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ABSTRACT

HASE, S.'3* TAKENAKA, S.2, TAKAHASHI, S.5, NAKAHO, K.%, KAWAMURA, Y.? and NAMAI, T.! (2012). Role of B-cyanoalanine in
induced resistance mediated by Pythium oligandrum in tomato. Jpn J. Phytopathol. 78: 309-312.

In tomato, induced resistance mediated by Pythium oligandrum (PO) is accompanied by enhanced production of ethylene and
expression of a gene encoding B-cyanoalanine synthase (3-CAS), which catalyzes the detoxification of cyanide to p-cyanoalanine. We
analyzed the activity of B-CAS in tomato after treatment with PO and the defence reactions by examining gene expression of tomato
treated with B-cyanoalanine. The B-CAS activity significantly increased in tomato roots treated with an oospore suspension of PO, and
the B-cyanoalanine treatment activated the expression of the jasmonic acid (JA)-related defence gene, LePR6. Increased activity of -
CAS and subsequent production of B-cyanoalanine may thus activate the JA-dependent defence reaction in PO-treated tomato plants.

(Received March 19, 2012; Accepted June 4, 2012)
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Pythium oligandrum (LUF, PO LBE3) 13, EEETERED
R, VEWIRE T OREYPERB OB AR 2 E T 540
W ch 5 (Al-Rawahi and Hancock, 1997; Benhamou et al.,
1999; Martin and Hancock, 1987). &7, AR IIREES M
FETHENDL DD, MiaBEx v 27 BE4S (Cell wall pro-
tein fraction; CWP) Az v v 2 — & UCHESEET % = & %,
Takenaka et al. (2003) (X7 v ¥ 12 A FEHRBEITC X
DRHLTW%, CWPIL, FOHOMFELID b=, O
A ', vadf x> X0 EEROE R\ TE%EYH
B4 pZ LWL ENT% (Hase ef al., 2008; Tkeda ef
al., 2012; Kawamura et al., 2009).

PO © CWP &2 & 2IBTHFEED v 7+ VEERL, FHW
B (Ralstonia solanasearum) 3t U CEFBFENTEDH LR
et v by aA R A7 CHEBIBED BRI TS, PO D
IRiaF B> CWP 2 AR Lz b = b T, =5 v v (ET)

VH LR (T 997-8555 (LT IR R TS 3E T 1-23)
Tsuruoka, Yamagata 997-8555, Japan

ENn—@#mic LB T 5 L, ET 2842 ET IGEEE
HATFx a— 358G b I ET A HEEE AT
DR FANFEEIN TS (Hase et al., 2006; Takahashi ef
al.,2006). *iz, vy Aevik JA) DEGHEROERET
RJA Y 7 F NMEERTHEIET 2 BT, kbor a5 7 —
Y % a— 35 JAREEOWHEHEET LePR6) b
FKHELETAHZENEDL 2 E o T % (Takahashi ef al.,
2006). LePR6 %, bt < bidE ‘w427 wvb &’ o JAIERKZ
M DEEREK jail-1 (Lietal, 2004) Tk, PO OUflaTHRER
2 CWP 2AE L CLFREL/FHBE S R, EoFm LI
oy (Haseetal,2008). $7cdb, POMA < b OF
iRt 3 5 \EHEFE LA v 7 ) M EEROE LK
FLTWw%. —7, POMM < b Tl LePRla & LePR2a
T E DY F g (SA) D 7 F AMEE T 5 RIETF O
FRHEFHE LD b s (Hase et al., 2008; Takahashi ef al.,

Faculty of Agriculture, Yamagata University, 1-23, Wakaba-machi,

TEE . QREERNBOTWERE (T 305-8517 KIKE-D 1M E 4 3-1-1)  National Agriculture and Food Research Organization,

3-1-1 Kannondai, Tsukuba, Ibaraki 305-8517, Japan

SHALKSEREBL RSP IERE (T 981-8555 E R ATHEEIIR BT HH 1-1)

Graduate School of Agricultural Science, Tohoku

University, 1-1, Amamiya-machi, Tsutsumidori, Aoba-ku, Sendai, Miyagi 981-8555, Japan

drhri R AIE Y o & — (T 305-8666 TRE O I BIE G 3-1-1)

