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ABSTRACT

Song, H. S., Lim, S. M., and Clark, J. M., Jr. 1993. Purification and partial characterization of a host-specific pathotoxin from culture filtrates

of Septoria glycines. Phytopathology 83:659-661.

A host-specific pathotoxin isolated from culture filtrate of Septoria
glycines caused typical symptoms of brown spot disease on cotyledons
and leaves of soybean. This toxin was stable until autoclaving, but drying
the toxin under flash-evaporation at 46 C in vacuo destroyed over 99%
of the toxin activity. The toxin was purified approximately 16,000-fold
by sequential carboxymethyl (CM)-cellulose treatment, diethylaminoethyl
(DEAE)-cellulose chromatography, dialysis, gel filtration, and 5% char-
coal treatment. The purified toxin appeared to be a polysaccharide because
it was resistant to proteinase K, but oxidation with 35 mM IO, and

incubation with a-mannosidase, 3-galactosidase, or -glucosidase mark-
edly reduced toxin activity., The partial characterization of the purified
toxin as a polysaccharide was supported by positive results with phenol-
H,S0, and carbazole tests and increased generation of reducing center
analysis (detected by reduction with NaB*H,) after acid hydrolysis. The
combined results indicated that the toxin is an approximately 20,000-
Da polysaccharide with a high content of uronic acids and perhaps low
levels of mannose, galactose, and glucose.

Septoria glycines Hemmi causes brown spot disease on soybeans
expressed as initial reddish-brown leaf spots surrounded by yellow
halos (12). Progression of the disease yields rapidly spreading
chlorotic lesions, premature defoliation, and a yield reduction
of up to 10% in naturally infected soybeans (20,21). These disease
symptoms suggest that a pathotoxin may be a primary determinant
of brown spot development (17).

The relationships between host-specific toxins and pathogenesis
have been investigated. Various host-specific toxins have been
purified from culture filtrates and generally, are low molecular-
weight compounds (13-16,19,23,26). Among Septoria spp., Sep-
toria nodorum (Berk.) Berk. has been reported to produce a
nonhost-specific phytotoxin that is a melleine-containing acidic
phenol (4,5). This phytotoxin has been used in a series of physio-
logical studies (4,5). The purification and characterization of
pathotoxins of S. glycines, however, have not been reported. Here
we describe the purification and partial characterization of a host-
specific pathotoxin produced by S. glycines.

MATERIALS AND METHODS

Pathogen and pathotoxin production. An Illinois isolate of
8. glycines (ATCC 38699) was cultured on potato-dextrose agar
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(PDA) for 21 days. A 50-ml portion of the conidial suspension
(5 X 10° conidia/ml of sterile distilled water) of S. glycines was
prepared from PDA cultures, added to 500 ml of Septoria medium
(the MS medium of Murashige and Skoog [ 18] modified to include
3 g of KNOy, 0.25 amounts of micronutrients, 2 g of yeast extract
per liter, and pH 4.5), and incubated without agitation at room
temperature for 21 days. Culture filtrates were obtained by suc-
cessive filtration through four layers of cheesecloth, two layers
of Whatman No. 1 filter paper, and four separate Millipore filters
(5.0-, 1.2-, 0.8-, and 0.45-um pore sizes). The culture filtrates
were stored at 4 C for 12 h before precipitates were removed
by centrifugation (800 X g for 15 min).

Bioassay methods. Toxin toxicity on soybean cotyledons was
assayed by placing a drop (20 ul) of culture filtrate on the detached
cotyledons previously wounded by pricking gently with a sterilized
needle. The inoculated cotyledons were incubated in the growth
chamber at 25 +2 C for | wk prior to measurement of patho-
toxicity (11).

