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DATE:SUBJECT:

Proposed Acceptable Daily Intake (ADI) Levels For
Enzymes From Organisms Not Commonly Considered To Be
Constituents of Food

FROM:

J. W. Bennett, Ph.D.
Professor of Biology
Tulane University

I have read the report of the Joint FAO/WHO Expert Committee of

Food Additives 31st meeting, Geneva, February 16-25, 1987

This report reiterates a conclusion reached at an earlier meeting

of JECFA that an acceptable daily intake (ADI) should be estab-

lished for certain enzyme preparations derived from microorgan-

isms not normally used as food, or for enzyme preparations not

removed from the food products to which they are added. This

conclusion is based, in part, on the notion "that source organ-

isms may produce toxins under certain conditions of growth"

Neither the name of the putative toxins, nor the name of the

organisms implicated as toxin producers, was given in the report.

I would assume that the "offending" species are Aspergillus

niger,

funiculosurn, and Aspergillus alliaceus since these are the

producing organisms for enzymes for which the Joint FAa/WHO

Since none of theseExpert Committee seeks to establish ADI's.
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species has been documented to produce mycotoxin in industrial

applications, my comments below pertain more toward hypothetical

situations, involving the introduction of new producing strains

than to the species for which the ADI's arein the future,

currently proposed. Based on the lack of documented evidence of

toxin production in industrial settings, it is my opinion, that

there is no reason to establish ADI's for the enzymes or species

listed in the Table (ICS/87.13 Page 3 of the Summary and Conclu-

sions of the Joint FAa/WHO Expert Committee on Food Additives

entitled "Acceptable daily intakes, other toxicology information,

and information on specifications" (Part A. Food additives,

Enzyme preparations).

Before speaking to the questions raised by the report of the

Joint FAa/WHO Expert Committee of Food Additives, it is important

that certain terms be defined. Selected references, cited by

author and date, are included in the text below. A bibliography

is affixed at the end of the report..

Mycotoxins are fungal secondary metabolites that evoke a

toxic response when introduced in low concentration to higher

vertebrates, 

and other animals, by a natural route.

Pharmacologically active fungal products such as antibiotics

(which are toxic to bacteria and ethanol which is toxic to
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animals but only in high concentration) are excluded from this

definition (Bennett, 1987

Secondary metabolites are low molecular weight compounds of

enormous chemical diversity and restricted taxonomic distribution

that are normally synthesized after active growth has ceased

Secondary metabolites are biosynthesized from small precursor

molecules e.g., acetate, malonate, isoprene, amino acids) via a

series of enzymatic conversions. Production of secondary metabo-

lites is both species and strain specific Bennett & Ciegler,

1983).

Species are basic taxonomic units. Fungal species are named

in accordance with the rules governedDY the International Code

of Botanical Nomenclature. The term "strain" derives from the

International Code of Nomenclature of Bacteria. A strain consti-

tutes the descendants of a single isolation in pure culture,

sometimes showing marked differences in economic significance

fro~ other strains or isolations. Strain is analogous to "clone"

in the International Code of Botanical Nomenclature (Jeffrey

1977; Bennett, 1985

The ability to produce a mycotoxin or other secondary

metabolite is a characteristic of a species. Within the species

different strains may vary in their biosynthetic potential: some

strains may be high producers, some may be low producers, some
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may be non-producers. The most common variant is the non-produc-

er

Having defined the relevant terms, it is now possible to

address certain issues raised by the report of the Joint FAO/WHO

Expert Committee. The commentary below is organized as a series

of questions and answers.

1.

Do non-toxicogenic species of fungi develop strains that
produce detectable levels of mycotoxins? Is the fact that
mycotoxins are secondary metabolites relevant to this
questions?

No.

Non-toxicogenic species of fungi do not become toxico-

However,genic.

the reverse is true. It is quite easy to

isolate non-toxicogenic mutants ~nd variants as clones

"strains'! from toxicogenic species

The fact that mycotoxins are secondary metabolites is very

relevant.

