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a9 (Enzyme-linked immunosorbent assay

ELISA)
PCR) (16,20)

(Polymerase chain reaction

(Acidovorax avenae subsp.
citrulli)

Aa 3l 1
ml Acidovorax avenae subsp. citrulli Aa 31 (10°
cfu/ml) freund's (Life Technologies
U.SA)

im Aa3l (108 cfu/ml)

freund's
37 1

8,000 rpm 10
-20

Purcifull etal.®  SDS
9cm 12 ml
0.8% (Difco nobleagar) 0.5% SDS 1% NaN3
5mm A.
10° cfu/ml 8,000
200u | 2% SDS

7 mm
avenae subsp. citrulli
rpm 10

16-24

SDS
9cm
200p | A. avenae subsp. citrulli A31
(

)

(Xanthomonas axonopodis pv. citri)
(X. campestris pv. campestris)
(Erwinia chrysanthemi)
subsp. carotovora)
mangiferaeindicae)
16-24

(E. carotovora
(X. campestris pv.
(10° cfu/ml) 200y |

(enzyme linked immunosor bent
assay ELISA)

(immunoglobulin G) 1ml
10 ml 10 ml
(ammonium sulfate)
9,000 rpm 10 2ml
(1/2-strength) (PBS)
PBS 4 4

30-60

500 ml

(dietylaminoethyl cellulose DEAE-cellulose) 10 ml

(19G)
cellulose
PBS (effluent)
1ml 16 (Pharmacia
ultrospec-2000 spectrophotometer) 280 nm
(OD) oD 0.8
PBS OD 1.4 1
mg/ml -20

1/2-strength
(eppendorf)

(conjugate I gG) 5
(alkaline phosphatase  Sigma
9,000 rpm 10 2ml

ml (=5 mg)
Type VII)
(=2 mg)
500 ml PBS 4 6

25% (glutaraldehyde)

0.06%
PBS 5 mg/ml
(bovine serum albumin) 4

ELISA
citrulli

108 cfu/ml  A. avenae subsp.
(coating buffer) 1 20
(Nunc. Co.) (X.

axonopodis pv. citri XW-47)
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Table 1. Dection of Acidovorax avenae subsp. citrulli in various cucurbit crops using SDS double diffusion and ELISA
Strain* Source SDS-double? ELISA OD vaue?
diffusion test DAS Indirect

Aal Muskmelon (autumn sweet), ( ) + 213 2.78
Aaz2 Muskmelon (autumn waltz), ( ) + 221 177
Aa3 Muskmelon (autumn waltz) + 214 175
Aal0 Muskmelon (autumn waltz) + 1.88 155
Aall Muskmelon (autumn waltz) + 231 1.49
Aal2 Muskmelon (autumn waltz) + 2.06 1.65
Aal3 Muskmelon (autumn waltz) + 158 1.33
Aa46 Muskmelon (autumn waltz) + 1.48 157
Aad47 Muskmelon (autumn waltz) + 1.99 1.60
Aal4d Muskmelon (golden prize), ( ) + 2.08 1.50
Aal5 Muskmelon (new century), ( ) + 1.99 1.34
Aal6 Muskmelon (red sweet), ( ) + 1.44 0.61
Aa35 Muskmelon (red sweet) + 1.33 0.63
Aa42 Muskmelon (red sweet) + 1.97 1.28
Aa45 Muskmelon (red sweet) + 1.58 1.73
Aa39 Muskmelon (autumn favor), ( ) + 1.90 101
Aa40 Muskmelon (autumn favor) + 1.04 1.42
Aa48 Muskmelon (new chuanshiang), ( ) + 157 161
Aabl Muskmelon (honey world), ( ) + 252 1.70
Aa7 Watermelon (supreme baby), ( ) + 2.36 194
Aa8 Watermelon (supreme baby) + 274 2.20
Aa9 Watermelon (supreme baby) + 271 1.80
Aa24 Watermelon (paolan) ( ) + 213 161
Aa50-1 Watermelon (paolan) + 2.50 1.29
Aab0-2 Watermelon (paolan) + 2.61 1.96
Aa52 Watermelon (china baby), ( ) + >2.61 1.66
Aab9 Watermelon ? >3.00 233
Aa60 Watermelon ? >3.00 2.69
Aabl Watermelon ? >3.00 2.70
Aa b2 Watermelon ? >2.87 2.20
Aa63 Watermelon ? >2.73 2.68
Aab64 Watermelon ? >3.00 2.75
Aa6b Watermelon ? >3.00 2.65
Aa 66 Watermelon ? >3.00 2.63
Aa67 Watermelon ? >3.00 2.29
Aa68 Watermelon ? >3.00 2.33
Aa23 Melon (silver light), ( ) + 1.92 1.48
Aa25 Melon (silver light) + 1.68 1.83
Aa3l Melon (silver light) + 2.25 164
Aa32 Melon (silver light) + 152 1.43
Aa33 Melon (silver light) + 2.03 1.08
Aa34 Melon (silver light) + 1.38 1.63
Aa43 Melon (silver light) + 2.30 1.06
Aad4 Melon (silver light) + 223 1.84
Aa26 Balsam pear(high moon), ( ) + 1.73 1.19
Aa27 Balsam pear(high moon) + 1.97 1.18
Aa?28 Balsam pear(high moon) + 2.21 175

