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Pectinase production by Asperg:iusfiavus was determined by measuring dear zones formed around colonies
stained with ruthenium red. Several isolates produced red zones instead of clear zones. Red zones were

reproduced with pectlnesterase and correlated with absence of specific polygalacturonases. Of 87 isolates
tested, 15 produced red zones.

Aspergillus flavus Link ex Fries, a widely distributed
filamentous fungus, infects and contaminates crops with
aflatoxins (7, 15). Aflatoxins are potent carcinogenic and
mutagenic agents whose presence in commodities is care-
fully regulated (7). Many plant pathogenic fungi produce
enzymes which degrade pectin (2), and A. flavus produces
several pectinases in culture and in infected cotton bolls (4).
Pectinases may be important determinants of pathogenicity
(5). It was found recently that several A. flavus strains with
low virulence and low pectinase production lack the specific
pectinase complex P2c (T. E. Cleveland and P. J. Cotty,
Phytopathology 79:1208, 1989). In this report we describe a
simple rapid method for detection of isolates of A. flavus
lacking pectinase P2c. The incidence of isolates lacking P2c
among 87 isolates of A. flavus is documented.

Eighty-seven isolates ofA.flavus from cottonseed and soil
collected in southwestern Arizona in 1986, 1987, and 1988
were tested for pectinase production. Representative iso-
lates ofboth A. flavus strains from Arizona, strains L and S,
described previously, were included (6). Methods of fungal
isolation and culture were described previously (6). Pecti-
nase production was assayed on a pectin medium (pH 5.5)
containing the following, per liter: 5 g of pectin (grade 1 from
citrus fruits; Sigma Chemical Co., St. Louis, Mo.), 3.0 g of
(NH4)2SO4, 10 g of KH2PO4, 2 g of MgSO4 * H20, 0.7 mg of
Na2B407 11OH20, 0.5 mg of(NH4)6Mo7O24 * 4H20, 10-.0 mg
of Fe2(SO4)3 * 6H20, 0.3 mg of CUSO4 5H20, 0.11 mg of
MnSO4 * H20, 17.6 mg of ZnSO4 * 7H20, and 10 g of agar-
ose. Culture plates containing 25 ml of pectin medium were
inoculated in the center with 10 ,ul of a suspension containing
about 50 spores per p1 and incubated at 30°C. After 3 days,
each plate was stained with 10 ml of a 0.05% ruthenium red
aqueous solution for 1 h as in the pectinase cup plate assay
(8) modified by Cleveland and McCormick (4). After 1 h, the
plates were rinsed with deionized water and the clear zone
around the fungal colony was measured.

Isolates varied widely in their reaction to this test (Fig. 1).
Clear zones did not form around colonies of 15 of the 87
isolates assayed, indicating that if pectinases were produced
they were at a level below the sensitivity of our assay (Fig.
1). However, red zones formed around each colony without
a clear zone (Fig. 2). Three isolates exhibiting the red zone
and three exhibiting pronounced clear zones were grown in
stationary culture at 30°C for 5 days both in the pectin
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medium lacking agarose and on autoclaved cottonseed.
Pectinases were eluted from the cottonseed into 0.1 M
acetate buffer (pH 4.6). Cottonseed extracts and culture
ifitrates were dialyzed, and the protein component was
concentrated as described previously (4). These test solu-
tions (20 pl) were placed in 3-mm-diameter wells cut into the
pectin medium, incubated at 30°C for 1 h, and stained as
above. The solutions produced either clear or red zones
around the well similar to the corresponding strain's specific
reaction in the culture assay. Solutions of a given strain from
culture and cottonseed behaved similarly. Pectinases in the
concentrated test solutions were resolved with isoelectric
focusing as described previously (11). Solutions producing
clear zones in the cup plate assay contained all pectinase
activities identified previously (4). However, solutions pro-
ducing a red zone consistently lacked detectable levels of the
major endopolygalacturonate hydrolase (EC 3.2.1.15) com-
plex designated by Cleveland and McCormick (4) pectinase
P2c (Fig. 3). The other previously described pectinase activ-
ities were present.