Unlike enzymes, which are direct gene products

synthesized directly from a structural gene via a series of

RNA and amino acid intermediates, secondary metabolites are

the result of numerous biosynthetic steps, each step

enzymatically catalyzed. In most cases we do not know the

exact number of steps in a biosynthetic pathway for a given

secondary metabolite. Therefore, we do not know the number

of genes required to encode for the enzymes of the pathway

However, 

~ secondary metabolites are biosynthesized by
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multistep pathways with ~ genes and many enzymes in-

valved.2.

Can conventional mutation (by mutagens or UV) or changes in
medium or growth conditions cause a demonstrated non-toxin
producer to begin producing toxins?

No.

"You can't get something from nothing". Organisms

which lack the structural genes for the enzymes of a myco-

toxin pathway cannot be turned into toxin producers by

simple mutation or changes in environmental parameters. In

order for a non-toxicogenic species to become toxicogenic it

would have to acquire the genes for an entire biosynthetic

pathway.

A basic precept from genetics is analogous here: Deletions

do not revert. Put another way, the absence of genetic

material cannot mutate. Nor can it be expressed. Again

note that the reverse is possible. Toxicogenic species may

mutate to non-toxicogenic strains; and under certain growth

conditions, toxicogenic strains may not express the geneticrYe
material for toxin production.

3. Since enzymes are primary metabolites which are ordinarily
produced in the logarithmic phase of growth, what is the
likelihood that mycotoxins, which are secondary metabolites,
would be co-produced with the enzymes?
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Usually there would be no co-production of secondary metabo-

lites with the enzymes harvested during growth phase.

Modern fermentation technology relies heavily on submerged

cultures for growing production strains of fungi. Commer-

cial enzymes are usually isolated from actively growing

Because filamentous fungi grow in the form ofcultures.

thread-like hyph.al cells, this early phase of growth,

roughly analogous to logarithmic growth in single-celled

organisms, has been given a special name: "trophophase"

Similarly, in the jargon of fungal physiology, the period

after active growth has ceased is called "idiophase".

Idiophase is roughly analogous to lag phase or stationary

phase for single-celled organisms. Most of the time, no

secondary metabolites are produced during trophophase

Since this early growth phase is(Turner, 1971, pp. 18-20).

the phase during which most commercial enzymes are harvest.

ed, even in toxicogenic species it is possible to avoid

~ accumulation of toxins by early harvesting of the fermenta-

tion cultures.

It is also relevant that the majority of mycotoxins are only

Chemical separations of mostsparingly soluble in water.

mycotoxins use nonpolar solvents (Cole and Cox, 1981
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Enzymes, 

on the other hand, are isolated with water and

other polar solvents.

4.

It is common practice for industry to test organisms for
toxicogenicity and pathogenicity and products for
non-specific toxicity before introducing them into
commercial production and to test specifically for a toxin
known to be associated with a given species. Is it
appropriate for JECFA to impose testing for aflatoxin BI,
ochratoxin A, sterig-matocystin, T-2 toxin and zearalenone
in all fungal-derived enzyme preparations?

Once a producing- species has been demonstrated as non-toxi-

cogenic, 

it is a waste of time and money to test each lot of

a commercial preparation for toxin production

If a species lacks the genetic material to biosynthesize a

toxin, it will remain non-toxicogenic.
.. Biosynthetic capaci-

ty is part of a species definition

A clumsy but colorful analogy could be drawn from the animal

world.

It would not make sense to test chickens and their

eggs for milk production; nor would it be logical to assay

cows and milk for the presence of feathers. Some verte-

brates make milk; some make feathers.

However, 

just because

an organism is a vertebrate does not mean it will make

either of these substances.

Similarly, 

although some

species of fungi make aflatoxin or T-2 toxin, it does not

make sense to test ~ fungal preparations for aflatoxin and

T-2 toxin
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Specifically, there is no reason to test Aspergillus niger,

for aflatoxin Bl' sterigmatocystin, ochratoxin, T-2 toxin orzearalenone. 

Since some strains of Aspergillus alliaceus

are known ochratoxin producers, enzyme preparations from

this species might be tested for this one toxin. It would

not be necessary- to test b.. alliaceus preparations for

aflatoxin Bl' sterigmatocystin, T-2 toxin, or zearalenone.

