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B F VX SIRE QRSP (Pseudomonas
sp.) B ) FHMEPICAER S N
T4 T UERY UREWE

KHZEE*

Takahiko OTa*: Production of Phytoalexin-like Substances
in the Citrus Leaves Inoculated with a Bacterium
(Pseudomonas sp.) Antagonistic against
Xanthomonas campestris pv. citri

Abstract

Antibacterial substances were produced in the citrus leaves inoculated with Pseudomonas
sp. which was known as a bacterium antagonistic to the symptom development of citrus
canker. The crude extracts from the leaves inoculated with cell suspension of Pseudomonas
sp. (A-ex), or mixture of Pseudomonas sp. and Xanthomonas campestris pv. citri (AX-ex)
remarkably inhibited the growth of X. campesivis pv. citri, whereas the crude extract from
the leaves inoculated with X. campestris pv. citri alone (X-ex) showed week inhibition.
Several fractions of A-ex by thin layer chromatography (TLC) on a silica gel plate
markedly inhibited the growth of X. campestris pv. citri. From these fractions, two inhibitory
substances, CLP-3 and CLP-5, were isolated by TLC with two developing solvent systems.
The concentrations of these two substances were extremely high in A-ex and AX-ex, but
very low in X-ex. The substances showed higher antibacterial activity against Psequonas
sp. than X. campestris pv. citri. It suggests that these substances might be phytoalexins.
These antibacterial substanes produced by inoculation of Pseudomonas sp. are considered to
play some important roles in the mechanisms of the inhibition toward development of citrus

canker.

(Received May 30, 1983)
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5RE Xanthomonas campestris pv. citri OHEFE#%
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A FT VRV VIEHBC Lo TRIAZ ELELD
o, TOXRBELD, R SUIENMHEY EE
Lich v Y EOBMANCTERIND 7 >4 7 vF
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TH5ERNTIT - EROBETH %,

AR H Iy, RBEEE LHEBIE R\ i v
TN KREEZEHA BERL» DEHE L LT
5o

ERMHL L UFE

HEMBELERE  BHRME Pseudomonas sp.
ABC-NAob-1 @ 26-1 # (RERAREK RHEE
RO S BRI ET DRRRZED H1969F 1T 73 B Ui B A bk
DY br —HEEELHA UREREE X 9F
B X.campestris pv. citri NA 6901 #: (BRI RAGEE
B AW, WME &b PPS-1A B (Hy <7
b v 15g, Ly ¥ 15g, BERF=F R 2g, S5 3 VR
F VYA lg, FRER~ 7 & > v A 0.2g, BXR 10g, K
1,000ml, pH6,5) ©27C, 2 HREEEZESHR LTI,

HrFVECHTIERESE WlEY T Zhig
HARSKCIEBE LT, 4.0X10%ells/ml D23\ X 565
BWE, 3.4x10%ells/ml DOFEHMERZIE D, Bk
BOBHE, ThLIEEEEKT2HBEFRLLE
L 0%, ¥, HHEOREEEOBSCIIAELS
BRALLLDEH VI, Shb3BEOMBERY T
nERBiEfRcs e, glllcamBefE LTV &

1 £ 1 OFLEE OECBMERE L, BREEET

Ay FAOECE W FBOCHBRK LS D) E
Wi AERFm L, AFEERETI0CKEFE -,
HEEWEOMEEEMLE BEEE4EECE
BEERL0z (31~341) &b, Zh% 300ml D85%
=& 7 — AR, 30C T20RRIBE LTt L, fil
HW, B - REP O ERET, 40CHETT=
B —AEBWTKEBEE L, @i (10,000rpm, 30
58 LT EBEYEr, &0 LBKCER 72
2 C3EMHE L, BiiE=s 1 uED THKT 1 EEE
%, BETCEME BE®E L, ZDEEYY 1ml
D= g = CHERLOEMERE Lico 7, 8.2
% 10° cells/ml DHEHMEHBRE LicT v 44 #1%
500g (32080 % LMK 10ml © 5 b 6ml %
WCHEZ v= b (TLO) KX 0 HEEWE oM L
o Tiobh, Zruehia,/ 2 527 — o (111,
v/v) TREEEH L BHETEAY YV /L (7
22— 5 B-5FM) DEE 5004, K& £20cm % 20cm
DOEBICHMEE T AKXy + L, BE-L; n—~F

