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ABSTRACT

CROSTHWAITE, L.. M. and S. J. SHEEN. 1979. Inhibition of ribulose 1,5-bisphosphate carboxylase by a toxin isolated from Pyeudomonas tabact.
Phytopathology 69:376-379.

Toxin purified from culture filtrates of Pseudontonas tahaci by column binding with the toxin. On the other hand, the toxin did not inhibit
chromatography inhibited ribulose 1,5-bisphosphate carboxylase activity peroxidase and polyphenoloxidase activities from the same tobacco
of Fraction I proteins obtained from tobacco cultivars. Inhibition was cultivars. A similarly prepared fraction from P. pisi did not inhibit the
reduced when toxin was inactivated by heating at 110 C for 20 min. An activity of carboxylase and oxidases. The results indicate that P. tabaci
inverse relationship existed between toxin concentration and inhibition of toxin can inhibit photosynthetic CO2 fixation, and it has a degree of
enzyme activity. When a mixture of toxin and Fraction I protein was specificity to cellular enzymes; this specificity is not, however, related to
fractionated by gel permeation, Fraction I protein showed a reduction of resistance or susceptibility of tobacco cultivars to this pathogen.
carboxylase activity, suggesting that the protein may be modified by

Additional key words: Fraction I protein, tabtoxin.

A number of chlorosis-inducing pathotoxins have been isolated (New England Nuclear Corp.) before counting with a Packard 3300
from plant pathogenic pseudomonads. In particular, the agent of liquid scintillation spectrometer.
tobacco wildfire, Pseudomonas tabaci, produces an exotoxin P. tabaci (Kentucky isolate No. 5) was cultured on Woolley's
(tabtoxin) that contains a highly reactive /3-lactam ring. Stewart chemically defined medium with aeration at ambient temperature
(14) suggested that the mode of action of tabtoxin may involve (16). Four days later, the culture solution was centrifuged at 20,000
alkylation of the active site of an enzyme. Glutamine synthetase g at 4 C to remove cell debris, and the supernatant fluid was freeze-
was implicated as the site of action (11), but recent data with pea dried. Crude toxin was prepared by the method of Taylor et al (15)
glutamine synthetase showed otherwise (9). with modifications. The lyophilized culture filtrate was extracted

Fraction I protein in chloroplasts comprises as much as 50% of with methanol at 4 C, and the soluble fraction was evaporated in
the soluble proteins in the leaf and catalyzes both carboxylation vacuo in the presence of a 1: 1 mixture of celite and microcrystallin
and oxygenation of ribulose 1,5-bisphosphate (7). Ribulose 1,5- cellulose (Schwarz/ Mann). The powder (1-2 g) was applied to a
bisphosphate carboxylase (RuBPCase) is the key enzyme for CO2  column (2 X 39 cm) of the same celite and cellulose composition
fixation in photosynthesis. Any impairment of photosynthetic equilibrated with n-propanol and water (5: 1, v/v). The column was
apparatus at the level of RuBPCase by pathotoxin might result in run with 110 ml of n-propanol and water (4:1, v/v) followed with n-
the degeneration of chloroplast and subsequent development of propanol and water (3:1, v/v). An active fraction was eluted off the
chlorosis. This article reports the effect of toxin preparations from column with the latter solvent at 560 ml. The collected eluates
P. tahaci on the RuBPCase activity of tobacco Fraction I protein, yielded a fluffy white powder after removal of the solvent in vacuo
Fraction I proteins from tobacco cultivars resistant and susceptible at 40 C. The toxin preparation was spotted on silica gel thin layer
to wildfire pathogen were studied for possible differential responses plates and developed with n-propanol and water (3:1 v/v). Three
to tabtoxin. A preliminary report has been published (4). ninhydrin positive spots with Rf values of 0.29, 0.26 and 0.20 were

detected. A Rf value of 0.24 for tabtoxin analogs in the same
MATERIALS AND METHODS solvent system was reported by Taylor et al (15). For comparison, a

sample of purified tabtoxin was obtained from Dr. R. D. Durbin of
Tobacco, Nicotiana tabacum L. 'Burley 21'and 'NC 95,' resistant the University of Wisconsin.

