997) . & DS, TV FF v
DERLLoTVELEEILN TV, BEATIIANT 4 F (8%) ZEE s =
ﬁ?@m&x&—-mMWQWam@a)%%&L\fﬁménfwé(@&mo Z
ILT MBETON FI T LBERECRENE, 7 FI v AESIBOBEEK
ZZELCBEEL Y (Kneer and Zenk, 1992; Hernandez et al., 1996) . EE % I3 2
CEDHONT5 (Cheongand Kwon, 1999) . iz EURIEMAL 242 = & T,
MRBETIDL ) ZBEFEL I FI TANRETEDERTI TGS, BETEES.
JE& BB RubisCo (Ribulose-1,5'- bisphosphate-carboxylase) 13, ELBHFLE T Ci5H
BELLIHZONED, 774 F TIFUVDOFETTIX. EEBICE ABEEHEHNI R
BWENTWS (Kneerand Zenk, 1992) o ZD & 3 S 774 M S9F V%43 28ES
BBEDEAT v 7T 9LEWHEE LTV,

B2H 774V rS5F 084k

7745 Fid, B} (Schzosaccharomyces pombe) & 115570 A,
%%ﬁﬁ#aéﬁ%ént(&mew%)o§<®m%K%ﬁEﬁﬁ%énfﬁb‘
47F7?ﬁ7(kww%mmMM)%ﬁmﬁﬁﬁJﬂ%wﬁFiﬁAﬁ774F
TIFVERELT S (Kneer and Zenk, 1992) & LASEF & 2. # K3 AN
BBIIRE(FSL TS, L L, BIWCRESEREICA Y OFF 24 YEHRW
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TBY, 774 M9 FVRBEELTCOVRVEEZZONTWE, DT 74 M7 5
FUEAHBEFIEINE TS, 24F (Clemensetal, 1999) ., > 04 X +X

(Haetal., 1999; Vatamaniuk et al., 1999) 26/ LN TS, CD L2, 774 M ¥
TFVZBWUNORBIILL A L ESBEHBDO A= X0 E2 5N 2,

—J5. 7 X* (Vignaangularis(Willd.)) DX )12, 774 V7 5 F7 % &K,
EDOEZRICHFEICRZEOB VI LD S (Inoueetal., 2000) , F7-, BELE
FL—MLEBELT, TIVE. ARE. V7o UBbeR Y. £{ B kot
LEWEER/L TP L LEAS L Tvb ([3-3, Rauser,1999) , D& 72
CEEERTBHE, 774V TF 0, BEEBRWHO-OICERIL L1515
Eibhs, -

YOAXFAFIE T7A VI F VEARRVELBRTEICKE(EE LTV S
BYTHBEIEFAONT VS, 774 b7 F VEARRVRIBLI-ERERKT
X, AFITLAICEL(BEZHICEZoTVS (Howdenetal., 1995a,b) o {4+ &%
“RRHEYDECBMAEDO—BRL LT, YUl XFXF5Hv, ESEX FL XS
147 —RARBRICRIZTERIIOV TR/,
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N o
&
H,N N N
H H

SH SH

M3-1 77479 F v OBEEANFI v A& DEEHA

AT 74 MrIFvD—>, (3-Glu-Cys)-Gly (PC2) Difi.
ﬁw&iv%@ﬂﬁt&2i4y®7ifiﬁ73F%%wa%oOih‘V/AK
a— FEhTWAESTFF »/37 T3k <, BENICESRENTFTFTHELZ & H3¥)
5oﬁUﬁL®@ﬁ@2@#%H@iﬁﬂ%hfw%(mﬂﬁfﬁ?%*?f%%)o
B HRIYALT7A MrIF > (1-Glu-Cys),Gly) &DMEIER
ﬁFiﬁAﬁ?Z?4V®%ﬁ—wulh#b—Féﬂﬁ%ﬂéﬂfw%o93?47
ABFTIEFOHFITLICHET S,
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1

NI |, AR N Nk 1 PR o) B,

Cysteine + Glutamate

i Sl R *-I.?,-‘- kb #rﬁcs

v-Glutamylcysteine

Glycine GS
Glutathione (GSH)
¢ Phytochelatin Synthase
Phytochelatin (PC)

F32 774 VroF v OEEHZEE (A) BLUHEEEE (B)

A VAFAVPOIVIFAVEBTI7TA VI SF o EGRENS, TEEA 4+ DELY
i (F1-6) 2% LL8ODRIEFIWEL T VD, =T NVTINIVATA Y EHEE
i, VI FALICEoTTIA—FRy JHESNEHN, COZLIZEINITNVIFA DA R
FRAYVAPRIINT VR LEZLNRTVWS, _

B AFA7HFHEEGTAMEAICEY)ZENAA FI T L0OBERE,

1) 774 b7 FF B L UFLMW(low-molecular-weight)-PC-CAdfE &4 MK E THK S,
ABCFF v AFR—=FIZX WilifaIEIZNhD, 2) AFITARTObM A LOTrFR—%—IC
YoppaErbb e ZENE, BHEAITIE. HMW(high-molecular-weight)-PC-Cd# &%,
CASDEREFER LT, BEELIRELLZoTWS,
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Phosphate compounds

OH

HO OH
6H3P04+Ca+Mg
HO oH
OH
phytin
Amino

O
N eoon J' (cL). d

L-asparagine L-lysine
Organic acids
COOH
L, Hooc COOH
HO —l—m" n: H
L, .
maleicacid (<L £ V&)
COOH

citricacid (7 V&)

. OH
Phenolic compounds T’ :
I—o——-cn
| oo,
HC
OH
ocH ,
oH

lignin-like materials (phenol compound polymer)

X3-3 #WICBIIA 774 M 5F 2 UAND

ESE T L — MMIE Rauser, 1999)
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Wmofi EBHEBIUFE
B1RH HAHEWBS L CRELE

YUARFXF (AUuVET) TR, REKTHEE L 7= RERE 1m) %20
A RAZUIFY—T1O0FHMERL7z0 7Y — U RYFHT, BREA (1ml. 10
) TFITVTREFELRE, 0.1 %ERBRICES S, 22 FEBICARL
12O X FIFRATHO—ZA 7V — MHBEL, 4T, 4 BRBEMEL 7, K&
£ (25T, EH&MH) T1AEBEERE L, 58T 30x120mm) oo 04
XFTXFRE (p43) £5mTOREL, A—F2L—F L7z Yo —LTETS
FEZ T 1ADI:Y) SEETOML, RESEE L7 (90mpm, 25T)  (Yamaguchi et
al., 1999) o BEICH THIEEEZREITTH2ERTIE, 10H%. P FI7LAAR

(0.1 mM. BHIREE 25, 50, 100, 200uM) %%, 4 BEEICHY T V7 L1, &
HRELERE T AERTIE, 10B%. 7 FITAKEHE (0.1 mM. B&IEE 100
M) ZMNZ. 1. 3. 6. 24, 48BERLICH > T V7 L7z (H34) .

B2H YOXFXFHLLRNADHE. /¥ EH

1AL 72 RBRE 6 50 (1-15g) %AV, $2ENEEBE (p44) i
o TERNA ZHIH L, AV TV 2L, 7U— 7101, £2820%K 2.3 |2
MRLU7A F 7 BIEFEH .

B3 YuxFXFro7ZNayv)L—oHilBE U HPLC Iz2ERS
r

1 BfE7: ) 3UBE 3 A0tk (600-800 mg) %FIV:, £ 2 EDEEIE (p 46)
Ko TN/ V=2l L7z ARAT v FLTRBLEF Y PN % 2,
HPLC ﬁ'ﬁ%ﬁ& D 7»10

BAE YUAXFAFHORT A — VOWE L FH

HeYFABRE 2 A5 (300- 500 mg) HiH ¥ (IN NaOH, 7275 L NaBH, % 1 ml %
72D 1 mgMR72DD) ZF YTV imgdizh 4pl &, #ECEME . AEL ALk
ERAWTHREI FA X L7, &l (13000 pm x 3min) L 7= L& 150 uL 12 37 % HCI
25puL ZMA, KETHR L7 &l (13000 rpmx 3min) . Fi% & 0. @lssds 7
V& L7z, DTNB & (0.6 mM DTNB(5, 5'-dithio-bis(2-nitrobenzoic acid)/ 120mM )
YBREH. pH7.5) Iml \[CRIEY ~ 7V 200 %, 412 nm OEICEE % fI5 L 7=,
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BREREITI NV F Y (ImM) THERL, SV FF UV BREODHETHE L. (Galliet
al., 1996) o
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Arabidopsis thaliana
Columbi
(Columbia) ;;;;;mkm& (0.1M) Z &M
ZMEBE : 25, 50. 100. 200 uM
T — 5T
R
LXMW FTRFE ( ) A
£RNA ATA¢
— HH (ATAE)
50mM KNOj

20mM Ca(NO3),

2.5mM K-phosphate buffer
2.0mM MgSOy

0.04 mM Fe-EDTA

RNATUO v b E#HF

Micronutrients

X34 AFORBBEFOIFIYVLAMLAT
TOREB) DB EERE
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B3I BHHE
B1H AFIVARBEL-SUALXFXFDRNATZTY FEH

APS3, PRH19. PRH43, Siri3, 7 FI 7 A DBEKEHICEES N (3F3-1,
B 3-5) o #%IC APS3, PRHI9IZE { FEE N, 200uM T4 BEEMETZ L, 2h 2
N 1345 104512 mRNA ERESHE ML 720 gsh2 DFHHEIZ S0pM TRLBL . ik
BEDHFIYATHH SNDMBINIZDH 72, APSKI, cys3A. gshl ik D& THRE
LTOnRNAZREZIZLALEH L ah o720 100uM H F 3 v LB CREEE1L
THRETLIE ZA, L DOBIZFTH D APS3, PRHI9. PRH43 Tit 3 Befife 14 A
Z/R L. T Sir, gsh2 TR ENT 6 BRI AEZR L (H3-6) -

