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Abbreviations

: bromophenol blue

: bovine serum albumin

: biotin N hydroxysuccinimide ester

: cvelic adenosine 3,5 -monophosphate

. coomassie brilliant blue

: chilled charge-coupled device

- carboxymethylated dextran

: cetvitrimethylammonium bromide

- diethylpyrocarbonate

: dimethyl sulfoxide

- deoxyribonuclease |

s dithhothreitol

. 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide

: ethylenediaminetetraacetic acid

: ethyleneglveol bis(2-aminoethyl ether)tetraacetic acid
: elicitor-inducible gene

- chicitor-inducible LRR protein

- guanosine 3'-triphosphatase

. N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid
: horseradish peroxidase

: hyphal wall components

: immunoglobulin

- isopropyl-1-thio- [# -D-thiogalactoside

- leucine-rich repeal

- methyl jasmonale

- 3-(N-morpholino) propanesultonic acid

: reduced nicotinamide adenine dinucleotide phosphate
: N-hydroxysuccinimide

- nitrilo-triacetic acid

- superoxide anion

. open reading frame




PAGE
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50D
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- polvacrylamide gel electrophoresis

. phenylalanine ammonia-lyase
: phosphate-buffered saline
: polyvmerase chain reaction

' proteinase inhibitor 11

phenvimethanesultonyl fluonde

. pathogenesis-related protein
: polyvinylidene difluoride
: polvvinylpyrrolidone

: rapid amplification of cDNA ends

ievlic acid

: systemic acquired resistance
: sodium dodecyl sulfate

: superoxide dismutase

: Na-p-tosyl-L-arginine methyl

* 1ris bulfered saline

: 2-N-tri1s (hydroxymethyl) aminomethane
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Fig. 1 Localization of actin filament network in cultured tobacco cell infected with
Phytophthora infestans. A) Light microscopic observation of tobacco cell infected with
P. infestans. B) Fluorescence image of the same cell, demonstrating that actin filaments
polymerize around the infection site (arrowhead). Actin filaments were detected with
rhodamine-conjugated phalloidin. cy; cystospore, g; germ tube.




t 1 EHIRE & P infestans OFRIZHEWT, BORAIZE DS =& Z =1 287l

a0 6% O IS A DOBE N T 2 F Bl ERIY A FAZ -2 D OILEEIZ LS
s ohasZEZMaL, BERINNCHTGAT 2 F it EBREEZRL TS

Kobayashi = (1994) X, &7 T IMREE Melampsora lini O 3f BRSO

!u-"
'{

RHEP U NVE OB MOEENEZ S Z L2880 ThWs, T oD
b = T F e R E TS A )L H = o ORIEN T OB SV S T2 e
iR TWBAENWS TEZEZGDOES L. 77 F EHEORRERIZ L O

e ORI S A OB AR EI NS EE LB 5.
e e N BT I F o EBaRIDMEBTHAZ EIFESMNeHEG I T L
 (Tu 1978, Tomivama et al. 1982, Hazen and Bushnell 1983). Tomiyama < (1982) {4,
HA -1 TEEWE P infestans OFRZHWT., 77 F ESHER TH
(7172 > B OURRIEIBEEEERICZ M L [RIRHC @B RS2 EE S
toZ LML TS, 512 Furuse 5 (1999) 3, Py A EED+ HA BF
MR R SEERL 7 (HWC) T 7 —OFZ2HWT, T 7—UUEIZ L ODEE T
LY NI ED T v P 7 LF 2 EMBVY A WA AUBIZEN LTS
LTV TN OlEGIE. RIBERRRISPIETIRICOFEICLETHS
ZorlL T4, Linl, RIEEBREIGHEBRICE DL D 7 mEERE (RS L
Sinze i Xz £ S < IRTEEBEERIGOREEINIEIZS TS5 %E

WS ALVTHE A BT i 2 LA,

S TARTIE, Py 1 EME L P infestans DR %2 AW TIREE RS O#
BEfrly, S6ICHBRABAOTVFICHBL, 72F EGHERIC L SREHE

RIGADWEIZ DO W TNz, ERRIPEBEERSZHE L 255 O/ 4 058K

| ()

e m—



F G ORI DWW THN, REERERISEOMBILTEICH T SEFNT DT

[l #EE TR
| HEEHE )

e R~ LT, Selanum tuberosum L. & S. demissum L. FE[EJHERE T d5 1) B |
s TR EA TS U ZEHLE. v 1 EEWISBRHKESIL

f

i BRSO MR TR L. 10 BICINHEE L /=82 %2 4°C [TTHREL LR L 72,

:. 'il:n.[i. [rﬁ
RREERL 4 (HWC) 1) 27 —lBICHWAE E LT, HAhBRERERG L6
P S AR R R B DI C R 3 T T B 2 o 411 EAR
(P. ifestans (Mont.) De Bary) race 1.2.3.4 Z{#EH L /=, i
3, EREER T ) S 5 — DR |

Doke & Tomiyama (1980) O FiEIZHEVY, EIREERR T (HWC) Y 24 —Z2LF D

S zamsL -

|
L I-\_- i

P.infestans Z= 7 1 AFREHMI0OmM DA 100mlE=H87 7 A1 |'
T 2 EREREIEAE L =, RN L AR AGEKR TR L 218, Ko Z2la| il
EOREL, -80°C THHRERIEL 7=, HRSIAZILIHTHERL . BT S (i

0) 50 mM FfEE B (pH 4.5) 1B L 7=, Z OMiBHi% ) =4 — 5 — (HEAT

SYSTEM w-225R)Z& LT 45 W T 5 S U 7=, 14,000 x g T 30 47




st L 2. ook & L ESFRO S0 mM BEERFEMAGHE (pH 4.5) (THRE L .

fovEEEEFTEERLE, EogiEfT-o. T THENKRZE D OEN

i -4 h5E0 00 M IR EEFEMTIE (pH8.8) ICHEM L /-, T OREEE % Lac & [FIER D &

L FiaER L. . IERIEED 01 M R R (pH 8.8) IZHRE) L

BB XA — R 2 =T L=, BODMEL . BNk LfEED
Gt BthFa—7 (HEEERR 4R 12.000) ZH U KICHHL T 4°(

M It L7, B OBwIcER’ROCIFINI—FIeswo— 2L TE

L., L=, KNZ#ESEMEL, o/ mEER2 HWC &L T FoOESE

=

(CHW 2, HWC OERICERL THKICERL, Y Z27r—F—ZHWTHH 45 W

} 3 T SR L

1 = H 1 E 1-14.4_ =@M 70774 B ij;{hﬁiiifé

Doke &= Tomivama (1980) DBz, L FOAET I+ 1AM ERELD 70 b

AL, ol EBE T A7 (HEFE16mm, BEHE 1 mm) ZBENK

Tl ik, BEEUHIW [2% (w) B o—EF 2 Lh (Y20 E). 0.2 % (wiv)

oy, - Y-23 (21 - 2), 0.05 % (wlv) 1% 77—+ (Sigma), 50 ug/ml SOD,

OSMToZpb—Ib, 1ML DA, ImMEE(EAU A, 1 mMIEBIEY Y *

2y, SmM MOPS-KOH (pH 7.2)] 28k L. 23°CT3RR &S L7z, fHAkTE
MAETOum O A9 2 TigEL ThHhE, BEZo0SM Yy ho—RAiICERBEL 109

mEtE L=, Y b= @EkREO FTRO70 72 A R2EIRL, PR [ 5 mM

MOPS-KOH (pH 7.2). 0O5M T = bk—Jb, ImMIg{EAIL A, 1 mMEE{ER )

=%, 120°C T220 9 8A =2 L —FUE L, - 5] G {4 7 s



g I mMEET R L] IR L. OV EREE X 510 2 DKL

i1 ERETORNT TR FERE

- HAEHELELTORT 72 RO HWC B L O THER| UL

HAEMET 2 A2 (B 16mm, BE 2mm) Z2ERL. 4°C OEBEKTH

A, MRL =F+ 2 /N—NT 20°C OB T 18 RO N 217> /2. SLEZR S
K &L L DA AR TT 2 RN L 7= Inis R B 0 O K o &2 R 7

TR DE I mgml HWC E20uM 1 A5 22D 120ul 0B L7z, ULHE
ERFEIRIZHERERIZLD T A0 28fL, / — T B B8X0OO LAY

HRETICEtE L7z, BERIOMBEL T, YA S DOBRTHS025% T

vy =W, 7075 A MO HWC BLUOHERUROEGIX, 70K
FASEHEIZ 1 mg/ml HWC & 20uM H 1 b2 > D (EBICKIBE) ZnzE

MR RG E B L1

6. v 1 EWZDIEIEEEFES L OHIE
v A BRSBTS ERBEMO ER RS, LS /—I)IbZEIir L7zl
EHENELTRHLE, SEBUEEBO S HAEHE T+ A7 0OMERRIZIL S /
% [25mM L= /—)b, 10mM Tris-HCl (pH 7.4) | &AM L7=. WS J—ILR

A CCD 7 A THki L, FECMGARITEE (ARGUS-50, AR h=27 A) T

EMESHIZ0 DN FRZ —ERRMEL. HMERBEOERREE L.

= e —— L =



7 V1T ERZOSY N7 ER O R

HAEWET + AV ERFERP THSREABICLOERLEZ. T4 A7 1
e nigetiEwmREY N Bil#irEE [ 100 mM Tris-HCL (pH 8.0), 20mM A

fhxH2—, OSMYIILER=)v, ImM 7 AN E BT RYL, 0.5%
riton-X 100, 1 mM PMSF, 0.2 % Polyclar SB-100 | 500 .l {Z¥8@ L, 16,000 x g, 15
i, 4 CoOEOHEEHCENBenlz iz 1 EREY NN JEGAEE L

78 kot L=, SAElOY s BiREOMNENZ, Bradford (1976) @7

bl kA N EERT v (BIO-RAD) ZHHWTTro7z. BE#RIE BSA Z AL

8. SDS-PAGE B LN T 25 2 Wk

SDS-PAGE (3 Laemmli (1970) @O HiEIZE L Tiro7oe & 22/ 27 HaUB & aUeHe mg
W | 2% SDS., S%2- AT s /J—I)b, 01 %BPB, 10% ~7 JtE0— )i, 50mM
Tris-HCl (pH 83) | 2/ L., 95°C T2 LB L 7z, B Z2Km L 7ziR, Eon
i - R D e ElREL EigEBRIKEICH Wz, BEOT VG, T RERE
[ (.1 % CBBR-250, 50% A% /—I). 7% BffE] T30 k&S LI, ARk
| 25% A% /=, 7% B RT1HRED L.

LAY AL, Towbin & (1979) @ HiEICHES Tiro 7=, Bkinsosy L,

mrl, = ~odz)Lo— A (Schleicher and Schuell) 2T HNiIES HEM®K (0.1 M
[os, 0192 M ) 22 5% A /—N) KRLE®R. B2 FZ14 70y 55— (ATTO)

DAT—VICEE, 2mA/em” DEBI CO0 BT L 20T PO T 7Y

JHEZ— bt O—ABECEESELE. OO O—RAEEZS% AFALZ)




G5 TBS-T | Tris-HCI (pH 7.6). 137mM {174, 0.1 % Tween 20| T

”! ||||Jr|- - .FI 1
| WfialiiR C

| [0, 5 MOk E 2 BT 2%, K250 TBS-T 91T 1 KEliRE 5 L7z,
i A= TBS-T TPeiig, KifkZ2 S0 TBS-T T 30 ik & 5 L /2. MUK Z TBS-T
%, ECL it =+ v | (Amersham) % H Uy T Hyper Film (Amersham)

gL ORI T 575, L —REik E kBB LN S OFWE 2 LTI

AT
PR-2 &t H
PR-3 it H
PR-5 fi HH ]

ETIC S

-
-

7t |

1

- I 52 PR-N Hifni (L.000 &/ E) (Niki et al. 1998)
C gL YN PR-P fiinig (L000 {FH ) (Yamakawa et al. 1998)

c PLY N PR-S Ui (1,000 S/ (Yamakawa et al. 1998)

U (5,000 /A (Amersham)

9. 4 1 ERBENS O S RNA #H

A EHED SO % RNA fll 13 single-step 2 H & I21T7- 72 (Chomezynski

and Sacchi 1987)

Ay

rA A IR OBREREKZE Trastdfl 7 = /=)W 2 00RB LA T IT I 3—
b (25/24/1) 3 ml (Z9%40 L .

MU L 10%SDS |5Sml & 2-ANHT RLH J—)b 1 ml ZIMA TELS HHR LK,

L0 o)

L., 6.000xg T20 0 BEL 2. EifiICT v 7o/ /—)ksml &

TawF &l RIZCOIRZ TBS-T T 15 3 RIOHcE %«

U A ERET 4 A R THLSE ST & 0 L

i HEEFTE | 100 mM Tris-HCI (pH 9.0), 100 mM



sMifEFT FUDL400u ZNA, BRLER 20°C T 1 RHEEEL . 6,000 x g T

20 ‘rfEhE L rBEL T2 15 LRI T 7 2D LR [aM T T =0 FA %
e, 2SMEEEES R A (pHT7.0), 05%N-Z 2L )L 2 15ml 212
L, EniZKEMmM7 /=) Sml, 2MBEFEE - U 74 (pH 7.0) 500 ul, 7 O
R/ T 27N a—) (91) Iml 2 T#PLER, 6,000xg T 204
ML =, GohE=Eklicry7an/—)smEz2mMATREL., -20°C T |
WA SR L 7= 6.000 x g T 20 R BEL 7=, L#EZE 77 =277 Lkl 300 ul
TR L, 20°C T ) EpfEEE L 212 2300x g T 15 ELEOREL 7=, mo /=L
BlC3IMEBREE U4 (pH32)300ul ZINA. 2300xg T IS5 il 7rdEL . AR

ikl iz, ZONEPRRFEZ 2R\ DERLIZE, 2612 710%1TS /= Tkl .

WML -1, RO TE TIBM LI, B5H/=2RNA &/ —HF N1 7151

W ol T A e
oA TUY A H—2 3 22id Maniatis 5 (1982) @ HiEICHE- Tz, 10ug 2
RNA i el Bleefliifd |BSILALTIF /| SIVALATIVTER /10xMOPS/50% 71)
I (0.1 mg/ml BPB & 47) (25/8/5/5, viv)| 8ul IC/EML . 65°C T 15 el &%
Wiz L7z, KETSoMEL. SN ATITERZED12%7 H0—AF )
[1.2% 7Ho—2, 1xMOPS, 17% FILATIVTE R P TERKENZ I D 53
JEILJZ RNA I S0mM KEE(EF U D LZRWEzFvyES ) —HICEKD

Hybond-N*-+ 0O > B (Amersham) (CE L, 2% SSPE | 20 x SSPE; 3 M AL+ !

