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Use of Dot Immunobinding Assay (DIBA) and Immunoenzymatic Staining Method (IESM) for
Rapid Detection of Phytophthora spp.. Etsuo KimisHiIMA and Yoshinori KoBayasHr (Research
Division, Yokohama Plant Protection Station, 1-16-10, Shinyamashita, Naka-ku, Yokohama 231,
Japan). Res. Bull. Pl Prot. Japan 26 : 7-13 (1990)

Abstract: The application of dot immunobinding assay (DIBA) and immunoenzymatic staining
method (JESM) for detecting Phytophthora spp. was described. Antigens from 43 isolates, includ-
ing 15 isolates of Phytophthora spp. were tested for ELISA, DIBA and IESM with two antisera,
obtained previously against Phytophthora erythroseptica and P. capsici (KIMISHIMA et al., 1989).
Soluble mycelial antigens were used in ELISA and DIBA. Intact mycelia were used in IESM.
Genus specific-reactivities were shown in ELISA. Blue spots were formed on a nitrocellulose
membrane with all isolates of Phytophthora spp. and a few isolates of other genus in DIBA.
Hyphae of most of all isolates used were stained in IESM. DIBA proved to be applicable to
discriminate between healthy and infected plants. Stained hyphae of Phytophthora spp. were
observed on the leaf and fruit of the host plant using a dissecting microscope by IESM. ELISA
and DIBA positive materials were detectable 3-4 days after inoculation before or at the same time

macroscopic symptoms appeared.
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Uteo M52 B OBROFEACKE LTI, BHKEL
BT 2§10,

2. #ENMES L UHROEE

P Phytophthora erythroseptica (CMI 181716)
BLOP. capsici (IFO 8386) &HJE & LTIERL 7o
bo (BEDL, 1989) M7, HEOHEIAED
(1983a) L, SAEKOBERREE, Thed
20 0.02M Y vEEEEAEREK (PBS) 2z,
=)V 7Ty —THRE L, 10,000Xg, 10 5>
ELEO L, 0 k% 280 nm DRIEE A 0.6 178D X
51ZFRE LT, DIBA & ELISA okt & L, Tz,
oY HE PBS BB L, WARITFERY [ESM
DFREE LT,

3. DIBA & & U IESM OOF)R
DIBA R L% A, AFEEB L OREFIEZA
M (1984) 1c#e U, IESM 0oFREE L L 0§ FIE I
GERIK b (1987) iwH#E Uz, Bk (1984) ¥ X U° GERIK
B (1987) XLy o % 1gG-v % IgG & A M8
BT T 50, KRR CRE#EEY B,
DIBA
= betr—Ar— b (Millipore #%, HAHY,
FLE045 um) & 0.02M + U REEEW (TBS=1+ Y =
« HCl, 05 M NaCl, pH75)c 15 DB LHE, 5
WLETHRIRL, 2OY—F ER~f 7K, b
PHAVABREBEIL, BRE#r -t E TRy 2 H
Q2% Ay =1t m Yy Fv:PVP, MW.40,000-2%
fFEME7 L7 2 v BSA-0.05% Tween 20-TBS)
W30 BRI L RIZT V4 U Y VR REBE SRR S
y-7®r 79 v (RE% TTBSPB T 3,000 fF i &K
Lie#) el RERIG S e, ~— P 2EROHEL
FREAKTEL TS E, TTBSPB (2% PVP-0.2%
BSA-0.05% Tween 20-TBS) & 20 k& L1,
ZofE 1B TTBSPB #%4#i L, ki — +% AP 9.5
B (01 M + v 2 <HCI-0.1 MNaCl-5 mM MgCl,,
PHI9.5) e, 20 HEE&E LIz, Z ok 1 EiEH
WL, By — + LicE - R OLE
L, 8%, EXRECHELL, £8 - RERIKD
FIECHHE L 7z, nitro blue tetrazolium (NBT,
Sigma #%5) 1mg % APISEEKE 3ml w5 L -
¥ &, 5-bromo-4-chloro-3-indolyl phospate-P-
toluidine salt (BCIP, Sigma ##) 0.5mg % 10 4l ®

