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Abstract

Characterisation, Isolation, Purification and Toxigenicity of Diplodiatoxin produced
by Stenocarpella maydis in Maize

Shailaja Kishan Rao

PhD Thesis, Department of Biotechnology, University of Western Cape.

Stenocarpella maydis is an important pathogen causing stalk rot, ear rot and seedling
blight in maize. S. maydis infection causes severe losses in the crop productivity and
yield. When the infected crop is consumed by animals it causes mycotoxicoses known
as diplodiosis. Diplodiosis is characterised by ataxia, paralysis, neurological
disturbances and severe liver damage. S. maydis produces diplodiatoxin which is a
bicyclic B-y unsaturated carboxylic acid containing a p-keto side chain. To study the
effects of pure diplodiatoxin, S. maydis isolates from different maize growing regions
in South Africa were collected and screened for the presence of diplodiatoxin. The
presence of diplodiatoxin in these isolates was detected by thin layer chromatography
and mass spectrometry. Isolates from the Potchefstroom region produced the highest
concentration of diplodiatoxin, whereas some of the isolates from the Potchefstroom
and Cedara regions did not produce the toxin. Experiments were conducted to
optimise the in vitro production of diplodiatoxin using the isolate MC43. The
diplodiatoxin was produced in detectable quantities in the media in cultures older than
6-8 weeks. A protocol was developed for the bulk production of diplodiatoxin from

the isolate MC43 for further experiments.

The effect of diplodiatoxin on the growth of various bacterial species was undertaken.
The bacterial species showed a range of susceptibility to diplodiatoxin. The increasing
order of susceptibility to diplodiatoxin was S. aureus < B. cereus < B. subtilis < P.
Sfluorescence < E. coli. The effect of different concentrations of diplodiatoxin on the
growth of S. aureus in liquid media was studied and it was shown that diplodiatoxin

was bacteriostatic.

The toxicity of diplodiatoxin on mammalian cell lines was undertaken by testing its

toxicity on the Chinese hamster ovary cells. The activity was observed even at low
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concentrations of diplodiatoxin, experiments were conducted to analyse whether
diplodiatoxin was causing necrosis or apoptosis and the results confirmed that

diplodiatoxin was inducing apoptosis in the mammalian cells.

The evaluation of the toxicity of diplodiatoxin was undertaken in rats. The acute and
sub-acute effects of diplodiatoxin were monitored in male and female rats with special
reference to biochemical target enzymes aspartate aminotrasferase (ASAT), alanine
aminotrasferase (ALAT), acid phosphatase (AcP), alkaline phophatase (AkP) and
acetlycholinesterase (AChE). Diplodiatoxin causes loss of body weight and reduced
feed intake along with other clinical symptoms. The acute and sub-acute treatment of
diplodiatoxin resulted in significant inereases in the liver and serum ASAT and
ALAT. Decreases in the serum AcP, AkP and liver AkP were observed, whereas liver
AcP increased in both male and female treated rats. In addition significant inhibition
of brain AChE was seen in acute and sub-acute treated animals indicating the effect of
diplodiatoxin on nerve synapsis. These results clearly suggest that diplodiatoxin is a

toxic compound and that it is hepatotoxic and neurotoxic.

A phylogenetic analysis was undertaken to determine the genetic relationship among
the various isolates of S. maydis using the ITS sequence, as some of the isolates were
not producing diplodiatoxin. The ITS sequence data suggested that the isolates could
be separated into two groups, one containing the high toxin producing isolates and the
other with non-toxin, moderate and high toxin producing isolates. When they were
compared with other ascomycete species to see the appropriate phylogenetic
placement they grouped into two clusters and were close to other ascomycete
members other than Diplodia spp. The toxin producing isolates were close to
Diaporthe spp and Phomopsis spp and the non-toxin producing isolates along with
moderate and high toxin producing isolates were found to be close to Fusarium spp
and Nectria spp. The data suggests that isolates identified as S. maydis may have been
misidentified and in fact belong to one of the two species clusters. Further, Fusarium,
Nectria, Diaporthe and Phomopsis species have been identified as the pathogens of a
wide variety of different plant hosts suggesting that the ear rot in maize is a part of a
set of diseases of plants caused by this group of fungi. This may have implications for

pathogen reservoirs and disease control strategies.
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Chapter 1
INTRODUCTION AND LITERATURE REVIEW

1. MYCOTOXINS

1.1 Introduction

Mycotoxins attract worldwide attention because of the significant economic losses
associated with their impact on human health, animal productivity, domestic and
international trade. Over 300 myecotoxins have been discovered, of which a few are of
serious concern (Smith and Moss 1985; Rheeder et al., 1994). Exposure to these mycotoxins
can produce both acute and chronic effects ranging from death to effects upon the central
nervous, cardiovascular, pulmonary systems and upon the alimentary tract. Mycotoxins may
be carcinogenic, mutagenic, teratogenic and immunosuppressive (Ferrante et al., 2002).
Mycotoxins are currently considered as a major problem in developing countries (Miller,

1994).

