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Detection of Ralstonia solanacearum Using Tissue Printing Immunoassay

Yoshiko NAKAZAWA-NASU**** Shinobu KITANOSONO**, Hisae HASEGAWA**,
Keiji OKUNOYA**, Fumihiko YAEGAKI**, Kazumi SUZUKI*,
Yasufumi HIKICHI** and Tetsuro OKUNO**

Key words :

Bacterial wilt caused by Ralstonia solanacearum is
one of the most important diseases of solanaceous
plants, affecting several hundred species®. This soil-
borne bacterium invades root systems, causing rapid
wilting of the host plants as a result of heavy coloniza-
tion and multiplication in vascular tissues®'*!®, The soil
must be sterilized by solarization or with chemicals such
as methyl bromide or chlorpicrin, either independently
or in combination to control the disease in Japan.
However, soil sterilization does not completely control
the disease, and chemical control is mostly ineffective.
The use of resistant varieties of tomato is the most
effective means of controlling the disease. Grafting
susceptible tomato cultivars onto resistant root-stocks
is also a way to control the disease!%!4121410 However,
the use of resistant cultivars is insufficient in heavily
infested fields.

The bacteria have usually been detected by incubating
disrupted host tissues on selective medium. Because the
method is intricate and takes much time and labor, the
method is difficult for detecting the bacteria in field
plants. To overcome this problem, we applied a tissue
printing immunoassay (TPI), which had been success-
fully used for virus detection in plants'®. Suzuki et al.'®
has reported that the detection limit of TPI for cucum-
ber mosaic virus from Gentian plants is equal to that
of enzyme-linked immunosorbent assay (ELISA).

Lazarovits et al. have detected Xanthomonas campes-

tris pv. vesicatoria from supernatants from homogenized,
boiled tomato leaf tissue using dot-ELISA on nitrocel-
lulose membranes. Few studies, however, have applied
of TPI to detect phytopathogenic bacteria in fields. In
this study, we show that TPI is applicable for detecting
R. solanacearum from tomato plants in fields.

R. solanacearum OEl-1 was shake-cultured in YP
medium (bacto-yeast extract, 5g; bacto-peptone, 10 g;
deionized water, 1 liter, pH 6.8) for 18hr at 30°C,
suspended in 0.01 M phosphate buffer, pH 7.2 containing
0.85% NaCl (PBS), and washed twice by centrifugation
(5000 X g, 10 min). The final precipitate was resuspended
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in 4 ml of PBS with 509% Freund’s complete adjuvant
(FCA) at 108 cells/ml.

Antiserum against R. solanacearum was produced in a
rabbit by administering four intramuscular injections at
108 bacterial cells/ml/rabbit over two months. The rab-
bit was bled 10 days after the final injection. Antibody
titer against R. solanacearum was 1/10,240 in a micro-
precipitin test. Forty ml of PBS was added to 10 ml of
antiserum followed by 50 ml of water-saturated ammo-
nium sulfate. The mixture was incubated at 0°C for 10
min, then centrifuged at 8000 X ¢ for 15 min. The precipi-
tate was dissolved in 10 ml of PBS and dialyzed over-
night to obtain crude IgG. Leaves of healthy tomato,
tobacco and eggplant 10 g each were ground in acetone
at —20°C with a mortar and pestle. The powder was
then washed in acetone and suspended in 809% ethanol.
Then the solution was incubated at 80°C for 10 min and
centrifuged at 8000 X ¢ for 10 min. The precipitate was
suspended in PBS, centrifuged at 8000 X g for 10 min, and
then added to the crude IgG for incubating at room
temperature overnight. After centrifuging the solution
at 3000 X g for 5 min, the supernatant was the antibody
removed nonspecific antibody binding to antigen derived
from healthy tomato, tobacco and eggplant™®.