Pectinase P2c was purified by isoelectric focusing, eluted
from the gel into acetate buffer, and concentrated. When the
concentrated P2c was added to filtrates which alone pro-
duced a red zone in the cup plate assay, a clear zone was
produced. Lack of pectinase P2c in filtrates producing the
red zone and elimination of the red zone by addition of
pectinase P2c to those ifitrates suggested that the red zone
may result from some activity which was masked by the
activity of P2c. Pectinesterase (EC 3.2.1.11) may be that
masked activity. Pectinesterase may expose binding sites on
pectin for ruthenium red through hydrolysis of the methyl
ester groups of the uronic acid residues. Exposure of more
binding sites should result in greater binding of the stain and
a darker red pigmentation in areas exposed to pectines-
terase.

Pectinesterase (Sigma) from orange peel was tested in the
cup plate assay, and the red zone formed around treated
wells upon staining with ruthenium red. Pectinesterase was
detected in both red zone and clear zone filtrates by titrimet-
ric assay (9). These results suggest that the red zone reaction
might be caused by pectinesterase activity and indicates an
absence of the P2c pectinase complex. The results further
suggest that the culture assay can be used to assess the
incidence of P2c in populations of A. flavus. We are purify-
ing the pectinesterase of A. flavus to test the specific
involvement of this enzyme in the red zone reaction.
The incidence and distribution of P2c within A. flavus
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FIG. 1. Pectinase production by isolates of two strains of A.
flavus. The width of the clear zone around fungal colonies in the
pectinase culture assay indicates the relative level of pectinase
produced.

populations of the desert valleys of Arizona were determined
by using culture assay. Two physiologically distinct strains
of A. flavus, strains S and L, occur in these valleys (6).
Strain S is composed of isolates similar to the atypical
isolates of Saito et al. (14). Strain S produces both abundant
small sclerotia (<400 pum in diameter) and large quantities of
aflatoxins. Strain L is composed of isolates which produce
fewer but larger sclerotia (>400 ,um in diameter) and less
aflatoxins. Both strains fit the taxonomic description of A.
flavus (13).

Thirty isolates of strain S and 57 isolates of strain L were
tested in the culture assay. None of the L-strain isolates and
15 (50%) of the S-strain isolates exhibited the red zone
reaction. Isolates lacking P2c were thus restricted to strain
S. Strain S isolates which did not produce a red zone
produced levels of pectinase similar to levels produced by
strain L isolates (Fig. 1) and produced P2c detectable on
isoelectric focusing gels. All strain L isolates produced a
clear zone typical of isolates that produce P2c.
A. flavus infects diverse crops (7). Certain strains, how-

ever, exploit other ecological niches. Some A. flavus strains
are insect pathogens (1, 12) and others are associated with
mammals (16). The high frequency of S-strain isolates lack-
ing P2c may indicate adaptation to an ecological niche where
P2c is not required. A. flavus is highly variable and dichot-
omies among isolates exist for several important characters,
including production of secondary metabolites (i.e., cyclo-
piazonic acid and aflatoxins) and sclerotia (3, 10). This
population diversity may have developed over long periods

FIG. 2. Red zone (arrow) and clear zone reactions in the pecti-
nase culture assay. The red zone correlates with absence of the
major pectinase complex P2c.

A B
FIG. 3. Isoelectric focusing of pectinases produced by strains

exhibiting red zone (A) and clear zone (B) reactions in the pectinase
culture assay. Arrows indicate two pectinase complexes, P1 and
P2c, described by Cleveland and McCormick (5). The bottom
complex (pectinase P2c) was not detected in enzyme preparations
from isolates which exhibited the red zone reaction in the culture
assay.

of coevolution with specific resources. However, the diver-
sity may not result from specific adaptation; the population
may maintain a constant state of flux to exploit resources
which temporarily become available.
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