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FEEIEME Erwinia carotovora subsp. carotovora
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Yoshiyuki TAKAHARA*, Tetsuya IWABUCHI*, Masayuki SHIOTA*, Toshio KIMURA**
and Toshio KIKUMOTO*** : Suppression of Soft-Rot
Lesion Development by Avirulent Strains of Erwinia carotovora subsp. carotovora

Abstract

Avirulent strains of Erwinia carotovora subsp. carotovora CGE234M403 and CGE10M2 obtained by
mutagenesis using ethylmethanesulfonate, suppressed soft rot of cabbage leaf efficiently. The degree of
soft rot suppression correlated with the ratio of the cell concentration of avirulent strain to virulent
strain. Only living cell of avirulent strains showed soft rot suppressiveness. Whereas heat-killed bacteria
and supernatant broth excluding bacteria did not show soft rot suppresiveness. The strain CGE10M2
suppressed the growth of wild strains of Erwinia which were susceptible to the bacteriocin produced by
CGE10M2. On the other hand, the strain CGE234M403 showed strong suppression activity to even some
virulent strains which were resistant to the bacteriocin. Therefore, although antibacterial activity of
bacteriocins may contribute to disease suppression, other factor(s) may play a part in the soft rot

suppression mechanisms.

(Received January 14, 1993)

Key words: Erwinia carotovora subsp. carotovora, avirulent strain, biological control, bacteriocin.

i

##

BREERR EARRE L LTa s, BEOT
RantwsBEcE+sEBRERETH D, A
PrkRzhR % b DHEKIO AN EEN TV B, FF, fH
YRECH T AR TFR E L TEYNREVPRES N
TBY, BROFECOWTIHENZ SN, BRI
LT HMEIE L BBEERPEA SN T B0, &
NoRER, Yr ¥4 ERBRC>WTHER N,
Pseudomonas fluovescens X2 Pseudomonas putida 73
EEREVME L L THY, ZL50MEORWT %
pyrrolnitrin 7 ¥ OHE AL E YIS siderophore 255
FEDHEFELEZHN TN D,

—7F, BERLSOREZ Dk IERRERERRIC

* v b TIVEET (BF) R

Kawagoe, Saitama 356, Japan

* ERIR BRI

o KB GERR Y S —
Sendai 980, Japan

X % FH YR BE BR D 3 A 23 55 98 IR M Pseudomonas
solanacearum 12 X % ¥ /N a SIMERERY, FERIEMEE
R L 54 b AMHRERNERY 8 & CIERELE
Fusarium BEZ £ 39V <4 €2 2 BEOWHRY 7
ETREN, BOBHRPIESIESNLTHwE, Il
ENENHES X7 TH BN T ) F ¥ OPEE
%, MIEEEYE L URRZEHE, 3% 5#lEMDF
BIETEM S P ELRERRTE L TEZONT VS,
MYREEOEREERERERBRICH W BE
W, FERREEREEORELRTLARE L ULE
BIERCEMOEBTAT — P ICBWURERER & Ak
S5 2 L BHIRTE, EBEDRY S EYIHRCER
REBERHEZTVWEEEZ NS,

AR CIREFERIER O LR O—> DHS L L

Central Glass Co. Ltd., Tokyo Research Center, 2805 Imafuku-nakadai,

Miyagi Agricultural College, 2-2-1 Hatatate Taihaku-ku, Sendai 982-02, Japan
Institute of Genetic Ecology, Tohoku University, 2-1-1 Katahira, Aoba-ku,



582 HARYpRES S $£59% Ho5%5 FRS5410H

T, #DREMETH S Erwinia carotovora subsp.
carotovora DIFFRIRELREMRDS, FHRAVICERIEHRE
B F v RYBEORMEE TS 2 RHL
DT®WET %o

s L URE

HEREM Erwinia cavotovora subsp. carotovora
CGE10 ¥rixtHER € o V) — D, CGES6, 11, 14 #kiZmER
AN A DIESHER L D BEL 72, CGES6 #R i3 HAF
BLTWwie ¥4 o roiiEfss v, CGE129, 184,
234 BRIZERRIC N 7 W A FEFRAEAR L D B L 72 R
B OBEESRIC ITHROFEER N7 1 L F v Y
FERFERL,