T4, 173mM Y g R A, 25mMEDTA | FCESHRE S L2, 80°C T




) 9

OB I EDIRICETE L. "PERTZTO—T, L7513 014

(Feinberg and Vogelstein 1983) (Z B < Megaprime DNA labeling kit (Amersham) [Z &

5 ¥ L s (Sambrook et al. 1989), 1 % SDS. 100 wg/ml A T T DNA |
1, 42°C, 2IFRIOFRETI LN TUSAE—3-aZf27=®R. 100°C TS5
MBS MEA Lz PR O—T2NA. 2°CTFTTI16REE LEONT T ¥ 1+
g > %&frolze OO E%E02%SDS 2258 1 x SSPE PTEIRT 15 43
Ot ZE 20U, E5IC01%SDS 288 0.1 xSSPEHPT 65°C T35 7D IcHZE
Tz, A— k2735 5 7 ¢ — (3 IEEHL Lighting Plus (Dupont) ZH v T-80°C F
| X #1714 )2y (OMAT-AR. Kodak) 227 )2 L 7=,
1. 555
| oA ETO TS A MOBEEBEBERIGEY T S22 D
LI O i
TAEBSELORBEL =707 3 A 22 v H 1 585 E 3 O i (B
(HWC) 1) o —Z 48T 5L, 7o k752 NRIBEOREENZL L, Mo

P1dCTP (111 TBg/mmol. ICN Biochemicals) & HI v TIE# L 7=, RNA % [#HiE

ORI, NT TV E—a @l [5xSSPE, 50% HILT I F,

WCIRIEROBEEN R A Z ST TS (Doke and Tomiyama 1980), T

AEOREER#IZA S EEZSNLHMBERROD—D2THST 7F

&=L

MIEEEENIEE O DICODWTIRRTE,

v A €70 774 M2 1mg/ml HWC 20 L =& 24, YLHEER 10 950

L7




Vi E ORERIGHZE =N (Fig. 2, HWC). — 1. 7 7 F O EG RIGHEE A

AH4 1T DEOUM) & HWC & RIFFICULET 5 -, HWC YLH |- & % &
il nmEL <l E /s (Fig. 2. HWC+Cyt. D), £7/=. RUBRXBLUY T H1 5
D UL X TlIweR I iEiE & A S s Nam -7z (Fig. 2, Cont., Cyt. D)
CIFER LD, HWC LB - kN o+ T 1 EMEMIBPOIRIEEHBER I FE IS
s RIEEHBERISICR T 2 F OBESRIVGLEBETH S ZEAGRENTZ. €2

N7 2> D E R ERER RSO EH & LTI T ORRICH -

2. v EREOEERZEERICBIETRERINHEE DR E
T EHET 1 AZICHWC 20T 5 L, PO —2 & L T—l)s
GIEREFERO LN GED 5315 (Doke 1985). = DOiF MEERFE 4 I K (T 5 & &k
ERICOEFEOWEICOWTHNEZ. Py T4 ERET 4 XA 72 1 mg/ml HWC Z= L
mE T A, W 60 7 TIHEEEE £ RO ERF N MmAGED s, 0%
gL 7= (Fig. 3)s FI-HWC E20uM A1 A - D ZFRIGICOUE L 7=8BSIC6
HWC BRI & [l DFE EBEFEE k2 A2 L /= (Fig. 3). — 4. RUEIKXS L

T T D BRI TR ERE R AR B OBENEE<BOH NN

3 vy A1 ERMZEZBO T NT I3 =2TF o7 T7—E s T REZM - L X
I 6E 5 B I i 5 O s B

HWC B2 v A7 EBWRETIE, 7z2078018 /4 FMABARORBERTDH S

—

7 EZT ) T —1 (PAL) O —@R7RiEME LA & mRNA OF R E

O EDVHISTIT VYA (Yoshioka et al. 1995), € T4y 1 EREHEICHITS




HWC+Cyt. D g 10 20 min

Fig. 2 Typical response of potato protoplasts treated with HWC and effect of
cytochalasin D on this response. Potato protoplasts prepared from tuber were treated
with water (Cont.), 20 uM cytochalasin D (Cyt. D), 1 mg/ml HWC (HWC) or 1 mg/ml
HWC and 20 uM cytochalasin D (HWC+Cyt. D) and photographed immediately (0
min), 10 min and 20 min after treatment.
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Fig. 3 Effect of cytochalasin D on luminol mediated chemiluminescence of potato tuber
dises caused by HWC treatment. Potato tuber discs were aged for 20 hr at 20 °C and
lreated with water {u[:u:r: circle), 20 uM cytochalasin D (closed circle), 1 mg/ml HWC
(Open triangle) or 1 mg/ml HWC and 20 ¢M cytochalasin D (closed triangle). The discs
were treated with 1 mM luminol at indicated time point and chemiluminescence was
counted using an image processor ARGUS-50. Each value represents the average of
eight discs and the vertical line indicates the standard error.
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PAL T HRBICELIETHWC EHA b 2 D OEERE / — HITICEKD
o fe. e HAERET L AZIZ I mgm HWC 2B L =22 T4, BEEER 1 K

=~ PAI I_l'|"' J Ujfﬁjﬁru{“uh}'.} ,ﬂ"“.h }j, HWC -1_" EH_HM'”' ]f n 'i.l' =
i (e i LB L 7= RS HWC BLER X & [RIFEEE 0D PAL B (51 O FEHAEE
{17278, FOE—213 HWC ULHE 2 RFfE TH - /= (Fig. 4). 78, KRUBRKXTH

| A E— 2 455 TORBEFENBOHENZ, Y1 b AT 2D BMULEEX

3 PAL iz FORBEIE< B0 5L nh-o 7z (Fig 4). |

(1 EWEO PR Y N VHEWMCBLITTEERCIHETE O E r'

s
L™

N1 EHEHBICHBITASPRAY N VHEHOEFERICHE LTI HWC &H1 A

DOEEEIDITAY BITIcK DMz, 71 EHET « A 2712 1 mg/ml

. e—

HWC 20U L= - = A, ULHEHE 18 FffE] (PR-2, PR-3) # 5 ULiid 24 KR (PR-5) 7
, PR 7 N\ B OB RO SN (Fig.5) —FH, HWC E20uM H 1 15 %

) Ze [Rllg | ZAVEE L 72355 HWC B X & [Rlak DR/ Y — 2R L ent, £
DEMEEE AL 7z (Fig.5). —hH, KUBRBEULY T A7 2 D BMILBX T

PRY NN VEHOHERBIIIZIEAERD ENTEMN ST (Fig. 5).

5. 1 BB OB RURAINIETEIZ 5 K X TR RIS HE O &
HWC JLEE <+ 47 7 EHL R OB BURMIEE I3 T IT 9B IS HE O 8 A i~ = ’
N1 E7O0R7FAMI Img/m HWC ZYUUB L7z A, UUER 1| HEIAIZZ “
A ERERZAOBE(LPERES N (Fig.6). — 5. Y1 1522 D0uM) & ‘
HWC Z a4 5 &, HWC UL I L DR Z 282 Eh % L < il & 1172 (Fig. |
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Fig. 4 Effect of cytochalasin D on accumulation of PAL mRNA in potato tuber discs
treated with HWC. Potato tuber discs were treated as described in the legend of Figure
3. Total RNAs were prepared from the discs at indicated time points and 10 ug of total
RNA was loaded in each lane. RNA gel blot was hybridized with a cDNA for a
conserved region of PAL (Joos and Hahlbrock 1992). Results shown are representative
of two separate experiments.
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6y, £, R BLUHY 1 72 > DMBERTE, ELGIBECACEDS

]

s> 7z (Fig.Hh)

V. F%

LSO YR ZlE SN A8 K00 E DI, WO AL~ HEPIHIeO E
e R T2 BREEERKIGD S S, Tomyama 5 (1982) (E., P. infestans
DI THEB NS+ 1 EHEMOREERERICT 7 F BEHERATH S

H T2 BOUWHIZE DA Z N, EBURRIGEIET S " tE L. RIE
B E R IDAEC NN I ORBRICVBETH S T L2 mE Lz, MBI IS

CEARIGDWVETHAZ EIFH<HEsHEETN TS (Tu 1978, Hazen and
Bushnell 1983) 78, ERRICEOLH 2B IGICES L TWamIcDOWTeEFELWI &
[EEXZmEHB Mo TWEW, TEITHAETIE,. HWCUB U v 1 EREICT 7272
DHEGHEBER THAY A L A7 D ZERERICUEL, frOBFIRBICHEXIET
BEE R IGIHE DM EIZ DLW TR,

T N ICHWC ZLHI L 7= &2 4, WERF) 10 770 55 E
RIS S, 20uM Y1 522 D % HWC EFRFICUILEEYT 5 &, HWC
LURIZ X SRR b i L <l S Nie (Fig. 2). ZORRK D LARTOHE (Gross e
al. 1993, Kobayashi et al. 1997) &[alkkic, REEEERIGIZE Y 7 F C#EHEORE K

WETHDZ EARENE, £E20uM YA AT 2 DT v H 1 THEH

HWOBREHEER G ZHRLISHET S ENRENE.

o 4 H A BB (C P infestans JEBIRIE L — A B 3ERT 5 &5 PR RN 4 L

25




7 (Doke 1983), T O)afk s ST bz o lRF O 35 1HRE 38 4 plc B SR BR 4 T HE ) & 9 Bl
)

(Hammond-Kosack et al. 1996). {E1EREZREOERkIL. BEEH (Peng and Kuc 1992),

ERTHICB TS R EL THSAN TS

fll ol &% 7 2 /73 O YEAE(E (Bradley et al. 1992, Brisson et al. 1994). 411 F L & bXiE

de AL (Leon et al, 1995) &Sl f=flix QIEPIRIGIZE ST 6 Z EMHE=NT
Ok EE R B X ETIRIEEE RSO HFEOBE IO VLT
-7, HWC U 2+ fi4 ERRBICH N THFESNLSINER 1 FEZEE—2 &7 451
e eI, T b AT 2 DICKXHHEBEZEZZT/ANoTZ (Fig.3). CDFEREKD,
Gt EERICIAF I EEERGELELE LI ENRE 41/, Doke (1985) (2t
foir - 0 0. ERIEDREERE S ICH S LERLTWNS, RIFPERER
BIEEERERELS ARG TH D, RIEEE L TE Z 576 ERERE D4R
TEEEES SN ETEINS
v ESE RS CIERFIE T BRI S, )Y Rk E
MY S cMHl G THS (Friend1981). 7= NTF 2 =227 2>E=T7 U7
T (PALY 1T A= OERBTHA 77O/ /17 FACHADOBIEEREZETH Y,
EFR I A HWC U - E DB L NIV TOEMIERE ST ENH SN T
L4 (Yoshioka et al. 1995), £ 2T+ 1 EHBEM 15 PAL s TFREIC

HLET HWC EH 1T b2 2D OEER ) —F Bk Vi, €OFfER.

HWC LB A 1 T3 T PAL iz T-HEH O ¥ — 27 21% | B Tad s
T_XL T bhS DAFEFIZUE L =850 E—21d 2058 Tdh - 7= (Fig.

4). PAL BRTORBOE— 7 3EHREFERLEERMTHSICHH 5T, PAL

r-—

AT OB OANEREARERISHEORMEEZZ T TREL L, CORRIE R

20




G G- L A EBEO REESHE SN T, BETO PAL B TORRZRT

dia R R aES IR ICTTHON g . Bin T HHPBIEL 220 ThdETREESN 5.
ST R A B (12 WFEILLEE) ISREE S NS B RIGIZEH KT IR MR
HEOREBIZDIWTHNE, PRY NATHEIZ, ZNNDTTA 720204 LA ITRE

SO TEEYNAENS TR EINTZY NNV EBEORBITHS (van Loon
and van Kammen 1970). (2% < OEY SIRIEH O R TRYSERFO PR ¥ 22/ 7 8
FHIGEEAVERE S ., SR RIC B DIRGEE Y NNV HEFZSNTNS
(Stintzi et al. 1993). F-FOSEOL DMERA DR BEAKE I L TEFHED
HalEo - 2 E SN TEN., MBS A 788 L TEAHIENTS (Woloshuk
et al. 1991, Sela-Buurlage et al. 1993, Ponstein et al. 1994, Niderman et al. 1995), Z0) PR
P EOEMIZS LETIRPEERUSHEOMEE Y TAY S MTIC L 0 H#
~OfER., Sy 1T ERET A AVICHWC 20 L2 T A, UWHE 18-24
Bifil 75 PR % /SO B OB HENZEH NTE=A, HWC &1 b1 53 2 D Z2FERFIC
W [ =35, FOHEMENRA L2 (Fig. 5). PR Y 2\ 7 HOEMRTEEE L X))
A SN ThWa Z EHHEISNTE D (Bol and Linthorst 1990), #i{sFHBENZE L
(TONASEOICEELZGUREEORBELEHLETHL LTINS, PAL B
FUSEBAVRGEA b L A ZZ 07RO 2 < iaOMIZ TR WREE (1 B (2
L-ADIZHL ., PRYCNAVEOERITHEA ~ TR VT T < il
R TS (24 FFRD) (23 SN 5 (Ryalsetal. 1996), ARERRIZH L /-85
CHWTE, HWC (TE A L =dilgicmA, MO TS PRY NNV HEDE

ML7=rLEZGNA, H1T hhHS 2> DIEICES PR A /S EEMBOR T,

RET 4 2 EAROHIICKL THEIGT A8l S0 585N Lsdici s




a[HEPEDTE A S
- HWC WLHE =+ 1 B R O BUKMIIEEIZ B KT RER IS O 8 2
S WLEEEE 1 HELAC v 1 EREBERHMOBRE(LNBES NN, U1

o D %[GR (S LS 2 S A LA S 4172 (Fig. 6), REMIIIEBFIER D= A

ek A SRSEMIC B O TRESHIIEZS BRI U, WIREOMHZENA S

- O RBUR IR SR S N AR EAE G TR, IHFEOME

AR O BB HIRIES B TR ENA TR =2 AL RMRO 701 A EfETE
S ENE SN TULLS (Levine et al. 1996, Ryerson and Health 1996), 7=,

lEH A 291 I1VA (TMV) ZEKEEHESYNTICENWT T b—22 ARROE
DNA Dt iES = 7 L -FIEED FRMARE ST WS (Mittler et al. 1995, Mittler
and Lam 199%), v+ H1 EOZRTHEHEREZOLSamSEWIZEWLN, & L RIEkOZ

Lol Z4 &4 U, MRELMBEARREEZTL TERZ2E0MREAETEZS

IRTa 0 I ERHR R IGHlE R B O % # (L 28 - TWW S algEfENF A 5 11

il Z 50T, iR R 3 RIEE R, Mila%e. AL w250 E O
E1 EORMPBSIZD - TW ., TOX D BEYHIIE TOM B DS =5
S, RIEEEERIGIZFE ORI~ O ETHOGEEAGIS, EFERE
PRl i, RIEEYE 2 m ORI ARELE s &1L, B TREZ M

MO E RO ERE Y., FORSE, GO AOMEEE LS L5 E 0

I E O REEDRNIZfTH ETFHENS, TOLEDIZ, RIPERERRIEE <

RS INrE IS M DEEETS HHA’JI 1?*'511'$f£LL1 rIhBHEEZGNS, LML, RIEH

S TG 2 HIE T B MO RHER IS L D #RES N A ME ORI &, B ks
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w o Cw o EMREIE IR BT AT 4 F oGS NV H DR

Tt T F oBEERIBEES ERIEEEEERE IS, PAL Bin T ORE. PR

7 OER. BEEAIREO N EN L FEICKHETHS LR, LD
AR A L A ARk L =B R R B A FEEh T S M il

N RS, EROBERIGRFICAHEER SHEER L TEEEMIICEITT 27 >

N ERE., RIEEEBEERISICEGT 20 FElINCHEEE<RT TR,
" HE O Er O I E O I EEIERL & Ly TEERYBEREIL, WEB T A Y N Y

Wit OEEIN TS, 72F 205 327 8l3, T AN, BEEE,. HHED

TREB<SHON->TWi5, FRCWHILE T, & <72 S0P 05 5 il 16 5 0

;

HEHER . ®KwmlEF. BRI, €2 b—y—HlTcio)z

—

SREGIE S > N7 @ MBS MISNTNS (AL 1986). £, T2 F o >
PEOEIEI I I LA AT S h— EENhESETAT L0, i

GIERDEEE T2 EY INTED TN S OYE %2 N L THEEMICT 7 F > ik 2 &

L T nliEEN E A 5485 (AL 1986).,

. P TOMREEZRHBEOWRE. 70 F oSG EEERE DY N TET

HElE O 1) 1 B S W BRI R O B 5 (T BT At b XS DWW EER D Th S

(Clarke et al. 1998, Volkmann and Baluska 1999), Jr4E. TMV 28 £ O MM &2

SRS, BITZ 2N 0H (P) 2N LTT 2 F MfELICHEL, 7 AETAT

/el THrT 4 2 A a /2 (McLean et al. 1995), Z OB &iE, HP)i4
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Lfi— TWLWA TS AETAY— Y% LICEIRIEMEmEEZ TMV 2VFIH L

7 - #Z S TS (Zambryski 1995), DL EOBEM O AR ZEZGDELS L. 7
o Ak HE LT B G SRR EEOW FOBREEH > TWSAHEMSEN B S
- - TAETE, ERERERICOHESCEOMEICH ST 50 TDERZILA
-2 HIEL, TOVF G N0 BEICEBHLUZ, £9, DNase |l 7 7 4 =7
AT RS T —FHWTT 2 F G N HOEEETORE Z i

|"-'t A

T, WY D Y EOREET I F L REEEEORKT ATV, TIN5 ORK

JR
bl
i 'rrln
f
{4

EEERIGICHBITSESITOLY

o EfEdn & LT, Solanum tuberosum L. & 8. demissum L. O R[] HER T &
OFPEIRPIEE G F R 2RO MY U ZEMAL z. TOBEMBEHNTHILA

KL, WRERT MR ORI L.