) FEES b4 R 1430 5, 14315
49 FPTESE 1445 5, 54 FIFESE 782 %5

N, N-dimethylformamide = i L 7 18 % & B R A7
(#5C) LTk, FHEMCHRYESL TEE-
FRERE Ui, HE-FOERKCI0~60 SRKIE SR
#®%, v—rx2ELE® 10mM + Y & +«HCl-5 mM eth-
ylenediamine tetraacetate: EDTA, pH7.5 &L
Rtk kD, ABRTHEEEO AR bOFERIREL
HWRHEERT -1 Bk, ThHOBRIERETCERGE
25C) TiT»t,

IESM

BEARERY A T4 F 75 A LCcREREL, Bk
LT rn VY vBSGBERESy- e 7 ) VK
(R % PBS-T T 1,000 ML) #FWETL,
JTC WELH T, 1HMEE LA, PBS-T (PBS-
0.05% Tween 20) % A\ T EE (REW % 50
Tlw3mEAE) L, EE-REREHE L, 20C &
E BT, 1-2KMBE L., AE - RERT
ROFIECTHE L, 77 P —A-AS-7 + A7 = — }
(napthol-AS-phosphate, Signa ##!) 25¢g % 2.5ml
DN, N-v £ F 7+ a7 i F (N, N-
dimethylformamide) &L, 02M + YV 2 $E2EK
(PHODS500mlice& &z, 4ACHERECRAEL
o ZOBWIZ7 7 — A7 A-BB v a + (Fast blue
BB salt, Sigma #50) % F HEICEME L (1 mg/mD)
HE - RPEE L Lis, UG TRIERBZKTELS T
¥, EYBEEET CEAOLREAEEYHE L,

4. TEfSEYMN D ORE

Table 2 12 7% U 7 Phytophthora B & % A\ TER 1l
WhiBic, BE - E - ER~OBERIBEEFE -
7o~ b Y MATTW, 20~25C T5~7 HEIBEL, 2
TIEREE LI ORHA L, BAOBERISHER
RKEBELILHRLBCRFR I~2BHEOBEY
L, 75 2EHN (156~30C) TEEL, ZWHIER
FELSDORERA LI,

DIBAIC W ERMAK 5 X O £ # # < TTBS
(0.05% Tween 20-TBS)Z Nz C¥ h £ TERL, L
BERRE & L, IESM w3 BRERY EERRES
y-7m 7 ) VRICRL, REEITo,

sk, ThbHOREITIL P erythroseptica HLME %
HHute,

5. ELISA & & U DIBA OHBEDLLER

Fig. 3 iR T EREOHR It om+ B
ML, #EFRErEHhs T, BEYELLEH
WY R £ L, ELISA, DIBA kX OFH S BRRIC
R U, RBRW&L P, capsici IS-1) #EE Lo —
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Table 1. Reactions of fungal isolates with solbule antisera prepared for Phytophthora erythroseptica
(CMI181716) and P. capsici (IFO8386) in three serological methods

Antisera
Species and isolate number Soruce* P. erythroseptica P. capsici
ELISA** DIBA  IESM ELISA DIBA IESM

Phytophothora cactorum KPU 1.29 + + 0.30 + +

PPCT-P72
P. cambivora 050 KPU 1.47 + + 0.47 -+ +
P. capsici PPCT-P66 KPU 1.26 + + 0.48 + +
P. capsici 30698 1IFO 1.79 + + 0.56 + +
P. castaneae 9753 IFO 0.76 + + 0.57 + +
P. cryptogea S-16 Matsumoto 1.73 + + 0.53 + +
P. erythroseptica 181716 CMI 1.25 + + 0.43 + +
P. megasperma HS-57 Matsumoto 0.88 + + 0.30 + +
P. melonis 132 KPU 1.40 + + 0.52 + —+
P. palmivora 040 KPU 1.70 + + 0.68 + +
P. palmivora 9755 IFO 1.35 + + 0.37 + +
P. nicotianae var. parasitica 4873 IFO 1.67 —+ + 0.56 + +#
P. porri 30416 IFO 1.39 + + 0.55 + +
P. syringae 131191 CMI 1.08 + + 0.67 + +
P. syringae 62472 CMI 1.17 + + 0.42 + +
Pythium aphanidermatum 7030  IFO 0.10 - + 0.08 — —
Py. aphanidermatum 292 UoP 0.08 - + 0.09 - -
Py. butleri 31214 IFO 0.11 - — 0.07 + NT
Py. cucurbitacearum 23 uopr 0.17 + + 0.08 + +
Py. debaryanum 7902 NU 0.08 + + 0.05 + t+
Py. debaryanum8002 NU 0.13 + + 0.06 — +
Py. gracile 30819 IFO 0.07 — - 0.03 — —
Py. irregulare 30346 IFO 0.14 - + 0.08 - +
Py. twayamai 31990 IFO 0.15 + NT 0.04 + NT
Py. paddicum 31993 IFO 0.08 + — 0.04 — -
Py. porphyrae 30347 IFO 0.13 - + 0.08 — +
Py. spinosum 7031 IFO 0.09 — — 0.05 — —
Py. sylvaticum 31942 IFO 0.08 + — 0.04 — —
Py. ultimum 10034 UOP 0.15 - + 0.10 — —
Py. vanterpoolii 31923 1IFO 0.08 - — 0.07 — —
Py. vexans 7 UOP 0.17 + 0.13 — —
Py. volutum 31926 IFO 0.07 — + 0.03 — +
Py. zingiberum 30817 IFO 0.05 — + 0.03 — +
Aphanomyces euteiches F-2 HNGU 0.07 — NT 0.03 — NT
A. iridis Ap-1 uopP 0.06 + + 0.18 + +
Botrytis cinerea YPPS 0.10 + 0.06 - +
Colletotrichum graminicola YPPS 0.07 - + 0.08 + +