ZTEEYBLEIC S 2EFFEHEEKDER S8
U724 E. carolovora subsp. carotovora £k% IFO-802
B (RUV~7b > 10g, BRIFR2g B4
Y AT 1 g, 2K IDH, 30°CTHY 1~2x10°
cfu/ml OEEE & CIREEEI OB, =F VR F
> AR =)V R HTERER O 2% (v/v) BEICES &
S ML, & 5 80 S RHREESE L 72, B,
k1w b % IFO-802 I TR L 72D B, [FKEHZE
T2~ U1 B 0.1 ml 227 F VIR &
—DRFIFETHEH(RI T VBRFIN) T ATE, B
B7 eV A2g, BB~ 732YTATAEN 2g,
ZEALLPH7.0)6ml 20z, E 5= ) > GK
H(BRIBE 250 == v M/ml) 2&M0L, 30°CT 6
RHREESE Uiz, BE% [FO-802 SERESH_ Rz ¥ Am
L, Lo o=— %7 FUBEREREM (<
JFUBTg AV /B3, BRI XR 2g, B~
THRY AT 2g, BT VeV A 2g, EX
15g, HZAKLD) CBMEL 28°CT—mEE L 12, KIT,
FREFHNIZ 10% CaCl, R EEM L, BEEY 5 VR
V7 —¥HEOHEN T 2FBCERLZwa o
——EBEE LU,

BRE~OHMENERE ZTEMKOBEMEIX 1X10°
cfu/ml B OME BB 20 ul 27 Y A BED )
B HHEERE L 2 Db, B AR - 72 28" COTERIMMAIC
B, 4 BFHRCERSIORBEEEZRAEL 2,

R OMBRBRIZER IS mm DI NI R—7
T BRI F v NVEIOREEZRES L R
PROFTEMFEERBERPC 1EMEELZO b,
28°COIERIE I 24 BEAEHE L o JRIERE ORE I K
BRRHOERIC L DITO L 5 HEL, RHEHR
(disease index, %) #FHE L7, 883 Fr _VIE
FARAZOEETHFERIRK, B2, KRR

50~999%, 84X 1 ; FeBTEITE 50% LUT, $85K 0 | Wt i
L
SIEEXFARET A ACK
IXHEHET 4 A 7B
BIEEEORAIE LE T A I R ORETERE & RIE
T 570, FEECREERE, FERIEEEREE
NFN10° cfu/ml TOMMZ, 30°CTIREEEL, &
6, 24 BFEIBICAINENREC & D EEROBE21T>
720
FA_RVELOBEICOWTEINTIR—F LD
EE 15 mm TRV 7 4 A 7 2 iz, BiE DR
BECHE LU BB F y_RYEDT A A7 % 1K
RIBELZOS, BBREZKRERO AT AY v — VA
WBWIz AT AR P H~ 2 COERERICHE L
72o B, FIAROTICEE 722 E L E, WE
BT, W, FRERMBICF v R_RYEDT 4 R
580z 20 ml DRFEAFHEAKEMZ, Y —TERL
FUOFNAF—HEEH (HoF4g, M2 10
g, AME10g, TOUEFE—NLTIN—0.04g, EX16g,
ALY 2 AWTHEREGEC LV REREEE
Rz, Wi, FERREEENS L REREROZ 2
OHEEFE P VA NVAF —HEFH L0 I =— %R
FUBREHEICEMEL, 28°CT—REEL-DL
109% CaCl, B ® ML, Ju=—FHO o —FK
DEHEIC L DHEL TKDIZ,

JEBREFEE (%) = X 100

XBRBER
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WEEEREE 1000 BRAEERE L7z, &8 b ic 2 s %oy
A ZEOHHERC EIBEE (] 10° cfu/mlD) THAEL, 24
R IR R TR L e WEREG R BRI Lz, 20D
DIEREEERBREREER L R vy B LI
NIV AR EOFRECEET 5 &, WEIERICL 5
RBRIEEIERL 2 71 2 2R A S iz, FEREEZR
AR HBIE  OBMRMBREDZEIEH 2 b O OiF
ShiEERL, ZOHRT, HEIMGEEBHREOKSERT
H 5 CGE234M403 %8B L UF CGE10M2 BRIz D\ T FE
LW 217> 72,
ERFEEMERR NGO ESERIC L 2 5%
R B3l