Infection caused by fungus is called mycosis. A toxin produced by mould or mildew is
termed as mycotoxin, myco meaning ‘fungus’, foxin ‘poison’. These mycotoxins are toxic
secondary metabolites of low molecular weight and are found to have a wide variety of
structures. Mycotoxicosis is the disease caused by the mycotoxin after being consumed by
the animals or humans. Mycotoxicosis is characterised by ataxia, paralysis, neurological
disturbances and severe liver damage. The impact of mycotoxins on health depends upon
amount consumed, toxicity of the compound, the body weight of the individual, the presence
of other mycotoxins and other dietary effects (Kuiper-Goodman, 1991). Major problems
with mycotoxin exposure came to light with the outbreak of the Turkey X disease in 1960's
when thousands of turkeys died in England. A careful survey of the early outbreaks showed
that they were all associated with contaminated feed and the infecting fungus was identified

as Aspergillus flavus and the toxin was given the name aflatoxin by virtue of its origin. This
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discovery has led to a growing awareness of the potential hazards of these substances as
contaminants of food and feed causing illness, damage to the immune system (Berek ef al.,

2001) and also leading to death in humans and animals.

1.2 Common mycotoxins produced by fungi

The mycotoxigenic fungi involved with the human food chain belong mainly to three genera
viz., Aspergillus, Fusarium and Penicillium. While Fusarium species are destructive plant
pathogens producing mycotoxins before and after harvesting (Coker, 1979), Penicillium and
Aspergillus species are commonly found as contaminants of food and feed during drying and

subsequent storage. The mycotoxins produced by these pathogens are discussed below.

1.2.1 Aflatoxins

Aflatoxins are mainly produced by Aspergillus flavus, A. nominus and A. parasiticus. They
are difuranocoumarin derivatives. The four main naturally produced aflatoxins are B, B,, G;
and G, with B; usually being the aflatoxin found at the highest concentration in the
contaminated food and feed (Pitt, 1996). The nomenclature of B and G is derived from the
blue and green fluorescent colours produced under UV light on thin layer chromatography
plates, with the subscript members indicating major and minor compounds (Sweeney and
Dobson 1998). Aflatoxin M, and M, are monohydroxylated derivatives of aflatoxin B; and
aflatoxin B,. Aflatoxin M, has been widely found in a number of food products including
infant formula, dried milk, cheese and yoghurt (Galvano et al., 1996; Aksit ef al., 1997).
Aflatoxin producing moulds occur throughout the world, in subtropical and tropical
climates, especially in oilseeds, edible nuts and cereals (Coker, 1979). Aflatoxins are also
found in a wide variety of other food stuffs (Candlish er al., 2001; Kim et al., 2001).
Recently in South Africa there was aflatoxin poisoning and the highest contamination of
aflatoxins was found in peanuts (MRC, 2002).
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1.2.2 Fumonisins

Fumonisins are primarily produced by Fusarium moniliforme, however F. proliferatum
(Keller and Sullivan, 1996), F. napiforme (Nelson ef al., 1992) and F. nygamai (Smith et al.,
1994), together with Gibberella fujikuroi (Desjardins et al., 1997) are also known to produce
these toxins. Their basic chemical structure is a C-20, diester of propane-1, 2, 3-tricarboxylic
acid and pentahydroxycosane containing a primary amino group (Savard and Blackwell,
1994). They have a similar structure to sphingosine, which forms the backbone of
sphinogolipids. Six fumonisin structures have been identified to date and they are FB,, FB,
FB;, FB4, FA; and FA;. However, of these only the B-series have been confirmed as natural
products, with FBjusually being the most abundant (Marasas, 1996; Pitt and Hocking,
1997). Two new fumonisins, hydroxylated fumonisins C;and fumonisin C; have been
isolated from culture of F. oxysporum (Seo-Jeong ef al., 1996). Both compounds are
structurally similar except for an additional hydroxyl group at C; of hydroxylated fumonisin
Ci. F. graminearum produces fumonisins like deoxynivalenol, nivalenol, zearalenone
(Marasas et al., 1984). Fumonisins are usually found in grains and cereals. FB; has also
been reported in maize from a variety of agroclimate regions including North, South
America and Africa. The toxin especially occurs when maize is grown under warm and dry
conditions. It was also found that considerable variation exists in fumonisins produced in

maize varieties grown in different geographical locations (Prathap Kumar et al., 1997).
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Fig 1.2 Fumonisin B;

1.2.3 The Penicillium mycotoxins

The genus Penicillium contains many toxigenic species (approximately one hundred), and
the range of mycotoxin classes produced is much broader than that of any other genus.
Penicillium toxins are placed in two broad groups based on the effect, they are hepatotoxins
and neurotoxins (Pitt and hocking, 1997). The three most important Penicillium mycotoxins
are ochratoxins, patulin and citrinin. Recently, similar penicillium mycotoxin was isolated
from strain Penicillium vulpinum by (Kozlovskii et al., 2000) and from Penicillium citrinum

by (Malstrom ef al., 2000).