B2 BFIF—NVEOTH

BIRTRRIAAIRBBETON FI T AL B IREN, FA—-VEOTEI(C
PR LTV L2 HRT 2720, BT+ —VEBLEHMICHIE L. FOREE,
FA-NVEIIRER 1 BEE, 3B, 6BATIRIZLALHENET, tLADLFHIIC
BT HH, 24 ReBILEETH 3 £5, 48 BRRIRICIZ 45 12ML T 7z (0 3-7) o

B3H Invav V- EROLE)

TN/ V=P AT RBORBIICL CERAENERBTAZLERELIATS
D AFTDT—NELTHELTWAZLIHEENTVS, BEEBA ML A%
TTRAFTVDULEEFRIBICHEKT 2, ZZTIDEIZTINVIY ) L— P53 E
SN, AFTTDA Yy 2 L LTHIBAENE D TR,

Z ZT, #HRHE., invitro THAKEEL 723 04 XFXFDFEEZ #H T2, V3
VIV EEBGONY - #RE LA, BETIRIBLAYSTA TV,
5-methylsulphinylpentyl- (8) . 6-methylsulphinylhexyl- (9) . 7-methylsulphinylheptyl-
(10) glucosinolate ZSHLEIZ K TN T VB R ENY — U BRRPBE 5TV, £
ZT., BRAZICPDA %#2% L/ HPLC THHETHIT L, BHFSD UV A~xZ b
27, RFEHFHE UV AR PV R EB LT, BRGOREL TR >72 (3-8)

EEOHER (M3-9) . ELBA PLAMETYL, FVvad /) L— FEEBIEEEL
BHole SDEH, BEA I LVALELEBA LRI, Ebo bt oTH
AT EGCERTDREICR DD, BlrolrAPLRAE LTHESHINTWE Z L5
EE&NT,

72



Cd
0 25 50 100 200 M

APSKI W W ™ «
PRH19
PRH43

Sir

Actin

PRH19

gsh2

Sir

a0

gshl

I

cd (M)

cd m('uM}

B ITLMBICZE ZmRNASRED LB #7771, HAEECIOHBE T/ B4ER
Y4 xFXF (auY¥T) 25, 50, 100, 200 pMDCACl, T4E: LA L4 >
T Y7 LTE2RNAZHI L, BTk ol O—F4 v 7 BT IF D7
FTUERAVHIEL, OBMTOI 7 FLVOBES 1 & L THIMETHE LT, #ifit

7 K3 AREETRS
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CdLH % OFM (h)

. s
0 1 3 6 24 48 . .
hr APS3 PRHI9 ,
VT R S ;— ' 2
APS3 % WA '
' ) e ---, ? ] 20 ] 0

CAIMTE DR (1) CHRBIEOM (h)
PRHI9
PRH43 ' : ”
PRH43 /\/_-_ gsh?
S:' 0 n 30 o 0 b L] w0 0 wn 40 0
COmTEDIEN (h) CHMTER DB ()
gsh2
- Sir
APSKI I
Al - w - SRR,
APSK1

ol AN ———

g W £ ®

CART DM (h)

36 7 NI AMBEHDOMRNAZEEE DB

AFITAUBIC L ZmRNABRBOLB 2R T . WK% TI0HME T1HAER o
A2FXF (A0 ET) 2100 MOCICL, TIME L 7=, 1, 3. 6, 24, 48BEMH |-+

Vfuyﬁ‘émm%mmL\ﬁﬁ%ﬁ&otoU—?{yVEMT&%7097+w
TRHVYHIEL, ORETOY Y FLDMmES 1 L L CHMHETRE L7,
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#3-1 CICLAEIZ L 54 4T RBHEEFOMRNARDER

RIZFE Bk MRARE mRNAO  FEIhZHL0T
BREKF mRNADRKICEZS
HHH e

ATST3 TWEBAA VISR HKE—% R ND . R

APS3  ATPAV7Y S5—¥ E-3 473 ttt 3

APSK1 APS ¥J—+¥ 347 - -

PRHI19 APS L ¥ 7% —¥ Tk t11 3

PRH43 APS L¥7 % —¥ s t1 3

Sir BBV Y75 —E¥ Ekf t 6

mtACS1 VA5 VERBEE ERE v -

cpACSl YV RTA Y EHEEE 35373 ! -

cys3A VAT A VEREEE #Ra R - -

gshl V-ITNY INVATA Y EREEE /K - -

gsh2 TV F+ EBEEE A& t 6

cab a/b-binding protein E: 3 5373 - -

mRNAZB) DRBEEFFHEDBRE Tid, 25. 50, 100, 200 pMT4RFEMIE L7, BEHTE)
12100 uyMTALEL | 1, 3, 6, 24, 48BEMAEICY V7)) 7/ L TmRNAR B L 7= ND:
Hahy
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A -
_/ v
L= o
5,5'-dithiobis(2-nitrobenzoic acid)
0yN —S NO, (DTNB, Ellman's reagent)

R-SH
. _F
e Chmt D
i
_ /T

pmol/g
150

100 |

50

0 ) 2 n L
0 10 20 30 40 50 hr

100 pM CdCly, MLE1% DRERG

B3-7 DINBIZ & B F F — VD EBRKIGEE (A)
BLUHFI T LNBROBF T —VEDLE (B)

DINBDZBRICEFIH L7 F 4+ — VOERiEE, Ellman :: LTERA SR TV 3,

ABEDFA LA FLHPLCIZ X B 5L, CORE*FALE-LOTHS
(RE. 1978) .

76



BEEEZ Va2 L—}

HC —8 —(CH,), —— 4-methylthiobutylglucosinolate (1)

: 3-methylsulphinylpropylglucosinolate ( 2)
: 4-methylsulphinylbuthylglucosinolate ( 3)

: 5-methylsulphinylpenthylglucosinolate ( 8)
: 6-methylsulphinylhexyylglucosinolate ( 9)
: 7-methylsulphinylheptylglucosinolate ( 10)
: 8-methylsulphinyloctylglucosinolate ( 4)

H,C—— S——(CH,),,

533320
"
0 N0\ AW

AV F=NFNVvas)L—}

A2
H—~ RI=R2-H :3-indolylmethylglucosinolate (glucobrassicin, 5)

| Rl= OMe,R2=H: 1-methoxy-3-indolylmethylglucosinolate (6)
Rt Rl= H, R? = OMe: 4-methoxy-3-indolylmethylglucosinolate (7)

Internal Standard ; O-nitrophenyl-B-D-galactopyranoside (NPG)

BHERLALVOLRFXF—FY) 7D ou< b 7S5 (RN

BB 5

< |/

0 10 20 30 40

(3-8 HPLCZ U<} I A LGMICHAW-Z VL ) L— b
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nmol/mg

0.7

0.6
05}
04¢t
0.3 ¢ A
02}

0.1}

v

M

=l_

L7 A

|

|

rrry

1

|

J

..... .

0.0

T

|

0o 1 .3 6 24
CALFH DR (h)

48

BI3-9 AFIYLMBHEDINIL ) L— VNG BDOEE)

OEEREEOOBeN

4-methylthiobutylglucosinolate (1)
3-methylsulphinylpropylglucosinolate (2)
4-methylsulphinylbutyliglucosinolate (3)
S-methylsuiphmylpcnty]glucosinolate (8)
6-methylsulphinylhexylglucosinolate ¢))]
7-methylsulphinylheptylglucosinolate (1 0)
8-methylsulphinyloctylglucosinolate 4)
3-indolylmethylglucosinolate (5)
1-methyl-3-indolylmethylglucosinolate (6)
4-methoxy-3-indolylmethylglucosinolate @)
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B1H AT 9REBREFLAAVEA-RAREDOTL

AT TBILEERD I B, APS VAT A U~ LB —BEDOBREFENIFIY A
BT 1 -3 BEE TR L % o7zo APS % PAPS (Z%#: L THBL kA3 EYIc ¥
C APS ¥+ —Hid, EEBMBTREAN R, VAFAVERZDITH 4™
VBRESND I EWRBREINT, T2, EEBRBIZL ) F A —VLEWHIEES
BH, BIERDA F 7 RBBRIEFHEI - THBANICESFERET 2 2 L 258 5
y N oW A