and susceptible to wildfire, respectively, were grown with Inhibition of RuBPCase activity was determined by mixing the
hydroponic techniques in a greenhouse. Fraction I protein was heat-activated Fraction I protein with various amounts of toxin
isolated from leaves of 2 mo old tobacco plants and recrystallized solubilized in the same buffer and maintained at room temperature
twice according to the procedure of Chan et al (1). The RuBPCase for 1 hr before the assay. Toxin inactivated at 110 C for 20 min (16)
assay was that of Singh and Wildman (12,13) with slight and no toxin in the reaction mixture were the experimental
modifications. Briefly, after heat activation (35 C for 50 min), the controls. An additional control included a culture of Pseudomonas
solubilized Fraction I protein was preincubated at ambient pisi that was fractionated with the same procedures used to prepare
temperature for 10 min in 10 Mmol of Tris-HCl buffer, pH 7.8, P. tabaci toxin. P. pisi does not produce tabtoxin and is not a
containing 1.75 pmol of MACI2, 0.15 pmol of EDTA, 5 pmol of pathogen of tobacco.
NaHCO 3, and 1 IC of NaH CO 3 in a final volume of 0.15 ml. The To test possible binding of toxin with Fraction I protein, each of
reaction was started with addition of 14.5 pmol of ribulose 1,5- five vessels containing 2.3 mg of solubilized NC 95 Fraction I
bisphosphate (Cal Biochem) in 0.02 ml of the same buffer and protein was added with the following in an equal volume of 25 mM
stopped after 10 min with 0.15 of 4N HCI. The reaction mixture was Tris-HCl buffer, pH 7.6: (i) buffer only, (ii) 300 pg of P. tabaci
dried in a scintillation vial under a stream of air at 60 C, and the crude toxin preparation, (iii) 300 mg of heat-inactivated P. tabaci
residue was resuspended in I ml of H20 and 10 ml of Insta-Gel crude toxin preparation, (iv) 300pg of P. tabaci crude preparation

plus 300 pg of glutamine, or (v) 300 pg of glutamine. After 30-min
00031-949X/79/000070$03.00/0 incubation at 25 C, the reaction mixtures were loaded onto separate
©1979 The American Phytopathological Society Sephadex G-25 columns (2 X 13 cm) and eluted with the same
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TABLE I. Inhibition of ribulose 1,5-bisphosphate carboxylase (RuBPCase) activity of tobacco Fraction I protein by crude toxin preparations from culture
filtrates of Pseudomonas tahaci and P. pisr

Cultivar and quantity of Treatment and amount RuBPCase activity Inhibition
Fraction I protein of crude toxin (cpm mg of protein) (%)

NC 95 (20 Mg) Control (no toxin added) 48,132 0
P. tahaci toxin (240 jig) 24,547 49 t 2. I
P. tahaci toxin (24 yg) 3,369 93 t 9.3
P. tahaci heated toxin (24 Mig) 14,439 70 ± 5.6

Burley 21 (20 jg) Control (no toxin added) 30,980 0
P. tahaci toxin (240 ,Mg) 10,223 67 ± 4.2
P. tahaci toxin (24 Mg) 775 98 ± 7.6
P. lahaci heated toxin (24 Mg) 11,995 61 + 4.5

NC 95 (20 ug) Control (no toxin added) 71,000 0
P. pisi extract (60 Mg) 71.240 0

Burley 21 (20 jig) Control (no toxin added) 28,844 0
P. pisi extract (60 pjg) 28,179 2

"Average of three experiments with four replicates of each treatment. Percent inhibition is expressed as mean ± standard variation, the coefficient of
variability in the control experiments was less than 5% in all cases.