1.2.3.1 Ochratoxins

This group of toxins are mainly produced by Penicillium viridicatum and Aspergillus
ochraceous. Ochratoxin A is produced by A. ochraceous and related species. It is a
derivative of isocoumarin linked to L-phenylalanine (Moss, 1996) and is the most toxic of
the isocoumarin compounds. Ochratoxin appears to occur mainly in wheat and barley in the

temperate zones of Northern Hemisphere (IARC, 1993). It also occurs in maize, rice, peas,
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beans, cowpeas. Ochratoxin was also produced by Aspergillus carbonaries in coffee cherries

(Joosten et al., 2001).

1.2.3.2 Patulin

Patulin is produced mainly by P. expansum, a fruit pathogen that causes apple rot. It usually
occurs in rotten apples, apple juice and other apple products (Roach et al., 2002). It is used

as an antibiotic.

1.2.3.3 Citrinin

Citrinin is produced mainly by P. citrinin. It was reported that P. expansun and P.
verrucosum were also producers (El-Banna et al., 1987). Citrinin is quinone methide with
two intramolecular hydrogen bonds. It is used as an antibacterial agent against Gram-

positive bacteria.

Fig 1.3 Ochratoxin A, (Penicillium verrucosum)
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1.2.4 Trichothecenes

The trichothecenes are a group of mycotoxins that are produced by a variety of different
Fusarium species. Numerous other fungal genera such as Cephalosporium, Cylindrocarpon,
Myrothecium, Trichoderma, Trichothecium, Stachybotrys and Verticimonosporium also
produce trichothecenes (Smith et al., 1994). The trichothecenes are chemically the most
diverse of all the mycotoxins. They are all tricyclic sesquiterpenes with a basic 12, 13-
epoxy-trichothec-9-ene ring system. They can be designated into four subclasses. Type A,
having a functional group other than a ketone at position C-8; Type B having a ketone at
position C-8; Type C having a second epoxyl group at C7, 8 or C9, 10 and Type-D
containing a macrocyclic ring between C4 and C5 with two ester linkages (Smith ef al.,
1994). Trichothecencs are found in cereals, maize, wheat and bewered alcoholic beverages
(Odhav and Naicker, 2002). Trichothecene contamination has been a major problem in
developing countries (IARC, 1993). Africa, America and Europe are the continents were

trichothecene contamination was found highest in the recent years (Miller, 1991, 1994).
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1.3 Characterization of mycotoxins

1.3.1 Production of mycotoxins

Mycotoxins are secondary metabolites and have no obvious function in the cell growth
unlike primary metabolites. Fungal growth and mycotoxin contamination are the
consequences of interactions between the fungus, the host and the environment. The
appropriate combinations of these factors determine the infestation and colonisation of the
substrate and the type and amount of mycotoxin produced. However, a suitable substrate is
required for fungal growth and subsequent toxin production, although the precise factors

which initiate toxin formation are complex.

Similarly, specific crop growth stages, poor soil fertility, high crop densities and weed
competition have been associated with the increased mould growth and toxin production.
Mycotoxin formation is also affected by associated growth of other moulds or microbes. For
example, pre-harvest aflatoxin contamination of peanuts and corn are favoured by high
temperatures, prolonged drought conditions and high insect activity, while post-harvest

production is favoured by warm temperatures and high humidity.

The production of mycotoxin is not only influenced by the physiochemical, environmental
or cultural conditions in which the fungus is growing, but also the genotype of the organism.
It is important to know that the production of any particular mycotoxin depends on a
particular strains/isolate and not on the species. For example, although aflatoxins are known
to be produced by Aspergillus flavus and A. parasiticus, there are strains of these species
which are non-aflatoxigenic. Studies conducted on the association of morphology and toxin
production with vegetative compatibility groups of A. flavus, A. parasiticus and A. tamarri
showed significant differences among the vegetative compatibility groups and the toxin

production (Homn ef al., 1996).
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1.3.2 Extraction and Detection of mycotoxins