VBT A8 = (6014051, v/V) T3
EI% EREE Lic, & OWBIRICEMNE (254nm) %18
HL, &£AFy b (1~3 TrieslL, chi
#4 30ml D= /) —VTHEH L, 2h bOSEK
DEIHEBINA =7 b M EFI~NIe, 0CHETTF
NZNO0.5ml /e’ X 5 WBHME Lz, & O EEBEE
D5b, X IFEE R L CHEE REE LS
B EFELTED, FOEMEBRINARY F AH 85
PISHRAME, BAMEEZR LI D2 WT, X5,
I, 7 eekra /=57 -1 (1003, v/v),
KCTEERBRE-TI CEBELC Thifh opBrs &
2 30ml D= %) = E Lic, ThbDEIK DN
BB A7 b VBTN, WETT 0.5ml g
ML, KOFECEMBEARYEOME YT, 37
bbb, VI ArAGOBREEOERER () 55 160,
ANTH) BIOY Y B FAGOER 250pm DR
B (K XvFhd 5emx20cm) ICETER® 0.5ml
DEFER? D 10pl X ARy b L, BE-1 BIOH
B TEheh 3ELERR Lice v U h 7 160D
EERCTEH LD, »— &3 vBTLREE 4
A4 (254nm) FTHIEL, ¥, YV I X AGOHE
Bk DB E 1 II50% ilE A BB Licts, 110C T54
BB L CHE—RARy FBEL TN,

PEEOREZE  HEHROWENSE w25k
BT 2 MBI OREIR, X 3KEE 7.2%x10°
cells/ml OMIERE W a5 X 51 PPS-1 ki (PPS-
1A B HEXRFERG D O) KBEL, 2o 2ml
CHIER OB (= % / — AWIK) 0.05ml ik,
27CT 2 BB ERE LB AR PIE ClE R
N, WRE LT RFEOEMIZ 0,06ml O=x,— 1
TNz ioBE OB L e L, #BHMEedT5
PIBE ) OB 1.4X10° cells/ml © FHMIE &~ &1
PPS-1 bV, WX 5RE OBE& EEEC L
Tl -7,

TLC & X % HHEBHER O Ik © Milky 1 ET-
THE LRI ERER (Table 2) O HIEH O BEL
5.8 x 10°%cells/ml D23\~ X 5 RE L & PPS-1 55Hh
TRV, HBHEOBS LB LTiTikot, 3E
Fb Licd Dz ounCiE, FiEE® 0.5ml DEMFRIC
BE=%/7— %% T 30ml &L, LAHERILA
=7 P ARWEE, 3ERSe ST AE- FCHEY
% CLP-5 1% 27lnm, CLP-3 X 269 nm i< &5 %
JEE (OD) %3k, Fi& ik OD=10, £ 1x OD=100
DB WERE L CFR Lic, X0—EBYEE
12 mm OWERBECAN, BETTHEYRWT
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BEL, “hiC0.3% 2 Frtie—XIRA50%= 2 5IRE T, 6.2X 10%cells/ml, FEHIHIE Ci3d .5 % 10°
) — A 0.02ml iz CEEOWEY 2 BIF L, cells/ml & Lz,
oRBECHEREOMEY B Lic PPS-100 &

EEBRER

#0119 (PPS-1 B2 % 1005 #HH Licd D) 0.5ml %0
%, 30C T 2 HMEHhIZERATOFIRE CRIBEE L MEEEH - FVENMNBERMEEORE
N, T, ZDOBEOREMPOMBERER, X FEOME BRI B MK (A-ex) 5 X O

