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Human and hutritional Aspects
Toxic Fungal lMetabolites

[?bllow:ng is a translation of &n article oy XK. J. van éer
Merwe, Dr. Rer lat. Gotitingen, Nasionale Chemiese jiavorsings-
laboratorium, Pretoria, in the South African-lanpguage periodical
S. A. Tvdskrif vir Gencesixunde (Soutn African Medical Journal),

Vol. 52, 1965, pages 762-705./

Although it has already been .ciown for more than 70 years that fungi
can produce toxic metabolites, the relationship between these toxic sub-
stances and certain symotoms of disease, with the only exception of ergoiism,
has, in general, not been recognized. At present, it is difficult to expliain
why, notwithstanding the discovery of a large numper of antibiotics from fungi,
no systematic research into the effect of fungal metabolites on the health
of higher organisms has been undertaken.

The recent discovery of the problem of aflatoxins and the realization
that, in all probability, other toxic fungal metavolites of comparable
importance may exis®t, has not only given rise to a world-wide interest in
the provlem of mycotoxicosis, but also to a large-scale cearch for new
toxic fungal metabolites. In a discussion of the work which in this connec-
tion is veing carried out at the National Chemiczl Research Laboratory, a
few chemical aspects of mycotoxicosis of importance in such research should
be mentioned.

Chemical Structure

Tne chemical structure of a number of known mycotoxins is shown in
diagram 1. The change from relatively simple sudbstances, such as oxalate-
ion (according to the literature, responsible, inter alia, for the toxicity

o “:sergillus niger) and j -nitronropio acid {a cancer creating toxic
S. nee Tormed by various fungi) to complicated molecules such as "bysscohlimien”
ac. nd tihe peptide-like Islanditoxin. “Byssochlamien" acid, consi st;ng of &
rel. .vely unusual rine-link ring and itwo anhydride groupings, is formed oy ithe
. . Paecilomyces varioti and is connected with thea—-calied haemor ha:ic
chl. .a disease, Islanditoxin is a cancer creating substance which is formed
-1 -
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by the fungus Penicillium islandicum and is primarily responsible for the
toxicity of the so-called Islandia yellow rice in Japan. Three of the build-
ing blocks in this molecule are of a very extraordinary nature. Treatment

with a very much diluted armonia solution removes the chlorine atom and deprives
the substance of its toxicity.

Murther examples are given in diagram 2. Sporidesmin, a2 complicated
orgenic molecule containing both chlorine and sulphur, is o agpanotcikic meso-
bolite “-rmed by the fungus Pithomyces chartarum and is responsivble or the
so-called "facial cczema" among sheep in New Zealand. One of the beuler known
examples of mycotoxicosis among people is ergotism, a condition occurring
sporadically in Central and Horthern Rurope and which was reported as an spidexic
in France as recently as in 1953. It is due to the use of brezad preopared froz
ry2 infected by the ergot funpus Claviceps purpurea. Tne active components
are alkaloids, which can be derived from the basic skeleton "lzae‘b-cn" acid.

These examples show that mycotoxins do not belong to any specifie class
of organic compounds but chemically can be quite different from one another.
This dces not only partly explain the dissimilar noture of the sy—ptozs of
disease caused by them, but makes it impossidle, in the case of an unknown
mycotoxin to determine beforehand the most aporopriate isolation-procedure.
Suech methods can only be obtained on the basis of systematic research in which
each step of separation is followed by means of toxicity tests.

The concentration in which mycotoxins are found in fungus contaminated
food is usually of the order of one part per million and less. Althougn it !
is nowadays possible by means of modern chromatograpnic methods of separation !
to isolate the toxic substance even if greatly diluted, the quantity thus
obtained usually is insufficient for an extensive chemical and toxicolcsical :
analysis. That is why it is tried in practice at an early stage of the re-
search in the laboratory to prepare fungus contaminated material of higher
toxicity with the aid of a pure fungus culture. However, it should then be
kept in mind that the changed conditions under which the fungus is cultivated

in the laboratory in some cases may strongly influence the production of the
toxic substance.