The mycotoxins are extracted in complex mixtures from the plants infected with fungi.
Generally mycotoxins are soluble in polar solvents and insoluble in non-polar solvents. The
polarity and the degree of solubility varies from the toxin to toxin. Usually the extraction is
done by specific methods like solvent extraction methods. After extraction the compound is
ready for further analysis. The detection of mycotoxin is usually difficult due to the presence
of large number of other secondary metabolites produced by the fungus. Ultraviolet
indicators such as zinc silicate may be added to enhance the detection (Musonik, 1996).
Usually bioassays are used for the detection of unknown mycotoxins and analytical methods
are preferred for known mycotoxins. Therefore it is important to use methods that are
sensitive and efficient. The Thin Layer Chromatography is used as a presumptive test and
Column Chromatography is used for the purification of mycotoxins in bulk amounts.
Currently more sensitive testing methods such as High Performance Liquid Chromatography
and Mass Spectrometry are being utilised. The analytical procedure involves the process of
extraction, cleanup, detection, isolation, purification, quantification and ﬁnal confirmation
(Smith et al., 1985).

1.3.3 Analytical methods

Chemical methods of detection are preferred to biological assays for known mycotoxins as
they are easily quantifiable, interference by non-fungal co-extracts is less and they are more
sensitive than biological assays (Ramawat and Suri, 1999). Basically, various types of
chromatography techniques are being used to separate compounds of interest from a crude
extract. Compounds are separated on the basis of polarity, affinity with the solvent and
adsorption properties onto the matrix. Also most mycotoxins are detected by analytical

chromatography (Roach et al., 2002). Various analytical techniques are discussed below.
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1.3.3.1 Thin Layer Chromatography

Thin layer chromatography (TLC) has been the most widely used analytical method for
separation and identification of mycotoxins because it is quick, easy and economic. The
technique involves the separation of compounds on a thin layer of silica using an appropriate
solvent system and the characterisation of the resultant separated compounds by developing
the TLC plate with a specific detection reagent. With every combination of solvents each
mycotoxin will have a characteristic migration and separating pattern, known as the Rf
value. The Rf value is affected by the solvent system, and therefore different solvent systems
provide a variety of methods of separation of compounds. If the compounds are not properly
resolved, resolution can be achieved by using 2-dimensional TLC. Also mycotoxins are
detected by physio-chemical properties of molecules often involving a combination of
absorption and fluorescence properties or the use of chromogenic reagents. Some
mycotoxins absorb UV and emit visible light. TLC is only a presumptive test and further
confirmation is done by HPLC. Compounds of interest can also be separated by eluting

from the silica and can be re-dissolved in a suitable solvent for further analysis.
1.3.3.2 High Performance Liquid Chromatography

High Performance Liquid Chromatography (HPLC) is widely used separation technique and
is one of the best and most sensitive methods used for detection and quantification of
mycotoxins (Solfrizzo et al., 2001). HPLC coupled with sensitive detection and
sophisticated data retrieval systems has facilitated the identification of selected mycotoxins
and their quantification. HPLC is much faster and has high resolution. Currently HPLC is
also coupled with other techniques like fluorescence for more accurate results for the

detection of mycotoxins (Llorens et al., 2002).
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1.3.3.3 Mass Spectrometry

The generally used method for the structural analysis of organic compounds is Mass
Spectrometry. It is a technique used for characterising molecules according to the manner in
which they fragment when bombarded with high-energy electrons. It is not strictly a
spectrometric method as electromagnetic radiation is neither absorbed nor emitted. However,
the data obtained are in a spectral form and the relative abundance of mass fragments from a
sample is recorded as a series of lines or peaks. The bombardment procedure produces many
fragments, each of which carry a charge, which facilitate their separation and detection by
electrical means. The spectra are always recorded under the conditions of high vacuum to
prevent loss of the charged fragments by collision with the molecules of atmospheric gases.
The components of the mass spectrometry include a sample inlet system, an ionisation
source and an accelerator chamber where the molecules of the samples are ionised,
fragmented, accelerated into an analyser and ion detection and recording system. Used in
conjunction with UV, infrared and visible spectral data, MS is highly sensitive and an
extremely valuable aid in the identification and structural analysis of organic compound. The
spectroscopy is a widely used technique for validation of structure of mycotoxins (Musser ef
al., 2002).

1.3.3.4 Nuclear Magnetic Resonance

Nuclear Magnetic Resonance (NMR) is one of the most important techniques used for the
structural analysis of compounds (Harper et al., 2001). Certain atomic nuclei have a spin
associated with them, which causes them to behave like tiny magnets since nuclei are
charged. When the nuclei are placed between the poles of a powerful magnet, they align
themselves either with or against the field of the magnet. Nuclei that align with the field
have a slightly lower energy than those that aligned against the field. Hydrogen nuclei
(protons) are the most common nuclei used for determining organic structures. A sample of
the compound under study is placed (usually in CDCI; or CD3COCD3) in the centre of radio
frequency coil between the poles of a powerful magnet. The magnetic field must be

extremely homogenous. The spinning protons align with or against the field. A continuously
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increasing amount of energy is supplied to the nuclei by the coil. When this energy
corresponds exactly to the energy difference between the aligned and non-aligned nuclei, it
is absorbed by the aligned nuclei (lower energy state) and they are transferred to the non-
aligned (higher energy state). The nuclei are said to be in resonance. A plot of the energy

absorbed by the sample against the frequency of the coil gives the NMR spectrum.