2. D4 711 RGeS A N 0D AR R

v H A ERRER R ARELL FOL D ICRIM L /z. P+ 1 E8iEdBE D IL A
T (0.7 % R, 2mg/ml24-22 007 1 /7 F 8, 0.1 mg/ml 711
(T 2 5T Murashige-Skoog il (pH6.0)] EIZ#EE, HIV A ZFEL -, &K

I [ 2maml24- o007« / F 8, 0.1 mgml A1 3+F 2258 Murashige-

Skoog il (pH 6.0) |30ml DA 100ml BO=A7 7 AJITHE LIV AZHE
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23 'C OEIFFT 100 [A]diz/4r O Tk S H B# L -, 7 H08E L 7= R e

HET EadOFG T TRE[CRSEL 72

3. o4 B RS EMINE O HWC &5 K ONH E#|ULEE
oA A TR AN 40 1l (39 60 M) (C25uM B A B AT 2 D 10ul (2
o5 M) 2Nz S SRR L 7=, Z OMIRNEE I | mg/ml HWC 50 gl (#2825 0.5
meml) Ze 0 A, J5TE BERE R B 3 A R IR R L e L 72, HEAMOLHE LT, Y
L D OB THAS025% T /) —IVERWE, £E/-HWC O#HEBEL T,

HWC % %% L 7= 5 mM Tris-HCI (pH 7.4) Z R 7=,

4. IGUIE B REAE [ O HllE
o A E MRS MR SO @IC OWTHEEBRERICOAEA B L, Sl

5 I RS S OB S NI EORE 2 FREEEROSFE L L 2.

TS R R 7 e 22 = 3 7= Al &
FPHEERIGE (%) = x 100

el e

Y. DNase |l [HERICEST 7 F O I
DNase | [HEiEAHWEZT 2 F 2 0O5E B % Blikstad & (1978) @ HiEIZtEVy. LB
J) L 912 r—> 7=, DNasel @ik [ 0.2 mg/ml DNase 1 (Boehringer Mannheim), 0.2 mM I

LA L, 5mM 1 X4 /—)L-HCI (pH 7.0) | 4 ul B L OGRE 20 ul ZFH A2 )bp

|

LT L. DNA /B [ 40 ng/ml DNA (fF77 < MR i3, Sigma), 2mM L~ 7+




| mM Bk 74, 10mM 1 24— J-HCl (pH 7.0) 1 500 ul Z= N A,

012 Ao DIEER L ZRE L 7= RSO L D DNase | DfEMEZE KD, K
L0 & O DNase lOEREZT I L MEBERIZZT UMWY 7 F 2 (Sigma)

TTYERE L .

JUEHRINIEFD DNase I {& 1%

AR () = x 100
AU FINEE DNase I 161

1. v 77 A BN 1 iE‘.l‘"IH" RRDT 225> BXOT 7 ffﬂﬂl_{"?f’“t’? B O b Fi
WiZfkEm 7T HiEE L =2+ A1 BB E2 T 2 F 2 BL07 7 F B

Y OOz OMELE L THERL 2. AERTIILLT ORRMTRZ H L

thfifge A : 20mM 1 = ¥/ —I)-HCl (pH 7.5), 5mM A~ Bl 77 !) 7 L, 5mM
- AN T KTy /=), 1 mMPMSF, 10 mM TAME, 1ug/ml 00 7
Fo. 1lmMATP, 20mM ED0 Y @RI A

HEflTif 1 : 50 mM Tris-HCI (pH 7.5), 044 M “ILE F—Ib. 05 mM (b2 A

Ml 2 : 20mM 1 2 4/ —)L-HCl (pH 7.5), 04 M 2 ILE b—IL, 25mM A%
dfifii@E 41 ™ 4, 1 mM DTT, 1 mM PMSF, 0.2 mM ATP, 10mM E 1)

*: H?.'fi— K1)z . 0.1 mM J]{".l{t;-; Iy )

e

% 3 : 00 mM Hfi{b AL A, 32 mg/ml PVP Z & OMBTHE A
FiTEE 4 2 0.1 mM AL DI 29 WA EGTEMTHE A




Aok {1 |*..'I~"I 3 F 1' |]|"'h"1 r||| f]# 'h |1 -'J ' I % j__ -¥'1-{ {'i-f]'ﬂ'{‘: "l

= WU S 2mM llllf: -7, 1M lﬁ:rr:[t-fl L} Ty '?E. =% 8 Tﬁ#“ﬁf A

sEiicas 7 01 mMEE(EH L2 A, 3M BT T T A DEEER A

1) 2 A B W 5 A A e 0D et o i o 0D A B
THIEEEAE L =2 BRI s L T AREE . fileE KT 9
AR L IR | (R L e, WM EEE T IS EfE L 28, e L T

i 1 g, BUONEMRE 2 (CWEE L /-, WEIE A 4°C T 10 felepiE L 7=, Wil

el 2 ZinsE . BiSER LT, GO HEEGERMAEE-20°C TRiFL, U

2YDNasel 77 4 —7 4 —7 )L O1ERE
DNasel 77 4 Z5 4 — T IWOERIBEL PO X S5 121> 7=, DNase I (Boehringer
Mannheim) 20 mg %= 0.1 M MOPS-KOH (pH 7.5) 1 ml {258 L | T F a2 —7 (HERRIR

o1 10.000) (ZA41, 0.1 M MOPS-KOH (pH 7.5) 1 | 1 T#) 12 FffEE#Hr &1 /2
5.7=. afligel-10 (BIO-RAD) 2 ml Z /KT iciiy# L 7=, 0.1 M MOPS-KOH (pH 7.5)
R L = O affigel-10 (ZiBHTR O DNase | ZNZ, 4°C TH 12 KeffiiR & 5 L 7=

VIR 1M T /— LT 2 2 0.2 ml (0.1 ml/ml affigel-10) Z A, 1 Rk &

LTI OwF 2 T T, BRITH 4 T, EBmERICERE L <.

) THOF o BEUT o F RS >N BOBS KR

71 A BRI O RS V2R R 10 g ZREMTER 3 (200 ml) T —1U 2T
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TR L, 2 KR A O Ay Y alck DERERELE. B

|'i' -

feilioo pH 2 HCl T pH 7.5 (ZRATE L 721&. 18,000x g T 15 et L 72, 5
$17- Fiklc e iCERR L 7= DNasel 7 7 4 =5« — 7 )L ZIMAT 1 FlelifecD L. 7
=/ (NTE 35emx =& 45cm) (ICHBLZ. TN ZEM# 4 (10ml) T3
], SBUTHE S (S ml) T2 8, #E#E 6 (10m)T 1 Bk L7z, ElfH 7 (10ml) T
S AR L . B ez 2B o — 7 (FEERER 374 - 10,000) (Z A4, 1,000
(2%:0) 20mM 1 = ¥ /—)L-HCl (pH 7.5) (&L T 12 @t LB z=1Tr-> /2. ALEE

pr 1 i |
=

CARET R R & A FoERE 20°CICTREFELZ. LEOREIZTNTAC

-

“frols. HERLER % Figure 7 (2/R9 .

e Ly e s &8 4

T i

7. SDS-PAGH
SDS-PAGE S L7 AT L2 49 il —BEI8 DQBIZIEL Tiro/zc. 2FEETH W

R E kBB LI OFNSOFMREAEL, FITRT .

F kst
AR - BT 7 F > BUE (Sigma) (1,000 {EFR)
AR P 1eG id (Jackson ImmunoResearch Laboratories Inc.) (2,000 {#%
i fR)
17 4 L4 1]

AU AR TF RN TF Ui (1,000 fEFHR) (Esaka et al. 1994)

CRHE - sy HE lpG P (2,000 /R




Potato suspension cultured cells
—Washed with buffers 1 and 2

— Lyophilized

Cell powder

— Homogenized with buffer 3

— Squeezed through nylon cloth

R i
Homogenate Cell residue

|—-Centrifuged at 18,000 x g for 15 min

Supernatant Precipitate
— Mixed with DNase | affinity gel

— Packed into column

— Washed with buffers 4, 5 and 6

— Eluted with elution buffer 7

Actin and actin binding proteins

Buffer A : 20 mM imidazole-HCI (pH 7.5), 5 mM potassium metabisulfite, 5 mM 2- 1
mercaptoethanol, 1 mM PMSF, 10 mM TAME, 1 ug/ml leupeptin, 1 mM !
ATF and 20 mM sodium pyrophosphate

Buffer 1 : 50 mM Tris-HCI buffer (pH 7.5) containing 0.44 M sorbitol and 0.5 mM
CaCl,

Buffer 2 : 10 mM imidazole-HCI buffer (pH 7.5) containing 0.4 M sorbitol, 2.5 mM ;.
potassium metabisulfite, 1 mM DTT, 1 mM PMSF, 0.2 mM ATP, 10 mM |
sodium pyrophosphate and ().1 mM CaCl;

Buffer 3 : Buffer A containing 0.1 mM CaCl, and 32 mg/ml PVP

Buffer 4 : Buffer A containing 0.1 mM CaCl,

Buffer 5 : Buffer A containing 2 mM CaCl,

Buffer 6 : Buffer A containing 1 M KCl and 2 mM CaCl,

Buffer 7 : Buffer A containing (0.1 mM CaCl; and 3 M guanidine hydrochloride

Fig. 7 Procedure of the purification for actin and actin binding protein(s).




8. G-F 7 F 2 Hsp & F-F 7 253 D97

[ BN A (B E 10g) ZEETHE 3 (200ml) P TO—1U 2T TL
LN —ZHLTERL, 2REREF 1O Ay allkDkEwEE Lz, BEVE
7 pH 4 HCl T pH 7.5 (ZAA%EL 7218, 18,000x g T 15 il OBl 7=, oz

P2 N 87,000 x g T 1 BRSO BEL . By s ST 27z, il g

# DNasel HEFEIZHIK L, G-T 2 F M EFIZ. F-72F ki s

AN TSI EZMRBLIEDOT, EHEBEZEENTNG-T IV F B & F-7 74
] & LTz

0. T2 F fa e RED R

W S . 5 o 74 7 ; H’j:'g *'-II

v A EREIEEMROERR S LI DNasel 774 2T 4—203 55
CED IR EL Y NN E8%E, DI AY BT OETRLEAEE A
@ " PVDF IEICE5 L /=, T OEAE 10ug/ml 72 F > 258 TBS-T T 1 FifE
e D L7z, TBS-T T 15 RIOIREOWEZ 1|, 5 2RO%E%E 2 Bt - 7.
gLy 7F i (1,000 5/ 288 TBS-T T 1KEIRES L=, BE%A TBS-T
Crerr L7z, $1o 4 1gG i (2,000 (EHR) 253 TBS-T T 1 BfEHk &

MU 2 TBS-T TP, ECL B v b3 XX Hyper Film £ LT 7+

: 'MﬂlH o Ti 5 1 e

3 T

2) r— 1) T A SR

.

' FLOEFF AR TFOLICfTFo72. T2 F 2 500 ug % 100 mM HEPES-




NaOH (pH 8.5) 1.25 ml (Zi@EBEL . 25 mg/ml BNHS (Vector Laboratories Inc.) 5 pl % )l A

yIFEIEEFE L 2. 10mg/ml 7)) 2250l EZMNMATT 2 F 2 DEAF AR ZE 1LY
i, By b O (HEMEBR R T8 10,000, Millipore) IC KD REIGOD EFAF > 4
il 7=. BoefkEAF AT IF 2T 77— LAY BuicHWE: G-T7 &
F @B LT O F g EDIAY WO T LIz AL FEIZ PYDF
g L7, ZORZE 10ug/ml EFF ALY 2 F - Z2&E TBS-T 7T 1 Kl &
- TBS-T Ticiffe. HRPER@ENTZ=A ML 7 T EZZ 22 (Vector
Laboratories Inc.) (1O (EHFFR) 250 TBS-THT I FiBligdE 5 L 7. BUVEA TBS-1

e

i, ECLEHF v B LD Hyper Film ZRH W T -7V FH IOt z{ro 7z

1) WIS T At o —Z L = AT
) 0 A N B i Ve |

12 2 tF— [Asys (Fisons Applied Sensor Technology) Z2HWT 7 7 F &G

It Z#EIE LIz (Yeungetal, 1995), VA FELTZO T 2F - 2RWE

HE

S MEEF Xy REREROANRF L IINAFINRZREDTFA L7 (CMD) ~

12 FOfFazlFOLE 2127272, F 22Xy % PBS-T[ 150 mM NaCl, 0,1 %
Tween 20 23580 10mM U iR (pH7.4) | Tk L /=&, F2Xvw BIZEDC

NHS 2014, CMD @R VRS2 VG L 7. 10 mM FERERRTHE (pH 3.3) %
Ny MZINA R, S6I1225ugml DT 2 F - 2MA, TUF 2% CMD ICH

aotf, FaNy hEPBS-T THELAEHER. T4 /)7 3> (pH8S5) EMAT

FoRBO OIS o Ty T Rirolk, TOF o EEGSEEFaX

ST/~ L., 4°C TIRTEL 7=,

WHET DV F o EOREHEEEL TFOLS ITHELE. MET 2k % 0.1 mM &
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LA L EEE 20mM A S/ —)L-HCl $RETHE (pH 7.5) ICEML 7=, HUSERT

HFREEF Xy bEPBS-T Tt L. KIC1 4 /— IR IRICRM L T

S PR { 24— M 20ROz, FaaXy RZE
j-j: o |![| ||I|1] "" | II-!|'| Id :"I: J,-' ] Tnl] 1 =1 N Y | Jlfn[nif’rfl E ':?f -UJJrerj Eli':"{[':f:

| —H—YLFOomEEIC L DBEERNICHEL, ROMNE 7 22 LitE

]“ ':_l__l ; & "__-' t:'[h '..-'. ) r\ll JR'r;I:ié -._I’ :: _,-‘ FTF-EHLI. J_,Til UIJ{Q}E
I/ EERC Y O R IE L Matsudaira (1987) O AEICE LD Tiro7z. B Y 2\ 08
% SDS-PAGE [ZftL /=%, PVDF RICEXNICEHE L. BESNLY NI H%Z

(BB Té#ta . THRET DAY /NN 2EHON FAEYGDEYD, S8R TF R —#4

+ (E7 /L 476 A, Applied Biosystems) (2K N K7 3 /EERCH % IE L

1. %

. 24 7 1 BRI MO HWC (23T 5 iR

RETHUE S + H 1 T f

O HWC [ B RInEIC DWW THET &2 T

A Mk 5 MRS 3E L =W Es 3 Ml % 0.5 mg/ml HWC TOLE L, ke
IFERFRIC IR IEE REE R A L /2. HWC LR ICHE W TIZE R OF BRI
GIEBH R R G s d e Endmin L, WL 1 BRI 80 % DML At

-z (Fig.8A), —/. ®MBEOKUER TlRRABOBREERERGIZIFEASEDS
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Fig. 8 Cytoplasmic aggregation of suspension cultured potato cell in response to HWC.
A) Suspension-cultured cells were treated with 0.5 mg/ml HWC in 10 mM Tris-HCI
buffer (pH 7.4) (circle) or in the 10 mM Tris-HCI buffer (pH 7.4) (triangle) as a control.
At indicated times, the number of cells in which cytoplasmic aggregation had occurred
was determined for a total of 50 cells and the percentage was calculated. Results are
representative of results of three separate experiments. B) Potato cells treated with 0.5
mg/ml HWC in 10 mM Tris-HC| buffer (pH 7.4) (lower panel) or 10 mM Tris-HCI
buffer (upper panel) were photographed under the light microscope.