Toxin toxicity on plant calli was assayed by culturing 14-day-
old calli of host plants (soybean [Glycine max (L.) Merr.]) and
nonhost plants (carrot [ Daucus carota L.], corn [Zea mays L.],
cotton [Gossypium hirsutum L1.], Datura innoxia Mill., and
tobacco [ Nicotiana tabacum 1.]) on 2 volumes of filter-sterilized
pathotoxic culture filtrate diluted with 1 volume of sterile 40
uM 2.4-dichlorophenoxyacetic acid in MS medium for 4 wk at
25 +£2 C in the dark. Viability of the calli was measured 7 days
after incubation by 2,3,5-triphenyltetrazolium chloride assay (25).
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Toxin toxicity on soybean leaves was assayed by spraying (20
ml per five leaves) the pathotoxic culture filtrate onto the surface
of soybean (trifoliate seedlings) leaves previously wounded by
rubbing gently with a dry sponge and incubating (25 £2 C) the
inoculated seedlings in a saturated moist chamber for 2 days,
followed by further incubation (25 +2 C) in a greenhouse. Disease
symptoms were quantified by the method of Pataky and Sim
(20).

Toxin purification. All steps were carried out at 0-4 C. Con-
taminating cationic components initially were removed from 500
ml of centrifuged clarified culture filtrate by stirring for 3 h with
20 g of preequilibrated CM-cellulose suspended in 250 ml of 30
mM sodium acetate, pH 4.5, followed by vacuum filtration. Toxin
in this filtrate was concentrated by passage over a 2.5- X 17-
cm column of DEAE-cellulose preequilibrated with 10 mM Tris-
HCI, pH 8.0, and subsequent elution with 100 ml of a linear
gradient of 0.01-2.0 M NaCl in 10 mM Tris-HCI, pH 8.0, while
collecting 1.5-ml fractions. The three to four fractions containing
toxin activity were combined, dialyzed free of salts (3 h, molecular
weight-cutoff 6,000-8,000, against water), lyophilized to dryness,
and dissolved in 1 ml of distilled water, prior to passage over
a 1.5- X 40-cm column of Sephadex G-75 preequilibrated with
distilled water. The one or two fractions (I ml each) containing
toxin activity were mixed with 50 mg of activated charcoal and
clarified by passage through a Millipore filter (0.45 um) before
lyophilization. Toxin purification was assessed by comparing the
concentration (milligrams per milliliter, dry weight per volume)
of the sample from each step with the minimum dilution required
to induce typical brown spot symptoms in the cotyledon bioassay.
Relative toxin activity was expressed as the proportion of patho-
toxicity present at each step relative to pathotoxicity of the first
step. No significant activity was obtained when biologically inac-
tive fractions from each step were pooled and concentrated.

Characterization of pathotoxin. Heat, enzymatic, acid, and 104~
sensitivity were assayed with partially purified toxin (after gel
filtration). These assays employed either an autoclave (120 C for
20 min), incubations with 5% proteinase K (Sigma P6556, Sigma
Chemical Company, St. Louis, MO; 30 min at 37 C), a-man-
nosidase (38 U/ml; Sigma M1266; 6 h at 25 C), B-galactosidase
(1 U/ml; Sigma G1875; 5 h at 37 C), and B-glucosidase (16 U/
ml; Sigma G4511; 5 h at 37 G), treatment with a final concentration
of 1 N HCI for 3 h at 100 C, or treatment with 35 mM NalO,
for 48 h at 25 C.

More specific chemical tests of carbohydrate character em-
ployed the final purified toxin. The phenol-H,SO, assay employed
- to 5-ug samples of acid-hydrolyzed (I N HCL; 100 C for 6
h) and unhydrolyzed standards (p-glucuronic acid, p-mannuronic
acid lactone, polygalacturonic acid, and bovine serum albumin)
and purified toxin in 200 ul of water. These samples were analyzed
by the phenol-H,SOy test (1). The carbazole test (3) employed
5- to 25-ug samples of galacturonic or glucuronic acid, man-
nuronic acid lactone, or protein standards and the purified toxin.
Reducing sugars were determined by isotopic microanalysis of
carbohydrate mixture according to the method of Clark and Swit-
zer (2), with toxin, polygalacturonic acid, and maltose standards
and p-sorbitol as a background control.