AT 2@ RABERIZ. I AOREOBIIBE L THBTAIZ LGOI T
B, AFTDY Y7 L LTHRELTWAZLIESN TS Randle etal., 1995)
LU, SRIOEREPS, BEEBA N ATTCA A28 RRSHHEW I VI )
V=208 LT, YATAVERICETS, LWi@EEIEenEd>ThHE, SN
G TNaATI)Vv—1rEAFIDT—VELTIEBELTYRY, FVad/L—}
EFF—VICHREMIZODTH T, RHEEGEHL LSRR T 2 BEHEDIE I
BLZGFTHAHIhs, BEROUELIIHTICENICHFESATWIEEZ LN
%,
EGECEICFHESNIBEFTHL, BVBEDOY FIYATIE, BENSHES K
520D, THDE) RETIGEERFHHBEIEET S LIHESRTVS
(Xiang and Oliver, 1998) o 7, w7 V¥ INV AT A Y SHiBEFE (v-GCS. gshl)
37 FI DL BTEEIENT 52 L bBESIN TS ' (Xiang andOliver, 1998) .
BERHEOFVTERTHL LV HIRES LEN TS (Mayetal., 1998) , v-GCS
k. SRIOBRFTIIEHIZIZo &) Likdh ol
ESRABETFA—NVEREZUE LIER, Fr—VEIT0E% 1 B, 3 .
bR TIXIZEA LHMET., & LADTHICHIT 255, U BELETH3EIC
BmLTwi, SThETOBRENPS, Y0 XFXFRBEEEDRZRT, 774 M7 5
FrEAFITLRER 1 BRARTHNLS Z LARENT WS (Xiang and Oliver,
1998) o CDILHH, A FITLRBERKIE, FVIFF DTS- VEBNTT 7
AV F2EE8L. £2DOBEE, SRV NV TOERIEIRE2 L) Thb,
FA—VEHF—EICEDS LTV SRR, 147 R3#ZFD mRNA RS
RTBBEHRE—BLTwD, BEEBELBIZL 24 A Y DEEY. BRIEFOFEE D
oL TwaEEZLNT,

B2 ATPANTYTFG—E¥DAILRABEIVAY FOBRE

ATPANT7 ) 7—Bld, 13T IRZTHFEEN, A A7 ¥EESY 522 L mRNA B
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XBPT D, CORER, VI FF DB THEEATWAEEZZLATW S
(Lappartient et al., 1999), %2 BEDHERL D EXHbE B L, ATP AL TY T — ¥,
SRZ. GSHR, HE, ESBLEBALRA N VAZIBET 2, o hit. B4h 2
FUAREIZA T I LEYPEELTWBEZ L E—FKT 2, 22C, YOLXFXF
DT/ ATRT 27 PTHRESNTWS Y/ LEH| (BACF4H6) % FifH L C. APS3
D70 E-FEBEOLYRAZL XY FPOKE PLACE
http:/fwww.dna.affrc.go.jp/htdocs/PLACE/) 47 % o 7= (E13-10) . H,0, & IZBET 2
LEZONBIV A Y M THDH OBPI 4 EH] (Chenetal, 1996) . KR FLAIT
B8535 MYC#&HES] (Abeetal, 1997) . EERFOEASICEETH % G-box
(Menkens et al., 1995) % EAE7E L 770 MeJABEIZBET 2D DL LTIk, b b
DIox ABEFO 7O E—FEBTHRE SN TWAS L DI (Beaudoin and Rothstein,
1997) | TGATG D1 B LEFIFR SN 5, BEGLEICES T 2EERTF WRKY O
ARSI L L TRE &N T 5 K5l EIRE core (TTGACC, Eugemetal., 1999) & fE7E L
2o ESBINEIHETALEZONAIL AV IELTIE, ErAFOFF 2L Y
DA DI NV FBIZHFET 5 APl #EAEFIAA B (Mitchell et al., 1987) o B
—AXTV VBT XDGESY YT BT, A YRS TERIEAL, A F 4
SVEMTHL T 5. TOEE 287 % SEF4 D54 EF (RTTTTTR) b AfEL7-

(Lessard et al., 1991) o

Fo, REYBIEFIBECHREICBELTREL, Y04 X+ XFTTOE— ¥
FEATHMT 2 DI T 5 thionin (Thi 2.1, Vignutelli et al., 1998) T. MeJA. RSE&. 7
FR& (Fusarium oxysporum f sp. matthiolae) \=5%3 3 I5212 B 53 3 A4 100 5 2
DEHAITO2ELOLNTVE, COERLEREIBVEFNALL, 72, 20
EWIZIX, Thi 2.1 070 —Z B E R, AT ICEASERIELET 5,

EE&RLETIE, BEIEA FL A, KA PLALZ CEBOEESEYIC5 L 00D
TLihBo BRTHNR/ZEIC, BEXA ML ALELEA ML AR, 4EOHME H
O, BUoTAP VAL LTEH#BEINTWE Z LTI,

CHLA P VRIBED Y ABRFIDBER L 2 BEFIC, ZRPREL - EERT 4
HWETLOD, A IRBBEFEETFT77A4T28LE2L90 5 ARTFHHE
L, TWPEADA P LVATHEINDZ OB, SEDBETH 2,
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B L I TN

AGCTTGCGGC CGCTAATCAT ATTATTATTT AGTTTTGGCC GAATTTGCAT AAAAATGTAG
TCTAATGGTT AAAGTTTCAG TATTTGAGTT ACAAGTTCCT TAGTTCAAAC TTTGACAATG
TGTTAAACTA ATTTTTTTTT AAACGACAGA ATCACTAAAT AAATAAATAT TATGTGGCCC
ATTTTGTTIC TCTTATTGTA ACCCCGTGAA ACCCGGGGAC GACTAGGTAA CAAATACTCT
TTGGGTTTTC TTATAAATCA AA'I‘GCATA'I‘_C_Z__'I‘TGATMAC TAAACCATGA AAGAAGGAGT
TTTTTTAACT_GATGAATIGA TGATTATTGA AGTTGATATA AGTTAGATTC AAGTTTIGAT.
GTACTGTATT TGGAACAGAA ATGTTATAAT ATCTTACTAA AGCCCAGTTC GGAACAAGGC
CTTACCCTTA TTTAAAGCCC CAGTAGATCT GTTTTGAATT GTCGCTATGA GTGAATGAGG
ATGGGTAGGT CGACCCTCAG AATTCTTAAT TGGCACATGT TGAATGTGAG CCCAAAGCAG
CCACCAATAA AGTGAATCAA CTCCGTCATT TTCAATGCTT TTTCATGCAA GAGGAAACAT
TAAAATATCG TCGTTATTAG TATTAATTAT GTTTTIGACC TGTAAAGAAT GGACAAAACT
TATACTAAAC AAATTATTTC GCCGTCAAAA AGGAAACAAA AGTTCAGATA TAAATTCCTG
GTAGCTTCAG GTCAAGATAA AGTCAGGTCA AAGGIGATGA GCTCTATAAT GAGTCCTCCA
AATGTGATT_AAGTTTAAGA AATGAACACA CTTTTCTTAA GCCGGCATTA GTTTTATGTT
ATTACCCCAC AAATGATGAT GATGATGTCG CATGGTCCTT CACGTGATTA CAATATTAAT
TTGCCAAGTT GATATCGTCA TGACTCATGA GCAAAGTGCT GGTCGAACAT CGACGTATTC
TTGGATAATG TTCGATTITT GAACTGGTCC TAATTCTAAT ATCAATATTC TTACGAAACT
AATCACATTG GTCIATAAAA GCCCACTCAC ACTTCATCTT CCACTTCAAA ATTCGAACTT

TCGAAGATTC TCATTCTCTC CACTACAGCA ACAAATTCAC ATTCCTCTCT GTTTTITTTIG
ttttg

TTTTCGATTC TCCTTCTTCA ATGGCTTCCA TGTCCACCGT CTTCCCCAAA CCAACCTCTT
ttttcgattc tccttcetteca atggettcca tgtccaccgt cttccccaaa ccaacctctt
MetAlaSerM etSerThrVa lPheProlys ProThrSer

TATAAA: TATAbox L #¥EFEESI B

€711 : OBP (OBF binding protein) 1 binding site (Chen et al., 1996)

TGATG: loxDJAIEE L L A > M 2L ( Beaudoin and Rothstein, 1997)

CACATG: Binding site for MYC (rd22BP1) (Abe et al., 1997)

TTGACC: EIRE core (Elicitor Responsive Element core of parsley PR1 genes, Eulgem et al., 1999)

CACGTG: G-box

TAAGTT -—--TTAACC: MeJA,AgNO3, and Fusarium oxysporum f sp. matthiolae responsive sequence in thionin
promoter (Vignutelli et al., 1998)

TGACTCA: AP] binding site (enhancer regions of human metallothionein I1A, Mitchell et al., 1987)
RTTTTTR: SEF4 (soybean embryo factor 4) buindingsite R=A or G (Lessard et al., 1991)

B43-10 APS3 77U E— ¥ SEBICFLET A AL XAV b
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BaE VATAVARBERBRBH I Na0EHRE
I FIYLARBEOKRETIT

F1E Frim
B1H YREZHFECLIZMFITIRBROR L VAREANORS OBREH

ZRETO/REDD. 44 VEAMEWOLEB LUER, o014 vRHR
WA P LAREICECES LTWAE LB L, FICEIEOKR,L, B
EBA AP A IRBREEBEL S, TOBRFF—VHPERTHZ Ldbho
720 EEBRHMEORBIIBRAFTIBIVUS T ILEWEERT 5 I LR SN,
FITRIC, AATRBRVELBA MV RAICE IS T2 BEE & L ISR 5720,
WREFHFEEH V. Thbb, A+ IREBETDLIOTHLVATA VAR
BFLARRB Y, ESREMEICBLITTREBELHR,

BoE VAFAVARBEOEMLIIITOME

JAFAVDESRIE. TNV TFF VEEBRRCBVWTERERBEDO—D2TH 5
(Noctoretal., 1996) o YAF A Vik 07 F NVt (0AS) LHifLKFE (HS)
BYATAVEABREE (CS) L WVMETAZLICL-oTHEAREINS (F1E,
X 1-6) BDOCSICiZ, BEMHICIVMRER. I Fa2FUTE, FRAFEEO 3
DIZHEENS, TLAFOHBER S AT A4V ERBELZBRHER &€/ /8
(Nicotiana tabacumcv. Xanthi) Ti¥, Bibk &, BHEE. /¥F7 32— MIxF LIEHLHEIC
2y, EEBREHEEERANE L 2>TWwW5s (Youssefianetal., 1993, Z—t 74 7 >,
1997) o F72. BRI T 2REMNGIC2oWTiE, MIBRER L EREEOVTRY
PEYTHE I LHIRENTWVES (Saitoetal., 1994, E&EH. 1999) o