B - :‘- _.!',_:.-
F IR L T E R inaE s

417 ] bR S e - Tz. HWC BRI 5 X DRI X

4 Hili O R IRFRY 75 22 B O BL Y | % Figure 8 B (24379,

] '.'Jr' [ l' At flrlﬂ.[l '[J-‘:H” Lra'J.'-;i}ﬁjtd.{fEt {i\, "{»"L;'F— !‘J -_ra..!_l i _!' "' |'“ fJ er _,a-‘ 12 L-"JE:::E

T35 2 v H A ERRE R I I O SR T B REIR B 1245 K

IrL

HWC LB Z K O 5] &
T OF oEGHERYT AT D OEEICOWTHMANL, 2y 71 EWNE
Rz SuM 1 F 5 DHLEWIEDBEBIETHS025% ITH¥ ) —ILTS
UL L 7212, 0.5 mg/ml HWC TULE L | P8 SR b I3 2 #E R 251 L 7=

A, HWC WX TIRIEEERERBRVBOsNZDICH L, Y1 152D

HWC QLK TIEERIGAIIH Sz, s, dBETHhSEmEILEX T

FEEEREDITIEEAERD SN (Fip.9) THSORERELD., P47
SRR Z B W THT 7 F > MO B G RIB AT U 72D BB E R s 2855

SoNACHIEL, T FomaY N7 HBHROMELE L TUABEOEERIZ HL

) HA RO 7 7 F 865 2 /87 8 0 Kk
7F 2 ERRAICHEAT A EMHAISNA DNasel D7 74 =T 4—7 07 h

T =&l Py, EREEEHROT 2V F BT 2 F MG Y N

£ L

LOEL T Ao /2, BRI, Mackawa 5 (1984), Villanueva 5 (1990) LT
Andersland & (1992) ¢) ,-'!H _f:_e-; ?E: 27N r"{‘i‘ﬂ“ﬂ ETTJ' Rt e Uy ‘Eulll?'fffﬁ
R I L THIMERRS . KT I L8, ATP, E01) >R

VL AN T RAF D BEDT 7 F MM LR T 5720 ORI E S OIERHTK
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Fig. 9 Effect of cytochalasin D on cytoplasmic aggregation of suspension cultured
potato cells upon treatment with HWC. Cells were pretreated with 5 M cytochalasin
D in ethanol (open circle) or with 0.25% ethanol (closed circle and triangle) for 5 min
and then they were treated with 0.5 mg/ml HWC in 10 mM Tris-HCI buffer (pH 7.4)
(open and closed circles) or with 10 mM Tris-HCI buffer (pH 7.4) as a control (closed
triangle). At indicated times, the number of cells in which cytoplasmic aggregation had
occurred was determined for a total of 50 cells and the percentage was calculated.
Results shown are means of triplicate determinations +£SD and are representative of
results of three separate experiments.




IuRd L . EEERLR Lz, TNET—U LTI IR TERL, 10O

oLV EZEMREL 7=, BERMIRO pH % HCI T pH 7.5 (IZARE L /=12, 18,000
xg T 15 L EL 7=, Bon/z EWMICRICIERLZZ DNasel 77 4 =7 4«
EMATIRED L, A AhSLICHEEM LUz, T alAx OfRmE TiceL 7=
e, BEeY 7 D g T 2B Lz, R Z B RS L
NEERE NCCTHRELE. T74=74—3AEDBH L= 2/508
Rk L =& T A, 43kDa, 32kDa, 22kDa Q&N R = (Fig. 10 A.
[aned), 316D %, 33kDaDZ AN EHODTRIT =D PPN T72F - D91 K
WL 7= (Fig. 10 A, Lanes 1, 3).
- 43kDa, 32kDa, 22kDa O S /N7 EO7T = R 2il~</z, 43kDa @
NPEHIZODWTIE, 22— 22X 23— T7 = /BEMNP=5TT . &R
b7 N DEONFKIgNR 7O P EaNTLASHEEENREZ 611/, £ Z T Cleveland
5 (1977) OEEICENEs 2 7077 —ETEH R L. 52807 F|
ghrO7 2 /ALY iRz, TORER, WANTFFONRKm T = /BREETIE, BE
o ENTWA S A EOT72F lETLD TFHEEINAST = /EBEE
AMONTI-184 FEH B L D96-110 FHOES EFNF4H— L /= (Fig. 11 A) (Drouin and
Dover 199()). T Oty N 7EHOD FROEREZS5DHHE., 43kDa O /N7
Hilo vy H1 2T F o THAHLHM LT, 32kDa ¥ /52 EO N KB T = /B
MNERNSIZEZA, T /BHORMETEL-EIHHE REBOT = /KA %E
W=, e EOBRESFF I —PiRETLED FHENSEARS /78O N

T S EEACAI - —F L /= (Fig. 11 B) (Beerhues and Kombrink 1994), F7z., 22kDa

YN BEODON KigT S 2 /BRIy T DA AETF &Y /N7 Hilt{nT &
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Fig. 10 SDS-polyacrylamide gel electrophoresis and immunoblotting of proteins after
affinity chromatography on immobilized DNase I. A) Chicken actin (lane 1), a
homogenate of suspension cultured potato cells (lane 2), and a sample of protein after
affinity chromatography (lane 3) were loaded on an SDS-polyacrylamide gel (12.5 %)
and subjected to electrophoresis. The gel was stained with CBB. B) Protein samples
after affinity chromatography were subjected to electrophoresis on an 5DS-
FJ'DH’ALI'}!MT‘HL‘:& gel and immunoblotted with actin-specific antibodies raised in rabbit
(lane 4) or with antiserum against type I chitinase from pumpkin raised in rabbit (lane

E} Detection was carried out with antibodies against rabbit [gG and an ECL detection
(L.




A

43 kbDa-3 YALPHAI
171

Potato actin YALPHATI

43 kDa-5 LRVAPEE
96

Potato actin LRVAPEE

B

32 kDa protein EQIGEQH
1

Potato chitinase EQCGS QA
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Fig. 11 Comparison of partial amino acid sequences of potato actin and the 43 kDa
protein (A), of amino-terminal amino acid sequences of potato basic chitinase and the
32 kDa protein (B) and of potato osmotin-like protein and the 22 kDa protein (C). The
partial sequences of the 43 kDa, the 32 kDa and the 22 kDa proteins are aligned with
those of potato actin (Drouin and Dover 1990), basic chitinase (Beerhues and Kombrink
1994) and osmotin-like protein (Zhu et al. 1995), respectively.
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Fig. 12 A) Actin-binding analysis of a homogenate prepared from potato cells in
suspension culture and proteins eluted from the DNase [ affinity column using actin
and actin-specific antibodies (West-western analysis). Lane 1, SDS-PAGE (10%) of
the homogenate after staining with CBB; lane 2, blot of the homogenate without
treatment with chicken actin; lane 3, blot of the homogenate after treatment with
chicken actin; lane 4, blot of the sample after affinity chromatography and treatment
with chicken actin. Detection was carried out with actin-specific antibodies raised in
rabbit, second antibodies against rabbit IgG and an ECL detection kit. B) Scheme of
West-western analysis. 1, Protein samples were blotted to PVDF membrane. 2, The
membrane was treated with chicken actin. 3, The membrane was treated with actin-
specific antibody. 4, The membrane was treated with peroxidase-conjugated second
antibody.
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Potato suspension cultured cells

— Homogenized with buffer

— Squeezed through nylon cloth

l
Homogenate Cell residue

— Centrifuged (18,000 x g, 15min)

l
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— Centrifuged (87,000 x g, 1h)
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Fig. 13 A) Preparation of G-actin and F-actin fractions. B) Inhibition of DNase |
aclivity by supernatant and pellet fractions from a homogenate of suspension-cultured
potato  cells. A homogenate prepared from Ssuspension-cultured potato cells was
centrifuged at 87,000 x g for 1 hr and the resultant pellet was suspended in
homogenizing buffer. An equal volume of supernatant (lanes a and b) and of the
suspension of pellet (lanes ¢ and d) was subjected (o the DNase I inhibition assay 5 min
(fanes a and ¢) and 15 min (lanes b and d) after centrifugation. Results are
representative of results of three experiments.
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Fig. 14 A) Actin-binding analysis of the supernatant and pellet fractions using
biotinylated chicken actin (Far-weatern analysis). The supernatant (lanes 1 and 2) and
the suspension of the pellet (lanes 3 and 4) described above were fractionated by SDS-
PAGE (10%) and then proteins were transferred to a PVDF membrane. Membranes
were treated with (lanes 2 and 4) or without (lanes 1 and 3) biotinylated chicken actin.
Detection was performed with horseradish peroxidase-conjugated streptavidin and the
ECL detection kit. B) Scheme of Far-western analysis. 1, Protein samples were blotted
0 PVDF membrane. 2, The membrane was treated with biotinylated chicken actin. 3,
I'he membrane was treated with peroxidase-conjugated streptavidin.
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Fig. 15 A) Typical results of the binding assay of chitinase to actin in the biomolecular
interaction assay system. Arrows indicate : 1, addition of 0.2 mg/ml protein samples
lrom suspension-cultured potato cells ; 2, removal of the protein sample and washing
with imidazole buffer ; and 3, addition of the antiserum against chitinase. B) Scheme ot
actin binding analysis using optical biosensor. 1, addion of protein samples from
suspension-cultured potato cells. 2, treatment with antiserum against chitinase. C)
Detection of binding of chitinase to actin at various concentrations of antiserum against
chitinase,  Antiserum against chitinase diluted to 1/10,000 (1), 1/15,000 (2) and
120,000 (3) or rabbit serum without immunization diluted 1/10,000 (4) was applied to
the cuvette which had been added 0.2 mg/ml protein samples indicating 3 in (A). The
binding reaction was monitored as the change in intensity of the signal (arc seconds).
The results are a representative of results of three separate experiments.
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-,

_"'|l
—'-I—

I-PCR R | 1 x FRS#EMT#E (RT-PCR high -Plus- #&{), 2.5
mM Mn (OAc),. 300 «M dNTPs, 0.4 units/ul RNase FHER]. 1.25 units rTth DNA 1)
ATE] 25wl BT, RT-PCR ZLLFORMF T -7z, 60°C T 30 4 M 05
WIS, U CT2HHOENEZToH BRHENUCTISY. Fo—U S
SOMRRISZE X°C T 130 EWIRIT 4041 2 )@ PCR Ty, A 612
AC T nMoERIBZTo7/. 72— VB LUMERIEEEDEE T TS 1

DIRFAEFCHNCFHE DT E X=4x (C+G) +2x (A+T)-10 (A, C, G, T:7F=>, > h3
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7T F 2 RO OFtERICE RSz, 554172 RT-PCR EY % 2 9%

LT IIVESPKENIZ R D sl L, HWC QL4 RNA Z3RIC LW EBEIC
e BERY L I8 = 114 RT-PCR PEW %7 GENECLEAN 11 kit (BIO 101 Inc.) Z BT H L
O L7z, i L7z DNA W3 TA 7 0—=> I L 0 pGEM-T Easy 7

2 FAXY F— (Promega) (CH T 2oO0——47L, EEREMOREBLL SO

8, RT-PCR
CLIES S O HWC LB Y INOBEM Sl L 724 RNA 28681 - L, RrREY 75
#H L /Z RT-PCR Z{T2 /2. 40ng/ul #/NIHEL RNA & 0.8M 7517 —
S0 RT-PCR Pl [ 1 x RIGKEMTHE (RT-PCR high -Plus- Zf1) ., 2.5 mM Mn (OAC)..
M0 #M ANTPs, 0.4 units/ul RNase FHEH, 1.25 units rTth DNA 75 1) A 5 — 1] 12.5 ul
T RT-PCR L FOEHWTIT- 7z, 60°C T30 MO PIEERKIGICHEE 94°C
2HEIOREZETH 728, BHEE M CT1 Y, 72— >V BIUBERIES YO
PR ENIREET25H I 2 (B0 40H 1 Z)L) @ PCR #{Tly, &
Y CTT7 el OMERIGZfT>7z, K#EOD RT-PCR THW\W =751 v—n0iER

LA, T2 B RXOMERIGOREE Y °C % Table | IZRL 7=,

) I 4 1!-‘__;.'\1’J;||.3;’T'_L_} 5 o
RNA ORIV A7 VT B A IIVBSIKENC L V{75 7= (Ausubel et al. 1987).

= A 1S5g 2K 115.8ml (CEmEL . 20 x MOPS [ 0.4 M MOPS. 100 mM B+
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[able 1 The sequence of primers for RT-PCR. A "F" designates a sense
oligonucleotides and a "R" designates an antisense oligonucleotides.

Name

Sequence Annealing Temperature

D51-Full-F
D51-UTR-R
D51-F3

D44-F ]

D44-R]

D44-Full-F
D44-UTR-R
D44-UTR-F
CHN- & (F)
CHN- B (R)

5- ATGTATCATCTTCTTTCTCC -3' "

5- GARATTAAACTCAAACTTTT -3'

5- TTTTGTTGTTGTGATTCG -3 J
5'- GAGAATACAATTATTCTG -3 -
5'- CAGCTGAGAAGCAATTTG -3' .
5'- ATGATGATGGTTGGCAAATT -3 0

5'- AAGGATCAATCAATTCATC -3' ~

5- TATCAGAACTTCAGATGT -3' -

5- GGATCCGAACAATGTGGTTCCCAGGC -3'

F-AﬂGCTTTTACRTHGTATCGACTHAHA—T]

50°C

48 "C

46 °C

50°C

48 °C




Ly, 20mM EDTA | 7.5ml. BT T EF26.Tml, 72U F -2 25

wl 2MA, 1% TIVAT Ve FTrIVEERLI-, £ RNABBE 20 ug (6 ul) 1< 20 x

MOPS OS5 ul, RILLTINTER3Sul. RIVATI R 10ul 20, 65°C T 10 4R

]

BIELE 2 L7=f=. K ETS R L7z, Z OBHIRUEHETT [50% ~71) O
| mM EDTA, 025%BPB, 025% F2 L2227 /J—I]|2ul ZMA. 1% F

FIvTERTIMIZEKD pE L7z, 2L 7= RNA L 10xSSC[15M B+ R 1)

166 mM 7 T8 ULl ZHWeEF+ E S5 —ik (Sambrook et al. 1989)
Hybond-N"=1 OO0 2 &IZEE L /2%, 80 °C T 30 4 E OB |- & v JE I ([

ELTCe TOA—TDFNXY T, W T —aBLUA— T34 45
i, 10 OIF(ZHE LD TiT- 72, HEEEM PR-3 ¢cDNA (£, Neale 5 (1990)
Dt 2t CITHEL =FRE 7 59 7 — CHN-a B LT CHN-3 (Table 1) 2 MLy