RESULTS

Purification of toxin. Preliminary results indicated that the
pathotoxin was anionic at pH 4.5 because it did not adsorb to
the CM-cellulose but did adsorb to DEAE-cellulose at pH 8.0.
Therefore, we employed pH 4.5 treatment of the initial culture
filtrate of S. glycines with CM-cellulose to remove contaminating
cations and a subsequent pH 8.0 DEAE-cellulose-column chroma-
tography step in the presence of a NaCl gradient to generate
an approximately 300-fold purification of the toxin (Table I).
We noted that the toxin was macromolecular: It would not dialyze
through a 6,000- to 8,000-Da dialysis membrane. Therefore, we
employed gel filtration chromatography (Sephadex G-75) to
collect the approximately 20,000-Da toxin (gel filtration size
characterization relative to DNP-glycine, cytochrome ¢, and blue
dextran standards) and obtained, overall, an approximately 10,000-
fold purification (Table 1). This highly purified toxin finally was
freed of colored contaminants by treatment with charcoal and
subsequent filtration to obtain a clear solution of approximately
16,000-fold purified toxin (Table I).

Characterization of the pathotoxin. The pathotoxin in the cul-
ture filtrate of S. glycines is host specific. Specifically, the
pathotoxic culture filtrate produced by S. glycines induced typical
symptoms of brown spot on soybean leaves and cotyledons and
inhibited soybean callus growth (and eventually killed soybean
calli). In contrast, the pathotoxic culture filtrate did not affect
other nonhost calli, such as carrot, corn, cotton, Datura innoxia,
and tobacco.

The results indicated that the purified pathotoxin of S. glycines
was a large polysaccharide (approximately 20,000 Da) rich in
uronic acid(s). First, the steps used to purify the pathotoxin indi-
cated it was a large polyanion because the pathotoxin did not
adsorb to CM-cellulose at pH 4.5 but did adsorb to DEAE-
cellulose at pH 8.0 and was resolved on gel filtration as a 20,000-
Da component. Second, the toxin was a macromolecule: It was
undialyzable yet was inactivated by high surface tensions asso-
ciated with flash evaporation and was not inactivated by less
stressful lyophilization. Third, the pathotoxin was not a protein
because the pathotoxin was autoclavable, resistant to treatment
with the broad-spectrum protease proteinase K (5%), and rela-
tively stable after acid hydrolysis with 1 N HCl for 3 h at 100 C.
Fourth, the pathotoxin showed characteristics of a carbohydrate:
The pathotoxin yielded a weak, but positive, response in the carbo-
hydrate-specific phenol-H,S0, assay; the pathotoxin was totally
destroyed after treatment with partially purified glycosidases
(e-mannosidase, B-galactosidase, and B-glucosidase); and, most
significantly, the pathotoxin was totally destroyed after mild oxi-
dation by the glycol-specific reagent 10, (35 mM). Fifth, several
lines of evidence indicated that the pathotoxin was a carbohydrate
rich in uronic acid(s). Specifically, the purification showed that
the pathotoxin was a polyanion adsorbed by DEAE-cellulose at
pH 8.0 but not by CM-cellulose at pH 4.5. Most importantly,
the pathotoxin yielded a positive response in the uronic acid-
specific carbazole test (3). This response was only slightly enhanced
by prolonged hydrolysis in 1 N HCI, a result that agreed with
the well-known (3) resistance of polyuronic acids to acid hydroly-

TABLE I. Relative activity of toxin from culture filtrate Seproria glycines recovered during purification

Dry weight Dilution Minimum conc.” Relative activity®
Step” (mg) end point (mg/ml) (fold purification)
CM-cellulose treatment 11.66 1:80 1.4> 107" 1
DEAE-cellulose chromatography 0.47 1:1,000 46> 107" 304
Sephadex G-75 gel filtration 0.14 1:10,000 1.38 X 10°° 10,145
50 Charcoal treatment 0.07 1:8,000 8.6X10°° 16,279

* Carboxymethyl (CM)-cellulose supernatant fluid was obtained by filtration of CM-cellulose after culture filtrate was mixed with CM-cellulose

for 3 h at 4 C; diethylaminoethyl (DEAE)-cellulose chromatography.

