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Mycelial growth of Endothia parasitica was stimulated by

relatively high concentrations of CuSO4 in potato dextrose agar

medium (PDA). Stimulation of E. parasitica by the high levels of

CuSO4 and the relatively poor growth of this fungus on standard culture

media suggested that stimulation might be due to interaction of the

copper toxicant with a self-inhibiting fungal metabolite secreted into

the medium such that both were inactivated. The present study was

designed to test this hypothesis and determine the influence of other

metals on the growth of E. parasitica.

Mycelial growth stimulation by CuSO4 occurred over the

concentration range of 10 -5 to 10 -2 M, and over a wide pH range of

4.0 to 8.0. Sixteen other metal cations were assayed to determine if

they were capable of enhancing growth but only Cu+, Fe -1-1- , and Fe -H+

2
were stimulatory at relatively high concentrations (10-5 to 10 M), and



Zn-H- stimulated growth to a much lesser extent. Growth enhancement

of E. parasitica, similar to that initiated by CuSO4, was produced by

high concentrations of dextrose (160 to 320 g/l) in PDA and occurred

when the fungus was grown on cellophane over PDA. Stimulation did

not occur in liquid culture.

When cultured on PDA and other solid media, E. parasitica

secreted large amounts of oxalate that precipitated as calcium oxalate

trihydrate at the periphery of the fungal colony causing a halo to form

in the medium. Mycelial growth of E. parasitica was greatly retarded

when calcium oxalate accumulated, but retardation was reversed by

copper and iron salts that prevented accumulation of the calcium

oxalate crystals.

E. parasitica grew well on potato infusion medium containing

copper oxalate and copper-calcium oxalate as the main carbon source,

poorly on calcium oxalate, and was inhibited by sodium oxalate in

the medium. The specificity by which only Cu-1+, Cu+, Fe -1+1-
, and Fe+1-

stimulate mycelial growth of E. parasitica suggests that interaction of

metal and oxalate ions to form specific oxalate complexes that

reverse the inhibition of simple oxalate salts accounts for enhanced

growth in the presence of toxic levels of metals and oxalate.
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STIMULATION OF MYCELIAL GROWTH OF
ENDOTHIA PARASITICA BY SPECIFIC HEAVY

METALS THAT DETOXIFY ACCUMULATED OXALATE

INTRODUCTION

During a preliminary investigation of the toxicity of copper to

various fungal species, the mycelial growth of Endothia parasitica

(Murr.) And. was stimulated by relatively high concentrations of the

toxicant whereas growth of Aspergillus niger, a copper tolerant fungus,

was inhibited (14). Stimulation at high copper concentrations precludes

a micronutrient function for copper in this case. Although fungi can

develop resistance to metal toxicants (2), adaptation requires continual

culture on sublethal levels of the toxicant. Stimulation of E.

parasitica was produced without previous culture of the fungus on

media containing copper.

Detoxification mechanisms have been postulated to explain the

growth of some fungi in the presence of metal toxicants (6). For

example, Poria vaporaria produces oxalic acid in sufficient quantities

to detoxify CuSO4 in treated wood (17), and other copper salts in an

agar medium (16), but only if growth has occurred prior to the addition

of the copper salt. There are no reports, however, of enhanced growth

by P. vaporaria on media containing copper salts.

Stimulation of E. parasitica by high concentrations of CuSO4 and

the relatively poor growth of this fungus on standard culture media
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suggested that stimulation of growth might be due to interaction of

the toxicant with a self-inhibiting fungal metabolite in the medium,

such that both were inactivated. The present study was designed to

test this hypothesis and determine the influence of other metals on

growth of E. parasitica.
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LITERATURE REVIEW

Stimulation of mycelial growth of E. parasitica and other fungi

by relatively high concentrations of metal salts has not been reported

previously. Consequently, no literature pertaining to this phenomenon

can be reviewed. However, general information concerning the fungal

pathogen and its physiology is briefly discussed.

E. parasitica (Murr.) And., the causal agent of chestnut

(Castanea dentata) blight (1), was responsible for the widespread

destruction of the native American chestnut. Forty years after the

disease was first noted in this country most of the chestnut trees had

been killed (7). Early investigations of the fungus centered on

morphology, life cycle, and cultural studies. Initial control measures

such as spraying with fungicides, removing infected trees, and apply-

ing chemotherapeutants were tried to no avail (27). Since resistance

to E. parasitica is inherent in the oriental species of the chestnut, a

program of breeding the American chestnut for resistance was

initiated (12) and has been emphasized in recent years. During this

period studies on the physiology of the pathogen were badly neglected.