. RT-PCR (5 =8 [I-8 DHZM) #1152 &Ik D=, PCR EMAE TA 7 0

— - A ‘l?-

HEIZE D pBluescript IIKS+ 75 A 3 KA #— (Stratagene) |2H 77 0—=2

L LE =7 0

.CDNA =1 75 —DEM L2 1) —— 3 M
1) Poly (A) RNA ) 458y

Aviv & Lader (1972) O AFEICHEVy, HWC YL 12 BRIO 7 58 L O fht L 7+
£ RNA 705 oligodT )L 00— (type 7. Pharmacia) % BT Poly (A)' RNA ) ¥
HA={T-7=. 4 RNA 5mg % 50 mM Tris-HCl (pH7.5) IcH@ L TARZ Sml & L.

oligo dT )L 11— 2R 40mg ZIMA 70°C TS5 S EIKHE L 7=, WiE\il- 10 M E1

CUL200u ZMZ, BET2HEERES L®,. A (EHFE1em, EX 55cm)
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ZamLz, 71T LZEGHER | 50 mM Tris-HCI (pH 7.5), 0.4 mM (k1) F7 4] 1 ml

.l|_ .4

20 [ L7z, iR [ 10 mM Tris-HCI (pH 7.5) | T Poly (A)' RNA i 4 %4 1% Hi

| =

# ikl 0 BIR L 7=,

NeDNA 717 7 =7 1) — Ol

I =T T4 X—kIZLS cDNA 71 75 1) —DERIE Mori 5 (1991) DAk
\ZfE= 7= Poly (A)'RNA 5 ul & 5 mM Tris-HCI (pH 7.5) W& L TA it % Sul &L
' d—T7 71 X — (pBluescript I SK+, Stratagene) 1 ul (0.7 ug) Z#INA T 65°C T 5
IRl L 72, K L7z, T ORSHEIC 5 x Ist strand #BMfHE [ 250 mM Tris-HC] (pH
8.3), 375 mM B LA T4, 15mM HBIEX 7 22 A]4ul, 0.1 MDTT 2ul, 2.5 mM
ANTPs 4 ul 2212 °C 42 °C 7T 5 73[ulifE L /=%, 200 units/ul RTase (Superscript 11) 2 u]
CMATA2CT 1 Iy[alifiE L 7=, RITHRIEHEIZ 5 x 2nd strand 7 [ 250 mM
S-HCL(pH 7.4), 20mM BE{EY 74277 L, 450 mM $i{b A1) 7 4. 250 ug/ul BSA |
20 11, 60 units /ul RNaseH (.5 «l, 3.5 units jul DNA 7R 1) A —+15.7 ul, 2.5 mM dNTPs
2ty ACAL8 el ZNERINZ ., 16 °C T 2 BFHIULEE L /=, KB 4 units /ul T4 DNA 1
T OSul ZMATI6°C TS 70, 60°C T 10 4 MIMLER L 7=1%. KiSL 7.

LIGHES el |2 Ligation kit Ver. | (Takara) O7E i A 40 ul &5 B 5 wl ZNA .16 °C

MR L 7=, 214 —2 3 > RGHZE O TAIBE XL10-Gold (Stratagene) % Jf

o

AL, cDNA 70— Z 1) —=HIcH=,

J)eDNA 2 00— ;M Z 2 1) — =N

SHZ—=/\T T 1) ¥ 1 +H— 3 2 Grunstein & Hogness (1975) @A iEIZ#E T

14




7 A L 72 Kl XL10-Gold % 100 ug/ml 7 2 E 1) 2288 LB 2255 H

37°CT -MksEl, a0 =—%2=-rot)lOo—ZE (Advantec) |-#=5
COBRO D0 08 mA FIZETT, 0.1 %SDS @i, 0.5 M Kk
ISM L R L. 15M WAt b U ™ A/0.5 M Tris-HC (pH7.4) &

. 2xSSPE Z& & LA EIZ& 5 MR EL =%, UV 2 0Z 1 > 41— (CL-1000.
Upland) ZH O TEEZBICZEEL/Z. O brotIbo—Z A 1 % SDS 24510 6 x
SSPE T S0°C, 15 Rl Dik&E S Z 2 [mlftiy, IR EOKIBERBEEFL T 1 7 TH
SO 2R 2xSSPEHTIRE D L. JRICHFL TWBKBEZR W, 70—TD
p

i LN TN FA ¥ — 3 138 =8 1110 DI TR AETITH 7=,

LU TL BAS 2000 M1 (Fuji firm) 2R WL Tfr— 7=,

Il. ¥NDEMSDY J L DNA Ol

NIENS DY /L DNA OFiHIZ CTAB o X DT - (Murray and Thompson
980). YINTIRE2 g Z iR EEREP THEHEEMR O TERL, 2% CTAB A | 100
mM Tris-HCI (pH 8.0). 20 mM EDTA (pH 8.0), 1.4 M Hfifk+ k1 ™7 A, 2% CTAB | 3 ml
HEHI L, 65°C T 30 7l L /=, MBWICS B Oy ORIV A YT T
1l 241y A, 5 SR ERFIL 728, 13,000 x g, 4°C T 15 4350050 8
L2, IKBICHEBO200FBIN LA I TFTIIIT I I—)L (24:1) Z N A 5 7r[liisf#E

ST REL 7=, XL 7= 7KR IS 1.5 (5D 1 % CTAB &k | 50 mM

Ins-HCI (pH 8.0), 10 mM EDTA (pH 8.0), 1% CTAB | %A EEEME. |ET1
il L . 8.000 x g 4°CTI0mEhELEEL 7=, EE 1MLt ™A 4ml

EEEL, T J—)L8ml EMNA. -20°C T 20 4 EIEHE L /=18, 13,000 x g, 4°C
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LR L7z, TARZE T0% T4 J—IL Tt L 7=#%. TE490 ul -

& |'T1’T|“ I
i Z 0.5 M EDTA S ul, 1 mg/ml RNase A5 ul 2Nz, 37°C T 20 a7~

WERIZ 20% R TF L 270 a—)bR25MIBEF H U A 300w 2% . K |

T IEpfRINR e L7282, 16,000 x g, 4°C T 5 918408k L 7. L2 TE 1 ml (=5

gl Tris BIA7 = /— b I ml ZMZEEEML 26, 13,000xg, 4°C T 10 48

."“i'r'r .'-J'_ ’f'{ r‘['."i Vo 2 |r4'l'1t hi;if,' AL JL . 1/10) ””-”Fﬂ ﬂ:‘{ : . 'y /s {IIH 5.2) ‘]}i .””

20°C (2 10 rfslfeE L . 16,000 x g, 4 °C T 15 B BEL /=, itE#A 70% T

L TPerp L7z, WUERERL . MO TE TafgL 7- o illzy / I\ DNA
2T AN APCRBIDTT N T NFALY¥—3 3 cHNWE

3 A 2/ == PR
" PCR {512 Ochman & (1988) O AEZ & Si2fro7=, L= T 51 =
G ABLY % Table 2 (2R Lz, # /N34 J A DNA 1 ug % HilpREE % Apal, Pvull,
Sall . Smal & 2V id Xbal THILL, 51445 —2 3 > # [ 66 mM Tris-HC (pH 7.6), 6.6

mM LY 7% 2™ A, 10mM DTT. 1 mM ATP. 10 units/ml T4 DNA ligase | 1 ml o

CI6°C T 16 WD 71 4 —2 3 ZIRIGZTTV. b N7 DNA BiH 2Bk L

BAINME DNA 100ng & 1 uM 721 v — (D51-FI/R1 & % V) (3 D44-F3/R3) G

F

'N—7 PCR FUIE#E [ 1 x LA PCR #E{if#% 11 (Takara). 2.5 mM (b= 7oy

250 uM dNTPs, 1 unit LA T aq Polymerase (Takara) | 20 ul 9T PCR &Ll F &

AMETIT 572, 95°C TS5 HMOLENET- 1%, ZBHE S CT1 4. 7=—1)
4T C T2, MERIGE 72°CT380BENWSREET 3091 21O PCR
e

SRS @0 247 C T I RO ERIGZIT> 2. PCREM25ul & 1uM 75

&




[able 2 The sequence of primers for Inverse PCR. A "F"
oligonucleotides and a "R" designates an antisense oligonucleotides.

designates a sense

Name Sequence
D51-F1 5'- CAGTACAACAACTATCCG -3
D51-R1 5'- ACTAACGGAGAGAAGTTC -3'
D51-F2 3'- TACCATATTCCTAAGGGG -3
D51-R2 5'- TGATTGACTAGCTTTCGA -3'
D44-F2 5'- GCTTTCGGGAGAGATACC -3
D44-R2 3'- AGTTTAAGCTCCAGTCCC -3'
D44-F3 5- TATACCACCATCACTCGG -3'
D44-R3 5'- ACTGTCAAAATTCGAGCC -3'
D87-F1 5'- CCAAGGCGAGAGTAAAGC -3
D87-R1 3'- GGAAGACGAGATCCTGGG -3
D87-F2 5'- CCCACTGTCCCAAACGAC -3'

D87-R3

5'- CTCGAGCTAAGATGGATG -3




(D51-F2/R2 ¢ 45 L id D44-F2/R2) #5801 - /N— A PCR [z itk 20 ul T

"M% PCR KIS Z T 7=, f5 5 417 PCR PE4 % GENECLEAN I1 kit (BIO 101
nc.) ZHWTT AL OWMHLE, U7z DNAKKIZTA 7 0——= 4% EiC kL

'l pGEM-T Easy 7 7 A 2 F XY 9 — (Promega) (CH7270—=—24L . HEEH %

3 AT 2N T A= g
JINAZED T / 1\ DNA % Hindlll, EcoRV & %\ it EcoRl TUIWIL . 08% 74
ATIVERKENC LD o#E L 2. kiR, SILE 025 M BEEd T 15 71Tl &
2, KT S EflRES Lz, 2EL /= DNA (0.4 N KB (LT 1) ™7 A% H

4 E T 1) —j% (Sambrook et al. 1989) |z L Hybond-N"7F-1 O B IZEE L /-

&, 80°C T30 M OBMUBIC L DBICETE L. 70—70 2P . )\t 71 %

by

(E=vaBL0A—bF2F V57 4 —EBE 110 DFETRREHETIT -

4. BEB OHE & F— & X— 2@k

EHEA OiREIL, ABI PRISM Dye Deoxy Termination Cycle Sequencing Ready
Reaction Kit 45 4 L1 (4 ABI PRISM BigDye Termination Cycle Sequencing Ready Reaction
Kit (Applied Biosystems) Z=FW/=HA 7L —7 T2 2 ik Nfiot=. RIEHO
SERUT 20T 2 BN P TOBRKE, BERIOFHARD BLEOTF—5 0
WHTIE, ABI373S DNA ¥ —/% I 24 —& DNA > —2% T2 A B e (Applied

Biosystems) 7 H v T - /2. HEEH O SOEERSN O T 2 ) BRI~ O LM
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ATl Z (X DNASIS (Hitachi) ZH Uz, S50 0— O EES|3 LN F48

57 2/ EEBRC Z BV 72 BER# 5 T & oM RIERR R 1213 National Center for
Biolechnology Information (NCBI) @) BLAST 7 104 5 /. (Altschul et al. 1990) % Hi(

= /ALY O TESE L O Neighbor-Joining 7 (Saitou and Nei 1987) (24 4 %

v FRIZEL CLUSTALW 700 %7 5 /A (Thompson et al. 1994) % [ 7=,

1. 6 R
| HWC WY N D2 B0 5 8T R IS O #l82

— el

REBTHWZY N OO HWC [T 3 RIGEICOW TR 27> 1=, %

) 8 M O A X I EOHI R LT 2 mg/ml @ HWC ZiE AU L =L =%, YLHE
2 HIZ BT SEN %2 S /= (Fig. 16 A), E/=. HWC YLE 4 )N\ 18- 1+ 5 PR

ToNTHOBBMEDT T AY RHTICE O REFFICIHAR/= & 24, PR-N |2 HWC 4L

A=

30 WFRlR 5. PR-P & PR-S (J4LHEE 18 g M SEMD BB o, —FH. K
CHERTEINS PRY NV EDOERILE<BH SN (Fig. 16B), —h S
ORiRS O, H/NT L HWC ORMY N IEMOREEA b L A ST = T % 8

L QAIZODETINRIZER D155 & HE L 7.

STATT LN NT A AT LA HEICE BT S —FEMERETOR Y 1) —=

I

HWC WLEEEE 0, 12, 36 B2 NI EM S L 7=4 RNA Z38iIc LT, 5o

v v b4 AT LA ik (Yoshidaetal, 1994) IZE DT o & —iFiMb =T




A H20 HWC

H20 HWC

=
L [

0 6 12 18 24 30 36 0 6 12 18 24 30 36 hr

PR-S

i

Fig. 16 A) Typical responses of tobacco leaf treated with HWC. Detached tobacco leaf
was treated with water (left) or 2 mg/ml HWC (right). Arrowheads indicate treated
areas. Photograph was taken 2 days after treatment. B) Accumulation of PR-N (top),
PR-P (middle), and PR-S (bottom) in tobacco leaves caused by HWC treatment.
Tobacco leaves were treated with water (left) or 2 mg/ml HWC (right) and protein
samples were prepared from injected area at indicated times. Each 10 ug of sample was
separated by SDS-polyacrylamide gel electrophoresis and immunoblotted using
antiserum against tobacco PR-N, P or S. The detection was carried out using HRP-
linked anti-rabbit Ig and ECL detection kit.




== T 212 2RED S o H T 51 v—ERUTRT-PCR {71,

NO—A7T ILETRKINZ LY PCR EHOH B ETT- 7=, Figure 17 T/rL 7=k

| fiOO T 74 X —IZ2&FH) 6-30 #2120 =) ke &=

-

. FEEAEDE
T NTOURXTHEL THEELE, LAL, HWC YLEE A ;s sl L 7=
RNA EFELIZH OB R ICOAMH SN 5N K38 647 (Fig. 17, A83. D44,
D51): No. ADT - 12, A21 - 32, A4l - 52, A61 - 72, A81 - 92, BO1 - 12. B21 - 32. B41 - 52.
Bol-72. D01 - D12, D21 - 32, D41 - 52 DFF 132 D 7 54— (22D T RT-PCR %%

DIEZ TV HWC LB XIS WL TR ORE 12 EZ S 7= 16 ol T

flvZfs/= (Table 3). TASME TR 2T or0——2 7L, EREFORES
SOMEEMREZ T2/ T4, ST RS AR 2 EHEEER L. BHMEC
AT AR TZHT AL LS AMNICBS L, o 11 BizoWLW TRt 2D T

SHWC WY MO BITA ) o ¥ —FEM M s =0 %8

AT A AT LM EICEDESTLE 1 Ol T Icon T,

HWCULEE Y )N IR BT A RE A ) —F L Hri- L L DTz, TOFER, 9f#ICD
GBI N, MG TR DS1-12 & A87-12-3 &7 O0— T 18a
* HWC UL IZ K 5 5 FEAGEY 541172 (Fig. 18 A), D51-12 iltf= 713 HWC

LEETR 6-12 P € — @M REBRA D S 1=, —F. ABT-12-3 &I+ HWC YL

| FF TR AR R I, MEOBBICHEVWREEABRL ICETFLE, S51° 7

TR TRB SR T & o B E T OB RES E S & TR T 51

CheRtL . RT-PCRICK D FHiFEZWMRIzE TS, 251 2 )LD RT-PCR |2

BUIT DA4-12 M5 100 HWC QLBRH: 12-24 BT O— B0 R B E 5 1 /- (Fig




A21 A22 A24 A25 A83

0 12 36 0 12 36 0 12 36 0 12 36 0 12 36 hr

D44 D45 D47 D49 D51

0 12 36 0 12 36 0 12 36 0 12 36 0 12 36 nr

bp

810
310 -
340

200
150

tig. 17 Representative results of differential display. Total RNAs for template were
prepared from tobacco leaves treated with HWC for 0, 12 or 36 hr. RT-PCR was
performed as described in Materials and Methods using indicated primer and the
products were electrophoresed on 2% agarose gel. RT-PCR products isolated as
clicitor-inducible gene were showed by arrowheads.