VATFA VEBEEERI— FTLEEFIA A0 4BEEON TS (RCSI~4)
(Nakamuraetal., 1999) o CDEEF*EATLI LT, A A VEILREZEMEES
CLEHFE L 7T A NS FVEARVPHBRE TIT b A EEER L, Mg
BEID RCS1 ZBATZ,

AFXTOWMO)RARSET7AVrIF VEGRICELETIE, F1EOH1-6B &
UCEIBDOE32IRTEIIC, LR LISODRIBZFHVHFET . 774 5 7
FUOEERIZBVWTIE, BLEA AT YOFIHEIERTHLLELLNTVS
(Goldsbrough, 1998) o Y A7 £ Y ERADMALIE, 774 VI F x5 0FF
A VEBRL, O LI TELEMIELAE5T A e HFINS,
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%38 REFEXEIZIFIvoREORS

AATREROBEFZAHBHAILMYTH FI v AREEZRI L0, ~
VADAIOF AR A VIBEFEI NI ICEA LD DPBADHETHS (Pan et
al., 1994) o €D, T F (B. juncea) % FAVT, y-GCS & GS # BRERI L
L. TT7AMIrIFUNEL LD, ARIYLARENEL o7 (Zhu et al.,
1999a, 1999b) . DX S O F 24 VY BRIZEF %A Y 757 — (Brassica oleracea var.
botrytis) IZHALTH, WMEINESTE, AEEORTOAENTHL 2 LASRE R
Tw% (Hasegawaetal, 1997) . CHODHRD S, = DAL, T4 oYy it A
T&BLtnz 3,

T7AMVATFT4 =2 a vk, MYOREZHCT, BRIN-BELHES L
£ LT BHETHS (Saltet al,, 1998a), HATIZ, ZIE B om@) i mo L L
T EEBRTHERLTBEEHFAET S (D41, Kasuya, 199) . DL S0 E
EEREREREZET7TA M VATAI IV a v OFEFAVTHEELE ) LIt a
BrENRTWS,

BEERHERIBTOERCATT2HWNHEL., ELEREED L IFZh TV 2
(R41) o CAOOBWDE L, BERY/-VDELBEORBIIEE 2S5 . Wik
PICRIREICESRCBET 5, LA L, ERICHERTEOSLICH 2121k, Wi
NOHEPEIPE LT L R, EFVFBVILPMBELEoTVE, 774 FL AT 4
T aYICALIEYOZFERBFREL LTI, 25 LA-ELBREEY R4
- %@Eﬁﬁgﬁﬁﬁ%ﬁ%L\%néﬂftvxokéw\&émuiﬁwﬁwﬁ%
CEATLFEPENTHE, BEERHEZ ATHICHE LW, 774 L £
TAT—aVICEHCFATELLEXOND, 2N PROBRIEFOELERES
FIBT2HMEERET L, BROCIEHLEETFEEERATZ0N, Hh B
BThrLEZOLNS,

BaW ESRMBICBYIIREMRESH

BYOHEMBORZER CIZBE, 774 MV r 95 VB LI ELBESE L
ZZoN35h, mwwéﬁf%zf%Aumwiﬁé%@L&Hn@&6&w R e
{t (compartmentalization) & HEH (excretion) T 5,

BEALDHIL LTiE, FEELR % M MR8 et 2 kS 2, Bl 21,
Ammeria maritima ()N A YY) 3% T ) — MLEW E OBEOT TR
#M L TV 5 (Lichtenberger and Neumann, 1997) . Silene valgaris (% 7<) Tit,
HEREIIRB ML (epidermal cell wall) ICER XT3 (Bringezu etal., 1999) , 7
WO T THET VT (Azollafiliculoides) Tid, # F I 7 LM HMINL & s
ROREARIC) Y BILEW L L b IZERENT VS (Selaetal, 1988) . £< DE
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EBH, BRABRICINVY DL EEUERE LTEEREIN TV 5 (VanBalenet al.,
1980; Franceshi and Schueren, 1986; Van Steveninck and Fernando, 1995; Mazen and El
Mghraby, 1997; Webb, 1999) o ¥ ¥ 3 A (Eichhomnia crassipes) Tix, RHHRA D
BELBESUINY I LERIT. BB VaIBINY ILOFRTHAHI LIS
1272 Tw% (Mazen and El Maghraby, 1997) o« 2D X952, E€BZREL TS Z
Lickh, BEELBUZ2ELBRDOTFHL LV EEEIX, S OEHWTRONS,

ELB TP T A6 L LTiX, A maritima T, BRADEEEF EREZN L TED
EHICHHENATWEDIFBEEEN TS (Neumannet al., 1995) o L»L. 29 L
B} RTHBIILALHEE SR TE LT, SFHOBBIIOWTIHIZL A LR
ERTnwiv,

WY THEDHEEEZR o TWAHEII, E—IC MM a2 BToNhb, B
K+ 743 -2 (glandular trichome) 13, £ A4 I V/Ny A (~¥—=3 ¥ b, Mentha x
piperita) THEM% £, DWW LT3 (Tumeretal.,, 1999) o #/NID 54 I — 24
ik, BRI 2EICHT NG, AR EOMBFOAD SR o7k 2% LzE D
Eiz. BEOEESH 2 HEOEV I T4 a— 2L, BEOMBTHEERIEEIATY
58V PFF54a3—-LTH5S5 (Meybergetal., 1991) o BV T4 2— ADTHZBOMA
ok, VTRV EEUHEORVEE (VL) ZHHELTVWLI LFALATY
% (Michie and Reid, 1968; Heemann et al., 1983) #5, H\» b 74 I—ADBWRRIE I
THESN TV, :

BETIE, YVATA VABEBEL BRI S C-HEGREY 2/EH L, A FI Y
LAtEEMET AL DI, BB LA FI Y AT OMKE ZFMICARS Z L
T, HBWOH FIT7AHEBECHFLVARZMZ 72,
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F4-1 ELEWHEHY (Salteral, 19982

F#4 %4 i1P #
Brassica juncea Brownmustard |+ 43O h5vF |775+#
Thiaspi sp. Fanweed TINALFXF T77+%
Silene sp. Catchfly TUTV FFYak
Brassica oleracea Wild cabbage | ¥ ¥ X 777 F#
Rhaphanus sativus | Radish = T77+%
Alyssum lesbiacum | Madwort A7+ X T777+%
Alyssum murale
Arabidopsis thaliana |Thale cress yaqd xFXF T77#
Festuca arundinacea | Tall fescue A9V 57% (4 FB
Hibiscus cannibus | Kenaf r+7 TAAR
Lotus comiculatus Ivary < A#
Helianthus annus sunflower ew7) *#
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BB/ NEAT

BTN B9, u?
RPCOB MK 00) : BIST8. %529
REa. EBLEw) ; D168, xn.7

WA B AR

MBEW  }3432, 24099
RFCAR FXIMBE e ah) © BIOT, K649
REa. BRANE): W08, K201

E NGRS LI,

HERW . N260. £306
RPCABPHRE o) - B854, k305
REE. WRES) B2, Kl

EMR 4 B RN G 58
HREY : K147, F19)

RACIEFIHRB gy . BSS8. K523
ERe. MBS %168, 10194

REREPH

HEEW : BT, K10
RPCORFLMB uph) : WAL, $5.56
BRE. BB UL, L66

ERREIKR
HELK . BB, W28
RPCAR THRM () 93829, K216
RERE. MREH%) : WIT4, k270

4-1 HAEDH FI T ALY B3 (Kasuya, 199
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B2l EBHEBBLIUKE
BI1H V—IF1ARAZERBVIEE Y aBEEoRs

%783 (N. tabacumcv. Xanthi) DEF % 7L — b (EZE9cm. 1.5 cmiE X,
03xMS. 0.6% 7HUI—R, 1% 2k ) \HEE L. 4 HREHEREMEL /-, 25C.
16 BRI, 8 BFRIREADY A J VW CEF LS/, BFER 1AM T300m L=
AX 77 23D8EH (0.3 xMS (Murashige and Skoog, 1962)) . 03 xB5 ¥ ¥ I ViRA
1. 06% 7THO—R, 1% 2k, 80ml) 2B L, ABOELETEE RS-,

B5SY¥ I VREYW
10 g A/ b—w
1 gl F73IVER
100mgl. =2F 8§
100mgml €Y F&3 158

B2 REATZunIFUILEEBEOFAN

FNARRHERRA N2 5 —RCS1-pBHIIG %7 ¥ 1325 Y % 4 ( Agrobacterium
tumefaciens ) LBA4404 |ZHA L7-kix, AHFEZOPNSICE DER SR b D% H
VW7: (B 4-2, Nakamuraetal, 1999) o 2% b, RCSI & E% &t Xbal - Sacl il %
pBHIIG 77 A3 F (Akamaetal, 1992) |2+t > AHEICEA LY, S5 A3 Fit T
L7 yaRV—3 3 Y& T A umefaciens LB4404 [ZEA L 7=,

ERAREICLB S 2ml 2 AN, XAF<ATY (S0mgl) . AFLTR=A S
¥ (10mg/L) Z#ML. RCSI-pBIHI-IG/LBA4404 7 J LT — VA b v 7 10l % 4
BWL. 28T, 1BRATHEEL 72, 300ml D=7 5 A 2|2 LB ¥4 100 ml % Af, + —
FOV—TTHE L AFYAY Y (S0mgl) . ARV <432 (10mglL)
ZHRMU. AU 200 W ZHEE L . IREHEEME (180 pm) T28C. 1Mk 7,