Pigment and toxin production, sporulation, and growth require-

ments of E. parasitica have been investigated to a limited extent.

Diaporthin (C13H1405) and skyrin (a bianthraquinone, C301418010),

isolated from E. parasitica cultures are toxic to tomato plants but their

role in the chestnut blight syndrome is not established (10).
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In a study of factors affecting pycnidium formation in E.

parasitica, Leonian (20) observed a decrease in the number of

pycnidia formed when E. parasitica was transferred to media high in

nutrients. Pycnidia production was not influenced by light at room

temperature, variations in the oxygen supply, or the solid or liquid

state of the culture medium. Treggi (28) found that growth of E.

parasitica was enhanced by a-aminovalerianic acid, and response to this

acid was potentiated by glucose in the medium. Gough and Lilly (11)

discovered that E. Rarasitica requires thiamine for growth. Campbell.

(5) investigated the effect of carbon and nitrogen sources on asexual

sporulation by E. parasitica. Colonies grown on media containing

fructose at high concentrations as the sole carbon source produced

maximum sporulation. McDowell (21) investigated the oxidation of

specifically labelled 14 C-glucose and 14 C-acetate by young mycelium

from sporulating and non sporulating cultures of E. parasitica and

concluded that the Embden-Meyerhof-Parnas pathway is the predomi-

nant pathway for the degradation of glucose by this fungus, and that the

hexose monophosphate pathway is also operative.

The formation of oxalates by fungi has been extensively studied,

since they were among the first oxidation products found to accumulate

in fungus cultures as the result of aerobic degradation of carbohydrates;

they generally accumulate as the salts of oxalic acid. The oxalate ion

may form simple and complex salts with metal cations depending on the
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concentrations of the oxalate and metal ions, and the ionic charge of

the metal (19, 25, 26, 31). Only metals from group lA of the periodic

table and beryllium form water soluble oxalates. The remaining metal

oxalates are only sparingly water soluble (19), but their solubility may

be increased by the presence of other ions (3, 4, 19, 22, 23). The

ferric ion is frequently used to form a complex salt with metal

oxalates, which thereby increases the solubility of the oxalates. For

example, the solubility of calcium oxalate is increased in aqueous

solutions of dissimilar ions (3, 22). Glucose has a similar effect on

the solubility of oxalates. The addition of glucose to a nutrient

medium on which Armillaria mellea is grown tends to dissolve the

previously formed crystals of calcium oxalate (13).

Wood decaying fungi, notably Poria vaporaria, can tolerate high

concentrations of CuSO4 by producing oxalate that detoxifies the metal

in treated wood (17). In agar medium other copper salts are detoxified

by the fungus, but only if growth has occurred prior to the addition of

the copper salt (16). P. vaporaria also grows on media containing

high concentrations of copper oxalate (16). There are no reports of

enhanced growth of P. vaporaria on media containing copper salts.
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GENERAL METHODS AND MATERIALS

The influence of metal salts on growth of E. parasitica was

determined in potato-dextrose agar (PDA) prepared from the infusion

of 200 g of potatoes, 20 g of dextrose, and 20 g of agar (American Agar

Company) in one liter of water. In certain experiments the potato-

infusion was filtered through Whatman no. 1 paper then centrifuged at

4080 X g for 1/2 hr. The potato broth was sterilized by autoclaving

with the dextrose and agar or by filtering through a Millipore HA

filter (0.45 before addition to a sterile dextrose-agar solution.

Tubes containing 19 ml of molten PDA were cooled to 48° C and

the pH adjusted to 5.0 ± 0.2 with 0.1 N HC1. Various metal salt

solutions (1.0 ml) were added to the medium and it was poured into

petri plates. Each plate was inoculated with a 7 mm disc cut from the

periphery of an E. parasitica colony on PDA.

Mycelial growth of the fungus on solid media was estimated by

linear and dry weight measurements. Average colony diameters were

obtained from two perpendicular measurements made daily from the

time when the colonies were about 20 mm in diameter until they

reached the edge of the petri dishes.

