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ABSTRACT

Leary, J. V., Roberts, S., and Willis, J. W. 1988. Detection of coronatine toxin of Pseudomonas syringae pv. glycinea with an enzyme-linked

immunosorbent assay. Phytopathology 78:1498-1500.

A rapid, reliable method for detecting coronatine toxin produced by
Pseudomonas syringae pv. glycinea employed antibodies raised to a bovine
serum albumin-coronatine conjugate. The antiserum was used in an

enzyme-linked immunosorbent assay to detect coronatine in culture
filtrates and partially purified toxin preparations.

Coronatine, a phytotoxin produced by Pseudomonas syringae
pv. glycinea (5), Pseudomonas syringae pv. atropurpurea (6), and
Pseudomonas syringae pv. tomato (6), causes chlorosis in the
respective hosts of the bacteria: soybean (Glycine max (L) Merr.),
Italian ryegrass (Lolium multiflorum Lam.), and tomato
(Lycopersicon esculentum Mill.). As little as 25 ng of coronatine
causes detectable chlorosis when applied to soybean leaves (4).
Although production of coronatine does not appear to be essential
for pathogenicity (1), it is important in the development of typical
disease symptoms in bacterial blight of soybeans.

Methods for detection of coronatine include induction of
chlorosis in soybean leaves (1), induction of hypertrophy in potato
tuber disks (8), and thin-layer chromatography of partially
purified culture fluid extracts (4,5). However, none of these
methods is sufficiently rapid and simple for screening the large
number of bacterial isolates required for studies of the genetics of
coronatine production. Therefore, antibodies to a bovine serum
albumin (BSA)-coronatine conjugate were produced and
employed in an enzyme-linked immunosorbent assay (ELISA) for
the rapid and efficient detection of coronatine in culture filtrates
and partially purified toxin preparations.

MATERIALS AND METHODS

Preparation of BSA-coronatine conjugate. Ten mg of
coronatine, purified according to Mitchell’s procedure (4), was
dissolved in 5 ml of carbonate-bicarbonate buffer (pH 8.4). One
hundred mg of BSA was dissolved in 5 ml of the same buffer, and
the two solutions were mixed and stirred overnight (18 hr)at 4 Cin
the dark. The BSA-coronatine solution was then dialyzed
overnight against sterile deionized-distilled water.

Confirmation of conjugation of coronatine to BSA was tested by
the determination of free amino groups by trinitrobenzenesulfonic
acid (2) and by applying a sample of the dialysate to an isoelectric
focusing SERVALYT-precote plate (Serva Fine Biochemicals,
Haake Buchler Saddle Brook, NJ) (pH 3-10) and focusing on a
Desaga Brinkman double chamber model 171D isoelectric
focusing apparatus (Brinkman Instrument Co., Westbury, NY),
cooled by a Savant model RWCS50A condenser to 0 C. Current was
applied by a Savant HV 5000A high-voltage power supply (Savant
Instruments, Farmingdale, NY). Voltage was started at 200 V and
increased to 2,000 V over 2 hr. BSA suspended in buffer and
dialyzed against water served as the control. Proteins were
visualized by staining with Serva Blue W.

Production and purification of antibodies. Ascitic fluid was
induced in Balb-C mice by one intraperitoneal injection with
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Fig. 1. Isoelectric focusing gel of bovine serum albumin (BSA) (A) and
BSA-coronatine conjugate (B). A sample of the coronatine-BSA conjugate
was applied to an isoelectric focusing SERVALYT-precote plate (Serva
Fine Biochemicals, Inc. Dist., Haake Buchler Saddle Brook, NJ) (pH 3-10)
and focused on a Desaga Brinkman double chamber model 171D
isoelectric focusing apparatus (Brinkman Instrument Co., Westbury, NY)
cooled by a Savant model RWC50A condenser to 0 C. Current was applied
by a Savant HV 5000A high-voltage power supply (Savant Instruments,
Farmingdale, NY). Voltage was started at 200 V and increased to 2,000 V
over 2 hr. BSA suspended in buffer and dialyzed against water served as the
control. Proteins were visualized by staining with Serva Blue W.



Pristane, followed by intraperitoneal injections with 0.2 ml of a 9:1
mixture of Freunds Complete Adjuvant and BSA-coronatine
conjugate (10 mg/ml) (10). Two wk was allowed between the first
and second injections, followed by weekly injections for the next 3
wk. Fluids were collected from the abdominal cavity by inserting a
18-gauge needle and allowing the fluid to drain. Ascitic fluid was
collected whenever appreciable amounts of fluid became visibly
evident, and was then frozen immediately. Upon subsequent
thawing, fibrin clots were removed by centrifugation at 17,000 g at
5 C. IgG was purified by the method of Steinbuch and Audran (9).
ELISA reagents. The following were used for a coating buffer:
Na,COs3, 1.59 g; NaHCO:s, 2.93 g; NaN;3, 0.2 g per liter of H,O (pH
9.6). PBST buffer consisted of: NaCl, 8 g; KH,PO4, 0.2 g;
NaH;POs, 1.16 g; KCI, 0.2 g; 0.5 ml Tween 20 per liter of H,O (pH
7.4); 10% diethanolamine (DEA), 9.7 ml; H,O, 80 ml, adjusted to
pH 8.6 with HCI, bringing final volume to 100 ml. The substrate
was p-nitrophenolphosphate, 1 mg per milliliter of 109 DEA.
Coating. Two hundred ul of coronatine, diluted appropriately,
and/or culture filtrates diluted 1:20 were added to wells of
Immulon II Flat Bottom Microelisa plates (Dynatech, Chantilly,

VA) by drying overnight with circulating air at 37 C.