B3R s Ra0BRER

FNAEZFEELIZAZATEY), 1 emfAD) —T7F4 A7 %R/ -, 77N
ITVT LBERBIZI—TFAAEFRL., ZRTI6BEREL, Shooting %%,
SLICH N O EMEBY2 2 1B H10m T X, FOLEILBEEE T, B
Be&R/HNA) =T TFAA 2 @EDO LICE X, 25C, 3 HELEERES, 1 —
TTAR7 %745 F L KEH (100mg/L, 10ml) TEC V>, shooting Kz Hh-2
CBLT, 25CTHELL, BHMEY 2~ P 289 BUD rooting B HyIo ki 2 @ X, &
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HiZ1 ﬁ‘ﬁ %% Lf:o
+ Shooting 55 #1-1 D FHH

MS S AREESE (ILA. 46 g 148) . 100xBS ¥ 3 VBLYW (10m) . ¥ 3
% (10g. 1%) ., BAP (6-benzylaminoprine, 1 mg, BAKIBEE 10uM) % REAKI-EM
SH#7co KOHTpH % 5.7 I2&bHE, ILICART v S/ L7z, 7HI—Z (9g, 0.9
%) EMZ, A—FZ7 V=7 (121T, 20%) L. BLTHLBHY v—L (15cmx
15mm) iC20ml $O3EL, BB TELE 7,

- Shooting ¥ #b-2 DFHHL

MSEMREESR (1L, 4.6g. 148) | 100xB5 ¥ % I VRAY (10ml) . &3
B8 (30g. 3%) . NAA (0.1mg) . BAP (1mg) %EEKICHEBE ¢/, KOH T
PHZSTICEDE, NIZART v S LIz, KK (9g, 09%) ME. +—+7
V=7 (121, 2043) L. B2 TH 5 EBHE L - FAeEWEERE g . 28 v —
LV (15cmx20mm) Z30ml F 248 L, KR TEILS S/,

PEMRIBEIIUTISRT,

EREREYE

HF <47 (50mgl)

NA7a<AL Y (50mglL)

745 %Y (250 mglL)

- Rooting 55 #b ) 34 B4

MSEMRBEER (IL H. 46g. 14 | 100xB5 ¥ ¥ I ViRE&YW (loml) . ¥ 3
¥& (30g. 3%) % ROKICHME €72, KOH TpH % 5.7 124b¥, ILIZART v
TL7o ERK (9g. 09%) Mz, A—F+2Z7L—7 (121 TC. 20%) L. B2 <
PORBRE L HEYERBER EMA /2o A—F 7L —TFLTBV2 100 ml D%
772 E O0ml FOFEL, ZRTEIL S,

MEWEREIDTISRT,

ERAGEWR

BF<A4 2 (50 mglL)

NATu<wA{ 7 (50 mgl)

745 F 7 (250 mg/l)
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B4 EBRERI SOOI FITLRE, HAT YL

B LY ORFLEFT SR LICE ) 70— U EEERL, 7 FI» A6
HABRICHV 20 A FI T ABOERICBWTIE, CdCL - 25H0 I+ — b2 L —
THICHEH (03 xMS. 06% 7HO—R, 1% afl) M2 720 2cmED S 2 —
FEYY, AFITLAZEUCHERICB LA, 2 b O—VE LT, ABICKEEDS &
BSELBELGS NaZHV, COEBET, 18, »2Vid3BHET ¢,
EFORBL P4 23— 208E T o7

AN T ADH FIYLAERIINTHEHOBRIE, 2cn BOBEES N2 2—
409 . 0.2 mM CdCl, - 2.5H,0 ®* CaCl, - 2H,0 % & UBE 128 L 7-, JLEEE 3 58 C.
VA—-PDEBERE L,

BSH 2 LDLRNAHIM L RNA 70y MMEW

0.1 mM CdCl, T 18/, 3BEREBLA-F/NakEWk (1g) 2. E2ETEHRL /-
ATAZEICHE> TERNA ZHlii L7z, ERNAZKL—> 30pg 2, 1%7 Ho—
AEHES VIZT— FL, 1x MOPS buffer (800 ml) T 120V, 1B BIB&SAKE L7, Ll
T77EFTVADERBRI S TA YTV Y B LT AV TLYENLTYFEF
WA, N TVFLE-TarNy 77— (10m) 2%, 42C. 1EB7L N
ATNVTA X aYifTolc ERRCSI #8BE LTHEHEL-RIEZS0— 7
ZRINVICMA, 2T, 16 EANA TV T4 E -2 a v %iFo, —KkEEEE (2x
SSC. 0.1% SDS. 10ml, 65T, 30min) . —RK#% ¥ (0.1 x SSC. 0.1% SDS. 10ml.
65C. 30min) Z4T\>, X7 1 VAICEX L/ (82C. 3HME) .

BeH VATAVERBXEGEHNE

¥ 7 v (100mg) 2 CS ki (50 mM phosphate buffer (pH 7.5) . 1 mM EDTA, 5
mMMgCl,» 2mM DTT, 0.1 % Triton X-100, 0.5 mMPMSF) 100l /1% ¥ v+ L
TORL, &L (14000rpmx 15min, 4 T) L. BERMBEE L Lz RiEN Y7 7 —

(1M Tris-HCl, pH8.0, 5ul, 0.5 MDTT. 1pl, SmMPLP, 1pl, #EA73 w) %
30CicfRim L 720 0.2 MOAS5pl, 0.04 MNaS 5 wl % RUSHICHN L., B i EBEEH 1
BWEMZ, 30T, ISFA Y Fax—2ar iz, 20%TCA SOul 2z, Kbt
&g, MLLEFZL o7 1%=Y € F U~ i 200 pl & B 100wl %10 % .
100C, 10734 v Fax—ar L, KTEE LG %1E®D72, 100%EOH % 550 pl
Mz 560 nm TOBHEZPEL 7. BEHMHBBEDS VN2 E%, 7OF AT v
A ¥ (Bio-Rad Protein Assay, Bio-Rad, CA) # IV THIEL., ¥ V37 B47-h 0
i5ME % & H L 7 (Yamaguchi et al., 2000),
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BTH RFBRESWICLZHD FIvADHE

¥ 7Vid 0.1 mMCdCL, T 1 ERME L7 5 s atith i By, #1g kG L7
FLSKICANTz, WHi Ny 77 — (Tris-HCL50mM,pH 7.2) % 1gd72) 1ml &4
BOWHCEMR, ASLABTH > INE L OR L2 FV T VD4R (14
H7zh) 4Aml) OWM/Sy 77— E 510Nz X CBE,

MHBEE B F2—TICFH Y P CB L. &L L7z (10000 rpmx 10min) EiF %
INHCI T25 fICARRL., 209 5 10ml 2 AIEICHAV . BEFREEBIT
AA-6500S atomic absorption / film emission spectrophotometer (B BIVEFF. B#) % 6 H
L. BRHATRCRTEF LYV Z2HAVT, I FITLABEHELY. REBEIR. #F3
VARER (MAME) £Hv. 02, 04, 0.6, 08, 1.0 ppm TIEH L 7-
(Tsuchisaka et al., 2000),

B8H HPLCIZLBFA—NDO4gH

AFITLATRBELIZYNID Y 2— b2V, HPLC I2& 3 FF — VOSH% 47
2 o7z (Tsuchisaka etal. 1999); ¥ 7 NiZ4 & (wh) D 01% MY TVAOEER L
BHCEMR, AHLABTHIEY F 4 XL 13,000 pm T5 FEEL L. L
Z&o7% 045 um 7 4 VH —2.= y b (Ultrafree-MC, Millipore, MA, USA) Ci&.0» L %
# (3,000 pmx Imin) L7ze YAFA Y, ZNEFF Y, BEFT 7L rSF

(PC2+PC3) #KRAMH S AEHPLC THIE LT BFFT 74 b FIFE, A
FGEDOKRBBEORZAVTEENICAK S, SIMS (secondary ion mass
spectrometry) T##s& % FERZ L7z #Edh & co-chromatography % 47% 5 Z & 12X b FEZ L
7z (Imaietal., 1996) 774 b SFVBIZBTHM NS F4 VBB TR L,

RyT .75 VAR
HPLC PUMP MODEL 576 (GL 4 > R) |, 2 &
DTNB %% |
HPLC PUMP PU610-0X (GL 44 T X)
%17 & . DEVELOSIL ODS-HG-5 (BF#1t%. 4.6x150 mm)
#iti 2% . Spectro Detector MODEL 502U (GL 4 > Z) . 410 nm
BEMHE. YLy AE%
AM:005% V) v BEKEHE
B :0.05%Y Y BAKEHE+30%T L =P
AB—BHEOEHT STy b (20 5H)
- DTNB #% %
50mM ) Y BRiRE R (pH7.6) +75 UM DTNB
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Wk Fro Ly FERR
DTNB 2% ¥ % 2ml/min

EOH BFF—NOSHK

Y4k (300 -500mg) (ZHIHB (IN NaOH IZ NaBH, % 1 ml 7:) 1 mg % 7= b
D) EF TV 1Img Hzh apnz., | B CEML, S LAKEHTHE Y
FA X L7zo &l (13000rpmx 3min) L7z L% 150 ul i< 37%HCI1 25wl #M% . kK
ETHRP LA, &L (13000rpmx3min) . LiFZE Y., REH >IN E L,
DTNB buffer (60 mMDTNB/ 120mM V) Y88y 7 7 —, pH7.5) 1ml iZBIEH > 70
200l ZMZ . 412m DEXEZPIEL 720 REBIZZV I F4 Y 1mM) TIERLL.,
INEFA Y REDETR LI, BAFI77AMVr S+ 0BiE, Z2TCHEL7 &
FANEGEDPOVATAY, TNVIFFY, BHF 774 VVrSFLOBYBRL &
EIZXhBEH L,