TABLE 2. Effect of tabtoxin on ribulose 1,5-bisphosphate carboxylase crude toxin preparation of P. tabaci was inhibited significantly,
(RuBPCase) activity of Fraction I protein from tobacco cultivar NC 95 compared with that of the control (Table I). When a high

Toxin dilution' RuBPCase activity Inhibition concentration of crude toxin was used, the carboxylase lost nearly
(cpmi mg of protein) () one-half of its activity in NC 95 and about two-thirds in Burley 21.Control (no toxin added) 43,491 0 However, a tenfold dilution of the crude toxin greatly enhanced the

I X 10-2 45,980 0 inhibitory effect, and the difference in percent inhibition of two
2 X 10-' 33,053 24 ± 6.3 tobacco cultivars became less apparent.
2 X 103 (heat-inactivated) 38,272 12 ± 2.9 The absence of differential response to wildfire toxin for the
I X 10-3 32,618 25 ± 2.8 Fraction I proteins of resistant and susceptible tobaccos was
5 X 10-4 28,704 34 ± 3.5 further substantiated in a separate experiment in which a partially
2 X 10-4 22,180 49 ± 2.1 purified toxin (the eluate of ninhydrin positive spots from silica gel
I X 10-4 42,186 3 ± 0.1 thin-layer plates) caused about 50% inhibition of RuBPCase for
a Five microliters of the tabtoxin solution from Dr. R. D. Durbin, both cultivars. Yet the amount of partially purified toxin in the

University of Wisconsin, was diluted to the given dilution with the assay reaction mixture containing 20 Mg of Fraction I protein was only 50
buffer. Results are average of two experiments with four replications, and ng. These results indicate that RuBPCase is not the site for
the coefficient of variability in the control and I X 10-2 dilution treatments differentiation of resistance and susceptibility to wildfire disease in
was less than 5%. tobacco. The crude toxin preparation of P. tabaci may contain

components exhibiting antagonistic effect against the pathotoxin
buffer to separate Fraction I protein from the unreacted toxin and or compounds capable of stimulating RuBPCase activity. Chollet
glutamine. Fractions immediately following the void volume were and Anderson (2) reported stimulation of RuBPCase activity by
collected for assay of RuBPCase activity, which was performed on chloroplast metabolites such as NADPH, 6-phosphogluconate,
the basis of 20 4g protein per reaction vessel with four replications fructose- 1,6-bisphosphate, ribulose-5-phosphate and 3-phospho-
for each treatment. Protein quantity was determined by Lowry's glycerate when these compounds were preincubated with tobacco
method (8) with bovine serum albumin as the standard. Fraction I protein before carboxylase assay. However, a

Polyphenoloxidase and peroxidase were prepared from freeze- similar preparation from P. pisi showed neither stimulation nor
dried leaves of Burley 21 and NC 95. Leaf powders were ground in inhibition of this photosynthetic enzyme from both tobacco
cold mortar and pestle in 0.1 M phosphate buffer, pH 7.2, cultivars. Thus, the wildfire toxin may be directly involved in the
containing 0.1% each of cysteine-HC1 and ascorbic acid. After regulation of photosynthesis or chloroplast function, at least at the
centrifugation at 20,000 g, ammonium sulfate was added to the level of CO 2 fixation.
supernatant fluid to a final concentration of 35%. The resultant Inhibition of RuBPCase with purified tabtoxin was consistent
precipitates contained the polyphenoloxidase fraction. A with the results of the crude toxin prevaration of P. tabaci
peroxidase preparation was obtained by adding ammonium sulfate (Table 2). Over the range of 10-2 to 2 X 10-4 dilution, the inhibition
to the 35% supernatant fluid to reach 70% saturation. Both oxidase showed an inverse relationship. Toxin from the same dilution series
fractions were dialyzed against 0.05 M phosphate buffer, pH 7.2, produced chlorosis on NC 95 seedling leaves, but the size of
for 16 hr at 4 C. The oxidase preparations were lyophilized and chlorotic spots did not clearly correspond to toxin concentrations.
their protein content determined by Lowry's method (8). Although the 2 X 10-4 dilution of the tabtoxin sample inhibited
Polyphenoloxidase activity was measured spectrophotometrically carboxylase about 50%, there was no significant inhibition with a
as change in absorbance at 475 nm with 3,4-dihydroxyphenylala- 104 dilution. On a semilogarithmic scale, the inverse relationship
nine as substrate in 0.1 M phosphate buffer, pH 6.1. Peroxidase with percent inhibition appeared linear (Fig. I). This pattern of
was assayed at 485 nm in a mixture of enzyme, H20 2, and p- response may stem from a unique property of the enzyme.
phenylenediamine in 0.1 M phosphate buffer, pH 6.0. Detailed It has been proposed that RuBPCase possesses regulatory and
procedures of oxidase preparation and assay have been reported catalytic sites for carboxylation; the former requires Mg" and
(10). HC0 3-, but the latter involves cofactors and substrates (2,3). In our