Table 1. Inhibitory effect of the crude extracts from the citrus leaves inoculated

with antagonistic bacterium, Xanthomonas campestris pv. citri and mixtures
of both by needle pricking on bacterial growth

Crude extracts®
(diluted 40-fold)

Bacterial growth (cells/ml)

X. campestris pv. citri Antagonistic bacterium
A-ex 1.3 x 10* 0
AX-ex 5.5 X 10* 0
X-ex 5.4 X 107 3.6 x 108
W-ex 3.6 x 107 6.5 X 10°
Check (ethyl alcohol) 1.6 x 108 1.6 x 108

a) A-ex: crude extract from the leaves inoculated with antagonistic bacterium )
AX-ex: crude extract from the leaves mixed-inoculated with antagonistic bacterium and X.

campestris pv. citri

X-ex: crude extract from the leaves inoculated with X. campestris pv. citri
W-ex: crude extract from the leaves inoculated with water

Table 2. Inhibitory effect of the thin layer chromatography fractionated
extracts from the citrus leaves inoculated with antagonistic
bacterium on the growth of X. campestris pv. citri

Fraction No. Number of spot®

Growth of X. campestris pv. citri
(cells/ml)

13
12
11

—_
(=]

=N W Oy N )

Origin

Check (ethyl alcohol)

102
107
10°
1010
108
10°
1010
1010
102
10t
10!
108
102
10*
108

(CLP-7)

1 (CLP-5)
2 or 3 (CLP—4, etc.)
1 (CLP-3)
2
2o0r 3

fuy
Ul = H N O = N W 0N W w
0 = 00 O 00 © N N H N~ N 03—
X X X X X X X X X X X X X X X

a) detected under ultraviolet light with 254 nm



Ann. Phytopath. Soc. Japan 49 (5). December, 1983 679

W-ex
X-ex
AX-ex
A-ex

Fig. 1. Thin layer chromatograms (TLC) on
silica gel 60 of the extracts from the
leaves 1inoculated with antagonistic
bacterium in solvent system : n-hexan/
ethyl acetate/methyl alcohol (60:40:1,
v/v). Materials applied were A-ex,
AX-ex, X-ex and W-ex (refer to Table
1). Spots on the plate of TLC were
detected in the ultraviolet light with
254 nm after stained with Rhodamine B.

X D RE & ORA B & o MY (AX-
ex) 1%, MWEXORECH L CHWHEIERL,
WEZD>5 BT A-ex DOFDLLHH AR R LT

(Table 1)y ZHEXL, 2\ X 5 FREERE» SO
HAH W (X-ex) ¥ X OUKMEIED & O i (W-
ex) DM SRHE AT DB AT H e T
LB - T,

—77, HEHHIE W LTE, A-ex B LY AX-ex
LhiT, EBLEHWHENERL, i ol Ein
Z TR LB ol o2 ¢ Eeh o e, W-
ex HHBENE/RLICY, BB LD 07 higho
Too X-ex IXFEPUAIEIC UL T4 < MBI R s S fans

> 7o

CLP-3 CLP-5 \
® @

CLP-3 CLP-5

Fig. 2. Thin layer chromatograms on silica
gel 60 of the phytoalexin-like substan-
ces, CLP-3 and CLP-5, in solvent
system: (1) n-hexan/ethyl acetate/
methyl alcohol (60: 40: 1, v/v), (2)
chloroform/ethyl alcohol (100:3, v/v).
Spots on the plate of TLC were detected
in the ultraviolet light with 254 nm
after stained with Rhodamine B.