[able 3 Summary ol elicitor-inducible RT-PCR products identified by
differential display.

Fragmenlt RAn Fragment Size Homology
Name Ohr 12hr 36 hr (bp)

A81-12 + + 530 unknown
A83-12-1 - + ++ 800 transposon
AB83-12-2 £ + + 400 Lransposon
A83-12-3 : + ; 300 transposon
A8T-12-3 - ¥ + 180 unknown

A87-30 - . + 170 unknown

BOS8-12-2 ; + + 300 cytochrome ¢ oxidase
B43-() u - 180 glutamate receptor
D44-12 = ++ - 300 LLRR receptor
B61-12-1 v + ; 1000 kinesin light chain
B61-12-2-2 = o ++ 300 chloride channel
Bol-12-4 ++ ++ 300 unknown

B61-12-5 ++ el 300 [ransposon
D51-12 " + + 150 cytochrome P45()
B61-12-7 z ++ 1+ 300 heat shock protein
Ad3-12B + 180 transposon




A H20 HWC

g 1. J3 & A2 24 36 g 1 3 & 1 24 38 hr

D51-12

AB7-12-3

rBRNA

B H20 HWC

0 1 3 6 1224 36 0: 1. 3 & 12 264 38 hr

D44-12

Flg. 18 Expression of elicitor-inducible genes in tobacco leaf treated with HWC. A)
Northern blot analyses of mRNAs for D51-12 and A87-12-3 genes. Whole areas of
lobacco leaves treated with water (H20) or 1 mg/ml HWC were harvested at indicated
nmes and total RNAs were extracted. Twenty ug of total RNAs were fractionated on a
I % agarose gel containing formaldehyde and then transferred to a nylon membrane.
'| e membrane was allowed to hybridize with D51-12 or A87-12-3 fragments. B) RT-
PCR analysis of mRNAs for D44-12 gene, Total RNAs was prepared as described in A,
4nd RT-PCR analysis of D44-12 gene expression was performed with specific primers
derived from D44-12 fragment (D44-F1 and D44-R1).




18B) & DI RT-PCR D1 7 V8% 40 (2 L7386, KULEE 3 L7 HWC QL ¢

DRT DA4-12 BT ORAVBO s RERKBIK). CORELD. D44s-12

B I FE NI ICHEE L TWA Z Ehigra i,

4. D44-12 & D51-12 {5 7D £ F ¢cDNA @ B i
D51-12, AB7-12-3, D44-12 DEPiZE 70— L T, cDNA 752 KS10
AP U—Z2T7%1T0., BRBETFOLE cDNA OB it 2 & 77 [
DER) 144000 I 0 =— (3,000 A0 =—x48 TL—h) &2 4 1) — =kl i
Tk, DSI-1I2 BIEFOHSTRTH S D51-12-9A DA EBSE - LNTEL-. 20T
D51-12-9A. A87-12-3, D44- 12 D EIFRARFN 2§ S ITHE RN T 51 v — 2L (Table
Do T IN—A PCRIEIZE ) 2K ORF DHEEA S A7, T OB D51-12-9A. D44-12
ik ORF 2B BT 52 - &MTE=, DA4-12 METFIcOWLWTILE. cDNA = i al
CHMELTIA T2 ) — R I —F 51— (T7 primer) & Dad-12 817>
(D44-F2) =37 PCR Z1TL), ¢DNA O 3’ K2 REL . =51, i
ErOFHESIND I KRMBLNS KM TT 51 v —2/ER L. RT-PCR I=L h=H
TilD% R cDNA ZHEL . SHEERFERELE. —F., A8T-12-3 #{ETFI=OL
[~ /\—2A PCR ¥, RACE {75 &2 & O {5 07 m s O B/ 9 0 s %

MSHIZNY, T ) LW B KT8 cDNA Wi O BERIELT (32 & e o 7=,

- D31-12 18 {7 1 O W I BC 51 O b7

DS-12 R FOLIERES, FHEENST I EBEABLORVETSA2—0

5% Fig. 19 A 17T . AETIE 1557 B SKD, 51973 /A0 — KL




155
53

233
74

115
106

133
134

415
159

355
L8

615
212

275
292

955
119

1035
146

tL15
373

1195
199

1215
126

1155

D51-Full F

r.gﬂaammamnmr&mﬂmnmnﬂmmmmmfmmnmnm
K ¥ H b H B Y R AT Voo A LT L LN

Signal-Anchor Saguence
GACRAARRAACARATCAARAATCTTAACCCACTGCCICCAAMMAATCCCAGGTGGA TGGOCAGTAATCGGCCATCTCTTTT
THHQEKILHIELEEE]ElGGDIPUl’GHLF
Proline-rich Reglon
AT TTCARCAACAA TGGCGATGATGAC CGCCA T T T I IC T CAR A AR CTC GGAGACTTAGCTGACAAATATGETCCCOTCTTC
T F ¥ N G DDDRIATF S QEKELGIHILATDDSRTY®GSBEBRWVT

ACA T P CCG eI T AGGE T T TG CET T T O GGC GO GACTAGTTATGAAGCTA TGAAAGAA TGCTTICTCTACCAATGATAT
I FH L G F RRF L &% 8 % %Y 32 AMNELECrFST™ NDY

Y
AT T TGO OGA T CGGCCAGCTTTACT T TAC GERAGAA TA CC T T TGO TAT AACAA TGCCATGC T TGO TOTTGOCAAATATG
HF.&DHPHLL!GEE’LCEHHAHLAURHT
D51-A2 D51-A4

memmmmmwm
B F Y W EKNREKLYNREOR L LEVTYERLEZEPESR Y

AGATTTICTATAGITCAGARAAATATTARACAATTGIATAATTGTGATTCACCANTGETGAAGATARACCTTAGTGATTG
LS LW ORABITEDY HETHNCD PRIV E THLADO N

GATAGA T AR T T GAC AT TCGACA TCA T T T T GAAAA TGO T TG T TGGGAAGACCTATAR TAATGGAC AT GGAGAAATACTCA,
IR F LT F DA T LEXEXEY VO E2YY B o B X 5 3

TIGGA TCT TACAGGGAATATTARGGCTATGAAACAAACT T ICAAAGACATTGATAATAT TATCCAAGGTTGGEITAGATGA

LD LT G NTKANRNXQTP KD I DNIITOQGWERDE

HIEKEX®RETLXEXDVG GETSNTETE QDTPIDVLLSETERTE
GO A GARACA T T T GGCGA GG T T AT C T AT GAC A CACC AT ARAGCAA CAGTAT ICACT I TGGICTTGGATGCARCA

FENER L GIEY S HFIT ITIYYAaATYFYTY LY LD A ?

D51-F2

¥ P &R F L' 28 8RR X232 X P 08 .1 0

WWMMEMM@W

152[5GRH.A§EE]HHYSLQM’EHLS‘IAHLIQGF

1415
%79

1515
506

1395

16715

[

CYPR2E
e CYPS2EL. The nucleotide sequences of the o
leters dnd those of |

CCTOTTTTTCAC-3') are indicated by asterisks. Primers for PCR methods ire shown
drriows. A putative polyadenylation signal is boxed. Conserved domains found in
lany eytochrome P450 Gamilies are shown by shaded boxes

by

1g. 1Y A) Nucleotide sequence and deduced amino acid
| (D51-12). The nucleotide al position 1 is the First A of the initution codon
pen reading frame are shown in capilal
1 untranslated region are shown in lower case. The arrowhead
mdicates the 3' end of eDNA clone D51-12-9A. The position of 5112 [ragment is
i
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cYp82Al 1: MDFVSNYLNTTTIAFISLIS FSKVSHTK.Ej

cypBzad 1 MELVSHFLNTTTI FMVHGSSKEA 3

CYPELB1L 1:MEKPI) Luﬂﬁg« H’IK\FELSTHHEHQH‘JKH

CYEB2EL S0:HFYFN]

rYyPB2Al SO0:IPLMR

rYypd2Ad 53: LLIGE.

cYPBZBL 56:QJPQLVGSE. . .

OypB2EL 1053} ¥

CYPB2AL 101:QVUSS WgKFPVAV >

cYPBZAG lOS:VAVSA 3

CYPE2B1 10B:KFLJ¥S

CYPBR2ELl 160:F 3 N n~ MVA. ..., .sssss=sINLS,DIHIDKI
CYPBZAL 156:Vs S1 - QIEEQYGLLDDTKSSSTHDEPSTTDEU‘UPELHK AQ
CYPB2A4 159:V: SIgVE vHRSQI{H ............. Biaaasn SDYASVELEQIFAQP
CYPA2EL 163 ;HTEIHNF! GIWHDHQ]}QQ ......... DPTGRE . .DRDS‘JHLEMEQLFG'{I
CYPS82EL 190:30TI YN G UGEIL (s ane’s -Ahf?ﬂvﬂh* IELYDJF . .H1§
CYPI2A1l Z211:INLNMV! CFGDVDVENS. . ..+ . . EEARR aLENIRDF RLIGTFTVGDGV
CYPBZA4 195:1 MV FLSATATD ¢ ¢ v o v i ou EHAEHC‘U’E&UI}EF‘§LAGHFT‘UGDAH
cipg2Bl 207 :LNVV BSL vcﬂ'fﬁimr;ﬂr.uDGEEAGQGQKLHQTITDFFKLEGvs@San
CYPBZEL g T3 130G AT K ¢ of 4 - FPPR R VEIGEN:
CYPaZAl E CA MLNE EMGLGSE. ... .. .DEVVP
CYPBIA4 E A MI§SE o] BEL L s S DGA
CYPB2B1 KES VA FAER DEKLSLSLSSETNNKQNDASEGDG
CYPBZE1 RSNEHLG, . ¥ 3.,31:.!1 H]{

CIPE2Al VLEKDKP. . .IE IELILGG. S 0 TLT

CYPB2A4 LDGKT. . .ID 31 IQAGEASISTII

CYPE2B1 LPODDDSLFTEER LSMJVAZYSS SvSLT Ls
CYPBZE] 334 :7JKNHBMKT

CYPB2ZA1 359:XHPHJLE

CYPE2nd 340:KJPLILEN ., KA

CYPE2B1 372; O REGD

CYPAZE]l 189:SVK3} .
CYPB2ALl 414:FTE) KD, . ,Va
CYPR2A4 : HKD. . ,
CYraze)l

CYPB2EL

CYpg2al

CIPR2a4

CYP82R1

CTPB2E1

CYPEZAL 521:FVTT,

CYPB2A4 501 :vignT:

LYPB2B1 537 ﬂ
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14 B) Alignment of deduced amino acid sequeénce of CYPS2ZET with thase of other
CY PRZAL (Frank ot al. 1996), CYPS2A4 (Schopler and Ebel 1098)

and CYPRIBL (Pauli and Kutehan 1998) are wounding inducible pea cytochrame P33(),

wingal chictor inducible soybeun cylochrome P450,
CYioe hrl,ﬂ‘hl P41, I’i_,,‘i.ﬂELl'.ﬁLh

and MeJA inducible poppy
[he amino acads wdentical to CYPS2E1 are indicated as

White letter on a black background, aod putaniye heme binding domains are underlined
Uhe sequences were aligned using the CLUSTALW program (Thompson et 1l 1994)




fo. THENSZ5 FRILS59,748Da ThH D, %58 513828 THor-. D51-12 I

OBRBACY & BT S RARIONT, RIS ORF @ 684-841 HFHIZH L M4
(Fig. 19 A, underline). D51 7 54 ¥ —7M7 =—1) 247 L =i & s O EE % ¢
yers o7 (Fig. 19 A, asterisks), D51-12 i#i{(z FOHIFIMEREA L= 5. ¥4
W) 2P — (P sojac BI¥) B8 -2 0L P450 (CYPS2A4) S d &)

% OMEIEERLT: (Schopfer and Ebel 1998) (Fig. 19 B), £ O, T > F a1

L AGHREYES B 7 0L P450 (CYP82AL) 2 2 D AFIN T v AF MR-
L PASO(CYPB2BL) &% 40% iFVvFHEIMEZ 75 L 7= (Frank et al. 1996. Pauli and

Kutchan 1998). = I~ 7 00 L P4S0 (X, #HEMEDT 40 % LI LDl FBEA Rl —0 7 7 3
5% PO HEZE—OY T 773 1) —L L THEI NS (Nebert et al.

W91, Nelson and Strobel 1987), D51-12 #i{s FIX CYP82 77 2 V) —|Z/BL, #L Ly

72 T OEIEFTHADT, Nelson O @IEIZHEN CYPS2E] & & 1+7-,
CYPB2EL O FRS N SBETFEWIZIE, BKMIZET N RS0 SEE (1-25
VS /W) (Sakaguchiet al. 1984), 1L Vi R& o/l P450 O AR A AT
CEESNAHTON ACEEHEK (3541 72 ) (Yamazaki et al. 1993) 35 L 78~

ARSI ([FW]-[SGNH]-X-{GD]-X-[RHPT]-X-C-[ LIVMFAP]-[GAD]. 45()-459 7

FE)(Kalb and Loper 1998) &io /=3 |27 [ 4 PAS0 | R B2 IR ASE £ 417 (Fig,

{

1Y A, shaded boxes),

BTS2y D L RHTIC L A CYPS2E] Mz 148 [GIEC 5 Ok E
NI O T 7 I DNA il (R EBE2E Hindlll, EcoRV & A U d EcoRl T CUER L. CYPS2E]

CDNA Z70—TELTHYY N U FI -2 a & iFofk, TOHRE. &

al)




BN N TN A XTBH45 KON REFSINT TUF A LT BF

OB FZEmin L7z (Fig. 20 A). TORER LG, #/531213 CYP82EL & [
WD 7 OLPASOIFEET S T EMREN0E> T, CYPS2E] @ cDNA
D=7 ELTHWESRS, 8O 20Ol P40 B F AT 2 alfetE At E
Lz, LARROSERTIL CYPS2E] @ ¢cDNA 2 70— T & L= ) —+F b |c
17 T CYPSZE] =0 3" IEHIEREM O RS 2 6 & ICHME L - 51 7 —

(D31-F3, D31-UTR-R) (Fig. 19 A) &M Uy/z RT-PCR (X D BB OZ(LOiEE

TOYPS2ZEI B TFOBRREL > & —UH B L O IERIE A EERIC L 2 B35

HWC T 27— 5 )INO 82 B 5 CYPS2E] G FOREE / —H 2 NA T

T a ICK DN, TOWRE. DSI-2EE270—7& L THU =T
o (Fig. I8 A) EfalkkiZ, CYPS2E] i#{n T OFEHRIT HWC YLEHE 6 B THE X4 12
R THIIL . 24 FefliCiZ A LB o=, —F. KILBKE Tt
CYPR2El D FEBIZ < B Eh7/ah -2 (Fig. 20 B).

I, BLER, U F)VEEILER. ATFI)L Ty AERBIER, & )50\ IEREE T

I AL RIS (P. syringae pv. glycinea) ¥Rl L2 % )N\ T 0 CYPS2E]

HETORB Mz, TOME, BUHE, 05mM 31U F VBN, 50 uM A F)|
EoMUETIIOTHOHES CYPS2El itz FORBIZL <D SN H -
Ty 3x 10" efu/ml O IESEEE A RN 213, BERE 6 IR I — @AY 7 6 7

CNSNT (Fig. 21), 510, MMEZ ML A L5 RBEOFEEAH SN T3 PAI

(Akada-Fukasawa et al, 1996, Joos and Hahlbrock 1992), PR-la (Matsuoka et al. 1987) &
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Fig. 20 A) Southern blot analysis of CYP82EL gene in tobacco. Ten ug of total DNAs
nre pared from tobacco leaf were digested with HindIII (H), ECDRV(EV) or EcoRI (EI),
ractionated on a 0.8 % agarose gel, and transferred to a nylon membrane. The
membrane was allowed to hybridize with cDNA for CYPS2EL. B) Northern blot
dnalysis of mRNAs for CYPS2E] in tobacco leaf treated with HWC. Whole areas of
lobacco leaves treated with water (H20) or 1 mg/ml HWC were harvested at indicated
limes and total RNAs were extracted, Twenty ug of total RNAs were fractionated on a
|% agarose gel containing formaldehyde and then transferred to a nylon membrane.
Ihe membrane was allowed to hybridize with cDNA for CYP82EL.
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VTR 12 2B E — 11 (PI-I) (Balandin et al. 1995) & ili{z T 0 5635 4 28

. CYPS2El {5 TORB OB EFTo /-, ZOHER. PALBETOBRE, AF
- LT (LB 24-36 WERS, RS0 IR A i R T IR 6-12 IR

WS R L /2. PR-1a B TICDWTIE, 1) F LB & 2 U 2 IE 5 E 4l

R iC 1) 24-36 IR IZHEB AR Shiz. PHIEFIZ DU TR ZKOLER LAt

< T O X THRBAERS 51/ (Fig, 21).

