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ABSTRACT

Haploid and diploid forms of two strains of
Verticillium albo-atrum were virulent and avirulent,
respectively, to cotton. Both in agar cultures and
in liquid cultures, haploid forms released approxi-
mately 3.5 times as much polygalacturonase, 5.5
times as much polyphenol oxidase, and 10 times as
much [-glucosidase to the medium as did corre-

sponding diploid forms during 5 days’ incubation
at 25C. Wide differences in enzyme-synthesizing
capacity, exhibited by haploid and diploid forms of
V. albo-atrum, may account for differences in their
virulence to cotton (Gossypium hirsutum). Phyto-
pathology 60:488-490.

Physiological changes associated with vascular wilts
caused by Verticillium albo-atrum Reinke & Berth. and
Fusarium oxvysporum Schlecht. ex Fr. exhibit a number
of similarities (4, 8, 10, 13, 16). Many symptoms are
attributed to polygalacturonase (1, 3, 12), polyphenol
oxidase (7), and fB-glucosidase (2).

Recently Tolmsoff (14) isolated diploid forms from
a number of haploid V. albo-atrum isolates. When in-
jected into stems of susceptible cotton hosts, diploid
forms were consistently nonpathogenic; their haploid
counterparts were highly pathogenic. Both forms were
readily isolated from leaves and petioles of inoculated
plants (Tolmsoff, personal communication).

In a preliminary investigation of haploid and diploid
forms of isolates T9-50 and V-44 grown in cotton-
seedling extract agar, the haploids induced a browning
reaction similar to that observed in vascular systems
of infected plants. Diploid colonies induced a lesser
reaction later in their development.

This study reports the capacity of diploid and hap-
loid forms of V. albo-atrum to produce enzymes asso-
ciated with wilt-disease symptoms.

MATERIALS AND METHODS.—Qualitative analyses for
polygalacturonase (PG), polyphenol oxidase (PO), and
[-glucosidase (BG).—Single spore isolates of haploid
and diploid forms of isolates V-44 and T9-50 of V.
albo-atrum were grown on Eckert’s medium (5), con-
taining agar and specific enzyme substrates, modified
with 1.36 g of KH,PO,, 1.68 g of K;HPO,, and 5¢g of
sucrose/liter. Cultures were incubated 5 to 6 days at
25 C before enzyme activities were determined.

PG activity was detected by adding 0.5% polygalac-
turonic acid (pH 5.0), in place of sucrose, to the
modified Eckert’s medium. After incubation for 6 days,
the cultures were flooded with 1~ HCl for 2hr to
make the medium opaque, except where PG activity
left a clear zone.

PO activity was detected by incorporating 0.05%
tannic acid into the medium. The cultures were ob-
served for formation of dark oxidation products in-
dicative of PO activity (11). Hyphal tip isolates of
haploid and diploid forms were also analyzed for PO,
using 0.19, tannic acid medium.

BG activity was determined by adding 5 X 10—%m

p-nitrophenyl-B-D-glucopyranoside to the medium. En-
zymatic hydrolysis of the colorless glucoside releases
p-nitrophenol, a yellow compound.

Quantitative analyses for PG, BG, and PO.—Haploid
and diploid forms were grown in a modified Wood’s
medium (15) for PG and BG production, and in modi-
fied Eckert’s medium for PO. Cultures contained either
0.5% sodium polypectate, p-nitrophenyl-f}-D-glucopy-
ranoside (1 X 10—°%M), or tannic acid (1.5 X 10—* m)
as inducers of PG, BG, and PO production, respec-
tively. Wood’s medium was modified with 1.36 g of
KH,PO,, 1.68g K,HPO,, and by adding 5 instead of
10 g sodium polypectate/liter.

The media were inoculated with single germinated
conidia of the fungal forms on agar discs, and were
incubated for 5 days in shake culture. Cultures were
centrifuged at 2,000 g for 15 min. The decanted super-
natants were treated according to a modification of the
method of Patil & Dimond (9). In the method used
here, 50-ml aliquots of protein solution were concen-
trated and brought to 5 ml with deionized water. They
were then stored in the freezer until used. Myecelial
dry wt of the cultures were used in determining the
efficiency of enzyme production by the haploid and
diploid forms.