FER AT 2k &R IR R CGES & 2 IRE L &
BRI F » _RYET 4 A7 BB, 28°C, 24 B/
BORHMEREZEE Lz, ZORR, IREEERKE
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CGE234M403 8 & UF CGE10M2 #IimE MR & 2
PR % BE & 2 #I%1 L 7z (Table 1) . —77, S8

Huoled» Vst U TRIEM %R S 2w Pseudo-

monas syringae pv. lachrymans \ZRETE OHEIRN
REE{RaEMo T,

& 51T, JREMRREX T 5 CGE234M403 #Ro B &
LA R 2 NGRS < e 0, RIEMERRD 10 £
DOHEE DBAITIIE L A LRI % M L
7z (Tablel, Table2), &7z, F¥_XRVET 4 A7 %
IEREMEEROBBRICREL, 3RMHRCREEME
REBEEL B, MEROBESEL WHEIC
BT HIRBIZAL %5 < IIFIL 72,

—7%, ZORBEROMEFIRITEREE2BLIEE
WOHTH o1, NEFCES L UBEREE RO IEZEE
B BRI RS 2 hr o 72 (Table 3),

WO T Y F v EE LRI ORBFR

TR HL O MIHIZIR OB 28 5 i3 5 7212,

Table 1. Suppression of soft rot of cabbage leaf disks
by treatment with avirulent strains of
Erwinia carotovora subsp. carotovora

Strain Concentration Disease
(cfu/ml) index?®
E. carotovora subsp. 108 0.0
carotovora CGE234M403 107 : 33.3
10° 66.6
108 66.6
104 93.3
107 0.0»
CGE10M2 107 75.0
P. syringae pv. lachrymans 107 100.0
NIAES 1318
— — 100.0

a) Disease index after 24 hr by treatment of virulent
strain CGE6 (107 cfu/ml) with avirulent strain.

b) Inoculated with CGE6 after incubation at 28°C for
3 hr after pre-treatment with CGE234M403.

BB DBEE T 2852 5 U & & 2 L Ot
2EICT 2R 6 thE MR URRNEl 0 =R 2R
N Jzo FEIE R M ZE H R CGE234M403 Bk B X U
CGE10M2 tRDIRIEMMR 6 BRI T2 F + RV ETOD
FRBLMEI DR % Table 4 1257 U7z FIRRIC, JER B
EBRODWT 537 TV F ¥ ¥ OIFEMEEA~DHE
W ERBEMRO W T 537 TV 4 ¥ ety 3 5%
HEbBRLIz, CGEIOM2 %RIZZD&EET N7 7Y
Ay rwex L TREZETH 2 CGEILER, B LU
CGE14 #Rizxf L Cag »illsshd %, CGES fRizxf L T
BIOIMERIRE R Lo —, /N2 T VA Y VI
HTH 5 CGES6, 184 HRizH L TIF & A ENEIBNED
HHENT, FHIERIR L N2 F VA4V VB2 LD
Rz I IEFERE OSSR 5 Mz, L L, CGE234M403 #k
BHER L2 TOREYR, T2bbNrT Uy
BZMERR, THERR T RITIT L T b B IiEBER R O
HIERETRL, N7 7 U4y VRS - OREIZERD
shikroiz,

.

Table 3. Suppression on soft rot of cabbage leaf disks
by treatment with living and killed cells of
avirulent Erwinia carotovora subsp. carotovora

Treatment® Concentration  Disease

(cfu/ml) index

— — 100.0
living bacteria 10® 0.0
Vi 107 33.3
heat-killed bacteria® 108 96.7
Vi 107 100.0
supernatant broth® 108 100.0
Vi 107 100.0

a) Avirulent strain (CGE234M403), virulent strain
(CGES6) at the concentration of 1x107 cfu/ml.

b) Heated at 65°C for 30 min.

c) Supernatant after centrifugation of stationary
growth of CGE234M403 in nutrient broth.