Tsukuba, Iharaki 305-8666, Japan
* Corresponding author (E-mail: s.hase@tds1.tryamagata-u.ac.jp)

National Agricultural Research Center, 3-1-1 Kannondai,



310 AAMYREESH B78E F45 FR24F1LA

2006). Zh B OFEHHD, PO A < M ickid HEIES
Brit, CWPIt L5 ET & JA Dy 7+ Mm@k OGS
5L 3 eEL bR

CWP #4LF L7zt = Tk, ET R JA KRBT OR
WEADMK, B-+7 /7 7= v ERER (B-CAS) Ha—
N3 % 8EF (LeCAS) EHE I LA+ % = & % Takahashi
etal. (2006) IXRH L TW5A. B-CASIZy 7 vEv AT AV
PO BT T I = RERTHREYMIET LR TH
h, BB By 7 v ORBICEES LT\ 5 (Miller and
Conn, 1980). BEEWICE T 5> 7 v OERICLET 0445
BURBCRIEY & L CTERI N AN B0, v 7 ik B-
CASIC Y » CTEBLBEINTB- 7/ 77 = IfREHS
N5 IDEWRCIER I T, B OEMIIIEER R
L#E 2 LT % (Yip and Yang, 1988).

LeCAS D331, CWP Dfilic ET ORRETHH 1- 7 2
JyvzaduXvaLRvEEE, Tt VAN ) Hw
1 v v Ale & OREWEEEE (PA) R U CEEMER
RBbbR BN, Bl O EHHA P v AT HHEM
{E\~ (Takahashi et al., 2006). LeCAS %, ¥EE Vv~ Tk ET
THEIND EEb K, HEHEIGE OBR CHENFE
Sh, IGAE T PA OWERAHRHCE2BET~—2— &
LTS TE ARSI NS, L Lanb, BEHR
D B-CAS DE L= B-CAS D EHEE M 055 8 S D FE B X
LTEDY 5 BBREH S Tn 3020 TIER S h
TWiswv, 22T, APFE i, POBA L < BT 5
PMFE T 5% B-CAS®pB- v 7 7 F = v O#EM % H
LT 5 ERBRE LT, POIETREBRCEELE
Lich v MieRiT5 B-CASTEM: &, B-v 7/ 79 =v DO
TR ALIE LT b~ b OB EISE TN LTz,

POMEA b~ b B-CASEE CWPULE L = b REBITS
LeCAS OB, B ‘v A7 v b s ORI LT 48
[ B cHEZw LR35 (Takahashiet al, 2006) . £ 2 C, [
C&MTER L ‘1427 v ba” ZERALT, IRTHS
X 10° @ /ml A% L 7 PO JRAR T RABWE & AHB 08B K
HREEBELEL, 6 EBIE BT 2B TOR-CASEEES
g U B3 PO BilkiE Takenaka ef al. (2003) b
BT O X 4 AHEPEL5E0 & 48 L7 NITE P-619 (MMR2) %
FA\u~, PO PR T-BREWR L Hase et al. (2008) WHe > TIERR L
7z. P-CAS IO E &3 Hanet al. (2007) OWHIHEL, B-
CAS DEENIER X > TEREIh L HS EYRDHZ LT
L0fTote. FORER, PO IETFRERMLERX T, 1mg
O £ v o7 BEW 10.5 nmol/min © B-CAS fEMEH D, Xt
WD 16 bR L Fig.l). 2o &»5, PO IET
BEWRCBEATE L b = b Tk, B-CASHEMNERTAC

14

12

—— *

B-CAS activity (nmol H,S/min/mg)
_|

DW PO

Fig. 1. p-Cyanoalanine synthase (B-CAS) enzyme activity in

tomato roots treated with an oospore suspension
(5x10°ml™t water) of Pythium oligandrum (PO) or dis-
tilled water (DW). Error bars indicate standard errors of
four independent experiments, each using 50 pg of total
protein extracted from 100 mg root sample; asterisk (*)
indicates a statistically significant difference between
treatments (Welch’s ¢-test, P < 0.05).