Immobilon-P (Millipore, USA) membranes were cut to
the required size with a razor blade and marked with a
pencil into an 10X10 mm grid. R. solanacearum OE1-1
was a gift from Dr. H. Date, and HAIP010, HAIP101,
HAIP106, HAIP107, 8101, 8109, 8202, 8216 and E7402
were gifts from Dr. K. Ozaki. Clavibacter michiganense
subsp. michiganense 8910 and Pseudomonas cichorii
SPC9001 were given by Dr. T. Shirakawa. Pseudomonas
putida ICR 3460 was from Dr. S. Nagata. Burkholderia
glumae 1PG8908 and Escherichia coli HB101 were kept
in Iwate Biotechnology Research Center. One microliter
of each bacterial solution was applied separately at 103-
107 cfu/ml to the membranes. After air drying, the
membranes were immersed in the blocking solution,
PBST (PBS containing 2.7 mM KCI, 0.05% Tween 20
and 0.005% NaN;) containing 3% skim milk (Snow
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Table 1. Substrate specificity of antibody against Ralstonia solanacearwm in tissue printing immunoassay (TPI) and
enzyme-linked immunosorbent assay (ELISA)
TPI ELISA
Bacteria
10¢® 10® 102 10! 10° 104 10° 102
Ralstonia solanacearum
OEl-1 V& Y Y N Y Y Y N
HAIP010 Y Y Y N Y Y Y N
HAIP101 Y Y Y N Y Y Y N
HAIP106 Y Y Y N Y Y Y N
HAIP107 Y Y Y N Y Y Y N
8101 Y Y Y N Y Y Y N
8109 Y Y Y N Y Y Y N
8202 Y Y Y N Y Y Y N
8216 Y Y Y N Y Y Y N
E7402 Y Y Y N Y Y Y N
Clavibacter michiganensis
subsp. michiganensis 8901
N N N N N N N N
Burkholderia glumae
1PG8908 Y/N N N N Y N N N
Pseudomonas cichorii
SPC9001 Y/N N N N Y N N N
Pseudomonas putida
ICR 3460 N N N N N N N N
Escherichia coli
HB101 N N N N N N N N

a) Bacterial population (cfu) blotted on Immobilon-P membranes (TPI) or ELISA plates (ELISA).
b) TPI: blue product (Y), faint one (Y/N) be observed, and blue one not observed (N) ; ELISA : Optical absorbance at 405

nm is more than 0.05 (Y) and others (N).

Brand, Japan) for 30 min. The membranes were washed
twice with PBST for 10 min, then immersed in the
blocking solution containing R. solanacearum antibody
at a 1/5000 dilution for 1 hr. After washing twice with
PBST, the membranes were immersed in the blocking
solution containing alkaline phosphatase-linked anti-
rabbit goat IgG for 1 hr. After washing with PBST, the
membranes were then immersed in carbonate buffer
(Na,COs, 1.6 g; NaHCO;, 2.9 g ; deionized water, 1 liter ;
pH 9.6) containing 0.34 mg/ml of nitro blue tetrazolium
and 8.5mg/ml of 5-bromo-4-chloro-3-indolylphosphate.
The colorless substrate gave rise to a visible blue prod-
uct.

Using this method, 10 isolates of R. solanacearum
were detected to a limit of 10? cfu/dot. B. glumae and P.
cochovii was slightly detected at 10* cfu/dot, and other
bacteria were not detected (Table 1). These results show
that R. solanacearum could be specifically detected at
102 cfu/dot.

The detection limit of our TPI was compared with
that of indirect ELISA as described by Clark and
Adams?. Wells of the ELISA plates (NUNCLON, Nunc,
Denmark) were coated with 100 «1 of the previous bacte-
rial solutions at 10%-10° cfu/ml. All isolates of R.
solanacearum were detected to a limit of 10° cfu (Table
1). B. glumae and P. cichorii were weakly detected at 10°
cfu, and other bacteria were not detected. In compari-
son, the TPI method can detect a lower density (10? cfu/

ml) of R. solanacearum than ELISA.