Table 2. Suppression of soft rot of cabbage leaf disks at different concentration of avirulent and virulent
bacterial suspensions
Avirulent Concentration cfu/ml Virulent Concentration cfu/ml Disease index
— — CGE6 107 100.0
CGE234M403 107 CGES6 107 33.3
— — CGES6 108 89.0
CGE234M403 107 CGES6 10¢ 0.0
— — CGE6 10° 24.0
CGE234M403 107 CGE6 10° 0.0
CGE234M403 107 — — 0.0

— 0.0
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Table 4. Suppression of soft rot of cabbage leaf disks by treatment of avirulent strains
Disease index

Avirulent® i

viren Virulent CGE1l CGE14 CGE56 CGE129 CGE184

CGE6®
— 100.0 100.0 73.3 26.7 86.7 31.7

CGE10M2 80.0(+/+)  23.3(+/-)  33.3(+/-) 36.7(—/-) 28.3(—/—) 36.7(—/—)
CGE234M 403 0.0(+/—) 0.0(=/~) 26.7(+/—) 0.0(4+/-) 20.0(—/—) 6.7(—/+)

a) Concentration of avirulent strain (107 cfu/ml)
b) Concentration of virulent strain (10° cfu/ml)

¢) Upper mark of quotation shows anti-bacterial activity of avirulent strain’s bacteriocin to virulent strain. Lower

mark shows that of virulent strain to avirulent strain.

Table 6. Growth of avirulent and virulent strains of Erwinia carotovora subsp. carotovora in cabbage leaf

disks

Conc. of virulent strain

Conc. of avirulent strain

Virulent strain  Avirulent strain

0 hr 6 hr 10 hr 0 hr 6 hr 10 hr
CGES6 — 0.312 2.9 7.8 — — —
CGES6 CGE10M2 0.17 1.4 2.2 0.31 1.9 1.4
CGES6 CGE234M403 0.13 0.18 0.40 0.33 1.3 5.5
CGE129 — 0.72 5.7 11.6 — — —
CGE129 CGE10M2 0.24 2.6 4.9 0.32 1 2.0
CGE129 CGE234M403 0.44 1.9 2.0 0.36 4.5

a) Concentration : X107 cfu per disk of cabbage leaf.

Table 5. Growth of avirulent and virulent strains in
nutrient broth

Concentration
Ex. no Strain (X10° cfu/ml)
0 hr 6hr  24hr
12 CGE234M403 0.01 0.15 19
CGE6 0.01 0.59 13
ST CGE234M403  0.02 1.3 4.9
CGE129 0.02 2.4 9.3

a) Mixture of CGE234M403 and CGES.
b) Mixture of CGE234M403 and CGE129.

F e RYELICH T 5 IEFERMEN & RRERDIENE
Be

Wz, FEHRROMEIRIR E £ v YERIZBIT S
MEROEEFRAE L OBEBRIT DV THEN,
CGE234M403 BRD * ¥ Y ZE _E O HEFE % 5 F M &
B LTzo % v _VET 4 A 212 CGE234M403 # &
REM E ZIRAEE L%, BEROEE 2 RIFNIE
BhL7ze E0BE LTI A I EHIC BT 2 ks
ELME LTz, 74 3 BT, CGE234M403 Bk &
2 DOREEMNE, T b, CGE6#H 2 113 CGE129
DB TREBOZERIFEAEALN N T2
(Table5),

—F, Fr_NVBEZEELLLESR, BELILR
IR & RIS ORI L D, FREMRE
DERH K E { B o7z (Table6), Thbb, FHEE
B OMEBNIR O @ IR R AR CGE234MA403 #R 1 +
¥ XY EEFTCGE6 MR O BIE % i < WH L 7z,
CGEI129 ¥Rzt L T b5 iF R & e, — 5, FEA
gk CGEIOM2 #k L R R 2 R G HERE L 258
W2iE, WERMEROEEEREDREREROBEE LD b
EF3 2800, CGE234M403 #-CGE6 MR D54
8 ORE LB A S haroTz, BB, 2
THW B %O d Tix CGE234M403 ¥ B & U
CGEIOM2 %D EET 2,87 7 V 4 ¥ > i3 CGE6 %
W UCHEEES S 0, CGE120 Moyt L CitiE
EWIE BV, 72, CGEBBD N7 7V & v o i2
CGEIOM2 thiz B2 TH 5 (Table d),

% %=

WEFEROBEERFE LTI F B 7 —X I
HY, RZFUVTF-EBICRIVAFTrVaF—+¥
BRI RREE L TWB EELIONTWVLEY, LT
BoT, BERBFRNBICLVRIF OB T —EDH
WRABE 2 S HEH L, JRBE 2T L % WEMR R 381K
Lz 245 OIEREMEERBEO I IIRIEHTERER
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Btk IRE L F v NVEAEMET 2 &, REEFRC X
LR 2 H T 2 FHRSTEET S 2 LR AL
770 P. syringae pv. lachrymans OBE I HRHEZRL A~
OIMEBRIFEED s Y, FEFEERERERCEE
DR EEZ BN 5,