Dry weights of the mycelium from nutrient agar cultures were

obtained by first melting the agar in an autoclave and collecting the

mycelial mat on Whatman no. 4 filter paper. The mats were dried to

constant weight at 80° C.



7

RESULTS

The Influence of Metal Salts on Mycelial
Growth of E. 2arasitica

Mycelial growth of E. parasitica on nutrient agar media is

stimulated by copper over a wide range of concentrations beginning at

about 8 X 10-6 M CuSO4 (Figure 1). Stimulation increases up to about

4 X 105 M CuSO4 and then remains fairly constant from this point

through 1. 6 X 103 M. Stimulation then decreases through 1.1 X 102

M; however, the fungal growth rate is still significantly faster than

its growth in the absence of copper. At 3 X 10z M, CuSO4 completely

inhibits growth.

On PDA the growth of E. parasitica is also stimulated by the

heavy metals Fe ++, Fe4+1-
, and Cu+ (Figures 2, 3), and Zn -I+ enhances

growth to a much lesser extent. The other metals tested (Table 1) fail

to enhance growth. The Cu++ and Cu + ions have the broadest range of

stimulation, but within a more limited concentration range, the Fe 4+

and Fe +I+ ions cause the same magnitude of growth enhancement.

Significant stimulation of E. parasitica by CuSO4 in PDA occurs

from pH 4.0 to 8. 0 (pH adjusted with 0.1 N NaOH or HCl) (Figure 4).

In the absence of copper, the fungus grows poorly at all pH's in this

range. There is slight stimulation at pH 3.0 but only at the lowest

CuSO4 concentration, and maximum stimulation is achieved only at

pH' s of 5. 0, 6. 0 and 7. 0.
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Figure 3. The rnycelial growth of E.
parasitica on PDA containing
Fe++, Fe+++, Cu++, and Cu+.
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Table 1. The effect of various metal salts on the growth of E.
parasitica on PDA.

Metal salt
Mycelial growth (mm/24 hr) at various

metal salt concentrations
0 5 X 10-5 5 X 10-4 5 X 10-3 5 X 10-Z

CuSO4 5 H2O 1.54 9.67 9.34 5.96 0

Cu Cl 9.40 9.30 8.61 0

FeC1
2

4 H2O 1.96 9.86 3.68 0

FeC1
3

6 H2O 3.29 10.23 4.13 0

ZnS0
4

7 H2O 2.24 2.81 1.52 0

N1C1
2

6 H2O 1.38 0.88 0.05 0

MgSO4 7 H2O 1.26 1.11 1.26 2.05

CoC1
2

6 H2O 2.17 2.12 1.48 0

MnSO4 H2O 1.74 1.19 1.83 1.88

CaC1
2

2 H2O 0.95 1.52 2.25 5.58

KC1 0.95 1.07 1.09 1.59

BaC1
2

2 H2O 1.76 1.74 1.71 1.97

AgNO3 1.38 1.43 0 0

PbC1
2

0.83 0.50 1.0 0

CrC1
3

6 H2O 0.67 0. 67 0 0

CdC1
2

3.79 1.76 0 0

HgClz 4.50 0 0 0
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E. parasitica was grown on natural and synthetic media to

determine whether Cum ions stimulate growth on other solid media or

if stimulation is unique on PDA. CuSO4 was added at a final concentra-

tion of 1. 6 X 10-4 M to 2% water agar; filter sterilized PDA; auto-

claved PDA; Campbell's medium (5) containing agar, salts, biotin,

thiamine, dextrose, and asparagine; Leonian's medium (20) containing

agar, salts, peptone, maltose and malt extract; and Leonian's medium

prepared with Difco Bacto agar.

On all media, E. parasitica grew poorly unless CuSO4 was

present, and thus enhanced growth was not unique to PDA.

E. parasitica apparently grows rapidly on some natural and

synthetic media (21), but in each instance the fungus was actually

grown on cellophane over the medium. Mycelial growth of E.

parasitica with and without cellophane on PDA containing various

concentrations of CuSO4 was compared to determine if cellophane

enhances the growth of this fungus. Discs of cellophane (DuPont 215

PD) 8.5 cm in diameter were autoclaved, moistened with sterile water,

placed wrinkle-free on PDA in petri plates, and inoculated with E.

parasitica. Mycelial growth was estimated by linear measurements,

and dry weights were determined by stripping the cellophane from the

PDA after 7 days growth and drying at 80° C to a constant weight.