C8-2-1
Fusavium oxysporum 7157 IFO 0.07 - —+ 0.10 — =+
F. solani f. sp. mori 7708 IFO 0.08 -~ + 0.06 - +
Phomopsis sp. YPPS 0.06 + 0.14 +
Rhizoctonia solani YPPS 0.14 — + 0.17 — +
Sclevotinia sclevotiorum YPPS 0.06 — + 0.04 =+ +
Verticillium dahliae YPPS 0.07 + 0.10 + +
(phosphate buffered saline) 0.08 — 0.14 —

The degree of reactions were graded from # to —.

DIBA ; + : Extreme blue spot appeared, + : poor blue
spot, — : no blue spot. IESM ; # : Extreme blue hyphae observed, + : blue, + : poor blue, —:
DIBA ; Dot immunobinding assay.
used in ELISA and DIBA. Intact mycelia were used in IESM.

no blue.

IESM ; Immunoenzymatic staining method. Soluble antigens were

* Isolates were obtained from Kyoto Prefectural University (KPU), University of Osaka Prefecture
(UPQ), Niigata University (NU), Higashi Nippon Gakuen University (HNGU), Insititute for Fermenta-
tion, Osaka (IFQ), Commonwealth Mycological Institute, Kew, Surrey, England (CMI), N. Matsumoto,
Hokkaido National Agricultural Experiment Station (Matsumoto) and Yokohama Plant Protection

Station (YPPS).

** Absorbance value at 405 nm.
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<=V E IO =t & Phytophthora sp. (SG-1) %
LicAx by 272 &3 L7, ELISA ¥ X O DIBA X
P. capsici i sz M, R 0.1 g i UBREE
EH A 4ml & In 2 SR 2 % Ui, BBl RER
Erx B CTBEIC L DTV, B5E (25C) 5~T7 HER
BEdh LR S mutclE £ 0 5 O AR L T,

& R

1. ELISA, DIBA, IESM (Z & 2 =ZEHORIG

Table 1 1277 L 7o Bk SUG % ELISA, DIBA,
IESM @ 3 3kic & b He#ghist L 7o, ELISA 1% CLARK
and Apams (1977) & X OV&E & 5 (1984) 78
Phytophthora JBE OB HICH e HEERICEE U 70, = —
FAv I y-r w7 ) vEER25ug/ml, BRES
y=7 v 70 VIARFEE O 400 SHEFEE AV, KIS
BTHRIIIEE 405nm ic 810 % K& % ELISA {8 &
L7z, Bk 3mxEL T,

ZOfEH, Table 1 1IR3 X 51 Phytophthora J&HE
15 B FE I ELISA, DIBA, IESM W h o HEETHE
PLITE & B e G % = LT, Pythium J&H 18 Bk
(XL ELISA T mMyLmE & IS L 7s o7z 23, Py
debaryanum (7902) DBEHRIGEZ R LIS, 72, Py
cucurbitacearum, Py. iwayamai 15 X DER T K
RS BN, —F, IESM Tl Py. debaryanum,
Py. cucurbitacearum, Py. irvregulare, Py. zingiberum
1o &% < OERETRIGMRD b iz, Aphanomyces &
H7s & OB ELISA CTRMHLIMGE & G L 7zh -
7273, DIBA Tk A. iridis \ZGH8D H i, TESM
TIRETOEKRTRIENRD bl