BI1I0H TiIHWORE

PREBRGEEARZHEE, BTERN L2 BF270%T5 ) —VTHIEL, 1
% REEEBRT ISHBRE L7z, BEKTHEL, 7HO— X7 L— MgEH (03 x
MS, 06% 77 —2A, 1% ak%, 0.1 mMCdCl, 2.5H,0) (2B L7-, RF#% 38
MLER S &, WEOREZFT o7

B11H EEEMRE, EEERMB L VP-SEM ICL 2 BEFTOEE

Wit E T EEFBE (Stemi 2000-C, Carl Zeiss, Jena. FA V) & ¥ EEE
(ECLIPSEE600. =2, RE) TEBEL/-, EEZ SEM (Variable-pressure scanning
electron microscopy « VP-SEM) i, S-3200N ¥ 254 (HIZ, HH) # v, #HiE X
NTV B EMIZHE oz (Kuboki and Wada . 1995, 1996), MW % 1 cm BED KL X
QYWY ELRXA-FYRMET—7 (AHFEM. EE) » 52V ITATHEY F
(ARTHBEEZX AT A 7, BL, ki, 271 U¥Ret. 7)) 2HWCT
VI LA T7 (EFELSem) KEVMFIT, 20CIK8H L —VAF—V 2
TVI=I LAY Te¥E L. VP-SEMBEBETh o7 'S4 a—208I: %%
WO Smm* IZ OV THIBMEL LIz F% 2 NOEIL 40P, MEEBE 15KV T8
LIz, BOLOERIE, BHEK10m THY:, &l (5000pmx 1 min) LTS %
RO, A=K T—T2WioeTVIZY AR5 7 LB &, %848 (62C. 1%)
TEPLTRESEL. ELFULMHT VP-SEMBEL T2V, EROBER U
¥l olz,
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# 123 EPMAZHICX 25 UEBKDOTH

EPMA (BF 70— 7 X #¥H 547, electron probe microanalysis) 12 & 5 #&aa D T
EOEESICIE, BEEL VR LB TRV, BREVI—Fr7-7T2l-o
RFNVIZTAAYT (25mmERE) CEE. £V E-1024E-201(HIL, R3) A
W, 200mm DEEIZH-F UV BEZfT R 2720 A¥TZEPMA YV AT 4
(EPMA-2300, BEBMERT, BE) OF v v Nty L, HEEL 5x10°IC8bE
THREE T2 2720

# 131 VP-SEM-EDX IZ X 5 U REDOSH

0.2mMCdCL, T 3 BB MBEL 725 N 3EEH 1em i, I—F Y F—=TTT NV
ISYLARYSEEL, 7 NWVAT—TV%-10CITFHLT, X% 7%ty b LT,
EDX (ZANVF¥ — 58 B X 2B, energy-dispersive X-ray analysis system,
EMAX-7000, SEIESMERT. BUHF) % %5 L7z VP-SEM(S-3500N. HiZ, HF) ZH W,
Fx v N—DEIZ30Pa, MEBEE ISKVDOEHETHH LIz 3V ra—ELT,
FMBOREY b FRRICHHT L7z

#1433 TEMAYHRFOERLIFIM2—-2HABOKRE

N4 I—LAHNETOREEDEREFBET H7-0, 0.2 mMCdCl, T 3 ERMEL 7
FNa¥E% TEM (BB EEF5EMEE. transmission electron microscope) THIEE L7z,
BHS5mm IO L2 B2 1% 7 VIV TVTEF (pH6.8) | 4T, 4 REFAEL, X
Iy 2% MEBALF AI VAT 2BBMBE L/, 27/ — V) —XTHKL, A5
BB (Spurr's resin . Polyscience, Warrington, PA) (ZBE L7, IV ¥ a ¥ (1
um) £ . YWV FF I8 F— 24 (LKB-V ultramicrotome (LKB) 3 & UF LEICA
ULTRACUT UCT (Leica, #—A MU T) ) TYEB L7 WK, 1% PVAT VT
V-0 THt L7, Y05 % TEM (H7100, HIL, RKE) TEEL,

#BISH F2Xa0xX574 A, Y5 DOEMR, VP-SEM-EDX (Z & 2 7#7

0.3 xMS-agar 7V — + LT 1 AMET & E/-5 /N2 LY = 72, FAA B EH
(4ml) ZEOHLVI=HVMIIHEL, BOHEKE PAZ ) TYo TEZERIZDT .,
4C, “BBEL. BELTHBICEAEHREZRESE, 2§/ -V -X, KW
TFIVIVIV)—XTEBB LA, B L72/YF 7 4 ¥ (Palaplast embedding media.
Sigma, MO) %1%, 55CT—M#E L7z, X747y &30t —4 (1
HHEERI 70+ —4 BR, BEHFIRAEER) 124 v ¥ — (PATHO CUTTER.
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22° | $0mm, Erma, HE) ##H L. ES 10um OWH EER L7, GE % 5 —
Y257 (EfE15cm. HHFEM, EF) OLICEE, 2C, BBV TESS¥7,
VP-SEM-EDX TH#IE L. TEDHA & 720

FAA BEIE#&
0% L% ) — )b 90 ml
:{3:/3 5ml

37%FKNVATLVFEF 5ml
16 HMOELETHE L7 RCSIZ /205380
HgCL (0.1 mM), CuCl,(0.2mM). Na,SeO, (0.2 mM) ¥ &ts7 H — 7L — FE# (0.3

XMS, 0.6 % 7THU—A, 1% ak) ZZNEFNERL, 2emEDY 2 — 2L

720 10 H FJLE L, VP-SEM I & 288Kk UF VP-SEM-EDX 2 & 2 3 0 5# % 45
ol
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RCS1

Agrobacterium tumefaciens 1BA4404

H4-2 Z N3 DREEBIIH NN § —
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B3 ER
®1¥E RCSIREFORE

RCS1BIEF% CaMV35S 7UE— Y TKS 4 S L-HEERSY N4 R /-,
SOLLEDY.DF 4 Y D, B FITARMEDBET £ % 2 0B, TRCS2.
TRCS3 Ly L. BATOERICH V2o ChODBRERBEYIZ, FER P L ASME
T?ﬁﬁi@kiﬁﬁ%u&#ot(?—9uﬁé&w)omm7ﬁybﬁﬁﬁﬂ
REEFEZHE L (B43A) o WFIT LB, RRBOEI DL X5 4 VA5
MEEEZHUEL., BEALBRETEB T 2o/ (H43B) . 20ORE, Fu
BiEW Tk, BRREREIIFEG L KT, CSEMkI 1.8-3.0 128 LTwr,
0.1mM 7% FI Y AREBHEY TR, BEGREZIBEACDH 2/ETH o7, TRCS2 T
A F I LB E DIEMEDT 1.5 51 ER L72AS, TRCS3 TIRZEEL e d o 72,
TRCS2 TOHEMD EAIZ, AEROFERO LRICX 3£ 250 %, —F. TRCS3
TIRLA LR Lo l-Did, BUWENATOLRIGELTWEEE LI LN S,

B2H YATAVEBRRES NIDELRFRE

2emRDY 2= b2 0ImMA FI 7 AEMICHEL #E, £FL¢/, 3BEE.
FEBEYIZELCREDBRONDZ L, D FIYA0BMEZII TV, BEE
BREPIEREICEFT L (K44) . BEEZAEL LI 5, BEERGCIIFA
ﬁ@%z%ﬁzotOEWEﬁ%m%Ltkcé\ﬁiwwz%wﬁé?bot(i
42) o TRCS2 & TRCS3 Tid, TRCS2 DHHFRVEHEE R L7,

B3BH FA-1E8R

YRTAL TNVEF AL LBRFI7A VI SF v 68%. Bk, BRiCHRKG
THPLC Zz Al Wil L7z (K45, 6) . RABHWIZBWT, BEERETIL, o
x%{y\7»9%1Vk6§$¢lbgw%%%ﬁtto774%&7%7u‘ﬁ
EE, RREREL S, ESBOER CIXRIME Wk dor, 7 FI9AMBZL Y .
YATAVEERROCTNOEML Iz, VS FALIE, WTFROEYTL I FI Y A
RETHIZEALEADG Lol BEIFT7AMrSF Uik, W FIDLNE] H
ATk, BFEGLERERGETIILALRLTho 7225, 3 BB ICIIBEERED
EIVELST/SEolee E72, BOF774 v roF ik, 1ERLE, 3EEM
By, FEKIVEICE P2 (H46D) o COKEDPS., Y2574V 55t
EWOBREED. I FITARBELHELTVE I LSRR EAT,
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Ba4H HFIVLER

AL WEEREEEDH F I Y AEE L EFRAEMTETHE L, £DEER,
BEGRETON FI T LAGEBIIFEAKR LD 208 LT (H47) o« —F. ¥
HERATREEVHESNTB LT, BRY2Z) DN, FTIADE N, FD7=0,
HEHELIBEL7 VDA FITLARIZ18ETH ol DI LR, HFITLRE
BEmBATERIHREN TS0, EFEEORSICIVFRENTVEEEL 5
Nizo CORIEALTHEREBL-D, B6HUTOEREITR o7,