S, IR 45 K DN R B R LT K B CYPS2E] il (10D 5 B 3% ik
HIIEMIRPETd 55 1 ZABLSAERE (P syringae pv. glycinea) L TAY )N
IR ZRmdT 2 28k HE (P syringae pv. tabact) =Y I)NJIYEIZERL ., 43

AREDMEAFEB H5 KT CYPE2E] R T ORHZM/=, 3x 10°c.Lu/ml OMWEDTH

MEYNOREITHEEL ST, BEfl 12 HIBICH S5k RE A/ L =8 T
5 fird ! JJ E.iT”_, NG IL-L.. ) 511 "Iin@},.? 4 H ?En':,ii.fﬂf‘i“fﬂ'i{fﬁfiﬁﬂf?ﬁ”uﬂu JJT?‘-* 3 ]t;r-\ 5 1

SIRMIEREREMETIE, EEASERIIZED SN hs - (Fig. 22 A). XIZiij
KHEIZH TS CYPS2El Mz TORBE@H~EECA, ¥4 A B A S A e s
SRR 12 EA E— 2 25 EP)EFEBRENED s hE, — 4, 7 I\ 3B

IR RERSE T etk 24 W TREIBSIZRO SN0, ¥ 1 TRLS Rl B A e

METORBICHNS CEEICUMBTH - 7~ (Fig. 22 B),
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Fig. 22 A) Response of tobacco leaf inoculated with tobacco-nonpathogenic and
-pathogenic Pseudomonas syringae. Detached tobacco leaf was infiltrated with 3 x 106
c.Lu/ ml P, syringae pv. glycinea (left) or pv. tabaci (right). Photograph was taken 4
days after inoculation. B) Northern blot analysis of CYP82E] expression in response to
nonpathogenic and pathogenic P. syringae. Detached tobacco leaves infiltrated with 3 x
108 c.fu/ ml P. syringae pv. glycinea (left) or pv. tfabaci (right) were harvested at
ndicated times and total RNAs were extracted from the bacteria-infiltrated area.
Iwenty ug of total RNAs were fractionated on a 1 % agarose gel containing
formaldehyde and then transferred to a nylon membrane. The membrane was allowed to

nybridize with cDNA for CYPS2E].
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D44-12 1815 TFOEIRERNE TFHREINAT = /BENBIVCHW T 547 —0
(irfid 72 Fig. 23 A (ZoR9, Filt{5 13 2786 AL 6 Sk, 861 73 /BEZJ1—F L
=, TSNS FRE95197Da TH 1), HE/LSIT 6.08 Tdh-Hfo. DI4-12 #

e HRS] - —3 AR, IS ORF @) 1935-2238 HHIC KU &

(Fig. 23 A. underline). D44 751 ¥ —/M7 —— 1) > 7 L =il #K i O AL R 91 77 R

= (Fig. 23 A, asterisks), D44-12 Bz FOMRIERERE LTZET A, Y FED
it (Cladosporium fulvam) (204 4 < FOETE#(ETFTH 5 Cf-2 iz 15
LONCS iAo OFEER R S8, il B FOR DR amiEc2a L7

(Dixon et al. 1996, Dixon et al. 1998) (Fig. 23 B). ¥ FOEND EfFEoTEEE %2

e

9 S A ORERDIEEETFAOREL TWAO1T 221 wF1) E— | (LRR) L
P RO E AR ETENAA TS 405 (Bent 1996), D44-12 it (= 7%
EILP (Elicitor-Inducible LRR Protein) {1 & A /=

FAEE31 S EILP @G FEMIE CR2CES5 77 3 ) —OiBETEEFRERIZCA NS G

T 22O A N5 EIRTER (Fig.23B)e F AT 22 A SBUKEICED 25

S /BRI E NS TN AR TFRETHO, ZHITEES F AT 2 BOIRKAI EILP
) N Kl - PN, FAT > CIZIEARSER7E LRR #iijff (X-X-L-X-
A-L-X-X-L-X-X-L-X-L-X-X-N-X-L-X-G-X-1-P) 7' 28 [Bl# 0 B L #FHEL =A%, Cf-2/5
I —OBREFIZRG415 LRR O DR LUEHIZHEAR, #0ELUESMORE
R o7, F£RERAL D FICIZBKET S VEVNZSFEL, TOMMD F A
ESEOGEMEY = /BICEDZENS RATL 2 FIIRBEEE FBEETH

PRS2 B AL 2 BMS BT T 22 AR OBERINERAL (N-X-[ST]) 2

ai)
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Fig 23 A) "'ﬂu!usluit: sequence and deduced amino acid sequence of the cDNA o
EILP (D44-12). The nucleotide at position 1 is the first A of the initiation codon for
LILP, The I'Illf_li."i'llHIL. sequences of the open reading [time are shown 1n capital letters
and those of the untranslated region are shown in lower case. The position of D51-12
tragment 15 underlined and mismatches at the .lmphlu ation sile of D44 primer (5
CCTGTTITTCAC-3 joare indicated by astérisks. Primers for PCR methods are shown
hy areows, The position of intron in the 3'-untranslated resion is shown by srrowhead
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A MMMVGKLFSLLHFFTLFCLFTVTFA

B STKEATALLKWKATLONQSNSLLVSWTPSSKACKSWY

GVVCFNGRVSKLDIPYAGVIGTLNN
FPFSSLPFLEYIDLSMNQLFGSIP
PEIGKLTNLVYLDLSFNQISGTIP
PQIGSLAKLQTLHILDNHLNGSIP
GEIGHLRSLTELDLSINTLNGSIP
PSLGNLHNLSLLCLYKNNISGFIP
EEIGYLSSLIQLDLNTNFLNGSIP
ASLENLHNLSLLYLYENQLSGSIP
DEIGQLRTLTDIRLNTNFLTGSIP
ASLGNLTSLSILQLEHNQLSGSIP
EEIGYLRTLAVLSLYTNFLNGSIP
ISLGNLTSLSSLSLYENHLSGPIP
SSLGNLDNLVYLYLYANQLSGPIP
¢ SELGNLKNLNYMKLHDNQLNGSIP
ASFGNLRNMQYLFLESNNLTGEIP
LSICNLMSLKVLSLGRNSLKGDIL
QCLINISRLOVLKIPDNNLSEEIP
SSICNLTSLRILDLSRNNLKGSIPQ
CFGDMGGHLEVLDIHKNGISGTLP
TTFRIGSVLRSFTLHENELEGKIP
RSLANCKELQVLDLGDNLLNDTFP
MWLGTLPKLQVLRLKSNKLYGSIRTS
KDENMFLELRIINLSYNAFTGNIPT
SLFQQLKAMRKIDQTVKEPTYLGKFGADIREYNYSVTVTTKGLEL
KLVRILTVYIIIDLSSNRFEGHVP
SIMGELIALRVLNLSRNGLQGHIP
PSLGNLFVIESLDLSFNQLSGEIFQ
QIASQLTSLAVLNLSYNHLQGCIP

D QGPQFHTFENNSYEGNDGLRGFPISKGCGN
E DRVSETNNTVSTLDDQESTSEFLNDFWK
F Y S SICYFY 8T

(; KLEWLSRITEWLONRFII*

XXLEXXLEXXDXXLALXXNXLEGXIP

fig. 23 B) Deduced primary structure of EILP protein. The sequence is divided into
seven domains (A-G) to emphasize the structural similarities with Cf-2 and Cf-5 (Dixon
etal, 1996, Dixon et al. 1998), as described in the text. The consensus sequence for
“ilra-cytoplasmic LRR proteins is shown boxed and aligned below the EILP sequence
4nd the conserved amino acids are shown in red, Hydrophobic amino acids in domain F
are shown in yellow. Potential NXS/T glycosylation sequences are underlined.




EILP 1 PR SIPLGIFF TLF SLF TVisF ARV
of v . 1 K VIJS SLOFF TLFY LF TVAF ARFIS
cf-5 1 SKVFSSLOFFTUFYLFTVAF ABPIS

B

EILP FABN S TYEATALLKWKATIMNOEINSIPLYYSWTP SS| A CKE WY 62
cf-2.2 FYBNSTE EATALLKWKATFKNONNSFLASWRIPSS NACKDWY BCE!
Cf-5 YN STEEATALLKEWKATFKNONNSFLASWTEWSS NACK DWY K
D

EILP YA OGP OF I TFERINSYEGNDGLRGHPMSKGC G EED!

Cf-2.2 994 (legeig dgysyiipgeiifrlcif {ep'd-Aigd deloleid 1023

Cf-5 CEVOGPOFRTFES NSYEGNDGLRGYPVSKGCGKEE:YE:

E

EILP 792 PpRUEISTIN RS THD IS TEIAI LTI 819

ST A R L N DP VSEKNY TVSALEDQESNSEF FNDFWKRLL)!

Cf-5 IV DP VSEKNY TVSALED QESNSEF FNDFWKERELY

F

EILP CPIVERAALMGYGSGLC IGIES IV Rl IS TG R E]

Cf-2.2 1052 EONAI{eR{cl I RohdchdIda@eMmetic 1075

Cf-5 VA ALMGYGSGLCIGISIIYILISTGREKS!

G

EILP 844

SLEAWLEIR THVE D L0153 T i S 861
R A AR OV I AN LR WLARIIEELEHKI IIIORRKKQRGORNY RRRNNRFBESW,
Cf-5 CEPANNLRWLARIIEELEHKI I\JORRKKORGORNY RRRNNRFEELT:

Fig. 23 C) Comparison of domains A, B, D, E, F and G for EILP with those for Cf-2.2
(Dixon et al. 1996) and Cf-5 (Dixon et al. 1998). Identical amino acids are shown in
reverse. The sequences were aligned using the CLUSTALw program (Thompson et al.
1994),




- (Fig. 23 B. underline), Cf-2 BEXOCES E EILP DF R AT &L= &L C
AT 2 AS FIBIERICEWVHHEEZ- L E (Fig.23C). —4., Hatipd (T

WIS 5 & FARENS B AT > G OHFEMEIRIZE A SR> 7= (Fig. 23 C).

, CER25 77 2 1) —Bi5T & EILP B FOBEEINIT = / BOFAHEZH N

e TR R L7z Ly 3TIEBERMEEIC B WO T2 < HFMED s h - 72

10, #/NJKa% @ EILP 8 (= 4[58 =10k H
PP OEAEREICHT ARG TRECHEL, 2<DLtT YR

ENTEE A E, 2RO TFE2R 2O &EDH S TS (Bent 1996), £ &

YIN0) T /L DNA Z | PREE2E Hindlll, EcoRV @ A h|E EcoRl TUWIEF L . EILP

DeDNA Z#70—T &L THH N, T U ALY —3-3 %y, ZINJHo
EILP fHE ST O ZET 27z, TOfER. 42°CEVLWHsEVERHETNAT T 5o

=2 aa{ra 288, GL—THINTTUIYAZXT223EDIN FEH

ITATAHEIN REMBINL = (Fig. 24, Low). THHOFER L. #5321 EILP

“WHEEZ 5T 2< D LRR L7 5 —ilc TOHFEET 3 2 ERah =

WEILP i TFO &) &7 — LS L UFERIR MR L A B ik
DL ) FIVERULEE, YA ABEAMIERE R N 2R TO EILP # (5T O
R )= N TV IE—2a it LDz, TO8E, HBOKYER S

WILEX Tid, EILP BETORRIL<ABINAD >0, 0.5mM 1 F

Uil
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Fig. 24 Southern blot analysis of the EILP gene in tobacco. Twenty ug of total DNAs
prepared from a tobacco leaf were digested with HindIIl (H), EcoRV (EV) or EcoRI
(EI) fractionated on a 0.8 % agarose gel and transferred to a nylon membrane. The
membrane was allowed to hybridize with the cDNA for EILP under low- or high-
stringency condition. Sizes of DNA markers are indicated on the left.




VEEILHEE A2, 3 x 10" c.hu/ml OIERRAMERZEEOE ST, LB S S [T 6 5

e SISO 511, 24 FR#RICE— 27123 L 36 KRl I3 E A L 7= (Fig.

25), /2. EILP BT 3 IEBIER IS TMEL 2887 71 ¥— (D44-UTR-F, -
R) ZH L/ RT-PCR (2K O/ —4 VT OfE R %238 L 7= (Fig. 25). 512, #ifl5

L AR D EHEDFE NS ENRA SN TWASEEMY PR-3 #{5F (Neale et
al. 1990) DIEH =, EILP {5 FORBR E O ETT- /2, T OfEE, I PR-3
il FOEREEIZ <. S FILBURES XOERBEEERE IS0 T EILP #{n

BB/ Y — 2 SHBIL =N\ Y — %R LT (Fig. 25).

12, EILP JE {25 0D 3F9 i afll 5 45 L TN IR SR 1A - K A 3 B AR M o) L e
JZMT LIFRBER THLSY (1 AR SHIERE S EZONY NS 55 R
HHZINAKREZ Y /)NOREICEML, BILP i TFOREE ) —HF > N1 7
(=23 LD 3x100cfu/ml DBEORBEZFNTNY/NOEICE
LA, & AR M o RS TR 1224 Wil A — 2 LT 5
WL B EEED RO o NDIT L, /8 35X i piE Tl M 36 Mg

BUHBF NGRS SN (Fig 26).

V. &#2
LB AL 2 F AR TFOAS) =M
Lh L ARG TFOBRMEEHRNE LT 77 L2 WA —=

TETTOME, WA IR S B L 7 RNA 40 E LTV S &
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A P. syringae P. syringae
pv. glycinea pv. tabaci
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Fig. 26 Accumulation of EILP transcript in response to P. syringae pathovars. A)
Delached lobacco leaves infiltrated with 3 x 106 c.fu./ml of P. syringae pv. glycinea
(left) or pv. tabaci (right) were harvested at the indicated times. For control, rRNAs
were stained with acridine orange. Other details are as described in the legend of Figure
5. B) Intensities of hybridized bands in A) obtained by densitometric scanning. The
dmount of EILP transcripts was normalized by the densities of rRNA stained with
dcridine orange and plotted relative to the highest value. Symbols indicated the relative
dmount of EILP transeript in tobacco leaves inoculated with P. syringae pv. glycinea (0O)
Or pv, tabaci (@).




EHEHEORE T VRS NS ERENRH S, FOT, AETEHY/NIFEE HWC
F—OHREHNWASBZEEL, ETEUCDICERITHIT ZFMIEDTR I %30~
FORs 4. HWC WS N8 T I EEURMNEES PR ¥ NV EOER V1 -
LAY Z BB DT RSS2 2 3 (Fig. 16). ARAVE A b L A GEEVE
N —ZTICERTHB T &AL 7=,

/o, HWC L Y )N8R LY 1 2RSSRy NN IC B0 T,
CYPS2EL i {1 LB B OBl 8 6-12 I — @i 7s F B &5 L 7= (Figs. 20 B, 22
B). EILP in FIZEWT HUHE S KO 12-24 B2 E— 2 & L - BlEE

54172 (Figs. 18 B,26 A), ZO L5 IC HWC UL Y )\ O TO M= T RBITIER
P IERRF O Y IO EIC BT BETREREZ2ESEMLTED, HWC ULEE4 /{1
RORIEIMFA b L AFENRETOREBICSEL TWHWaA LML, £F2C. BA
THLADVARREIZBENWTEAINIE L HWC OREZHNWT, SlIEHEHmEA L A5
BB TORAZ) —=vE2TF52&E07.