1.4 Effect and Mechanism of action of mycotoxins

1.4.1 Effect of mycotoxins on animals

Mycotoxins have devastating effects on animal husbandry and it has been a severe problem
to mankind since the beginning of organised erop production. Mycotoxins have been
associated with various diseases in livestock, domestic animals and humans throughout the
world. The effect of mycotoxins differs from species to species, For example fumonisins
cause leukoencephalomalacia in horses (Marasas et al., 1998; Kellerman ef al., 1990),
pulmonary oedema and hydrothorax in pigs (Harrison et al., 1990), and hepatotoxicity and
liver cancer in rats (Gelderblom et al., 1996). They inhibit sphingolipid biosynthesis, which
has been linked as a contributing factor in both toxicity and carcinogenicity (Merrill et al.,
1993). Fumonisin produced by Fusarium verticillioides strain MRC 836 was reported to
have effect in non-human primates (Gelderblom et al., 2001). Fumonisin has a significant
effect on the enzyme levels aspartate aminotransferase (ASAT), alanine aminotransferase
(ALAT) in rabbits (Conkova et al., 2001) and a remarkable increase in the level of enzyme
alkaline phosphatase was observed in rats when treated with fumonisin (Theumer et al,

2002).

Aflatoxin is regarded as the most potent liver carcinogen known for a wide range of animal
species. Aflatoxin B; acts as a potent carcinogen in some animals, there are measurable
effects on long-term exposures to low levels of this mycotoxin on animals, including humans
(Dragon and Pitot, 1994; Eaton and Groopman, 1994; Costantini et al., 2000). The toxin
appears to act by modifying the structure of DNA in the liver cells. This requires activation
of aflatoxins by oxidation into the epoxide form (Harris, 1991). Recently it was reported that
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aflatoxin affects the reproductive system in the sub-acute studies done on rats (Ibeh ef al,

2000).

Trichothecenes, which are also known to be potent mycotoxins cause immunotoxicity and
inhibit protein synthesis. They pre-dispose animals to other diseases and toxicoses (Prelusky
et al., 1994). Most animals, including humans, appear to display the greatest susceptibility to
these toxins. Trichothecenes causes neurogenic symptoms in adults (Rao et al., 2000). Also

trichothecene has a measurable effect on mammalian reproductive system (Rao et al., 2000).

Ochratoxin A is a potent nephrotoxin, teratogen and carcinogen (Krogh, 1987) and
inhalation can lead to renal failure (Dipaulo ez al., 1994). It has a significant affect on
epithelial cells which play a vital role in kidney physiology (Horvath et al., 2002). It was
also recently reported that Patulin has adverse effects on rodent foetuses, together with
immunological, neurological and gastrointestinal effects (Smith et a/., 1994; Canas and
Aramda, 1996). Citrinin (Ditrinin) is a well-established renal toxin affecting monogastric

domestic animals such as pigs and dogs. The effect on humans is not yet known.
1.4.2 Effect of mycotoxins on humans

Mycotoxins cause significant damage to the human immune system (Berek et al., 2001).
Usually humans are exposed to mycotoxins by consuming food contaminated with fungi or
food products derived from infected animals and plants (Linsell, 1977; Kuiper-Goodman,
1991). Such exposure is difficult to avoid because fungal growth in food is not easy to
prevent. Even though in developed countries heavily contaminated food supplies are not
permitted in the market, concern still remains for possible adverse affects resulting from
long-term exposure to low level of toxins in the food supply. Mycotoxins are generally
stable at low temperatures but degrade at higher temperatures and during chemical treatment,
but still the food and feed might remain toxic (Jackson et al., 1996). Evidence of acute
mycotoxicosis has been reported from many parts of the world, maiﬁly the third world
countries and the symptoms are characterised by vomiting, abdominal pain, convulsions,

coma and death with cerebral edema and failure of the liver, kidney and heart. Conditions
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increasing the likelihood of acute mycotoxicosis in humans include limited availability of
food, environmental conditions that favour fungal development in crops and commodities,

and lack of regulatory systems for mycotoxin monitoring and control.