BIBLIOGRAPHY

Bennett, 

J. W. 1985. Taxonomy of fungi and biology of the
Aspergilli. In: Biology of Industrial Microorganisms (Eds:
A. L. Demain and N. A. Solomon) pp. 359-406. Benjamin
Cummings, Menlo Park, Ca.

Bennett, 

J. W. 1987. Mycotoxins, mycotoxicoses, mycotoxicology
and Mycopathologia. Mycopathologia 100: 3-5.

Bennett, 

J. W. and Ciegler, A. (Eds.). 1983.
Metabolism and Differentiation in Funqi.

, Inc., New York.

Secondary
Marcel Dekker,

Cole, 

R. J. and Cox, R. H. 1981. Handbook of Toxic Fungal
Metabolite~. Academic Press, New York.

Turner, 

W. B. 1971.
York.

Fungal Metabolites. Academic Press, New

8

:r~...,



tqS'.fI.svp.

THE OCCURRENCE AND SIGNIFICANCE

OF MYCOTOXINS

~.

-..c,.-

~ Dr. Maurice O. Moss
Department of Microbiology

University of Surrey
Guildford, Surrey

GU25XH



1

THE OCCURENCE AND SIGNIFICANCE OF MYCOTOXINS

Maurice 0 Moss
Department of Microbiology
University of Surrey
Guildford, Surrey, GU25XH

1. 

Description of mycotoxins

A conservative estimate suggests that there are at least
100,000 species of fungi (Hawksworth, Sutton & Ainsworth,
1983) and many of. these are able to produce one or more low
molecular weight organic compounds known as secondarymetabolites. 

These metabolites are a structurally diverse
group of molecules (Turner & Aldridge, 1983) some of which
have biological activity as antibiotics, phytotoxins and
mycotoxins. The term mycotoxin is generally confined to those
toxic metabolites produced by moulds growing on foods, animal
feeds, or the raw materials and additives used in their
manufacture.
The biological activity of mycotQxins is characterized by a
toxic response when consumed by man or animals. Depending on
the type of mycotoxin and animal species, even low concentra-
tions of mycotoxins can create an acutely toxic, carcinogenic,
oestrogenic or immuno-suppressive effect. A number of fungi
producing macroscopic fruiting bodies (mushrooms and toad-
stools) also produce toxic metabolites and these are a hazard
when such fruiting bodies are eaten. It is convenient to deal
with these compounds separately and not include them as
mycotixons.

Of the several hundred known toxic mould metabolites (see
Moreau, 1974; Wyllie & Morehouse, 1977; Watson, 1985) only
about three dozen have been shown to occur as natural
contaminants in food (Krogh, 1987). Table 1 lists the majority
of these with the species of mould known to produce them.
A further selection of mycotoxins, such as the satratoxins,
verrucarins, sporidesmins and slaframine, have been identified
in animal feeds and fodders.

3. 

Ability of mycotoxin production depends on species as well as
circumstances

Some mycotoxins are only produced by a limited number of
strains of one or two species of fungi, whereas others may be
produced by a large number of species. Thus the aflatoxins are
only known to be produced by Aspergillus flavus and A.
parasiticus, whereas ochratoxin is produced by several species
of Aspergillus and Penicillium. It is not the case that
species of mould traditionally used as constituents of food
of producing mycotoxins.
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Thus, 

Aspergillus oryzae, used extensively in the production
of koji for the manufacture of a wide range of foods, is able
to produce cyclopiazonic acid and ~-nitro propionic acid, and
penicillium roquefortii, used in the manufacture of all the
blue cheeses of the world, can produce PR-toxin, roquefortine
and several other toxic metabolites. Because processes, and
strain properties, are developed to optimise such qualities as
biomass and industrial enzyme production (and are generally
inversely related to those developed to optimize, or even
permit, secondary metabolite formation), -the. production of
koji and blue cheese is not associated with any known
mycotoxin problem. In a sense, it is the process, rather than
the organism, whic.h is safe.

4. 

Species specific mycotoxins

Table 2 lists some of the secondary metabolites associated
with species of mould used for the production of enzymes.
Only Aspergillus alliaceus is known to produce one of the
mycotoxins (ochratoxin) included in those routinely tested for
using the method of Patterson and Roberts (i.e. aflatoxin B ,ochratoxin A, sterigmatocystin, T-2 toxin and zearalenone). l

The major justification for looking for these mycotoxins in
products from species not associated with their production
must presumably be concern for carryover from contaminated
raw materials, or a failure to maintain a pure culture during
the manufacturing process.