SRR T 2 IR R R ERORRE 2 A X
LB ERIHEREME RS RS L D b AT
B 2 LB OIEI RS FR LT, ¥/, 2O
JRETEEL OMNEIER R AEE TR 6 h, MEGEHES X
UEEE 21T 2 OIMEIhE I3 2220 o 72,

XTC, ZOFRWHEE I DWW T, E. carofovora
subsp. carotovora TlE X SHISN T WS HEME N Y
TV YDOEENEZ SNTDTEORE 21T
Too F ¥ NV EAOREMS & IREEERE L DR
GEBEIZBWT, JEFEEEHR CGEIOM2 iz DWwT
W, FONZ TV F Y RN R R T ERE R BN
L CRITERIRE2RT b DD, WEOREERZYL
TRNFENESZ <, ZOBkRD Y 7T ) 4 v > O
HEABIHESIRICELCBEEL T2 bDEEZzo N
72o LU, b5 —HDOIEREMER CGE234M403 #Ric
DL TR L 72 & T ORI U CRREERRL & 1
FL72, 206 OREEEED T CGE234M403 £
DBWT BN F VI v VICTEDOERRD &N T
DT, NI TF VYRR TEHHBATE R Y,

BEBEROEHEBTOERNERR T L 2 &,
CGE234M403 BRIz EH B WEET BN 7 T V4 ¥V IZ
B ORISR CGE6 tROBTE %58 <M 2, E7:ft
D CGE129 #Rizxt L T & FWLIEFEMFI S A S, Z
ORI E PRI OMEN S Lz b D HEZL S
N3, ZOBEIESRECIN7T VLAY Y HMAOERY
BAELTws eE 2605, —H FEREEK
CGE10M2 #: @ #5417 1% CGE6 #: % & 18 CGE129 #
& B IR PETEA O IBIRHR 13N & VAR B
BRI S LS D IREEROMEI 2 5T
BY, IhFRHEREIFICEb b EEZ SN
3, BB, 743 VEEERTIE NS OEKE O
FEIENEIERD 5T, EYRBTOAED LNk
2 &5 ETEINEIR T YN TOAFERT 2 b e H 2

505,

WEM X 2 HHRZEOVREEC DL TR, Ih
¥ TR DL ORAD B S, HEWEIZL S
BEIR, BEH L RBEEEDOFEERENS
B EBHRORT &£ L TREINT L Y, RFRT
& U IR R ERE R R 1 & 2 EUSR ORI R O
FBIZDOWTH, —DODARENEL LT, Al
CGEIOM2 #RICB W T /N7 T V) 4 ¥ v DS RE &
Nize LOLZRSS, NZFVAYYDADMETI
F o NV EEHWIOEETE RGO £ T ORBR £ HHA
THIERTES, MOBROBASLEZSh, 20
BRI OW T L VEF LR SBRETH S, %
7z, AP TRL & 9 wIBHRERL U EIERE 25
ETE SRR & BRI L THIHIhE %
LOZ EBbD, ERLLIFIN SO THRERS
HTH5,

i =

HISRE R EERREITF VLAY VAV E =V &
DAEEL, FERIEEERESESEIEHR L7, FEREYE
ZEE CGE234M403 L RFEEHSRERE 2 BEG L
TH vy NVIECEET 2 &, REEERD AOBEEICE
T, FREFEA A < HIH & hic, WIRMRRICET 3
CGE234M403 HROBBEL S A E K 551221 T, K
HERANOMEADRRIE L & o ke &7,
CGE234MA03 th BB T 2 LRAERE L D A
BRI Uz, %72, ZOHSIWER I, £
WCDHBY, MEBFEES L CEELRICIEA SN0
2 720 CGE234MA03 BRIZ A L 7e & T ORI ER e
L THIGIZNE D 54, ORI R RERSEET
BENZ T VI Y CHEORRERL S EN T,
5T, F ¥ NV IEBEBRA TOMEOHEMEER T,
CGE234M403 BRIz Z DN 2 7V & ¥ V2 BZ DR
JRERR CGE6 Mgl Z L S HE L1z —7, ZOH
TEFHE RS E TR A SNT, EYHEBSLETH
Sfze Lctdo T, WHEROME I N7 7V 4y
COBEMBEZOND HOO, MORFOBES b RE
Iz,
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