In 1998, the International Agency for Research on Cancer (IARC) placed aflatoxin Bl on the
list of human carcinogens (IARC, 1993). This was supported by a number of
epidemiological studies done in Asia and Africa that have demonstrated a positive
association between dietary aflatoxin and liver cancer. Additionally, the expression of
aflatoxin-related diseases in humans may be influenced by factors like age, sex, nutritional
status, and/or concurrent exposure to other causative agents such as viral hepatitis (HBV) or
parasitic infestations. Aflatoxins and cyclosporin are also known to cause breast cancer in
humans (Eaton and Groopman, 1994; Costantini ez al., 2000). In addition, the high incidence
of human cancer in certain part of the world such as South Africa (Rheeder et al., 1992) and
China (Luo et al., 1990) has been epidemiologically correlated with fumonisins. Fumonisin
was found to cause cancer in humans (Sydenhan ef al., 1990; Chu and Li, 1994), especially
oesophageal cancer (Seegers et al., 2000; Chelule et al., 2001).

1.4.3 Effect of mycotoxins on specific enzymes

Mycotoxicoses leads to the changes in the levels of specific target enzymes. The
biochemical parameters are a sensitive index of the changes due to specific toxicant and can
constitute an important diagnostic tool in toxicological studies. Most mycotoxins are
neurotoxic and hepatotoxic so they significantly affect the target enzymes. AChE a target
enzyme, predicts the early toxicity. Aflatoxin B changes the AChE turnover and hence the
cholinergic transmission in the brain and adenohypophysis. This inturn results in behavioural
deficits and / or performance decrements via a disturbance of hypothalamo-hypophysial axis
(Egbunike and Ikegwuonu, 1984). Zearalenone had a measurable effect on the enzymatic
parameters like ASAT, ALAT and LD in rabbits (Conkova et al., 2001). Ochratoxin A had a
significant effect on ASAT and ALAT, also the levels of these enzymes was much higher in
older female rats than the younger ones (Dortant et al., 2001). An investigation on the broiler

chicks fed with contaminated Fumonisin B, resulted in elevated levels of ASAT and ALAT
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(Henry et al., 2000). Exposure to certain toxic organic metabolites in liver with reference to
these enzymes was observed by (Verplanke et al., 2000). These enzymes are also used to
predict the early toxicity caused by certain pesticides like phosphorothinoate (RPR-II)
(Rahman er al., 1999). AkP and AcP are excellent indicators of ecarly toxicity of
organophosphoric compounds (Rahman et al., 2000). The mechanism of activity of these

enzymes is described below.

1.4.3.1 Acetylcholinesterase

Acetyl Cholinesterase (AChE) is a target enzyme for some toxic metabolites. AChE plays a
key role in many organisms, including humans. These enzymes are useful in predicting early
toxicity of the toxic compounds. The primary biological function of AChE enzyme in the
nervous system is to break down the neurotransmitter acetylcholine (ACh) within the
cholinergic nervous system (Mason ef al., 2000). When AChE is altered by organic
compounds, it can not perform the break down function and thus acetylcholine accumulates.
Acetylcholine accumulation increases nerve impulse transmission and leads to nerve
exhaustion and failure of the nervous system. When the nervous system fails, muscles do not
receive the electrical input they require to move. The respiratory muscles are the most
critical muscle group affected, and respiratory paralysis is often the immediate cause of
death.

The enzyme AChE is a serine esterase and is functionally related to other enzymes in this
family. The active site contains a catalytic triad composed of aspartate, histidine and serine
residue functional groups (i.e., the carboxyl, imidazole and alcohol, respectively). The serine
hydroxyl is nucleophilic and attacks the acetylcholine ester function. This enzyme also
contains a cation binding site recognises and binds the choline quaternary ammonium group.
Thus, the activity of AChE is inhibited in response to the toxin, thereby blocking
transmission of nerve impulse. Thus AChE is an excellent indicator of affect of toxin on

nerve synapsis.
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1.4.3.2 Aspartate amino transferase (ASAT) and Alanine amino transferase (ALAT)

Enzymes such as aspartate amino transferase (ASAT) and alanine amino transferase (ALAT)
also play a vital role in predicting the toxicity of the compound. ASAT and ALAT are the
membrane enzymes, found in heart, liver, skeletal muscle, kidney, pancreas, spleen, lungs,
red blood cells and brain and any injury to these organs will result in the release of these
enzymes. These enzymes are used in diagnostic centres for the prediction of early toxicity.
ASAT and ALAT are enzymes produced in the liver cells and are detected in the blood
streams. The normal range for ASAT is 0-40 U/L, when liver cells are damaged, these
enzymes are released and elevated levels are detected in serum. The level of ASAT and
ALAT are generally taken to be an indicator of the damage that is caused to liver cells. Liver
cells are damaged even with a little increase in the level of these enzymes. Early toxicosis

can be predicted by monitoring the levels of these enzymes (Kaur ef al., 2000).