1 Aa: Acidovorax avenae subsp. citrulli; Xac : Xanthomonas axonopodis pv. citri; Xcc : Xanthomonas campestris pv. campestris; Ec :
Erwinia chrysanthemi; Eca: Erwinia carotovora subsp. Carotovora; Xcm : Xanthomonas campestris pv. mangiferaeindicae.

2+ positivewith2bands - negative ? not test.

% OD values were read at 405 nm 30min after substrate added.



132 10 3 2001

SDS

( )

Table 1. Dection of Acidovorax avenae subsp. citrulli in various cucurbit crops using SDS double diffusion and ELISA (continued)

Strain* Source SDS-double? ELISA OD vaue®
diffusion test DAS Indirect

Aab54 Balsam pear ? >3.00 1.49
Aab5 Balsam pear ? >2.87 1.53
Aab6 Balsam pear ? >3.00 201
Aab7 Balsam pear ? >3.00 1.80
Aab58 Balsam pear ? 3.00 2.06
Aa30 Bottle gourd + 1.99 155
Xac Buntan shaddock D - 0.02 0.01
Xac Buntan shaddock @ - 0.01 0.01
Xcc Cabbage (XCH14) - 0.01 0.00
Xcc Cauliflower (XCH1) - 0.01 0.00
Ec Green onion (Brs4) - 0.01 0.13
Eca Onion (Bsr9) - 0.00 0.09
Xac Sweet orange (XwW47) - 0.00 0.00
Xcm Mango (XCM25-1) - 0.00 0.01

. Aa: Acidovorax avenae subsp. citrulli; Xac : Xanthomonas axonopodis pv. citri; Xcc : Xanthomonas campestris pv. campestris; Ec :
Erwinia chrysanthemi; Eca : Erwinia carotovora subsp. Carotovora; Xcm : Xanthomonas campestris pv. mangiferaeindicae.

2+ positivewith2bands - negative ? not test.
3 OD values were read at 405 nm 30min after substrate added.

1gG (conjugate
buffer) 2ug/m 1.25ug/ml 1pg/m 0.83
pg/ml IgG (goat anti-
rabbit conjugate 1gG) 1:1000 ELISA
IgG  coating buffer 2u
g/ml 1.25pug/ml 1pg/ml 0.83u g/ml

37 2hr 108 cfu/ml  A. avenae subsp.

citrulli X. axonopodis pv. citri (XW 47)
1 20 conjugate
IgG  conjugate buffer 1 500 1 800
1 1000 1 1200
(DAS-ELISA)
ELISA
(
)

(X. axonopodis pv. citri) X
campestris pv. campestris) (E.
chrysanthemi) (E. carotovora subsp.
carotovora) (X. campestris pv.
mangiferaeindicae) ELISA DASELISA
DAS-ELISA

1y g/ml 1:1000 ELISA

goat anti-rabbit conjugate 1gG 1p g/ml
1:1000

A. avenae subsp. citrulli  coating buffer (
ELISA) (DAS-ELISA) 10° 10" 10°
10° 10* 10® 10? 10" cfu/ml

X. axonopodis pv. citri XW47

DAS-ELISA IgG  conjugate IgG
lug/m 1 1000 ELISA
1gG 1u g/mi goat anti-rabbit conjugate 1gG
1:1000

SDS-PAGE (sodium dodecyl sulfate-polyacrylamide
gel electrophoresis)

A. avenae subsp. citrulli

Aa3l oD
620 nm 0.5 12,000 rpm 5
100u | 1X (50 mM

Tris-HCI , pH 6.8 ; 100 mM DDT ; 2% SDS; 0.1%
bromophenol blue ; 10% glycol) 5

30 5 12,000
rom 5 10-20y |
SDS-PAGE 12.5%

(separation gel 3 ml d.d.H20 4.35 ml 30%
acrylamide solution 2.5ml 1.5 M TrissHClI pH 8.8 100
M 110% SDS 50 p | 10% ammonium persulfate solution
5u | TEMED) 3% (stacking gel 3.05 ml
d.d.H20 0.67 ml 30% acryalmide solution 1.25ml 0.5M