#5EH TIHWOIFIYARBEORSE

BRZE S CLHRER G 577 EF %, 0.1 mMCACL, % & Ui F TRF S ¢,
SEELEL, BEELROES 2 HEAK LEEAERETHEL: (K48, &£
4-3) c BEKDEFTR I FITLDEBTHEINTWAEY, Eb2%5 /825
720 —h\ BREGBRBEODIEZIIEFTORET2 0D 7 V—F 250Nl £FDE
WTNV—=TDREELROREDEIX, BEFEDOLDLEPN LTV, BAEFTD Z
V=T, BEE, BOBEILLIFEED2ETH o7 ZDHIZ, TRCS2 T3:1,
TRCS3 T 1.6: 1 Th o7z, CDERENS, CS BIEFOBEERIIBICEET S 2
L, BEFII1aE-ThriELI LN,

6 VP-SEMIZIAEORHEOBBLISAa—-20K0OkE

oA=Lz LESBOBEOTMESZHRANS 20, EEEMEL L U%2
BRFEZACTAFITLNB L -EREZBE L, 75, BREROYWEIN EE
HICBESNALZLE, PIAT—L 3D FIVLAMBERERHREL(ZELTV S
CEHHBHAL: (K49, 10) o T, VP-SEMZHWT, A V¥ 7 M EXH %
SHICHELLBEL,

FNADFFTAL =01k, BRHDEENDOD 2BHEET 25, BREOERIZWV
TROMNT A a—LiZbRoNn/z (F4-11) o #ERIZKEZ DT 150 um. FH D
ERZOum TH Y, HLOBEDD DHER o (D4-12) . Bk Bk 7
D DREEDEIZ. #5300-500 T - 7=,

VP-SEM T, RALE OB KEHME (TRCS2) L HAEBOEORELBEL. +5 4
I—-20BZEFELIZEZ A, BWEEGRETIEIFN I/ - 208 ENLTWwE I L
PHBLZ: (R44) . AROBRIETOIALN (H4-13) o T/, BEOERK
&, TRCS2 T NFERTH o /2o HFEMETIR, W FITLAMBTIFIS/a2—-20K
ML Tz, BRERETIE, 'S5 3—-20HIBBOKR. EXORER LT,
FEALERICRONDS, BOEMEIASIZR o7 (F44)
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875 VP-SEM-EBRCEB IR D TESF

EREAORRVEHENT- A FITATHATRBICOVTEL ICHERDL -0,

EDX % %% L7z VP-SEM TOBE L JIE 21T % o7z, VP-SEM % iV 5 &, EH5E.
ﬂﬁ\ﬁﬁkWotﬁﬂﬂﬁ$ﬁ§&tb(ﬂ¢m‘U)\ﬁ§ﬁ®%ﬁﬁ479?
FTHETAICIIRBETHELEEZ LN DL TH D,

TR BEADERFZANY T L, RFE. BET, P FIVLLEINTED,
WEBRGL LTITAVIRERV TV EEAT Y, RO 54 32— AFEELHIC
HY28FTHFI Y LAREFBAEASR O, T, PS4 - 2FEROE
HZBELLIH, A FITARBRHENRT, BROTEARLIZE LR T
w7z (X 4-16, 17) o

R d, MREOT ACEBLARETHE Sh, BEORXABCERHBIN-OTIE L
w#k%ianttb\Ewb74:-AE%#6ﬁwﬁ(ﬁA)OA%RﬂL‘
EDX THIZE L7z EDHER, FAOBMBRERDODEREZLRLEY), RELEE
Lot S hedro/z (M4-16C) o D LiF, A FIY AR SUESOBEHIL S
WHBOHEH LTI A LEFRBR LTS,

B 8H EPMAZHIC L 53 W#s & D TESW

VP-SEM-EDX THRONHERESOLIIHRET 5720, BERXEHLLHB L &80
EPMA 5347 %47 % o 720 EPMA SMTIC AV 65 WDX (ESEE X BOHEE .
wavelength-dispersive X-ray analysis) RHIZFTIE, ANV I AL A FIV LD ZF N
DPREEICTEET 5720, BERECBVWTERTWALEZ LN DL THE, 2D
RIEVP-SEMEDX 7 OV b7 FLADFERL I —BLTBY., 7 FIvABIIEE
FD22 %L BEHENT (F4-5, H4-18) ,

BIOEH TEMICEAPF4a—2RBOER

RRDERIZI IS4 - L HBOFTREZ > TWE0 L) 24 HIAT 27-. TEM
ZHWTFIA43-2ROANBEAEL (H4-19) o & F3I v 20 OFEIEL
DRI, B, IPAYFYT, TOTTAF FEEATVEA, X 7-METH 2
CERLTWA. HRPICIE, FRXITACHEAMNEL . BFHFEOEVWE (4
AX LYHE, osmiophilic materials) HSR 515, 0.2mM® CdCl, T2, 338 B
L7-#R, BRBOMB TORBILIRI ), A 232 WROEB/MEELNL, &
NDEHIRAAITLIPEOERIMBEEBICORON, T, 7 F 7 SBIZLEBEL
TWwb, BELSINPBERLEERTHAILELZ RS,

97




%5103 VP-SEM-EDXICX 3 F 54 2—-2ABOSH

FIAI-LNEOTELRIMOBEE L BB o TR EDPERET 220D, 1
IRENT T4 VAE, YL L, VP-SEM-EDX Z iV CREDGHA #E L7,
TORR, PIAT—2RETIX, 4147, UV, IV LADBEFBOEE: I
BLTEWC ALY (420 o # FIY2MBLEDDL, MBHEODLD L
FLHERVHE O BEAOD FI L RIOEBRTIBRBE o7, 2L,
BRIIBWINRG T4 VICEENBRE, BEOBLEBELT, 7 FI v AI2EER
ChbThTholz bilkrtELIONS,

BIUE ANV ILRMERICEIZD FIVvADEEORSE

AFITARECBNT, IV L2 EUKEOERB L UVHEIEETH 2 &
EBRENTZZERO, AN T ARERICHEMLT, # FIYA0EBICNT 2%
BERNT BEKS NIDRE 2em DY 2= 1 &, Bhok AN Y LRED,
02mM 7 FI UV LABMICBLC2AMEC, 2B+ HBL: (M4-21. E46) o 7
FITACEBETHEIINY T ABENERTBICONBRIR TV, & F 3
VATEIRVERTIE, BBEOI NS Y AET IR BES L b o7,

120 MOBELRTUMBEL - RCSI ¥ /a2 Df#

Ranyﬁnwmwiﬁﬁﬂﬂfwmﬁ%mﬁttomﬁ(mﬁu\ﬁimww‘
LY (NaSeO,) . BLIUARETRE L7 LA L, WFhOELEIZ bEHES 7
Shhrole Ty THODESETREL -4 /NI DEKE % VP-SEM TEEL /- L
ZhH, WENDHERIBE SN ([4224) o L2 L, EDX i ifh o/t = 5,
AEITADBELIZRL ), WBICHAVELBIIRI SN h o7 (K4-22B)
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£42 HFIVLVBEGBLIUBEGEREY N2 1252 288

446, TRCS2, TRCS3 M ¥ 2.— b % 0.1 mMCACL, 2 & HIcB L, 1:5!5&’55%
T%ﬁ%u’:&bf-:o H‘Lf’ﬁ‘i 7@@0?@@4‘%*@%?1‘ Lf-.o

Wild-type TRCS2 TRCS3
BORE (mm) 27.04+2.7 49.0+4.0 43.243.6
BER (mg) 115.6+11.3 264.0+35.8 171.6+28.9
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£4-3 TIHEYOH FI Y LY

FA4E. TRCS2, TRCS3 DHEF% 0.1 mM CdCl, # &Ll ib LB L. 3 BHAT ¢, 45 %
RBLUz, BRI O ICRL., FHEEERETEL,

BOEE (mm) BEE (mg) it

Large seedlings ~ Small seedlings  Large seedlings Small seedlings
Wild-type - 5.8+1.9(20) - 99.3+18.5(20) -
TRCS2 14.0+3.5 (16) 4.8+1.3 (5) 205.3+11.0(16) 89.5 +15.8(5) 3:1

TRCS3 - 9.3+1.9(13) 5.0+1.6 (8) 196.3+17.6 (13) 102.5+10.6(8) 1.6:1
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F4-4 BEAELTRC2D PS54 a— LADKDOHE

WeFZ 1 ARMBERERTET S, 20HL 0.1 mMCdCL, 28 HERICB L 1580
EHSE/ VP-SEM THREL., EOEBSmm> D54 - LD0BE KL, SKBE
DFHELRERE LR L

Lk R Cd 8
[ R=EFN}: -
Wild-Type
short 29.8+2.0 354129
long 16.2+1.2 24.610.5
TRCS2
short - 374*+1.4 38.2+0.7

long 20.8+2.1 24.8+2.2
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#4-5 BB /-85 D EPMA 54T

BHEENIREOEI I —F Yy 7—T LEEIC
BWEREBEDVEZGATVWED T, b4 L
Twa,

L% %
Ca 61.0
(0] 34.7
ad 22
Mn 1.5
Mg 04

Total 99.8
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F46 ANYILBAFIVLAOBMRICRIZTHE

2cm DFESDEFEES 8272~ 2P YWY, 02mM CdCL % SLERICE L. AN L
oo THREEDTYE + BEEETRL,

FE (mM) HHOEE (cm) BEE (mg) 1847 o
ERO¥

ca* Ca® Ya—} ;73

0 3.0 6.1+1.7 8.2+2.2 307+46 23+12
0.2 0 2.0+0.2 0 73+19 0
0.2 3.0 3.4+0.5 0.3+0.1 96+25 337+95
0.2 30.0 4.5+1.3 6.2+1.9 255435 629+226
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A Untreated Treated
I 1 I
WT TRCS2 TRCS3 WT TRCS2 TRCS3

