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Ectomycorrhizal Fungi: A Phytochemical Survey

The phytochemistry of the higher Basidiomycetes has been extensively reported, es-
pecially as it involves identification of secondary metabolites. As seen in the com-
pendia of Karrer (1958), Miller (1961), and Shibata ez 4/ (1964), which summarize
much of this work, the taxa studied seem generally to have been selected either
randomly or opportunistically. Inclusion of mycorthizal fungi has been purely inci-
dental. Relatively few studies have been designed to demonstrate chemotaxonomic
principles or establish relationships among taxa in processes such as biosynthesis of
secondary metabolites (e.g, Benedict ez af, 1966; Agurell et al, 1966, 1968).

Most studies on ectomycorrhizal fungi per se deal primarily with specific fungus-
host associations and their nutritional, hormonal, and enzymatic interactions (see reviews
by Harley, 1959; Trappe, 1962; Meyer, 1968; and others). A few studies of anti-
fungal activity by ectomycorrhizal fungi have been reported, but only in one has the
specific active compound been identified. Marx (1969) determined that the mycorrhi-
zal fungus Lewucopaxillus cerealis var. piceina (Peck) comb. ined. produces diatretyne
nitrile, a compound strongly inhibitory to Phytophthora cinnamomi Rands.

The hypothesis of Zak (1964), that mycorrhizal fungi protect tree rootlets from
attack by at least some pathogens, has been experimentally confirmed by Marx and
Davey (1969a, 1969b). Systematic study of the overall metabolic capabilities of
mycorrhizal fungi is accordingly timely in order to define the chemical factors involved.

QOur initial studies involved a broad chromatographic survey of isolates of selected
fungi to determine which types of metabolites would be produced under controlled
laboratory conditions, their distribution among these organisms, and a comparison of
these data to those obtained from naturally occurring sporocarps similarly examined
or to reports in the literature dealing with the same organisms.

Experimental and Resulis

Isolates were obtained by tissue culture from the mycorrhizal fungi listed in Table I.
Data for three nonmycorrhizal fungi under concurrent study are also included. The
cultures were maintained on potato-dextrose-yeast agar slants (Benedict and Tyler,
1962).

Isolates were transferred from slants to 125-ml Erlenmeyer flasks containing 30 ml
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of the following medium: Gm per lter: glucose, 20.0; neopeptone, 2.5; yeast extract,
2.5; calcium chloride, 0.5; and the trace mineral composition of Benedict and Tyler
(1962). Subsequent shaken-flask fermentations were carried out as previously des-
cribed (Catalfomo and Tyler, 1964). For the present study, fermentation flasks
were uniformly harvested after seven days.

At the end of the fermentation period, contents of the flasks were separated by
suction filtration. The mycelium was dried in a forced-air dryer at 50°C; the medium
was concentrated to dryness in a flash evaporator, i vacno, at 40°C. The residue
was redissolved in a minimum amount of methanol and stored in a refrigerator until
used for chromatographic analysis. The dried mycelium was pulverized to a number
40 powder in a laboratory model Wiley mill and extracted in semi-micro Soxhlet
apparatus with petroleum ether (30-60°) followed by methanol. These extracts were
concentrated to a lesser volume in a flash evaporator, as described earlier, and used
for subsequent chromatographic examination. The results of our broad thin-layer
chromatographic screening for steroids/triterpenes, amines, indole derivatives, and
phenolic constituents in mycelial extracts, are summarized in Table II. Routine
analysis of media extracts revealed little of interest and these data are not reported here.

The compounds most frequently encountered appeared to be ergosterol and choline.
To establish, unequivocally, the presence of these compounds, more refined preparative
techniques were employed. In order to accumulate sufficient mycelium to attempt

TABLE II. Chromatographic analysis*

Steroids®

SPECIES Triterpenes  Amines” Indoles® Phenols*

Mycorrhizal:
Amanita citring = 1 = -+
A. muscaria S + S 4
A. phalloides = St S S
A. velosa s = S =
A. verna == I 4 a5
Inocybe calamistrata SF et |5 nt
Lencopaxillus cerealis var. piceina nt == -+ ne
Rhizopogon arenicola e S + nt
R. cokeri S = = =
R. colossus = 3P =t nt
R. nitens S = e e
R. vinicolor + — at
Suillus Intens -+ = + 4
S. prendobrevipes =t i = ==
S. romeniosus nt — + nt
S. variegatus + air T+ 4+
Xerocomus zelleri Sh i == e

Nonmycorrhizal:
Clitocybe gibba ot = il nt
Pholiota Iubrica var. luteifolia + + + 4
Echinodontinm tinctorium i + - E

* Silica-gel-G plates according to Stahl.