EL BB E o Te. CWP % PO IRl THREW & B L7
- N TV, AL 2 BEEI0 5 12 B B i C—BR ET
DAERENEML, ET ARERREAT LRERD 0.01 ~
0.015 umol/g [BHfFE] KELTWAZ LWL - T
% (Haseetal., 2006). =5 HEY) Ci%, ET DEBICH - T
Brrorv 7 vRERERN, FOVT VvHLEBILEELD
B-+7 275 =viikR3h 5 (Yip and Yang, 1988). ASE:
TP 7/ 77 =vEOMEITL L b, POMH
P MIBETEREND, FHE1g XK 1ml KBET
5E,001~0015mM D B->7 /7 F=viIVEREIRA &
HEI .
B-2T/TT7=Z BT MIKTBHHEEERGTFD
RPN REKCHEL 0001 ~01mMDB-v7 7
7 = v (Sigma-Aldlich #) BEEZHWC ‘vAf 270t s’ O
HB% 6 IR ENE L, Bk 5 HEEEEET OREFE
WiE ) —FrEr X h{To7. 42 RNA#H, RNA DEXK
B, TuyF4 v, ATV ELE—v 2 vELCREIIE
Haseetal. (2008) WiR L1c&MTir-te. 7 r—7 0
DNA i Hase et al. (2008) & Kawamuraetal (2009) 24
L7523 FDNAZAWE. TOHR, 2510y 2T
v (MeJA) < PO SRl FRAERAIE CREFENHER I h
T\~ % LePR6 DFEHE, 001mMELEDB-v 7/ 7 5=V
BROMLIMCH S22 ER U (Fig. 22). 0.0l mM © B- &
7T =VviEgER, FEROPOKHN <A BHEIRD
BE—% L. ¥7:, LePR61Y, jail-1 BEMELTIT, p- v
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(a) CA (mM)
DW 0.001 0.01 0.1 PO EtOH MeJA

(b) DW CA PO
WT jai1-1 WT jait-1 WT jai1-1

LePR6
rRNA

(c) CA (mM)

DW _ 0.001 0.01 01 PO SA

LePR1a
LePR2a
rRNA

Fig. 2. Northern blot of defence-related genes expressed in roots

of ‘Micro-tom’ tomato plants 6 h after various treatments
including B-cyanoalanine (CA), oospores of Pythium oli-
gandrum (PO), methyl jasmonate (MeJA) and salicylic acid
(SA). (a) Transcript levels of jasmonic acid-responsive
LePR6 at 6 h after treatment with distilled water (DW),
CA, 5x10° oospores ml™ water, 0.1% of ethanol (EtOH) or
0.1 mM of MeJA. rRNA was used as an internal control.
(b) Transcript levels of LePR6 in roots of wild-type (WT)
and jai1-1 mutant (jasl-1) at 6 h after treatment with DW,
0.0l mM of CA or 5x10° oospores ml™ water. (c)
Transcript levels of SA-responsive LePRIa and LePR2a at
6 h after treatment with DW, CA, PO or 0.1 mM of SA.

775 =vEABLTY, PONETFRERLELFET L
FRENFEI Nnho e (g 2b). jail-1 DZEFIE, SCFE
E3 =€+ v ) F—E¥RER TS Fbox & v 7 B LH#HEE
Ahzra—VFHEECHY, JADYZ7F Vi3 JAIL-l D= €%
FV-TuT TV —aRENLRERNE v R BOG R
IoTEEINDEELZLR TS (Lietal,2004) . L
DT, B-v7 775 =vik, JAIl-1 2 v X2 B ERE
WTCJA v 7P NMEEREEERILL T2 EE L bRl —
#, LePRla & LePR2a DFEY, B-+7 7 7 7= vALERK
I ER L ehotcl bbb, B-v 707 5=vESADY
7 F NMEEFREN LI HERIE & OBIEE L& FE 2D
e (Fig. 20).