2. BREYH DR

DIBA

TR 0.5 g i) LEERE TR 10 ml 200 %, 30k

Fig.1. Dot immunobinding assay (DIBA) for

detecting Phytophthora antigens in
extracts of infected (I) and healthy (H)
pumpkin fruit (P) and lily leaves (L).
The dilution of rabbit anti- Phytophthora
erythroseptica 1gG-alkaline phosphatase
conjugate was 1:3000. The DIBA pro-
cedure was done on a nitrocellulose
membrane described in the literature
(HiBi, 1984). After color development,
the reaction was stopped (A) and then
the membrane was cleared in about 1%
NaClO for 20-30 min. at room temper-
ature (B).

Table 2. Detection of Phytophthora antigens from artificially infected plants by DIBA

Plant inoflilf;te d Isolate used Soruce* N(;’)C;Iitlc H;zl;thy
Sweet pepper fruit Phytophthorva capsici 30696 IFO - =
Pumpkin fruit P. capsici 30696 IFO + —
Tomato root P. capsici 1S-1 YPPS + —
Lilac leaf P. syringae 131191 CMI + -
Apple fruit P. syringae 131191 CMI + —
Lily leaf P. megasperma EL8702 YPPS + =
Alfalfa root P. nicotianae var. parasitica YPPS + =
Cowpea root P. nicotianae var. parasitica YPPS + —
Pea root P. nicotianae var. parasitica YPPS + —
Gerbera petiole Phytophthora sp. SG-1 YPPS + —

*** See the footnote of Table 1.
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DIBA # X O'IESM 2 X 2 EEFE O # 11

wHRELI,

ZOfEFIL Table2 ® £k b T, EHEMAKLE T
ERBURIG R LI, #effne et cs -
7oo ek, ARERO L S CERKZ X ETHEDESE LR
RhEL7esa, UM T LcEinickttn b A M A
DAXy b ENIDT, REMLEZIT -1, B
BFNC IR EIEREE T bV v A (NaClO) 2 #Y) T, 4
BHEREE RERLUEE Y —  2EERCEL, £
DK 1% NaClO iz L, ZE{T 20~30 e L
oo ZOFER, Fig. 1 CiRT X S W¥ERR L EDBHREN
it S, #EREEIBEH I T2,

IESM

P. nicotianae var. parasitica ¥ X O° P. megasperma
WY Lic= ) DL P, capsici (TREHLTcF AF X
Oy b v A7 vORERHR L Lic, TOKRE, %
FHER LICEEEOFE AT RAICRO I THE
B3hi, =) 0HE, JALLMRLTVLEMADL
B cBE S nie (Fig. 2),

3. ELISA ¥ DIBA Oi&HfEE DL

+EBRE AT Y & AL, ELISA & DIBA
DHEBE X B L, T/, ZhbohmFc
I ABHKER L BT B, ARk HEREO
HOBERIT >, AT 4BIREL,
FORBIIFig30EEIT, P FBITRA Ly
7 ABHEE 4 HBCBE G LBIIERYET A5 R S
., FOESTHIERICER L1, ELISA TRIRHRE
DRI, 2 W BHEE3 HE S, *7 DIBA T4
HENLRIGARD bhi, ok, #HRAE X3 B E»

Fig. 2. Detection of Phytophthora nicotianea var.
parasitica hyphae in artificially inoculat-
ed lily leaf by the immunoenzymatic
staining method (Gerik et al., 1987).

LEpEI N, —J), ¥©—=vOLERREHORE
& ELISA, DIBA TORJEH X O EE OB OB, 3
AE»LRDbAT,

%

H E(1984) 5 & OY GERIK & (1987) 1341w 4 F 1gG-
T ¥ [gG w AR YR A4, 1o, HHEA98DIE
DIBA i2 513 % JUR O ER: - FHIIC TTBS ZH T
W5, KRB TRAERHE X COMBERE A EMRT 5
TebEEERR LT, T, B« FRKICOWTR
FHABROKERPBS CHLHEHED =t r L m —
Ay — b ADREEGRICERIAD b -TDT,