With no CuSO4 present, E. parasitica grew rapidly on cellophane

over PDA, and rather than being stimulated, its growth was only
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inhibited by copper (Figure 5). Thus, cellophane influenced growth

similarly to CuSO4. Similar results were obtained by linear growth

and dry weight measurements.

E. parasitica was cultured on potato dextrose broth (PDB) with

varying concentrations of CuSO4 to determine if stimulation of growth

obtained on solid media also occurs in liquid media. Erlenmeyer flasks

(250 ml) with 30 ml of PDB were autoclaved, adjusted to pH 5.0 with

0.1 N HC1, and inoculated with a 7 mm plug of E. parasitica cut from

PDA cultures. The broth cultures were incubated at room temperature

(about 23° C) for 7 days, then the cultures were filtered onto glass filter

paper and dried to a constant weight at 600 C.

There is a slight stimulation of growth by CuSO4 in liquid

medium, but at 4 X 10-3 M growth is inhibited (Figure 6A). On solid

media at similar CuSO4 concentrations there is a broad range of

stimulation (cf. Figure 5 and 6A). In liquid media the effect of CuSO4

on growth of E. parasitica was greatly reduced, and stimulation

occurred only at a lower concentration range.

E. parasitica was grown in liquid culture at various pH's to

determine if growth stimulation might be pH dependent. Erlenmeyer

flasks (250 ml) containing 35 ml of PDB were autoclaved and divided

into 3-flask groups that were adjusted to pH's between 4.0 and 9.0

(Figure 6B) with either 0.1 N NaOH or HC1. The media was inoculated

with 7 mm plugs from E. parasitica cultures on PDA. Every 24 hours
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the pH of the media in each flask was recorded and each flask was

titrated back to its original pH. This was continued for 7 days

then the medium in each flask was filtered onto a previously weighed

glass filter, washed 5 times with distilled water, and dried at 60° C

to a constant weight.

The greatest amount of growth occurred when the pH remained

unadjusted during the experiment (Figure 6B). Over the 7-day period

the pH in these flasks changed from 5.9 to 4.35, with daily changes

ranging from 0.1 to 0.5. When the pH was adjusted, the greatest

growth occurred at 4.5, but the fungus grew well up to pH 6. 0. Above

pH 6. 0 growth was inhibited. Thus, in liquid media, E. parasitica is

not significantly stimulated by CuSO4 as it is on solid media.

The Influence of Dextrose on Mycelial
Growth of E. parasitica

The concentration of dextrose on which E. parasitica was grown

in PDA was varied to determine if the mycelial growth rate could be

altered by changing the amount of available carbon. Dextrose, at 20,

80, 160, 240 and 320 g/1 was incorporated into PDA and subsequent

linear growth was measured (Figure 6C). At dextrose levels of 160

g/1 and greater, the linear growth of E. parasitica was stimulated

significantly in comparison to its growth on media containing lower

sugar concentrations. Thus, high concentrations of dextrose stimulate

the growth of E. parasitica similarly to CuSO4.
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Accumulation of Oxalate in PDA
Cultures of E. parasitica

Stimulation of E. parasitica by relatively high concentrations of

copper and iron salts and the relatively poor growth of this fungus on

standard culture media suggested that the stimulation might be due to

interaction of the toxicant with a self-inhibiting fungal metabolite such

that both were inactivated. PDA cultures of E. parasitica contained a

distinct opaque halo around the periphery of the fungal colony (Figure

7A). The halo was found in all cultures on solid media on which E.

parasitica grew poorly (Table 2). Media from the halo region contained

many bipyramidal octahedral shaped crystals that were in close

proximity to the hyphae (Figure 7B), and accounted for the opaqueness.