Assay. Plates were washed three times for 3 min each with PBST
atroom temperature after coating and between additions of 200 ul
of antiserum (IgG) diluted 100X with PBST; and 200 ul of goat
anti-mouse alkaline phosphatase (Miles Laboratories) diluted
1:2,000 with PBST. Each addition was incubated for 2 hr. Two
hundred ul of p-nitrophenolphosphate was then added and the
reaction stopped after 45 min with 50 ul of 3 N NaOH.

TABLE 1. Sensitivity of ELISA for detecting coronatine

Coronatine concentration

(ug/ml)* ELISA Aqs°
0.0 0.053 + 0.003
0.006 0.266 + 0.0160
0.06 0.639 + 0.0491
0.60 0.940 + 0.0092
6.0 0.785 * 0.0214

* Antiserum at a 1/100 dilution.
®Mean * standard deviation of four replications.
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Fig. 2. Enzyme-linked immunosorbent assay results with coronatine diluted to 200 ng/ml to coat the wells. Antisera dilutions were made as indicated. Each
point represents three repetitions, and the bars represent the standard deviation of three replicates. Control wells containing all reactants except coronatine
were used to zero the instrument. ——- = rabbit antiserum after four injections of coronatine-BSA conjugate; - - - - = preimmune control.

TABLE 2. Detection of coronatine in Pseudomonas syringae culture filtrates by ELISA

ELISA Auos’

Plant
Isolate Source Phenotype (4) response’ Normal (IgG) Immune (IgG)
P. s. glycinea R. W. Mitchell
4180 Tox" ar 0.130 £0.018 0.620 £ 0.026
4333 Tox" A 0.137 £ 0.009 0.553 +0.023
4182 Tox" r 0.131 £0.011 0.643 + 0.028
4327 Tox™ - 0.139 £0.016 0.203 £0.019
P. 5. morsprunorum R. W. Mitchell
567 Tox" ND 0.078 £ 0.01 0.619 % 0.054
3976 Tox™ ND 0.070% 0.004 0.219 £ 0.054
“+ = chlorosis produced by culture filtrate; — = no chlorosis; ND = not determined.

®Mean * standard deviation of 12 replications. Antiserum (IgG) was used ata 1:100 dilution. Control wells containing all reactants except coronatine were
used to zero the instrument.
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TABLE 3. Specificity of the antibody for coronatine in the ELISA assay

HPLC fraction® ELISA Aqs”

Coronfacic acid (peak 1) .048 £ .005
Unknown (peak 2) .052 +.002
Coronatine (peak 3) .404 £.008

“Equal amounts of substance per well.
®Mean = standard deviation of four replications.

Screening of bacteria for coronatine production. Colonies were
inoculated into 10 ml of minimal medium and grown for 5 days at
18-24 C. The bacteria were removed by centrifugation, and the
culture filtrates were diluted 1:20 with coating buffer and used to
coat the wells as described above. Culture filtrates were
simultaneously infiltrated into primary leaves of 7-day-old
soybean plants by using the Hagborg device (3) and incubated at 18
C. Symptoms were recorded 2 days postinoculation. The bacterial
strains utilized were provided by R. Mitchell. The Tox" or Tox
phenotype was determined by Mitchell (4). The phenotype of the
P. 5. glycinea strains was confirmed by inoculation of 10° colony-
forming units per milliliter into soybean leaves.

RESULTS AND DISCUSSION

Preliminary experiments tested the assumption that the keto-
oxygen of coronatine would conjugate to the free amino groups on
BSA to form a molecule with an altered isoelectric point.
Cyclohexanone, which also contains a cyclic keto-oxygen, was
conjugated to BSA in buffers ranging in pH from 4.0 to 11.0. The
optimum pH for conjugation was determined to be about 8.4,
which was subsequently used in the conjugation of BSA to
coronatine.

The reaction of BSA with coronatine under these conditions
yielded a product with an isoelectric focusing Rf of 0.70, whereas
BSA alone had an Rf of 0.59 (Fig. 1). These results indicated that
the coronatine was conjugated to the BSA. This was confirmed by
the failure to detect a significant number of free amino groups.

A 1:100 dilution of antiserum (IgG) raised against the
coronatine-BSA conjugate gave the maximum absorbance in the
ELISA reaction (Fig. 2). ELISA detected as little as 6 ng of
coronatine (Table 1). The P. s. glycinea strains examined by
Mitchell (4) produced between 0.5 and 6.7 ug/ul of coronatine,
substantially more than enough toxin to be detected by the ELISA
assay described here. The ELISA results from the culture filtrates
(Table 2) indicate that the antibodies can be routinely used to
screen for coronatine production by P. s. glycinea isolates. When
coronatine, purified by the procedures described above, is
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analyzed by high-pressure liquid chromatography (HPLC), three
peaks are observed. The three compounds are coronafacic acid
(peak 1), coronatine (peak 3), and an unknown compound (peak
2). To determine the specificity of the antibody for coronatine, the
HPLC fractions were collected and reacted against a 1:100 dilution
of the antibody. Only coronatine produced a positive ELISA
reaction (Table 3).

This is the first report of an antiserum made to such a phytotoxic
organic molecule and of the use of the antiserum in ELISA. The
ELISA is more sensitive than whole plant assays in detecting
coronatine, with the advantage that ELISA also allows rapid
determination of coronatine production. Plant inoculation
required higher concentrations of inoculum and the maintenance
of plants. The ELISA assay can be readily adapted for the
detection of mutants, spontaneous or induced, that no longer
produce coronatine, or for the detection of coronatine produced by
other bacterial species. The successful use of the ELISA assay for
coronatine also indicates its possible value in the assay for the
production of other phytotoxins.
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