Solvens systems and spray reagenti—a. benzene-cthylacetate (4:1), antimonytrichloride in chloro-
form (sat. solution); b. butanol-acetic acid-water (4:1:5), Dragendorff reageant; c. propanol-
ammonium hydroxide (5:1), paradimethylaminobenzaldehyde (2% in conc. HC1): and 4. same
as & but sprayed with phosphomolybdic acid (1% in methanol).

+ = present; — = absent; == = cquivocal; nt= not tested.
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isolation procedures, the level of fermentation was scaled up to 2800-ml Fernbach
flasks containing 300 ml of medium. The mycelial contents of 24 flasks were
pooled and processed as previously described. Amanita verna and Swillus variegatus
were chosen as model organisms. The petroleum extract of each organism was sub-
jected to column chromatography over alumina. Elution with chloroform removed
the sterol subsequently identified as ergosterol. Recrystallized from methanol, the
homogeneous compound melted at 160-162°C, which was undepressed when mixed
with reference ergosterol. Characteristic ultraviolet spectra (273, 283, and 294 mpu)
and superimposable infrared spectra further verified the isolated material as ergosterol.

Isolation of choline from the methanol fraction as the insoluble reineckate salt
was achieved by using the method of Hogg ez 4/ (1961). Subsequent identification
was accomplished according to the chromatographic procedure of Sullivan and Brady
(1965) and comparison of infrared spectra.

Similar extracts of other species of mycorrhizal fungi were prepared from freshly
harvested mycelium which was grown in 125-ml Erlenmeyer flasks as described
earlier. Comparative thin-layer chromatography was employed to determine the
occurrence of these compounds in additional species. The results are summarized in
Table III

These ‘studies were extended to a similar analysis of herbarium specimens from
the same collections from which isolates were obiained, as available. In all cases,
the results were comparable.

TABLE III. Occurrence of ergosterol and choline

Species Ergosterol® Choline®
MYCORRHIZAL:

Amanita citrina

A. muscaria

A. phalloides

A. velosa

A. verna

Inocybe calamistrata
Leucopaxillus cerealis var. piceina
Rhizogopon arenicola

R. cokeri

R. colossus

o+

k]

I+ 1

R. nitens

R. vinicolor
Suillus luteus

8. pseudobrevipes
S. tomentosus

S. variegatus
Xerocomus zelleri

NONMYCORRHIZAL:
Clitocybe gibba
Pholiota lubrica var. luteifolia
Echinodontium tinctorium

- e =
|+ 1

++5
+ I

* Silica-gel plates developed in Benzene-ethylacetate (4:1), sprayed with a saturated solution of
antimonytrichloride in chloroform.

? Aluminum oxide-G plates developed in methanol-carbontetrachloride-acetic acid (28:12-1) and
spraved with Dragendorff reagent.

-+ = present; — — absent; == = equivocal; nt = not tested.
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Summary and Conclusions

Ectomycorrhizal fungi from the genera Amanita and Rbizopogon and the family
Boletaceae were grown in artificial culture and examined for presence of secondary
metabolites with emphasis on terpenes, amines, indole derivatives, and phenols. Of
particular interest was the distribution of ergosterol and choline. The former appears
to be nearly ubiquitous according to the literature (Cochrane, 1958), and our findings
do not deviate from this trend. Choline, although quite widespread, was identified
in only one bolete.

It is not possible yet to generalize about the overall metabolism and the distribution
of metabolites of these mycorrhizal fungi, although this would seem possible since
all of them form symbiotic associations with the Pinaceae. One consistent aspect is
indicated by the occurrence of products derived from acetate metabolism, ergosterol,
and other steroids not yet identified. This is readily understandable, because most
host plants, especially the Pinaceae, are rich in terpenic metabolites and precursor
materials. Steroids do not exhibit antibiotic activity, and their possible role in any
protective mechanism of mycorrhizae cannot be ascribed to this quality. These
compounds do become an integral part of cell wall material (Bloch, 1965), and
_ choline has been implicated similarly (Tomasz, 1967). It is possible therefore, that
these materials might in some way enhance the effectiveness of cell walls as effective
barriers. This would support Zak's contention (1964) that the fungal mantle char-
acteristically present on the surface of ectomycorrhizae performs a physical, protective
function.

Nitrogen metabolism must be considered also since complex nitrogenous materials
(alkaloids) are rarely found in higher fungi in general (Tyler and Stuntz, 1962,
1963) as well as being absent in mycorrhizal fungi (Worthen es al, 1965) and their
host plants. On the other hand, the presence or absence of certain simple nitrogen
metabolites in specific taxa of mycorrhizal fungi is noteworthy: for instance, the
occurrence of simple indoles and isoxazole derivatives reported in Amamita species
(Tyler and Groger, 1964; Benedict ef a/, 1966) or the apparent absence of simple
amines in bolets: choline as herein reported or urea as indicated by Tyler ez af
(1965).

Probably no one factor is responsible for the suspected protective role of mycort-
hizal fungi. The overall metabolism of these organisms must be systematically
determined and appropriate test systems established before the complex chemical
associations between these organisms and their host plants can be assessed fully.