Environmental Factors

The influence of envirommental factors on the production of toxic
suostances is clearly illustrated in the case ol the so-called "alimentary
toxic aleukia”. This disease was especially prevalent among people in Russia
detween 1942 and 15147 and reached its climax in 1944, when in certain parts
of the Orenburg district it caused the death of more than 10% of the popula-
ticn. Death was caused by the concumption of oread prepared from grain whicn
hza oveen covered with snow for some time and had been contaminated by the fungi
ruoorium sporotrichoides, Cladosporum epipnylum and Cladosporum fagi. Tne
to.ic sudbstances causing the disease are shown in diagram 3. It has been
Tcund that none of these toxic substances develop at normal roon temperaturc,
but do develop at low temperatures, especially around 0°C. These toxic sud~
stances are so stable that even after six ycars they are still present in
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Best Available Copy




crain which has been stored; not even in the process of bread baking are they
destroyed.

Still znother example is shown -1 dizgranm &4, "Dikunm
mycotoxin responcible for the so-called haemorrhtgic
text: socuhlawcg7 poisoning amongz animals. It is co

formed from "kw:sarien", a cudvstance found in ¢clover. IDeciise the Tunus

itselfl cannot syntnesize "xumarien', the production of mycotox
dependent ca the presence of "kumariea" in ius environncent.

The toxicizy of mycotoxin is not necessarily restricted to people and
animals only ous sometimes also affects the 5rowtn of microorganicms and
plants. This is reflected in the fact that certain antibiotic-active subd-
stances, discovered in the search Tor an;ib;o,;cu and found to be too toxi
are nowadays xnown to us as mycotoxins. One example is "patulien” {diagranm
L}, 2 xnown antibiotic-active metavolite from Penicillium urticte, whics
responsiovle Tor mali fodder poisoning among animals.

.

However, it shouldé be kept in mind thatl toxic aniibiotic-aciive mcla-
wolites and "uvoxic" phytotoxins nave been isolated in anotiher context and
thus need not always ove of great Imporiance with rejardé to mycotoxicosis.

For some funzi are capadle of syathesizing more than one’toxic substance,

as can clearly ve illustrated in the case of Agperbllluq flavus (c.a;ram 5).
The importance of each of these substances with regard to mycotoxicosis
édepends on the relative quantities in which they arc present, as well as on
the relative toxicity.

Asperzillus ochraceus is a fungus which oceurs on & large scale in
nature, and the toxicity of which has recently been proved oy the licrotio-
logical Researcn Groun of the WINR. Aspergillus ochraceus forms part of
the microflora of "katsuo bushi" and other fL_m01uQQ fisn preparaticns used
in tne Far East, while 1ts capacity to cause the desired crnange in flavor
during the fermentation process of coffee is patented. A cnemical researcen
of the toxic fungal metabolites of this fun us has veen started at the nwational
Cnemical Researcn Leboratory of VIR ai the end of 13363.

Tais toxic fungus was cultivateé on a2 large scale in the lztoratory
on tae busis of sterilized "mielie" flour, ard the procedure o extraciion
and thne Iractionating methods uced to 1001 ate Lhe pure toxic subsiance are
listed in dizgram 6. Toxic anzlysis, both qualitative and quantitative -
nature, wis cudloyed after each step to follicw the extractlion of the toxic
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sussiance and to ensure that the active component did not disintegrate 1“
the process. It could finally be shown ithat only one metavolite, which has
veen given the name of ochratoxin A, is responsidble for the toxic character
of this Tungus.

Diazram 7 shows the chemical siructurce cf ocharatoxin A and two alllici cox-
ponents, ochravoxin B and C, whiech have recun.ly oecome apparent, especially
throush the aid of pnys*cal chemical metihcte sulh o5 mASc spectrometry, ruc--“:
zasncuice resonance, infrared and ultraviolet opectroscopy. Only ochratoxin
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is toxic, and its toxicological aspects have already been dealt with by Dr.
Tneron. Tae structure of ochratoxin B and C shows that removal of chlorine
or the esterification of the cartoxyl group removes the toxic nature of
ochratoxin A.
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Diamrazs (continued)

Tranzlator's note to Dia~ranm 6

Verskimelde meel:
Cplozbeer: soluble;
Giftig: toxice;

Nie Ciftig: non-toxic.
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