RESULTS AND DISCUSSION study, incubation of heat-activated enzyme with tabtoxin maychange the conformation of the enzyme that alters the activity of
The RuBPCase activity of Fraction I protein treated with the both sites to a different degree. If toxin in high concentration favors
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TABLE 3. Effect of crude toxin preparations from Pseudomonas tahaci and P. pisi on polyphenoloxidase and peroxidase activity

Cultivar Treatment" Peroxidase Polyphenoloxidase
(AOD/ 100 jg of protein, min) (AOD'mg of protein/min)

P. tabaci toxin only (2 mg/ml) 0 0
P. pisi preparation only (2 mg/ml) Trace 0

NC 95 Oxidase only 29.51 0.12
Oxidase + P. tabaci toxin (2 mgI ml) 29.80 0.12
Oxidase + P. tahaci toxin (0.4 mg/ ml) 29.6! 0.12
Oxidase + P. pisi extract (2 mg/ ml) 29.80 0.12

Burley 21 Oxidase only 20.72 0.08
Oxidase + P. tabaci toxin (2 mg/ml) 20.50 0.07
Oxidase + P. tabaci toxin (0.4 mgi ml) 20.50 0.08
Oxidase + P. pisi extract (2 mg/mI) 20.50 0.08

"Oxidases (I mg/ml) were prepared by dissolving partially purified enzymes in 0.1 M phosphate buffer, pH 6.0.

TABLE 4. Ribulose 1,5-bisphosphate carboxylase (RuBPCase) activity of active principles including tabtoxin. Durbin et al (6) reported more

NC 95 Fraction I protein after treatments with the crude toxin preparation than one toxin in the culture filtrate of P. tabaci. This also may
of Pseudomonas tabaci and glutamine explain why heat treatment caused 20-30% reduction of percent

inhibition for the crude toxin but 50% for the purified tabtoxin.
RuBPCase activity Inhibition Cytoplasmic oxidases catalyze polyphenol oxidation that leads

Treatment (cmp/mg of protein) (%) to tissue necrosis in plants. Inhibition of these oxidases by

Control (no toxin added) 7,328 0 pathotoxins could result in chlorosis. However, neither P. tabaci
P. tabaci toxin 905 88 nor P. pisi toxin preparations altered peroxidase or polyphenol-
P. tabaci toxin (heated) 2,351 68 oxidase activity (Table 3). Thus, the toxic agents from P. tabaci
P. tabaci toxin + glutamine 6,688 9 culture filtrate have selective reactions with cellular macro-
Glutamine 7,552 0 molecules.
a Each reaction mixture contained 2.3 mg of Fraction I protein, 300 pg of The toxin-treated Fraction I protein, which was purified through

crude toxin and/or 300 ug of glutamine. a Sephadex G-25 column, retained only 12% of the RuBPCase

activity of the control (Table 4). Inhibition was reduced by 20% in
protein treated with heat-inactivated toxin. The pathotoxic
principles from P. tabaci likely reacted with RuBPCase rather than
with cofactors or substrates since the unreacted toxin was excluded
by gel permeation. The inhibitory effect of the toxin was drastically

50 minimized when glutamine was included in the preincubation
mixture. These results support the earlier reports that glutamine
relieves the toxic effects of tabtoxin in a number of plant and

40- animal species (16). Sinden and Durbin (11) suggested that the
mode of action of wildfire toxin was the inhibition of glutamine

, synthetase. Because tabtoxin failed to inhibit pea glutamine
0 synthetase (9), the mode of action for tabtoxin is uncertain.
._ 30 Tobacco chloroplasts treated with purified tabtoxin showed

irreversible structural damage and twofold to fourfold increase in
_the concentration of ammonia (5). Chloloplast degeneration and

20 release of ammonia indicate the degradation of Fraction I protein.
Whether tabtoxin causes the degradation of Fraction I protein in
addition to inhibition of carboxylation remains to be elucidated.

)10 The possible interactions of other enzymes and macromolecules
C. involved in photosynthesis and photophosphorylation with the

toxin also need to be studied.
1 I 1 I I_
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