Acknowledgments

This investigation was supported by a co-operative aid research grant from the Pacific
Northwest Forest and Range Experiment Station, U.S.D.A —Forest Service. Dr. Bratis-
lav Zak generously provided cultures S-5 through S§-32.

The authors are grateful to Miss Patricia G. Briggs for her technical assistance.

Literature Cited

Agurell, S., S. Blomkvist, and P. Catalfomo. 1966. Biosynthesis of psilocybin in submerged
culture of Psilocybe cubensis. Acta Pharm. Suecica 3:37-44.

Agurell, 8. and J. L. G. Nilsson. 1968. Biosynthesis of psilocybin. II. Incorporation of
labelled tryptamine derivatives. Acta Chem. Scand. 22:1210-1218.

Ectomycorrhizal Fungi: A Phytochemical Survey 23




Benedict, R. G., and V. E. Tyler, Jr. 1962. Examination of mycelial cultures of Panacolys
species for tryptophan hydroxylase activity. Lloydia 25:46-54.

Benedict, R. G.,, V. E. Tyler, Jr. and L. R. Brady. 1966. Chemotaxonomic significance of
isoxazole derivatives in Amanita species. Lloydia 29:333-342.

Bloch, K. 1965. The biological synthesis of cholesterol. Science 150:19-28.

Catalfomo, P. and V. E. Tyler, Jr. 1964. The production of psilocybin in submerged culture by
Psilosybe cubensis. Lloydia 27:53-63.

Cochrane, V. W. 1958. Physiology of Fungi. John Wiley and Sons, Inc., New York. 524 pp.

Harley, J. L. 1959. The biology of mycorrhiza. Leonard Hill Lid., London. 233 pp.

Hogg, R. L., J. L. Beal, and M. P. Cava. 1961. A study of the alkaloids of Thalictrun:.
I. Isclation of some quaternary alkaloids from Thalictrum dasycarpum var. hypoglancum.
Lioydia 24:45-54.

Karrer, W. 1958. Konstitution und Vorkommen der organisch Pflanzenstoffe. Birkhduser
Verlag. Basel, Switzerland. 1206 pp.

Marx, D. H. 1969. The influence of ectotrophic mycorrhizal fungi on the resistance of pine
roots to pathogenic infections. II Production, identification, and biological activity of anti-
biotics produced by Lewcopaxillus cerealis var. piceina. Phytopathology 59:411-417.

Marx, D. H, and C. B. Davey. 1969a. The influence of ectotrophic mycorrhizal fungi on the
resistance of pine roots to pathogenic infections. III. Resistance of aseptically formed mycorr-
hizae to infection by Phyrophthora cinnamomi. Phytopathology 59:549-558.

Marx, D. H., and C. B. Davey. 1969b. The influence of ectotrophic mycorrhizal fungi on the
resistance of pine roots to pathogenic infections. IV. Resistance of naturally occurring my-
corrhizae to infections by Phytopbthora cinnamomi. Phytopathology 59:559-565.

Meyer, F. H. 1968. Auxin relationships in symbiosis. Iz Transport of plant hormones, pp.
320-330- (reprint).

Miller, M. W. 1961. The Pfizer handbook of microbial metabolites. McGraw-Hill, New
York. 772 pp.

Shibata, S., § Natori, and 8. Udagawa. 1964. List of fungal products. Charles C. Thomas,
Springfield, Illinois. 170 pp.

Sullivan, G. and L. R. Brady. 1965. Thin-layer chromatographic separation of betaine, choline
and muscarine. Lloydia 28:68-70.

Tomasz, A. 1967. Choline in the cell wall of a bacterium: novel type of polymer-linked choline
in Pneumococcus. Science 157:694-697.

Tyler, V. E, Jr. and D. E. Stuntz. 1962. Examination of higher fungi for alkaloids. Lloydia
25:225-230.

Tyler, V. E, Jr. and D. E. Stuntz. 1963. Examination of higher fungi for alkaloids. II. Addi-
tional species. Lloydia 26:158-160.

Tyler, V. E, Jr. and D. Gréger. 1964. Investigation of the alkaloids of Amanits species.
Planta Med. 12:397-402.

Tyler, V. E, Jr, R. G. Benedict and D. E. Stuntz. 1965, Chemotaxonomic significance of urea
in the higher fungi. Lloydia 28:342-353.

Trappe, J. M. 1962. Fungus associates of ectotrophic mycorrhizae. Bot. Rev. 28:538-G06.

Worthen, L. R., W. H. Snell and E. A. Dick. 1965. The examinarion of species of Boletaceae
for alkaloids. Lloydia 28:44-47.

Zak, B. 1964. Role of mycorrhizae in root disease. Ann. Rev. Phytopathol. 2:377-392.

Accepred for publication September 9, 1969,

24 Philip Catalfomo and James M. Trappe