RCS1

Actin

o

5.0

T
3.0 —I—

2.0

Activity (umol cysteine / min/ mg protein)

|
NN\

WT TRCS2 TRCS3 WT TRCS2 TRCS3
Untreated Treated

04-3 RCSLEBIRTFHBEDOMER

A FEHEB L UHEZREMA (TRCS2, TRCSI)IZHBITARNAT T v MEITIZE 541
FB{EF (RCSH DR

FHL—VIZIZ2RNAR30ug — FL, BHKEET 10 271> (Hybond-
N+) ¥ ¥¥FY—bF Y RA77—L7 RCSIZTU—TLELTRHONL 7)) ¥
4 X &%,

B 0.ImMCACLTRELZEIIBIT A VAT M v EEEBEREE. FEMA (white
bar) ., TRCS2 (hatched bar) , TRCS3 (gray bar) D#ER % . ThEh 3 BEDFH
fli L EHE{RZ= (XSE) TRL7,
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WT TRCS2

M4-4 RCS1Z32DH K3 Atk

A BEE (L) ETRCS2 (T) OFVWIa— b,
B BEX10cm®D¥a— b, HEMAE (£) LTRCS2 (H) -
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REHEAS  #IA Vi

(o] | 1
0 LA
T— 4 MBEE
STy —
(|
BREA BB 5 ~v{L#] (DTNB)
: WT, O-week treatment
R

. glutathione
cysteine ;
8 A\w
! : -—-‘v—“-JA\A*‘

WT, 3-week treatment PC)

-
:

1 L
0 5 ) 10 1
tR (mll'l)

5

B4-5 FAMH T LHPLCOEAE (A) &
BSFF 4 —VIELEYDHPLCZ U< 75 4 (B)
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nmol/g fresh weight

A 20 Cys
10 )
0 —-l‘rI
GSH
100t
50 | W
0
C 160 10w molecular
: PCs
80 % J_
L1 |

D high molecular
PCs

nmol/g fresh weight

nmol/g fresh weight

8
3

8
o

nmol/g fresh weight

o

013 013 013 (wk
WT TRCS2 TRCS3

B4-6 FA-MVLEMOEERE

EF 4:4F(WT, white bars), TRCS2 (hatched bar) and TRCS3 (gray bar)#% 188, 3:AM0E

L. YATA Y IVSFH Y, BRFT 74 Vr5F Y %HPLCTHIE L7, &
BFITAMTIF VR BFFA-NVEEZHEL., BFTFIEWOESERLB =
L CHEHL,
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A 20
2 | =
E %10 Z
8 5 /
3 2 %
O WT TRGS2 TRCS3
4000
| 7
(;2 2000 | %
i
S || |
-7
< %

WT TRCS2 TRCS3

[4-7 WP OI FIVLEHE

¥} 4 fk (WT, white bar), TRCS2 (hatched bar) and TRCS3 (gray bar) % 0.1 mM
CdCl, CLARME L. REEDH)DEA) LW 1 BEL)OE®)T

£zL7
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Wild-type

TRCS2

TRCS3

[4-8 TIHEHID S F I ¥ ATtk

B4 4F, TRCS2, TRCS3NHEF % 0.1 mM CdCl,
P U ETRF S, EMEF S

Bar=1cm
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4-9 4 F3I v LMY NIEOEE |
A FREOFEMESY NI,

B 0.2mMCdCl, T, 3BMREOFFERSY /NI,

C 02mMCdCl, T, 3:@EMAIBOEERSY /3T,

D 02mMCdCly T, 3EMLIEOEFEMRES 3T,

E FJ4 32— A%RICEROTHHBRONS (RHD) o




RICE D P T4 a—ntk

A ﬁiﬁ&ﬁ:@bﬁ4:—A@ﬁ§°ﬁﬁwééﬁAfﬁbnTmé(%m)o
B 02mMCATRE LFEES NIDRV T4 I— LADOEBOEKE () ,
C 02mMCATRE LLFEES NIDFEN T4 3— AOEBOKS (%)
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WT, long trichome WT, short trichome

WT TRCS2

X4-11 VP-SEMIZ L B 54 a2 — L EWDREEDELEE

A RWbIF4a2—LETO#KE. Bar=25um
B HAWbIF4I3—L4LETODE. Bar=18 um
C 0.1mMCAdClyT 1 AMAE L HEECEWIIBITE, Ya—tDF5 42—

AIZBIT % 7 UsFE o Bar= 100 pm
D 01mMCdCl,T 1 BMRE L/A-TRCS21ZBI1TE, Ya—brD T4 a—- 4|2

BT 55k
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B4-12 Mgk /-8 DVP-SEMEIE S

0.2mM CdCly T 3 ERMI L /-5 N2> 3 2 — P26 ks S %
£, VP-SEMTHBEL 7+, Bar =35 um
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WT | i TRCS2

[K4-13 VP-SEMERZRIZ L 2+ 54 O3 — L DEDHE

A RUBOFEEKEDFIHEICBITE 54 23— L D5%, Bar=1mm
B FRMEODOTRCS2EDFEWMIZEBITAE T4 32— L D5H, Bar=1mm

C FRUBOBFEKDEIZBITL 54 3— LAD%5H, Bar= Imm

D FRMEOTRCS2DEIZBITA PS4 a— L0574, BEETIERLN
TWhFS A4 2—-LDFENEALNDL, Bar=1mm



A ] o 24 b ok

iy M .n.-,m#_;;', .

&R, WYy HAH &K, WE. LW
AR VP-SEM o SR 75 4 ik
I
B yyrrar-v|. 75427V
Bik [
i IEIZ:EEIIIZ
3 I P
v ' ..... ' SR '
SEM#R%
s .

4-14 SEMEIZEDFEJE

SEMIZ X 2% ¥ I VEIREB O — R 2N E, SEA7:HE (VP-SEM+Z7 — 1) ¥ 7 A 5
—7) B, EAEBOARELROBEEE 15 7 MCBET 20 ICKEEBN-HET
HY, ZeBro, WLELBETHS (Kuboki and Wada, 1996 £ 1)) .
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10-3 Pa
13 Pa
270 Pa

(1.0-270 Pa)

B4-15 VP-SEM (F )V FSEM)

ABZENZEEDOSEMI D& { LT, 1~270Pad@F CHES 2 = L 45T % 2
SEMTH 5, AB»ORELRABTFEHRIEL TRER2To TV 3, BRZESE
DRBELTE, 1) HEARIC L HBEELZKIBICBRTE 270, BBYTLE
EETICERBBECOMOTREL Z L 2) EWRE L AR E S AT SE % HLE
THI L ARICHEBRETRL L ENBITONL, 7—-VAF—VEHWVS
LAKGDHEFEZERL THEIECRETHEET 2 2 L A TETH 5 (Kuboki and
Wada, 1995, 1996) .
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15000'88 Cd D
Ca A
' Cd
Mn
e "70.24 keV
cpu
15000H:”(L K B
q ps |
Mg s
Na ’JCI ;\Ca Mn
0 ———
0.0 0.24 keV
cpu
500
C
ci o
0
0.0 5.12 keV

X4-16 EDXAXZ7 b VHIFEIC L ZHERITEDOLE

IANVF-GHBIXHIH %R (EDX. energy-dispersive X-ray analysis system) %
¥ LCVP-SEMIC & % ¥ NaEREDEZ D TEDHT

A BRDXHANRY b,

B P74 I3—-LKREDXMANRS P,

C DWENLHADXBANRY PV,
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K4-17 VP-SEM-EDX\IZ X ATLE v EV T

VP-SEMEIE{2( £ £, Bar=50 um), B XU, VP-SEM-EDXHlIEIZ & % k¥, BEE.
THARIYTL, N, AYTA, ANIIA, A, AFPITLOTETE

118

b 8




49081

H4-18 WS SHOEPMAG T A7 b
02 mM CdCly THAMME L - &/ aRRELY HEL-ES
HEPMA (BF7Tu—7X#MEHNDHT. elecron probe
microanalysis) 12 & AERTPORXEOEEAN /0TI T
L, wEEH— Ry F— TR TWI = LAY Tl
X hRUEFEETEok. JORD. REOANRT MU
Ny 2 H5% EOL T FIVEEAFLDTHA.
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: ’ .’\
[4-19 F 54 a2— 258D TEMEIZSE

A AFIYLMBEIOMEE, VR, N:#&, P. 75AFF, M: 32X F1J7, OP:

osmiophilic material, Bar =3 um
B 0.2mMCdCl, 3:BMMEHZ DML MIBIZHHRIELTEBY . £0PIc, FROBFHED

BVWY'E (osmiophilic globules) SR 57 %, Bar=2pum
C 0.2 mMCACl, 3BRMIEBH D ¥ /33 b 5 4 I— LADFEE . osmiophilic material 75 f 2>

7F 7 TDRAIIERENTV 5, Bar=02pum
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SHEATIATI RPN e, AN

...Spectrum B Spectrum C

co
By
Ps
WL—
Ao’ Lias aosss Mttt Atn Milatisies iaciieees weaeneney 1,_.-5,-
ks
CI:P
E\m
o s T 3 s*‘ﬁ*’""'T_""_"'"""j{r

CdCly 02mM THAMME L 7= FEE S NIDEL/NT 71 AL, FE
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