1.4.3.3 Acid phosphatase and Alkaline phosphatase

Phosphatases are important critical enzymes in the biological systems, responsible for
detoxification, metabolism and biosynthesis of energetic macromolecules for different
essential functions. Interference with these enzymes leads to biochemical impairment,
lesions of tissues and loss of cellular functions (Enan ef al., 1982). Phosphatases are
lysosomal markers. These enzymes have been extensively studied for significant
physiological and pathological processes. Phosphatases are lysosomal enzymes that catalyse
the splitting of phosphoric acid from certain phosphoric esters. They are usually located on
absorptive or secretary surface of cells as membrane bound enzymes and these enzymes are
biomarkers of membrane damage or tissue necrosis (Rahman ez al., 2000). Acid Phosphatase
(AcP) is a lysosomal enzyme, and increase in the level of this enzyme is a sensitive indicator
of activated macrophages and polymorphonuclear leukocytes (Henderson, 1984). AcP has a
heterogeneous and ubiquitous distribution. It is present in prostate gland, erythrocytes,
leukocytes, platelets, liver, spleen and other tissues. Alkaline Phosphatase (AkP) is found in
the cell membranes and is a sensitive indicator of cell damage (Henderson, 1984). This

enzyme is a glycoprotein that has been found to originate mainly from bone and liver
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(Righetti and Kaplan, 1971). Mammalian AkP comprises of a group of membrane
glycoproteins that catalyse the hydrolysis of different monophosphate esters (McKenna et
al., 1979). The biological function of AkP at a molecular level has been proposed which
suggested that AkP, together with other membrane phosphohydrolases and transferases, may
act in concert to regulate the dimensions of the membrane. Multiple molecular studies which
are characteristics of selected tissue types and cell types have been documented and serum
concentrations correlated with certain diseases, such as prostate cancer (Fisherman, 1974).
Also AcP is used for the detection and monitoring of prostrate and breast carcinoma (Varley

et al., 1980)

1.4.4 General mechanism of action of myeotoxins

The mechanism of action of a mycotoxin can be studied at different levels. The in vivo
effects of mycotoxins and other xenobiotics depend primarily on the activities of enzyme
systems regarded as “drug—metabolising enzymes” responsible for their detoxification.
However, in some instances, certain steps of the process results in the production of a
compound more toxic than the initial molecule. The extent of the biochemical effects thus
depend on the balance between the rates of the various pathways that metabolise the toxin,
i.e., those proceceding via the formation of active metabolites and those leading to inactive

derivatives.

The major areas of biochemical effects of mycotoxins in the cells are as follows:

1 Interaction with the cell membranes
Interference with energy metabolism
Interaction with the DNA or protein molecules
Inhibition of the replication of DNA molecules
Inhibition of transcription (RNA synthesis)

Inhibition of translation (protein synthesis)

~N N o B W

Interference with the metabolism of purines
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According to Kiessling (1986) the primary mechanism of action of mycotoxin may be to
modify the DNA. In certain cases the mycotoxin reacts directly with the enzyme protein or
co-enzyme. All these primary events may lead to secondary effects in the terms of modified
enzyme activities and, hence, changes in metabolic activity and regulation. A number of
mycotoxins interact with DNA either directly or after metabolic activation. Aflatoxin B, is
transformed into several kinds of metabolites by cytosolic and microsomal enzyme systems.
Among the resultant metabolites, aflatoxin M,, Q, and P, are far less mutagenic and
carcinogenic than aflatoxin B,. A diagrammatic representation of mode of action of aflatoxin

B, is described below in (Fig. 5.1).

o o  Liver microsomal

mixed function oxidase ¢
System
C ———— (
iy OCH;
Aflatoxicon B, Aflatoxicon Bj-Epoxide

Protein
Protein
Protein

Aflatoxicon B;-DNA Adduct Aflatoxicon B,-Protein Adduct
Fig 1.5 Mode of action of Aflatoxin B,

e Fumonisins mainly act on cell membrane (ceramides/spingolipids)
(Ferrante et al., 2002)

e Penicillium inhibits protein synthesis by acting on 30s ribosomal unit.

e Ochratoxin A is reported to be able to cause break down in the DNA-

strand in vitro and in vivo.
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1.5 Genetic analysis of mycotoxin producing fungi