" Minimum concentration of samples exhibiting toxin activity was determined measuring dilution end point.
“ Relative activity was expressed as the proportion of the original toxin activity of each step relative to toxin activity of the first step.
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TABLE 2. Comparison of the incorporation of NaB*H, into acid hydro-
lyzed and unhydrolyzed p-sorbitol, maltose, toxin produced by Seproria
glycines, and polygalacturonic acid

Radioactivity
Total amount  in samples”  Specific activity

Treatment (mg/ ml) (dpm) (dpm/mmole)
Acid hydrolyzed®

p-sorbitol 3.6 76,904 1.2 X 107

maltose 7.2 164,275 2.6 X 107

polygalacturonic acid 42 213,908 3.3% 107

toxin 42 384,992 6.1 X107
Nonhydrolyzed

p-sorbitol 3.6 70,625 1.1x107

maltose 750 84,463 1.3 X107

polygalacturonic acid 4.2 82,426 13X 107

toxin 42 224,943 6.1 X 107

* Counting efficiency was 63%.
" Samples was hydrolyzed with 1 N HCI at 100 C for 6 h. Each treatment
had two replicates.

sis, as confirmed by the similar response of polygalacturonic acid.
Finally, the limited hydrolysis with acid, as detected by subsequent
reduction with NaB°H, (2), indicated that the pathotoxin was
a polyuronic acid resistant to acid hydrolysis (Table 2).

DISCUSSION

We report that S. glycines produces a host-specific, macro-
molecular, uronic acid-rich, polysaccharide pathotoxin that causes
typical brown spot symptoms on soybeans. Although purification
and characterization of the toxin produced by S. glycines has
not been reported until now, a toxin produced by S. nodorum
has been studied chemically and physiologically (4,5). The S.
nodorum toxin was characterized as a low molecular-weight com-
pound (melleine-containing acidic phenol) and nonhost specific.
There is, therefore, no similarity between the toxins of S. glycines
and S. nodorum with respect to chemical structure and host spe-
cificity.

The S. glycines toxin can be purified 16,000-fold through suc-
cessive use of CM-cellulose treatment, DEAE-cellulose chroma-
tography, Sephadex G-75 gel filtration, and charcoal treatment
and is a polysaccharide macromolecule. Most of the other macro-
molecular toxins purified to date are either polysaccharide or
glycopeptide in character. These other toxins (13,22,24,27) are
similar to the S. glycines toxin because they exhibit high viscosity
in solution, are nondialyzable, and can be purified through ion-
exchange chromatography (6-10). These macromolecular patho-
toxins, however, differ from the pathotoxin of S. glycines because
they are nonhost specific and appear to function by causing vascu-
lar disease. MacNeil and Zalasky examined the host-specific mor-
phological and potential physiological role of S. glycines on
soybeans (17). Using light microscopy, they found that plasmolysis
occurred in soybean epidermal cells prior to S. glycines penetration
and assumed that a toxin activity was required for pathogenesis
(17). This finding suggests a more specific pathotoxic function
(other than vascular disease) for the host-specific pathotoxin pro-
duced by S. glycines but does not rule out a vascular-disease
role for the S. glycines pathotoxin.

Demonstration of S. glycines toxin as a uronic acid-rich poly-
saccharide suggests that further characterization of the structure
of the pathotoxin will be difficult. Acidic sugar derivatives or
aminosugars are much more resistant to acid hydrolysis than are
neutral sugars (3). Therefore, acid-mediated hydrolytic cleavage
of this pathotoxin into specific subunits will be difficult. This
point is supported by our observation (Table 2) that the S. glycines
toxin is not extensively hydrolyzed during prolonged acid hy-
drolysis (1 N HCI at 100 C for 6 h) (i.e., it yielded only a two-
fold increase in reducing sugars compared to the nonhydrolyzed
sample). Therefore, one must explore the potential of specific
polysaccharidases or polyuronidases to aid the further chemical
characterization of the most specific pathotoxin produced by S.
glycines.
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