PG activity was determined with a size 200 modi-
fied Ostwald, Cannon-Fenske viscosimeter at 32 C.
Reaction mixtures consisted of 9ml of 0.59% sodium
polypectate in 0.15 m phosphate buffer (pH 6.35) and
1 ml enzyme solution. Results are expressed in relative
enzyme activity units obtained from 1,000/t, where t
equals the time in min for 509 reduction in viscosity.

Assay for PO was made using 1.5 X 10— 5 chloro-
genic acid in 0.15 M phosphate buffer (pH 5.7) as the
substrate. Two ml of substrate were mixed with 1 ml
of enzyme solution, and the mixture was incubated for
90 min at 35 C. Optical-density readings were taken
with a Bausch and Lomb Spectronic 600 at 326 nm to
determine the amount of chlorogenic acid oxidized.
The readings were then converted to arbitrary enzyme
units. An enzyme unit is that amount of enzyme neces-
sary to change the optical density by 0.001/min during
the incubation period.

BG activity was determined by adding 1 ml of en-
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Fig. 1.

Growth of hyphal tip isolates on 0.1% tannic acid medium. Dark zones represent polyphenol oxidase activity.

A, B) T9-50 haploid and diploid forms; C, D) V-44 haploid and diploid forms, respectively.

zyme concentrate to 2ml of 1.5 X 10~3% M p-nitro-
phenyl-f-D-glucopyranoside in 0.015 m phosphate buffer
(pH 6.5). The amount of p-nitrophenol released was
measured with a Bausch and Lomb Spectronic 600 at
400 nm. Readings were taken at the end of a 40-min
incubation period at 35 C, and the data were converted
to arbitrary enzyme units. An enzyme unit is that
amount of enzyme necessary to change the optical
density by 0.001/min during the incubation period.
Heat-inactivated enzyme controls were used in the
assays of all three enzymes to correct for nonenzymatic
changes occurring during the incubation periods,
ResuLts.—Agar cultures of haploid forms of T9-50
and V-44, compared with diploid forms, had wider
zones of enzyme activity and exhibited superior growth.
The greatest contrast was observed on 0.19, tannic
acid medium. Single spore isolates of both forms failed
to grow on this medium. However, hyphal tip isolates
from established colonies did grow. Haploids showed

TasLe 1. Enzyme activities in culture filtrates of hap-
loid and diploid forms of Verticillium albo-atrum

Production of

F 5
b Polygalac- Polyphenol f-gluco-

turonase  oxidase sidase

Strain Form enzyme units/100 cct

Va4 Haploid 3440 1.74¢ 11.4¢

T9 Haploid 334 1.22 6.3

V44 Diploid 93 0.22 1.0

T9 Diploid 100 0.40 0.7

4 Enzyme unit values represent an average of three
replications,

b Data are expressed in relative enzyme activity units
obtained from 1,000/t, where t equals the time in min for
50% reduction in viscosity.

¢ An enzyme unit is defined as that amount of enzyme
necessary to change the optical density 0.001/min during
the incubation period.

greater enzyme activity on the 0.1% medium than on
lower concentrations of tannic acid. They grew well
and readily oxidized tannic acid, whereas diploids ap-
peared to be inhibited by the substance (Fig. 1).

Quantitative analyses of haploid and diploid culture
filtrates for PG, PO, and BG confirmed the results
obtained from agar media. Haploid forms released ap-
proximately 3.5 times as much PG, 5.5 times as much
PO, and 10 times as much BG to the medium as the
corresponding diploid forms (Table 1). Calculation of
mycelial dry wt showed haploids to be five times as
productive as diploids in liquid culture.

DiscussioNn.—On a per-mg dry wt basis, haploids
are twice as efficient as diploids in the production of
BG. With respect to PG and PO, however, differences
in efficiency of production between haploid and diploid
forms do not appear to be significant. Therefore, major
differences in enzyme production between the two
forms must be attributed to differences in growth rate.
Haploids are much more vigorous growers than diploids.

Whether or not a host plant becomes diseased often
depends on the balance between production of micro-
bial metabolites and those metabolites conferring re-
sistance on the host (6). In the study reported here,
the haploids are highly pathogenic, while the diploids
produce no discernible symptoms, although their pres-
ence in the upper portions of inoculated plants can
be easily demonstrated. The results of this study sug-
gest that the wide differences in enzyme-producing
capacity exhibited by these strains may account for
differences in their virulence to cotton. It remains to be
shown whether these differences in enzyme synthesis
occur within the infected plant.
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