5. 

Effect of !!!utatj.ons on mycotoxj.n productj.on

~

The biosynthetic pathways leading to the production of
mycotoxins are frequently complex involving many steps,(Steyn, 

1980). The majority, if not all, of these steps will
involve an enzyme which in turn will be coded for by a gene.
Thus many genes may be involved in the production of a
particular mycotoxin. It is thus a common experience that the
ability to produce a particular mycotoxin is readily lost
during routine subculture of the producing strain. In fact,
those who are trying to industrially produce secondary
metabolites need to take special care to avoid this happening.
It is also relatively easy to lose the capability of producing
a mycotoxin by a deliberate programme of mutation.
Since the chance to obtain a mutation defect in one of the
many genes involved in mycotoxin synthesis is much higher than
that of a mutation repair of one or more specific defects, the
situation in which a non-toxigenic strain becomes toxigenic is
far less common. Only one author (Benkhammar et al. (1985)
has reported obtaining cyclopiazonic acid producing mutants of
Aspergillus oryzae by treating a non-toxigenic strain with a
mutagenic N-nitroso-guanidine derivative.
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6. M cotoxin and enz me roduction: likelihood of co- roduction

The growth and morphological and biochemical differentiation
of filamentous fungi involve the sequential induction,
formation and repression of many hundreds of enzymes, some of
which are involved in the biosynthesis of mycotoxins.
However, the relatively small number of enzymes of industrial
interest are usually associated with the earlier stages of
vigorous growth and their production is directly growth
related. This is in contrast to the production of mycotoxins
most of which occurs during the later stages of development
and their optimum production is often associated with some
form of stress on growth processes.
In a limited study of strains of Aspergillus flavus and
closely related species at the University of Surrey, it was
found that an inverse correlation occurs between the ability
of strains to produce aflatoxin and the ability to produce and
secrete high levels of growth related catabolic enzymes such
as amylases. Such observations are entirely compatible with
the suggestion that Aspergillus oryzae and A. sojae are
"domesticated" forms of A. flavus and A. parasiticus respecti-
vely (Wicklow, 1984).

7. 

Mvcotoxins and enzyme ~urification: likelihood of co-isolation

The enzymes of particular interest in the food industry are
globular proteins which are high molecular weight water
soluble compounds in contrast to the low molecular weight
secondary metabolites many of which are more soluble in
organic solvents than in water.
If secondary metabolites, including mycotoxins, were present
in the production liquors from which enzyme are obtained, it
is highly probable that some stages in down stream processing,
such as ultra filtration, will effect a partial removal.
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1:

TABLE in food

MYCOTOXIN MAJOR PRODUCING SPECIES

Aspergillus flavus, A. parasiticus
Aspergillus ochraceus,
Penicillium viridicatum

AFLATOXINS
OCHRATOXIN

CITRININ
PENICILLIC ACID
PATULIN

STERIGMATOCYSTIN
MYCOPHENOLIC ACID
PENITREM A
P R TOXIN
VIOMELLEIN

CYTOCHALASIN E
CITREOVIRIDIN
CYCLOPIAZONIC ACID

Penicillium citrinum
Penicillium spp., Aspergillus spp.
Penicillium expansum,
Aspergillus clavatus
Aspergillus versicolor
Penicillium roquefortii
Penicillium aurantiogriseum
Penicillium roquefortii
Aspergillus ochraceus
Penicillium viridicatum
Aspergil-lus clavatus
Penicillium citreonigrum
Aspergillus flavus~
Penicillium aurantioqriseum

ROQUEFORTINE
ISOFUMIGACLAVINE
ZERALENONE
ZEARALENOL
TRICHOTHECENES
MONILIFORMIN
TEN\UAZONIC ACID
ALTERNARIOL
ALTENUENE
ERGOT ALKALOIDS

Penicillium roquefortii
Penicillium roquefortii
Fusarium spp
Fusarium spp
Fusarium spp
Fusarium spp
Alternaria spp
Alternaria spp
Alternaria spp
Claviceps spp
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Examples of secondary metabolites reported to be
produced by moulds used for the manufacture of enzymes.