TLC [C&» THROMEHHEDORS L EOH
i

AFEOM A (A-ex, AX-ex, X-ex, W-ex) O
Spl B> ) o P ATERERC A Ay P LT, BT TR
BHL, m—4& 3 vBCTHREOERIERE LRy
Fig. 1 ©R LK, A-ex B X0 AX-ex CTLiiiEik
i CLP-3, CLP-4, CLP-5, CLP-7 75 & Ofiffiiz A &
v FPOVEESD HITeh, X-ex BI W-ex TlZZh D
DARy IR TE LD 5T,

Fig. 1 O&HEOI & 5 FHEC W35 Mk
™ LI DB Table 2 Thbo PEINIRE DM
1, 3 (CLP-3 ®A®, b)), 4 (CLP4 fth), 5

(CLP-5), 9, 12k XTI3THH LR, &<, K
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CLP-3

max. 269nm CLP-5
min, 234 max. 271nm
: min, 264

Optical density (—log T)

220 240 260 280 300 320
Wave length (nm)

260 280 300

Fig. 3. The ultraviolet absorption spectra of
the antibacterial substances, CLP-3 and
CLP-5, purified by thin layer chroma-
tography from the citrus leaves
inoculated with antagonistic bacterium.

S, DE 1, 3, 4, 5, 13 Pl ot, Zh By
BT, X bic 28 TLC THlifb & 1T - 7o R,
CLP-3 & CLP-5 M E—WE LLTHE I L
(Fig. 2) ©C, Z OFHEICD\THKE L, CLP-3
L CLP-5 Z#4M% (254nm) TTHEIZETHE, V=
— % B-5FM OB LT, & RIfE0.1 M4
CREBD AHK, b LT, $F1LRF {€0.4 718
CHEEFODOAHEy P ELT, TRFRERATE L, ¥
7z, AR TI1E CLP-5 XEADAR, b & LTH
ATE e, CLP-3 MR CE o, WMPYHED
SR IY A2 7 + ik Fig. 3 @R+ X 51k, CLP
-3 269nm WTHEAfE, 234nm RE/MER R L, CLP
-513271nm Wi KfE, 264nm CHR/MEZE R LT,

MEEHE (CLP-3, CLP-5) O3Bk

Table 3 ©F7T X 51K, CLP-3 iIh X % HWEK
% LT 269nm 1351 5 BHEAI6LET, Fhe, B
POE S LB EED 8 LU B THE IR TR L,
CLP-5 kMg LCRIEES 0.5 CHENZT
L, TOHRETIBRECFA L TR L, 3, W
BB L SER—EE TV I OREER LT LD

Table 3. Inhibitory effect of the extracts purified by thin layer chromatography
i from the citrus leaves inoculated with antagonistic bacterium

Bacterial growth (cells/ml)

Purified Relative concentration

extracts (in optical density) X. campestris pv. citri  Antagonistic bacterium

CLP-3 32 2.1 x 102 0
16 1.3 x 107 4.6 x 10°
8 2.3 X 108 4.3 x 10°
4 6.8 x 10° 1.1 x 108

CLP-5 4 1.4 x 10° 2.6 x 102
2 6.2 x 10° 4.5 x 10*
1 2.1 x 107 4.6 x 10¢
0.5 5.0 X 107 6.2 X 107

Check (ethyl alcohol) 6.4 x 108 3.7 x 108

Table 4. Optical density of the purified extracts from the citrus leaves inoculated with
antagonistic bacterium, X. campestris pv. citri or both mixture by needle pricking

Antibacterial substances

Crude extracts®

CLP-3 CLP-5
A-ex 2.20% 0.18»
AX-ex 2.04 0.14
X-ex 0.06 0
W-ex 0.08 0

a) refer to footnotes of Table 1
b) optical density at 269 nm
c) optical density at 271 nm
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B L CGRWIE TR R L,
HFVECERERNS CLP-3, CLP-5 OEME
Table 4 R3 X 51, CLP-3 i A-ex FIE D