RETIE HWC AEER 0, 12, 36 IO NIEMLST L 77 L 22w T4 2

TIRIZELDT 29— KRR FOAT =227, 16 @O E T8
W&z (Table3), LML, ZTNEDOHBS5RE T AR ilifn FME TH-

YINIWIZHBNWT, T AU 1 L 2Bz b2 248 >0
AL S HIA R E S TUvA (TaTl: Grandbastien et al. 1994. Ttol: Hirochika
tal 1993), ZORKHIBAPRLVAILELD b7 AR JEEOFEMNE(CITZ. #H 2 bk
AR IR AT OB REFHTAEDICRECAEEZNTNS
IMcClintock 1984), 4[E. S D b T > AR AW AEMish/c &L, T2

WY NAEICHBWTERED T2 AR EEEENFEEINTWA T &8

Us




sz, Lol WEEICHT A28 ICE ST 58285251009 B

i85 Lo AW TIEMO 11 fIZ DWW T HWC U2 NI BT A 5B RO 4
I AN
|| OB Ff 27 0—TJEL T/ —H 2Nt TN M= 9 02 Fo =48
#. 20 (D51-12 & A87-12-3) A HWC L ic kX D iFE I N/~ (Fig. 18A). — %, il
DY O R GFEIBZRBOSNTBN - T T Lo v T4 AT L1k RT-
PCRIZCESHEHTETH A, COHEICENEBeNEMETORBZS T/ —H
I 7N T3 > TIRRIHTERWARENEZ NS, £C2T. /—Y
ATNITC—a>TrRENeE<EHENEN S EBETODS S, 28 (DA4-
12 2 B61-12-1) (20T, B OERENEZE SR T 51 v — 28
RT-PCRIZK VBR FRROBMNZIT- /28 T A, D44-12 s 0 5 5 s
i) 5417z (Fig. 18 B).
oY —AENENHERR SN I NS 3 MOBIETICOWT, 7S5 AI R4 7
~DATN—Z2T &4 2IN—APCREZFICLSEERRIGTFOHBEERA. D5I1-
2lf{rf & D44-12 {5 D2 K cDNA ZBldT 3 Z LM TE/=, —F4. A87-12-3
BIATOHBEERAT > /N—Z PCR EIC L A HEHEED 517", £ cDNA OB
oz, ZOHBIBARHEEDN, A87-12-3 BiH o1 > o2 EheEsiis -
[EUTREMERS, AB7-12-3 Wi/ iz PCR IC LA EROFEAB NN H N . WELE T4

S
%

< A87-12-3 Bz F OB Y& & - F= aTHEMEDE 2 s =,

2 CYPR2E] it 1

CYPB2EL (D51-12) i#ifnFid, 1 ZOWARIY) 27 —iF8ES 27 0L P450 i

O




(CYPS2A4) Sy 40 % O[aVE% 4x L 7= (Schopfer and Ebel 1998) (Fig. 19 B)

FINIATHE i SN T a2 k2 0l P450 (hsrS15) (Czemic et al, 1996) &

3% OMBEPELA7E<, INTIOFHFRS FZ2OAPS0 THEEEALGNZ. &
PASO £/ AF T F—TERBREEROALY ISV ETHD, BEIZHT
LOEEEDS | FOBEEZNNT ARG L2 T ABEROEHR TH S, YT
Fx=NTONRSAE Z2FRIAF, TR/ ATE, Thhhoq FIGGRRE
KA ATSOL LD R 7 0OA P4SO ITIKTFEL A RIBDIHI S T L3
(Bolwell etal. 1994), £3UZHDLNDH ST, 1) BEEFEEVFAELETH S, 2) B
T TS, 3) FEEMNPIINWENS Y /S0 BEMIICAREEE S NS, 2o O
BB OFEETCN SBEETFORMIIFZEAETTODN T LY M5 = (Bozak et al.

990, Mizutani et al. 1993, Song et al, 1993), G, o 7 0L P450 85 F70 368 L

THTAIRFEOB A LRSS SEM OB 28 Eic LT 5 M ~~—2HWT., &

RS

N2 7 0L PASO B T HEEES 3, TN OT7 7 I —CaEaEH

4 (Suzuki et al. 1996, Akashi et al. 1997, Clark et al. 1997, Frank et al. 1996, Schopfer

and Ebel 1998). LAL., BHEESN/ZZ R 27 OL PO DS L, W EARIERIC

A IS 2T 2L TWADIERIL —HThs, WHO> 270

PASO B T O TFAEZ L7 = /BEV 2 EICREE 2 ER T 5 &, 6 UBEES

WO TN 9 Ay 2K T 52 D5 (Fig. 27), CYPS82E] |1RE#E T

MHEWTH AL B2 OA PO DLV N EBHEIMENRELS ., RHFEHICHBLTSE
—3O 2 F A —HKRL TH 0, RGNS CYPS2El DOEBEETEE L O H
T S T EAHETH - = (Fig. 27).

CYPR2EI AT DTS, IEMFE P. syringae pv. glycinea HEflIC I 0 BRI o-
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3
Jogp—— ,[ C4H (CYPT2ZAL), P. aureus

C4H (CYP72A5), A. thaliana

I— C4H (CYP72AL), H. tuberosus

T

TH (CYPT79A1), §. bicolor

41

L1}

i CYPB2EL, N. tabacum
P CYP82BL, E. californica

BS (CYPSOAL), B. stolonifera

— F3'3'H (CYPT5A4), G. triflora

-[ F3'5'H (CYP75A2), S. melongena

e FYS'H (CYPT5A1), P. hybrida

CYPS2AL, P. sativum

CYPS2A4, G, max

— CYPT71AL P. americana

CYP71A4, 8. melongena

FF5H (CYP84Al), A. thaliana

Fig. 27 Phylogenetic tree showing the relationship among the amino acid sequences of

CYPS2EL and the other plant cytochrome P450s. The tree was constructed by the
neighbor-joining method (Saitou and Nei 1987) using the CLUSTALw program
(Thompson et al. 1994). The number above or below each horizontal line is the
trequency with which a given branch appeared in 1000 bootstrap replication. Accession
numbers of published sequences are as follows: Phaseolus aureus C4H, CYP72A2
(GenBank LO7634); Arabidopsis thaliana C4H, CYP72AS5 (GenBank U71080);

Helianthus tuberosus C4H, CYP72A1 (GenBank Z17369); Sorghum bicolor TH,

CYPT9AL (GenBank U32624); Berberis stolonifera BS, CYPBOAL (GenBank U09610);
Linum usuanssimum AOS, CYPT4A (GenBank UU0428); Parthenium argentatum AOS,
CYPT4A (GenBank X73166),Gentiana triflora F3'5'H, CYPT75A4 (GenBank D85184);
Solanum melongena F3'S'H, CYPT5A2 (Swiss-Prot P37120); Petunia hybrida F3'5'H
CYPT75A1 (GenBank Z22545); Nicotiana tabacum CYPS2E]1 (DDBJ AB015762);
Eschscholzia californica CYPS2ZB1 (EMBL AF014802); Pisum sativum CYPE2A1
(GenBank U29333); Glycine max CYP82A4 (EMBL Y10983); Persea americana
CYP71A1l (GenBank M32885); S. melongena CYPT71A4 (GenBank X70981) ;
Arabidopsis thaliana F5H, CYP84A1 (GenBank U38416). C4H, cinnamate-4-
hydroxylase; TH, tyrosine-N-hydroxylase; BS, berbamunine synthase; AOS, allegne
oxide synthase; F3'5'H, flavonoid 3',5-hydroxylase; F5H, ferulate-5-hydroxylase.

- I'— AOS (CYPT4A), L, ustatissimum
AOS (CYPT4A), P. argentatum

R e




VIEEIT mENSHE SIS, ZOL D AR R LR I BT D s R
i, PALIBIE FEECOBLETLH T RKICHROME FREFRE/ Y — 8Ll T
(Fig. 21) (Mizutam et al. 1997), LU, PAL #ifsFOiAFIL 7+ AT O
LRS00, CYPS2EL s T CTlHE< FEMNED &SN T, PAL #i
G EAdE D Rz TS EFEENS, £/, CYP82E] #{s T3 E i
T#H 4 P syringae pv. tabaci DFEMTITIZEAEHBENFESI N> = (Fig. 2
i, CYPS2EL i N7 O I a3 2480 O g 1T 51 4 i

fi: FTHSAlEENE ZRied 5

NAD 771 T LF2THB T 24—, TS 1 FICHRBRERE
eSS, ZOAT A I BRRDEBETHAIEEZSNSS5-TE)
0342 5 ikEBEE (EAS) ORIy O—— &1, FTOFBLH|EBEHH
EHHZE NS 21TUL S (Vogeli and Chappell 1988, Yin et al. 1997), Yin & (1997) (&
EAN i {2 OO —DTdh 5 EASY 5T ORBIZ T o & —YLBE 555 IF B8 1 il T ik
e, U TR AFIL Oy AT BB TSI N AL D S 28
NG ZO RS CYPRZEL s FORBINY — 2 i<, CYPS2E] #{F0
AL B R VL EAS il i T OIS S BRIl TWA EFMINS (Fig. 21). 7L
MU RIZHZE< O b7 04 PASO DR T 2 R ISH$H 5 T & (Bolwell et al.
W) =252 5DhHE4S L, CYPS2El Bin 2771 T LF A E&RichH S >~ k
L PAS) THAHSAREENE A SN S, . PCRIEICEDEBEZN=HEMD > |
LPASO BTN 771 B 7 LF L RRRBER TH A Z LB OREL A
TR TREBI S N TH D (Schopfer et al. 1998, Akashi et al, 1998), [@4k® 5

BIZL S CYPS2EL i FEYMOBEEMOMENSHBLELIBDN S,
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v FILP B s

FILP(D44-12) #i{zFid. B MEHDESRE (C fulvum) (28T 5 Y OIS

T o CtBEEFEE (CF2,-4,-5,-9) Loz WHEIES R W E, O

|
e

yF 1) E— | (LRR) IREEEE SO 72 Cf BETOROMiEZEREFL T
= (Fig. 23 B) (Jones et al. 1994, Dixon et al. 1996, Thomas et al. 1997, Dixon et al. 1998)
T, R TR TR T 0 BRI R 2 T B R 00 B G
HAKWTHEE=41., T4 528 LRR, JRE#EE, Vo514 > FFH—HEE&Wiva/k
T ERMIEEF DO I ELD . EYORRERGICHDS LT Y —ThHLH
EA LTS (Staskawicz et al. 1995, Bent 1996),
Ctili {5 2SO RERFEERE FOZ <, FUBEFRERICHEEOHERE
S A —2ERL TWhWaAS T EMRHsRN TS (Song et al. 1997, Parniske et al.
1997, Dixon et al. 1998, Meyers et al. 1998), —H16#M{nT 27 7 A7 —Id, HEMAHA
LAHMETORECERERDIRT ZEICEDERENZEEZSNS (Song et
al, 1997, Parniske et al. 1997), EILP #{=-1H [pIBI 5| 2= tH+F @t Tal~/=& ~ A, EILP
HisF M Z2RT B8O LRR L2759 — Rl TBRFEET DS ENnho 1
(F1g. 24), EILP {5 T80 2 7 A —ZIERL T ESHIIRHETH S0, Ct
=[O FERNNZ ES ARV ES A S, SETICHEZ TW
SOBETFBXUOFOHR#E TR C25 B 5T 773 —& CE4P MEET 7 7
S 315 (Pamiske et al. 1997, Dixon et al. 1998). EILP i#i{=+ & Cr-2/5 i
D7 —BLUCHYBIZTFI7 7 — ORI TERHEET S &, EILP #{5T
SR8 7 7 2 ) — DG T OREIEAH S M ITHE N (Fig. 230). C OFEEIT,

(|

BIED ETHARHEYA FY b EFZ N DTHHNDLARIIS, CH409 BIZT 7 73 |
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Cf-2/5 (EILP) fnF7 7 2 ) —O#HELBDABEGETFRFELEI S Z2HK]

GO SR 2R L7 ¥ -2t MEEOERZ
ST ARRE A IS E S T T Wz rlREMEAE AL 5115,

(=25 iz RS EILP Bz FOBTFREINS T = /BRI S I OVEHEK i 1 0O I
LRV 2 LEEeT S @ W RN ERTAL. 3IEMARBEI OB A 21T 2 < HEE

2720, CR25 R FOSE & FekiZ EILP #5100 3'IERIEREEIZ 1 2> |

/= (Fig. 23 A) (Dixon et al. 1996, Thomas et al. 1997), Z @ 3" FE#HER w5
(3 CH-409 iB{n 7 7 2 1) —IZBTFEEYT 5 (Dixonetal. 1998, Jones et al.

1994). Cf iR T8 < EILP 5 FICRESNTWS IIEMEAREEO 1 > O nE
IR EWRZERFDONEFRHESD, BEENOHEBHEDESIZCHEL ST R{FES
HTLUASZ LD, ZNS#EETFOREHIE, BREED S WITELD E TR SHhOE

:-i_':'l.r_qi-;'-:- L3 ,-r:,-,",.'; Jl r- | JE 'I_Lr

FILP @ {x T OB (LBUR TR < FEINLN-7=01C L., H U FILEELE
SRUMERMIEHIE TH ALY 1 THAAEREEME TS, WG S 0 I3RER 6 RfE %
ESAGEN S, 24 FFlElRIC E— 2123 L, 36 RFRIZIEE TR L7z (Fig. 25).
EILP ¥ 3260k PR3 B T A L =B ¥ — %5 L (Fig. 25) (Neale et al.
190)), EILP 8i{s F7A3 PR & /N 7 Hill{n T ERkiIZH ) FIVEESFEMEOREA L
ACETEBRETFTH D, R WREICERFESI NS Z & RSN
TS FORBAMEL ML ZICENFEINE E0WSHEEIRELZVL. LML,
MRMOEMIC L D RENFESNEL TRy NN VERGTORNT 7 E

s 2 (Wak-1, At-RLK3) (He et al. 1999, Czemic et al. 1999) =7 7 Z -+ HE%)

WERZ) (Pastuglia et al. 1997) THERE SN/, 610, o /-1 2O REMKE
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sesith il s T Xa-1 2 Pib 3B A L ATHEBRFEINAZEMNREINTVS
(Yoshimura et al. 1998, Wang et al. 1999), ZHa15 O, HICHWTERIEA L
g L7z T7 9 =8 >N\l FORBRFE TN 0 AL RIETH
AR L TS, BT S<EYHIREZL 75 —HEEzTORBEZFETST &
i D AR L AICHT DRSS Z R ED, BEICA b L AP S % ik
WAHETRESNDS. T YR HiEREEL YNNI TS, EILP Z5T
b D LT Y —RRBETORBRNFEEINS EEES NS, EILP B TORBIE
GEEA ML ATIEAEEZNT, Y FIVEILEESY 1 AR S Ml s £ Ok
L AIZEKDRFEMISHEE SN, £EIFBEEETH 55 1 TRl w5
IR THA Y NI KIFEEZEML 2RO /NJEIZH TS EILP B{= T 0O 5
Hated 45 L, FmEMEEEETELD BEVRENR SN (Fig 26). ZOfE
. EILP MR THEVMDEE A R L ADS BRFICHEA ML AICHT 5BZHE G50

50D LT —Tha0HEMZRL TS,
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