TrisHCl pH 6.8 50u | 10% SDS 504 | 10% ammonium

persulfate solution 5y | TEMED)

1X (running buffer)

150V 30 200V
(50%

methanol 7% acetic acid  0.25% coomassie blue) 3
I ( 40% methanol ; 7% acetic

acid) 5 I ( 5% methanol ; 7% acetic

acid)

GIBCO BRL Prestained Protein Molecular Weight

Standards Lysozyme (14.5 kDa) [ -Lactoglobin

(19.7 kDa) Carbonic anhydrase ( 28.6 kDa) Ovabumin
(45.4 kDa) Bovine serum albumin (71.7 kDa)
Phosphorylase B (96.7 kDa) Myosin H-chain (220.9 kDa)

(western blot analysis)

SDS-PAGE
(transfer buffer) (25 mM Tris-HCI ; 190
mM glycine ; 20% methanol)
(polyvinylidene fluoride PVDF Micron separation,
U.SA)
(miniVE Vertical
Electrophoresis System Hoefer Amersham Pharmacia
Biotech) 4 25V
PVDF TSW buffer (10 mM Tris-HCI , pH
7.4 ; 0.9% NaCl ; 0.25% gelatin, :
0.1% Triton X-100 ; 0.02% SDS)
TSW buffer
conjugate buffer
1gG 37
(colorization buffer
HCI, pH 9.5; 100 mM NaCl; 5 mM MgCly)
NBT (nitroblue tetrazolium) 30u | BCIP (bromochloroindoyl
phosphate) 15p | 5 ml colorization buffer

TSW buffer
1,000
TSW buffer
100 mM Tris-
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1/2
(A. avenae subsp.
citrulli) 2 X.
axonopodis pv. citri

SDS

X. axonopodis pv. citri XW47 X
campestris pv. campestris XCH14 E. chrysanthemi Brs4
E. carotovora subsp. carotovora Bsr9 X. campestris pv.
mangiferaeindicae XCM25-1

DASELISA
DAS-ELISA
30 1gG 2 1pg/ml
conjugate 1gG 500 OD >30 IgG
1.25p g/ml  conjugate 1gG 500 oD
2.76 119G 1py g/ml  conjugated IgG 800 oD
238 1gG 1y g/ml  conjugate IgG 1000
1200 oD 16 1.76
1gG lug/ml  conjugate IgG
1200
ELISA
ELISA
30 oD 1gG 2u g/ml oD
>3.0 1.25p g/ml oD 2.98
lpg/m 0.83ug/m OD 278 2.66
0.04
19gG 1p g/mi
ELISA
(
) ELISA
DAS-ELISA ELISA
DAS-ELISA
DAS-ELISA ELISA
ELISA
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Fig. 1. SDSimmuno-double diffusion tests between Acidovorax avenae subsp. citrulli antiserium (As) and various bacteria. Aa
12 13 14 15 16 23 24 25 30 31 321 33 34 43 44 A45represent different strains of Aac isolated from
cucurbit crops as shown in Table 1. Xcc Ec Ecaand Xcm represent X. campestris pv. campestris E. chrysanthemi  E.
carotovora subsp. carotovora and X. campestris pv. mangiferaeindicae, respectively.
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30
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)
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10° cfu/ml
0.2 10" 108 cfu/ml
oD 3 ELISA
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oD 3(
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1gG 1gG

Table 2. Effect of concentrations of 1gG and conjugate 1gG of
A. avenae subsp. citrulli on optical density (OD) valuein
DAS-ELISA

Concentrations

Concentrations of 1gG in coating buffer

of conjugate

1gG 2ug/ml 1.25pg/m 1pg/ml 0.83ug/ml
1 500 >3.00/0.02* 2.76/0.02 >3.00/0.02 2.14/0.01
1 800 259/0.01 217/0.01 238/0.01 1.69/0.01
1 1000 1.81/0.01 154/0.01 1.60/0.01 1.23/0.01
1 1200 1.81/0.01 1.66/0.02 1.76/0.01 1.22/0.01

L/ indicates the resultant OD values when 10® cfu/ml of A.
avenae subsp. citrulli and X. axonopodis pv. citri were used as
samples, respectively. OD values were read at 405 nm 30 min
after substrate added.

109G

Table 3. Effect of concentrations of 1gG of A. avenae subsp.
citrulli on optical density (OD) valuein indirect ELISA*

Bacterium?

Concentrations of 1gG

2ug/m 1.25ug/ml lpg/ml 0.83u g/ml
Aawenee 4, 298 278 2.66
subsp. citrulli
X. axonopodis 0.04 0.03 0.02 0.02
pv. Citri

! Concentration of goat anti-rabbit conjugate IgG was1  1000.
2 The concentrations of A. avenae subsp. citrulli and X.
axonopodis pv. citri, were 108 cfu/ml, respectively.