Roots of 4-week-old tomato (Lycopersicon esculemtum)
seedlings of Oogata-Fukuju and LS-89, susceptible and
resistant to bacterial wilt, respectively, were dipped into
a solution of R. solanacearum OE1-1 at 10® cfu/ml and
incubated at 25°C in water culture with 5X-diluted
Hoagland’s solution. The stems were cut 10 mm below
the cotyledon with a razor blade, and the cut surfaces
were blotted onto Immobilon-P membranes. Then the
stems were cut 5 mm above the cut surfaces to deter-
mine the population of K. solanacearum in the 5 mm
section above the cut, blotted surface using Hara-Ono
selective medium®.

Oogata-Fukuju seedlings started to wilt 3 days after
inoculation and all seedlings wilted 8 days after inocula-
tion. Using TPI at all samplings, bacteria were first
detected 1 day after inoculation (Fig. 1A). At 5 days
after inoculation, the bacteria were detected in all the
Oogata-Fukuju seedlings. The population from the col-
lars was estimated at more than 10° cfu/g. By 13 days
after inoculation, 269 of the LS-89 seedlings had wilted.
The bacteria were detected from the collars of LS-89
seedlings when the population of bacteria was more than
2.0X10° cfu/g (Fig. 1B). From all wilting seedlings, the
bacteria were detected using TPI. Non-specific blue
products on the membranes were not observed from
stems of non-inoculated Oogata-Fukuju and LS-89 seed-
lings.
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Days after inoculation
Fig. 1. Detection of Ralstonia solanacearum using the
tissue printing immunoassay from tomato seed-
lings cultivars Oogata-Fukuju (A) and LS-89 (B)
inoculated by the root dipping method and
population of the bacteria in the seedlings by
using Hara-Ono selective medium. Symbols A,
A, and @ represent a non-wilting tomato seed-
ling from which R. solanacearum is not detected,
a non-wilting tomato plant from which the
bacteria are detected, and a wilting tomato
plant from which the bacteria are detected,
respectively.

Sixteen seedlings each of Oogata-Fukuju and LS-89
were transplanted 44 days after sowing into a bacteria-
infested field located at Nankoku in Kochi prefecture,
Japan, on May 7, 1997. From 32 to 53 days after trans-
planting, the lateral branches of the lowest leaf were cut
with a razor blade. Cut surfaces were then blotted onto
the Immobilon-P membranes. Bacteria were first detect-
ed from two non-wilting Oogata-Fukuju plants 32 days
after transplanting by TPI (Table 2). The two plants
then wilted 36 days and 39 days after transplanting. The
bacteria were detected from 15 plants (14 of them
wilting) 46 days after transplanting. At 50 days after
transplanting, the bacteria were detected from 16 wilt-
ing plants. LS-89 plants did not wilt at all, nor could the
bacteria be detected.

Rapid and accurate detection of the causal agents of
diseases is essential for plant health certification. Using
TPI, although we can detect R. solanacearum from
wilting tomato plants in which the population of bacte-
ria was more than 10° cfu/g, we cannot always detect
the bacteria from latently infected tomato plants. The
sample volume for tissue blotting on the membranes was
a few microliters and detection limit of the bacteria in
vitro was 10% cfu. Therefore, the detection limit from
infected tomato plants using tissue blotting is theoreti-
cally 10° cfu/g. After the bacteria proliferate to more
than 107-10% cfu/g in the roots and collars of tomato
plants, they move into and proliferate in the upper
stems™!?. Bacterial wilt then develops in the plants. By
the time wilting is observed then, the bacterial popula-
tion will be high enough to be measured by the TPI
method.