Isolation of Crystals from Cultures
of E. parasitica on Water Agar

To obtain crystals for analysis, E. parasitica was grown on 2%

water agar to avoid the problem of separating them from the starch

granules in PDA. The crystals were relatively insoluble in most

solvents, and thus, a physical separation was attempted. Nylon screen-
11

ing (38 mesh) was placed in a Buchner funnel, and the cultures from

ten petri plates were placed on the nylon screening. The stem of the

funnel was put in a centrifuge bottle, and the bottle and a centrifuge

head were steamed in the autoclave for 4 minutes. The meltedrftga.r

was centrifuged at 7970 X g for 2 minutes at 45° C. The supernatant



Figure 7. A) Halo surrounding the mycelium
of E. parasitica growing on PDA
left) top view, right) view from under-
side, and B) Proximity of the crystals
to the hyphae of the fungus.
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Table 2. The occurrence of a halo and crystals in media on which E.
parasitica is cultured.

Treatment
Presence Presence of

of halo crystals

1. PDA

2. PDA + Cum

+H-

3. PDA filter steri'ized
(f. s. ) +H-

4. PDA, f. s. + Cul+

5. PDA, Whatman no. 4

6.

filtered, autoclaved (f. a. )

PDA, f. a. + Cu-

7. Campbell's +H-

8. Campbell's + Cu++

9. 2% water agar - -IA+

10. 2% Difco bacto water agar - +I-1-

11. Leonian's + +H-

12. Leonian's + Cul+

13. Leonian's + Difco agar (DA) + -I+

14. Leonian's + DA + Cum

15. 2% water agar, no E.
parasitica
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Liquid was decanted and the bottle rinsed 3 times with distilled

water. The pelleted crystals were suspended in distilled water and

poured into an evaporating dish and dried at 80° C.

Characterization of the Crystals

The solubility of the partially purified crystals was determined

in a number of solvents. They were insoluble in cold water, 6 M acetic

acid, 6 M ammonium hydroxide, 6 M ammonium chloride, cold 95%

ethanol, absolute methanol, chloroform, benzene, anhydrous ether,

acetone, 10% hydrogen peroxide, carbon tetrachloride, ethyl acetate,

tetra hydro furan, NN- dimethyL foramide, methyl ethyl ketone,

acetonitrile, dioxane and NN-dimethylacetoacetimide. The crystals

were slightly soluble in hot water and 1 N sodium hydroxide, and

highly soluble in 1 N HC1, H2SO4 and HNO3.

The melting point of the crystals was determined with a Kofler

micro hot stage. An alteration in the crystal structure occurs between

160-170° C, and they decompose at 350° C without melting.

Attempts were made to detect copper, calcium, iron, manganese,

magnesium, potassium, sodium, and zinc in the crystals with an

atomic absorption instrument (Perkin Elmer 303). Calcium was the

only metal present in a sufficient amount to be a component of the

crystal. Approximately 13.5% of the partially purified crystal was

calcium.
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The infra-red absorption spectrum of the crystal in a KBr pellet

had major peaks at 2.95 p., 3.4p, 6.2 p., 7.25p, 7.45p, 10.5p., and

12.8 p (Figure 8).

The X- ray diffraction pattern obtained with Cu K a radiation and

a nickel filter had major peaks at 6.19 A, 5.94 A, 3.65 A, 2.96 A,

2.78 A.., 2.50 A, 2.41 A., 2.35 A, 2.24 A., 2.02 A., and 1.96 A. (Figure

9). By comparing the interplanar I'd" spacings in the crystal (i.e.,

peaks in Figure 9) with known values from Tables prepared by the

American Society for Testing Materials, the crystals were identified

as calcium oxalate. The infra-red studies of Hunt and Wisherd (15)

also include the major peaks of calcium oxalate which correspond to

those of the crystals separated from water agar.

Three hydrates of calcium oxalate occur in nature (18). How-

ever, the bipyramidal octahedral shaped crystal (tetragonal series)

has been identified as the trihydrated form (18, 23, 29, 30, 98).

The large amount of calcium required for the formation of

calcium oxalate in PDA could come from the agar used to prepare the

media. Calcium in agars made by Difco Laboratories is between 0.13

and 0.23% of the ash (8).

Effect of Metals on the Amount of
Calcium Oxalate in PDA

The relative amount of calcium oxalate crystals in media on

which E. parasitica has grown with and without CuSO4 was estimated
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to determine if stimulatory metals interfere with the formation of

calcium oxalate. No halo was observed in cultures containing copper

or iron, and the number of crystals was greatly reduced in comparison

to those found in media with no added metals (Table 2).