P FERBICHTEVT /772 0EOME 1mM
DB-v7 7 7=v, PAFHS5 x 10° {8 /ml © PO Ipfa+F
BEERRSLIUHRE L TEBRKCREBAE LI v X

(b)

4

0 bw
;| HCA

0 PO
2 -

*
1 -
* *
0 L '{l R L ¥ 1 1 1
1 2 3 4 5 6
Days after inoculation
Fig. 3. Response of tomato plants after various pretreatments

followed 12 h later by inoculation with 1x108cfu ml™ of
Ralstonia solanacearum. (a) Typical disease severity on
plants pretreated with 1 mM solution of CA, an oospore
suspension of Pythium oligandrum (PO) (5%10° spores
ml™ water) or distilled water (DW) at 4 d after inoculation
with R. solanacearum. (b) Quantification of disease sever-
ity at 1-6 d after inoculation. Error bars indicate standard
errors for 12 plants; asterisks (*) indicate a statistically
significant difference between DW and CA or PO treat-
ments (Steel’s test, P<0.05). Data are from representative
experiments that were repeated twice with similar results.

hERI, FHRE LB L T ORFHE A I L CHER
HOMHIGR LTI, BRI 8242 8 (v — 2 1, biovar
4, MAFF107633) % f\ 7z (Nakaho et al., 2004). 3+ <
b ‘A 27w bA’ 1% Haseetal (2008) D FBECHEL T
A¥EWEFRE LRy FTERL, BB o0 nwX oA
TR ELNTR L T 5 25°C THMBIICIR T 24 ReERE L
7o, RS, ZREEAKE AN 50ml BT - — Tl kR
L, 6HEEE LA T, WO S L@ T
4em DEMETHEEZTM L, 1 % 10%cfu/ml DHERK 2 At
50mlBDF 2 — 7B T & THEE UL, BEEIE, 29°C
DATRRBTER L. FWREIL, SEVED O EFRIE
RoOBER XD, FRIEKO0~4 (0: BELK 1: FHER
EARD 1/4 FHi, 2: 14 D bE1/2 KM, 3:12E3/4%
W, 4:3/4 L) wERE L CEHE LA (Roberts et al., 1988).
FORR, B-v T/ T I = VB < M, WHBCHESTH
RIREMEL, BEE 28204 HATCHEBETLE
(Fig.3). =T, p-v7 /773 =VvERENE LI~
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CFRWTh, KA PO I T RRIBHRALE & RO FHR
X A IEPIEFE v A 5 A BN EH LS h T B R RS
EZxbhiz. LhaLiads, ARBRCAELCEEWR PO
BRAN  NEBTBHEER- 7 /75 =vBEIVEH
LT &, PFHBEEEET OREIIEET 2 AR50
HEHCEDOREZSTEO0NDOBRIPDLETHE EEL
b, '

PEoz &b, BCAS & B-+7 775 =ik, PORMA
N e MR B EPIAE N LT, ET AGB0HEE TAEK
INBy7 v ORBERT, JA v 7 F AHEERE N LB
BB BT ORE LA b EEL RS, B-CASH, &
SHEYLBCHEELTEY, v 7 v ORBrEEREEHY
Ho T BP (Miller and Conn, 1980), BFtHBIEEE T O R
H EHADOBEE YW TR EFIN Tt - 2. B-CAS 23 B- v
TIT I vENLUTIA VT FAMEEREYIERALT A &
1, B-CAS OFi L\ AHEMIIEY RBETAMATHDH LE L
bith.

ThETCI, JA L ET v 7 3 VMEZR DA IniE L 2
HHEIRTVWA, Yuf RFRAFTRET 4 7=V vEa—
K3 % B IR E & (T D PDF1.2 OFRBENIJA L ET O 7
FAGEROEMALZMNE E T 5 (Penninckx et al., 1998).
& 7=, EWSHERIE Y O Pseudomonas fluorescens Vo X % &5
FHEEFHEORHL JA L ET Dy 7V F A EERTEEL T
5% (Pieterse efal.,, 1998) . B-CAS ¥, POMA + = IR
LEBHRIGE R S JA & ET v 7 F VEEROWRN
EHAAHWET AR T O—2 5 EIE L LIS,

W

AW ERT Hedicd, RACAFEKFER R AR
BEHE AR IHE Rk < BB ORYR
Lz, AW, EWRREEEERMHAE LY & —0
BROBWEEMELTBEEEONRE, ~HIHHHEERC
(23580059) DB AZITTfT-7

51 B X ®mk
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