Table 2. Detection of Ralstonia solanacearum from in-
fected tomato plants cultivar Oogata-Fukuju
in a field using the tissue printing immuno-
assay

Plant Days after transplanting

No. 32 36 39 43 46 50 53
1 oY [ J [ J
2 ) ® o
3 ® ® o
4 ® ®
5 [ [ J [ J
6 A [ ] o ®
7 A [ J o
8 A A ® ® [ ] ® ®
9 O [ J [ [ ] [ J [ J

10 ® ® ®

11 ] [ o ®

12 [ ] @ ® ®

13 [ [ ( ® ® ®

14 ® ® ®

15 [ o ® [ ®

16 A ® [ ® ® ® [ J

a) A, non-wilting tomato plant, bacteria detected; @,
wilting tomato plant, bacteria detected; O, wilting
tomato, bacteria not detected.

In tomato fields, bacterial wilt caused by R.
solanacearum is difficult to distinguish visually from
fungal wilt by Fusarium oxysporum f. sp. lycopersici and
Phytophthora drechsleri. The TPI technique will be sensi-
tive enough for the early detection of R. solanacearum in
wilting tomato plants and thus distinguishing bacterial
wilt from fungal wilt.

Immunological procedures are commonly utilized in
pathogen detection'® with improved procedures being
designed for specific diagnosis of plant diseases caused
by various bacterial pathogens. Immunological detec-
tion of plant bacteria requires either preparation of
tissue specimen sections or extraction of bacteria from
infected tissues. Tissue sectioning or extraction is often
cumbersome and time consuming. Methods that reduce
the time required for sample preparation are desirable
for the routine indexing of large numbers of field sam-
ples and the study of plant bacteria epidemiology.

One of the advantages of the tissue blotting technique
for the detection of plant pathogens is that someone can
prepare the blotting membrane in any laboratory, green-
house or fields after a few instructions. R. solanacearum
could also be detected from wilting and non-wilting
eggplants surrounding wilting ones cultivated in a
grower’s greenhouse using the technique (Fig. 2).
Furthermore, the tissue blot membranes could be stored
at 4°C and/or transported and processed 3 weeks after
the samples were applied without changing the detection
limit. In addition, a large number of samples can be
processed in a short time. These advantages should
make this method useful for the diagnosis of other
bacterial diseases as well as bacterial wilt by R.
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Fig. 2. Detection of Ralstonia solanacearum from egg-
plants in a grower’s greenhouse using the tissue
printing immunoassay. The eight blots in the
black frame are from wilting eggplants. The
others are from non-wilting eggplants surround-
ing the wilting plants in the greenhouse.

solanacearum.
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hiE (BA) EF-2BE - ERNIAE - REREE - N\E
HERE « $iR—E - BMFEE - BEFEHL: Tissue Printing Im-

munoassay % fV>7: Ralstonia solanacearum ORI

Ralstonia solanacearum (RS) B % 7u vy + L7 Im-
mobilon-P(I-P) %, RS i34 2 7 4 ¥ IgG ¥, Fe\> T alkaline
phosphatase ¥&¥1 7 4 ¥ IgG ¥ ¥ IgG Iz 2%, 5-bromo-
4-chloro-3-indolylphosphate & nitro blue tetrazolium % & i
REEERICEE LRA L L 25, RHBRIZ 102 cfu/dot T
Holzo MIZRSEEZREREL - M~ N (R KBEH
£ LS-89) OHipsIiMiEi % [P 7ay b LIz b 25, RS
RHEIEH» Y HERE 1 HEOHE® S b RSB S h, BREER
1% 105-10° cfu/g TH - 7z, KEEF & LS-89 % Fhmi5RES
TEREL, B FUESEERNCIPIZ7 oy L, LS89 T
i RS 3R E T, BRRORBORD S d oz, KEE
FTIRFERERO A% S KRR S b RSB Il &
BEAOVT, NUARBOEREREE T R L ABOKRRER
F A5 5 RS SR TE T2 U EORERD» S, Kkid, EBE
53 RS ODMHBWCEHTH S Z LBRENT,
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