I<

ELISA A : Tomato j
1.01
B : Sweet pepper / C - Stock
0.5 0.5 /
=2 0.5
-+
<
<E== el = e = of oot
DIBA e - - -+ + 4+ -~ = - = % %
Reisolation - — — + ks 4 = - - + + + = - — + + +
Symptom - - - -+ + — = = = ¥ + - - - - + +
Days after o 1 2 3 4 7 o 1 2 3 4 7 o 1 2 3 4 7
inoculation B

Fig. 3. Detection of Phytophthora antigens by ELISA and DIBA from extracts of tomato (A),
sweet pepper (B) and stock (C) at different times afoer inoculation with P. capsici (A, B)

and Phytophthora sp. (C).
spot. Reisolation; + :

DIBA ; + : blue stop appeared, + : poor blue spot, — :
sporangia formed on a water agar medium, — :

no blue
no sporangia.

Sympotom ; + : damping-off, + : wilting, — : healthy.
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PBS & TTBS #ffH L7z, 73, PURDBR: FHIRE
DEEIRIC O\ T i SOMOWIYARJO B (1989) % [
DH|EHRTT- T 5B,

AFR TR IBOMBEBFHFELCL Y Table 1 TR
TEEOSIGZ E LR, ELISA TRii#H (BE
b, 1989) & AR BEENRILIED bhic, DIBA
T3 Phytophthora J& & © fb 12 Py. debaryanum, A.
iridis T £ OB TGRS bitony, ELISA & i
BT 262 — v &R LI, —7, [ESM Tk
T HIE L OHRBEKSKRIGL, ELISA TR 1 5 X
5 BB ERNRIGIRED bith o7,

DIBA Tt Table2 KX O Fig. 1t bh3 X 51C
REC XV ERT L BEMEBHNTEL, T, KK
HE IFE CRERHE,NTE, BIFESEE TRV
ErDEROBEZHEEL LTHRATE EELDR
oo SHEBRRBEM» b ORBEEOKBM L E~DILH
BXUHRAE E TOUNERBBOEREC LTI D
CEE LI,

GERIK » (1987) X IESMic X b v & DR L
T\ 5% Verticillium dahliae DEEE2RALIER, B
ORME L EEBROEALPLEABINTHDPHET
TR LMEL T35, ARBRTCIEBREE LOER
DHYE E i, Table 1l DR 5, APLIMEZ AV
72 IESM T Phytophthora BE D Z BRI { 6
TH LR E L bR, LL, FXEHET
D Phytophthova BE DA RE T DB, AEXHE
RERE L LAY THRIDEEL DR,

ELISA & DIBA & o#HBE X B L -RABRER
KRbRh5 X5, BEREOHESH L AR CMERER
Zry, FEORHEAE,» 1 BRLSFREYRE T
BLENTEL, T3 AS v 1+ 1BERE
(Phytophthora fragariae) % Fi\~7z MOHAN (1988) ®
BRI IBZIERBTH -7, ELISA & DIBA & % H#k
3% & ELISA OV BIEBERISSPHE-T0550
LEZbh, SEORBTRIER,DFERA LT
3~4 HEEARETH - oo, BHEECHEER
Bodbhicmoteh, HORENLREFER T CRE
MEETHHE, BEHckssBERE ORI
ELISA 5 X O'DIBA W E®h e ik & & 2 b,

i) ®

P. erythroseptica 33 X OY P. capsici DPLIME % A\,
Phytophthora BE b EK * S DB EHK O RIS %
ELISA, DIBA X O"IESM @ 3 g% BB L
72o ELISA T % Phytophthora B E © L A I L,

DIBA T X Phylophthora B O I B E /R TRIGA
b bhtz, —H, IESM T #tRE 0% < B RG L,
ELISATRGLAS L 5 RBEEMRITIED bRl
ﬁ’ofcg

ATERC X B EBEDH» S Phytophthora &
BHoBHARELAALCKER, DIBAKCE hES EER
LT X, nd, ABHERREELES TR
<, R THERHETERETH - 7o JESM K X 0 %
FHEOHEANEROACRE IR THE I M,

TEEE YTt~ E—=v, Aty 2s70WH
% i\ T ELISA & DIBA I& & % Phytophthora B &
OEHEPRA R, BEEOBESE & R B
OFBRERILFAB,» 1 RS BEEZBRE TE .

Ll B2~ DIBA 3 ELISA X b BRE O RE >
BlhmtiklE L bR,
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