Crystals of calcium oxalate, identical to those deposited in PDA

by E. parasitica, were prepared in the laboratory. Maximum produc-

tion was obtained when approximately 0.02 ml of 0.005 M oxalic acid

was added slowly to 0.02 ml of 0.01 M Ca(NO3)2. The gradual addition

of oxalic acid to an excess of calcium ions approximates the natural

conditions under which calcium oxalate forms in PDA. When a

CuSO4 solution (102 M) was added to freshly prepared crystals of the

calcium oxalate, they dissolved, thus suggesting the formation of a

Cu-Ca-oxalate complex.

Growth of E. parasitica on
Media Containing Metal Oxalates

E. parasitica was grown on potato infusion agar containing metal

oxalates as the main carbon source. Calcium oxalate, copper oxalate,

and the complex, copper-calcium oxalate, were prepared by reacting

Ca(NO
3)2

and/or CuSO4 with oxalic acid. Potato infusion agar contain-

ing no additional carbon source served as the control. The oxalates

were sterilized dry in an oven at 800 C for 24 hr., and then were

dissolved or suspended at three concentrations in the medium. The pH

was adjusted to pH 5.0, and the medium was poured into petri plates



26

(ca. 20 ml/plate) and inoculated. Mycelial growth rate versus oxalate

concentration was graphed and the growth rates at 10 2 M were chosen

for comparison because they were indicative of results at the other

concentrations (Table 3).

Table 3. Growth of E. parasitica on media containing metal oxalates
as the main carbon source.

Metal oxalate
at 10-2 M

Mycelial growth
(mm/72 hr)

copper oxalate

copper-calcium oxalate

calcium oxalate

sodium oxalate

control (potato infusion agar)

24.0

22.2

9.6

2.4
4.8

On media containing copper oxalate or copper-calcium oxalate

the growth of E. parasitica was stimulated (Table 3) as on PDA contain-

ing CuSO4. On potato infusion agar and medium containing calcium

oxalate fungal growth was poor. Sodium oxalate inhibited the growth of

E. parasitica and gave similar results when tested at pH 4.0 and 6.0.
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DISCUSSION

Because of the sensitivity of fungal cells to heavy metal ions

and the relatively high concentrations of copper and iron that stimulate

growth, it is most probable that the stimulatory action of these metals

is initiated outside the cell in the culture medium.

Limited growth of E. parasitica on natural and synthetic media

and the concomitant accumulation of calcium oxalate at the colony edge

suggest a possible causal relationship between poor growth and oxalate

accumulation. Stimulation of growth by copper and iron is accom-

panied by a substantial reduction in the accumulation of calcium

oxalate crystals and the subsequent failure of a halo to form around

the fungal colony further suggests a relationship between poor growth

and oxalate accumulation.

On the basis of this study the following working hypothesis is

offered to explain the relationship of metal salts and oxalate on the

growth of E. parasitica: on solid culture media, oxalate accumulates

and inhibits the growth of E. parasitica either by direct toxic action

or by blocking the uptake of needed nutrients; and when copper and

iron are present at stimulatory concentrations in the medium,

complexes form that detoxify the oxalate as well as the heavy metal.

In this connection it is well known by those concerned with wood

preservation that certain wood decaying fungi can tolerate high con-

centrations of CuSO4 by producing oxalate that detoxifies the metal
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salt (17). Solutions containing metal ions also increase the solubility

of insoluble oxalates (3, 4, 19, 22, 24) and thus, growth stimulation

may result from the failure of calcium oxalate to accumulate in the

medium.

The halo of oxalate fails to form around the stimulated

mycelial growth of E. parasitica on PDA containing excessive amounts

of dextrose and when E. parasitica is grown on cellophane over the

PDA. High concentrations of dextrose could stimulate growth by

increasing the solubility of calcium oxalate (13), and cellophane may

influence growth be adsorbing oxalate or dispersing the oxalate over

the entire surface of the PDA thus preventing its concentration around

the fungal colony.

The precise physiological mode of action of oxalates and

metals on the growth of E. parasitica is not known. However, the

specificity by which only Cu++, Cu+, Fe +I+
, and Fe-Hs stimulate

mycelial growth of E. parasitica suggests the formation of specific

oxalate complexes that reverse the inhibition of the simple oxalate

salts.
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