%<, AX-ex THEWTILoh Ly oedinl, Fi,

X-ex B IO W-ex TUIFERDIeh - o, CLP-5

1% CLP-3 I b TR E CHlE 5 LEWER R L,

A-ex & AX-ex 2 BBHE IR, X-ex & W-ex

M BITBRH I Rieh o T,

£ £

ARBIIEFIEIC X 520\ X 598 ORIBEIRIEIE
BT B0, BHMED S CISETMEE &
WESTRBEORSERY Y v Y ECERE LT, ¥M
BRI h A HEERD BB L, ToiEkc
DWTKE LI DTH B,

ERMELER, WIS RELRSEEL
T, 4BBOHI VvFVED =z - LEE (A-ex
Folt AX-ex) 1, 2\ X5 REOBEMEBEEIE O
HKR (X-ex) B JUOKMEBEOMBIK (W-ex) it
NT, BV EOHEOMERRAE L, ZnZ &
HIEYEE TS &, ERCEEYE R X
NBHZERRTEDTH D, O MK O By %
TLC W XhiEERECHE 2L, A-ex IO
AX-ex HiZiE X—ex B I W-ex Iz B Ihix
o BEOFHEDEOELENHE O ol, Th
LOYEOFCIIME N ZRT L ONEEES Th T
Wieh, TR BLORTHEEETE L 2YEEXEE TLC
CHAL, BRE L Z OMBENETER Lice 2D &b,
hb22o0WE, Tbb, CLP-3 %X CLP-5
BEAEOERIC L - Th v Y ERCHEIRE
LOTHD, Eil, WHPEE, WThdr vFreE
FEDOH BIN L IRECR LT L0 b, %D
BT LT X OBRCIE NIRRT 2 &b,
CREOWEILT 7 A P T LvEF Y VO—ETHD L
z btz

EHMEE X OREEBAERE LCETIE, £

DEMBFEIEC A CTHAE R E 0BT b T s
RNEEDD Y, T OBEETTREN OEBIE HE
THABEROHENCEWTHREL X 2 W EDbh
foo ZOERMNEYF v ORREC X 551D 0 H
Ch b L5, FEHMEC X - ChER I e
BT R ETE I OREL X - T @R
NBIDE LB DD, Fi, BRSO FEBRT
IBEIMEDOT7 »4 b7 vy vAERONSIHES 2
BB L3, {ETHEPVISREC I - TE D4k
BAHIH IR A L2 X% 3 O BT,
WFRIZ LTS, MEEDEREREERE» VWX
FEIEELTWABACERIhAZ Evh, B
MEC X5 vy X 5 RoME:, BHREgEo
S Y - T, CLP-3 ¥XU CLP-5 mfikXh3
FEOMBEEDENRBEMCER IR, ThitisT
X S RE OIS EE I DD THDL EELD
ns,

¥ E

HEHHE (Pseudomonas sp.) & X B0\~ k 5 iK%
WIS E A Svie T 570, HBHMELEE L
HVEVELCEREINDET 24 FT7 v VEHEIC
DWTHE Lic, BHRME L BlE L0\ X 5 FE
LRA UCEELCED, b O HHHK (Aex, AX-
ex) 1%, 2\ X5 IR BB ES b OMAhER (X-
ex) B X OKMIEIED &0 HHHEE (W-ex) ZHX
TELLBUWHEI®TR L, A-ex DOEE7 v
FEEIC X o THBE L 2 BB O BEMYE, CLP-3 %k
XU CLP-5 320\ X DAH X v SRS OE Y
HEETHZEND, 7oA PTVvEYVIEWEL
Bbhb, Thb 2 BEOHEEYEIT A—ex LT
AX-ex THBICE T T, X——ex LY W-ex
CHEDTHE Th o THHLOFERND, HHM
EHHEP I OROFREML BEEO 1D LT, #
HHEOBABRABRCER IS 7 >4 b7 vEY
VIBENELREELTWAZ EAEL bR,
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