2:

TABLE

MOULD SPECIES METABOLITES

Aspergillus alliaceus OCHRATOXINS A and B*

RUBROFUSARIN B
NIGERONE
AURASPERONE
NEOECHINULIN
NIGRAGILLIN
ASPERRUBROL

Aspergillus niger

Aspergillus oryzae B-NITROPROPIONIC ACID*
MALTORYZINE*
CYCLOPIAZONIC ACID*
KOJIC ACID
ORYZACIDIN
ASPERGILLOMARASMINS

ll-DEACETOXY WORTMANNIN
FUNICULOSIN
SPICULISPORIC ACID

Penicillium funiculosum

IOSNITRINIC ACID*Trichoderma harzianum

* recognised as rnycotoxins
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APPENDIX 1

Search Strategy Used

Set I terrls
51 5328
82 16258
53 195
84 736
85 2352
86 238
c:- 0-,,'
c:.j 12 '"'0'
-'\J ~

~a 1727~~
~ 23..;.:-"""
'dll 2094
S12 36
813 394
814 1506
515 22846
""'1 ' 1 --:' 4 '"'0~ 0 " -' ,:1--'
~1" 3°11'"'-, \J_~
818 183474
819 127,51E:l
': u-'"' ' 1 ~ o ~--' '- ...0 ..J 0;)

521 2117
c: 1"'\0 ',",':)-'~~ 0 O~-'
523 885707
C:-")4 "'0 ~ '
-"- -_0

825 4156
826 F7

C'escriptiorl
M'( COTO>( I N
AFLATO>( I N
D I H'(C'ROX'(FLAV'?
D I ACETOX'(5C I RPEI'jOL
OCHRATO>( I t.J
LUTEO5K'(R I 1'1 -
EPO~~Y(I...J)TRI COTHECENE

5TERI GlvIATI:ICY5Tlt',1
TOXIt.J? ?
T< 2W) 2( 2vJ)TOXlf'1
ZEARALEt.JOt',jE
TR I COTHECEt.JE
RUBRATO)<: I t.J
PATULII-j
51 OR 52 OR 83 OR 54 OR 85
8.5 OR S7 OR S8 OR :39 OR S 10
S11 OR 512 OR 513 OR S14
815 OR 516 OR 517
Et..IZY'tv1E.? '7

t1At.J U FACT U R?
519 ANCI 520
C'EEP
CULTURE? ?
822 AI-ID 523.
!:;':- 1 I-IR ""' 4,~-
S 18 At.JD 525

The effect of the aboTle strategy is that a reference is printed
out if it contains one or more of the toxin keywords (51 -514)
AND either Enzyme Manufacture OR Manufacture of Enzymes OR
Manufacturing Enzymes etc., OR Deep Culture OR Deep Cultures.
This gives a fairly wide coverage without overproducing results
which swamp out relevant references and waste time, money and
effort.
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APPENDIX 2 -FILE SEARCHED

Files searched Host Major Journals Covered

Biotechnology Orbit Derwent Biotechnology Abst.

OrbitCurrent Awareness in
Biotechnological Sciences

Current Advances in Bio-
technology
Current Advances in Microbiol.
Current Advances in Molecular
BioI.
Current Advances in Cell + Dev.
BioI.
Current Advances in Toxicology
and many more

Biosis Previews Dialog

~

Biological Abstracts

EMBASE Dialog Abstracts & Citations from
4000 worldwide Biomedical
Journals

International Pharmaceutical
Abstracts

Dialog 500 Pharmaceutical, medical +
related Journals

Life Sciences Collection Dialog Industrial + Applied Microbio-
logy, Microbiological abstracts

Chemcial Exposure Dialog Databank

Martindale on line Dialog Databank

Medline Dialog Index Medicus (3000 Internatio-
nal Journals)

Occupational Safety & Health Dialog 400 Journals
70,000 monographs

Chemical Regulations &
Guideline system

Dialog US Federal Databank on
controlled substances

Drug information full text Dialog

Agrochemicals Handbook Dialog

CA Search Dialog Chemical abstracts

Merck index on line Dialog Merck index