3-10 mm
SDS
«C )
«C )
«( )
( ) 221 kDa
221 kDa
DAS-ELISA ELISA (
)

(outer membrane)

(immunosorbent electron microscopy)
SDS ELISA

DAS-ELISA
10° cfu/ml ELISA

10" cfu/ml ( )

Table 4. Effect of concentrations of Acidovorax avenae subsp. citrulli on optical density (OD) valuein DAS-ELISA®
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Incubation time

OD value at various concentrations ( cfu/ml ) of A. avenae subsp. citrulli

after substrate

was added 10° 10’ 10° 10° 10* 10° 10 10*
15 min 2.65 1.09 0.20 0 0 0 0 0
30 min >3 2.06 0.58 0.57 0 0 0 0
45 min >3 2.92 0.98 0.18 0 0 0 0
60 min >3 >3 1.19 0.20 0 0 0 0
! Concentrations of 1gG and conjugate 1gG used were 1y g/ml and 1:1200, respectively.

Table 5. Effect of concentrations of Acidovorax avenae subsp. citrulli on optical density (OD) value in indirect ELISA?
Incubation time OD value at various concentrations ( cfu/ml ) of A. avenae subsp. citrulli

after substrate

was added 108 10’ 10° 10° 10* 10° 10° 10
15min 0.65 1.50 1.08 0.35 0.04 0.02 0 0
30 min 1.03 2.38 1.66 0.54 0.07 0.03 0 0
45 min 1.69 >3 2.61 0.91 0.13 0.04 0.01 0
60 min 2.18 >3 >3 1.21 0.17 0.05 0.01 0

1 Concentrations of 1gG and goat-anti-rabbit conjugated 1gG used were 1 g/ml and 1:1,000, respectively.
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(A) (B)
Fig. 2. The analysis of total proteins of Acidovorax avenae subsp. citrulli (A lanes 1 and 2) by a 12.5% slab SDS-PAGE.
M:14.3-200 kDa protein markers (GIBCO BRL Protein Molecular Weight Standards, U.S.A.). (B) the western blot analysis of
total proteins of A. avenae subsp. citrulli. Two bandsin lanes 1 and 2 in B show the proteins which reacted with 1gG against Aac
in western blot. Arrowsin A and B indicate two proteins which induced immunization.
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ABSTRACT

Wang, H. L.** and Cheng, A. H.? 2001. Development of serological detection technique for bacterial fruit
blotch Acidovorax avenae subsp. citrulli in cucurbit crops. Plant Pathol. Bull. 10:129-138. (* Institute of
Biology Science, National Kaohsiung Normal University, Kaohsiung, 800, Taiwan, R.O.C. * Tainan
District Agricultural Improvement Station, Council of Agriculture, Tainan, 701, Taiwan, R.O.C.

3 Corresponding author: E-mail: hlwang@nknucc.nknu.edu.tw; Fax: +886-7-7169030 )

Acidovorax avenae subsp. citrulli which infected fruits and leaves of cucurbit crops including
muskmelon watermelon melon and bitter gourd were collected from Taichung Tainan Kaohsiung and
[lan in Taiwan. The strain designated as Aa 31 of A. avenae subsp. citrulli isolated from melon was used for
producing antiserum. The titer of antiserum was 1/2 dilution of crude antiserum in SDS-double diffusion
test with two visible reaction bands. The optimum concentrations of immunoglobulin G (IgG) and enzyme
conjugate immunoglobulin G (conjugate 1gG) were 1y g/ml and 1/1200 dilution in double antibody
sandwich enzyme-linked immunosorbent assay (DAS-ELISA), respectively. The optimum concentration of
IgG was 1y g/ml inindirect ELISA. The minimum concentrations that resulted in positive reaction in DAS-
ELISA and indirect ELISA were 10° and 10* cfu/ml of Aa 31, respectively. All strains of A. avenae subsp.
citrulli from different cucurbit crops also reacted with antiserum resulting in two precipitation bands in
SDS-double diffusion test, and reacted with IgG in indirect ELISA and DAS-ELISA. However the
antiserum did not react with other five species of bacteriaincluding Xanthomonas axonopodis pv. citri  X.
campestris pv. campestris Erwinia chr ysanthemi  E. carotovora subsp. carotovora and X. campestris pv.
mangiferaeindicae in SDS double diffusion test, indirect ELISA and DAS-ELISA. The result of SDS-
polyacrylamide gel electrophoresis and western bloting showed that two reacting bands with protein
molecular weight over 221 kDa were observed.

Keywords : cucurbit crops, bacterial fruit blotch, serology