Genetic analysis of mycotoxin producing fungi is important as it reveals the variability
within fungal population for a better understanding of disease outbreak and prediction of
disease (Huff, Bunting and Plumley, 1994). Molecular techniques represent a powerful tool
for the identification and understanding the genetic variation among the various organisms,
and to confirm the proper taxonomic placements, which resolve the taxonomic controversies.
These techniques are helpful in understanding the mechanism involved in the pathogenicity.
Molecular markers are also used for detecting variation within population of phytopathogens
(Crowhurst et al.,, 1991) and other organisms (Badhuri and Cottrel, 1998). A number of
molecular techniques are currently available to study genetic relationships among the fungal
populations (Bostock ef al., 1993). Random amplified polymorphic DNA (RAPD) (Pavanen-
Huhtala et al, 1999; Calvo-Bado ef al., 2001), Restriction fragment length polymorphism
(RFLP) (Viji et al., 2000; Aradhya et al., 2001) and Amplified fragment length
polymorphism (AFLP) (Pei and Ruiz, 2000; Purwantara et al., 2000) are the various tools
for screening which are been used to screen isolates of a species, and to study intra- and
inter- specific relationships between the fungi. A genetic and physical map has also been
developed in toxin and nontoxin producing strains of Leptosphaeria maculans using RAPD,
RFLP and AFLP (Cozijsen ef al., 2000).

Further, ribosomal DNA genes of fungal genomes are very useful for genetic diversity and
phylogenetic studies. The region is highly conserved (White et al., 1990; Henson and French
1993) and is easily accessible for investigation by PCR amplification. The 18S, 5.8S and
28S genes do evolve at a slow rate and are used for studying the relationship among distantly
related organisms. Sequence variation in the rDNA genes are used for classifying organisms
at the level of classes or families (Burns et al., 1991). Variations in ITS sequences could be
most informative for closely related organisms (Hyun and Clark, 1998). Also the internal
transcribed spacer (ITS) region is a powerful tool to study relatedness as it is highly
conserved and changes in the sequences of this region could be used to explore variation
within/between species in fungi (Aradhya ef al., 2001; Jensen and Eilenberg, 2001; Angeles
etal.,2001).
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1.6 Fungal pathogens affecting maize

Maize (Zea mays L.) is an economically important crop all over the world and is an
important stable food in South Africa particularly for those living in rural areas. Its true
potential as a high yielding crop is mainly hindered by several fungal, viral and bacterial
infections. The major fungal pathogens causing ear rot in South Africa are Stenocarpella
maydis (Berk.) Sutton (Diplodia maydis), S. macrospora Earle Sutton (D. macrospora),
Fusarium moniliforme Sheldon (Gibberella fujikuroi), F. subglutinans Woolen W. and
Reinking (G. fujikuroi var. subglutinans), F. graminearum Schwabe (G. zeae) and
Aspergillus flavus (Flett and Wehner, 1991; Rheeder ef al.,, 1993). Other than these ear rot
pathogens, maize encounters the infections of Exserohilium turcicum causing leaf blight.
Maize streak virus (MSV) and Maize dwarf mosaic virus (MDMYV). Plant breeders and
pathologists working with maize pathogens have observed that the incidence in South Africa
is on the increase (Rheeder et al., 1990). The increased incidence over recent years has been
attributed to difficulty in controlling the disease, use of susceptible germplasm, agricultural

procedures currently practised and environmental conditions aggravate the disease.

1.7 Stenocarpella maydis

1.7.1 History

Stenocarpella ear rot was first reported in South Africa in 1907 by Smith and Hedges
(1909). S. maydis ear rot is known since 1909 in USA (Heald et al., 1909). In 1912 Webb
found the fungus on samples of maize stubble from a field in Natal where cattle had shown
symptoms of toxicosis (Van der Bijl, 1914). During the 1950s and early 1960s disecase was
most common in major corn belts all over the world. However, the disease has gained
attention since the severe nation wide outbreak of S. maydis stalk rot in the 1980s
(Chambers, 1986). These epidemics resulted in severe losses in yield and grain quality as
well as toxicity to livestock fed with infected grains (Rabie et al., 1987). In South Africa the
estimated loss due to S. maydis in 1987/88 was approximately 200 million Rands (Flett and

Mc Laren, 1994; Nowell, 1997) and the severity of the disease is increasing every year
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(Chelule et al., 2001). Apart from South Africa and America Stenocarpella maydis was also
found in China (Henan) recently (Hamilton, 2000).

1.7.2 Epidemiology

The distribution and severity of ear rots are dependent on the climatic conditions. The
outbreak of the disease (Diplodiosis) is favoured by dry weather early in the season followed
by wet conditions just before and after silking (Shurtleff, 1980). Fungal ramification
decreases as the ears become dried (Clayton, 1927). Maize is the only crop infected by this
pathogen known to date (Flett, 1991), but the present study revealed that S. maydis is related
to other fungi which are plant pathogens and that it is very closely related to other fusarium

species.

1.7.3 Identification

S. maydis is a member of Ascomycota and belongs to the family Botryosphaeriaceae. Earlier
S. maydis was known as Diplodia maydis (Sutton, 1980). Another closely related species is
S. macrospora but, this species is less common and more aggressive than S. maydis and can
cause severe losses (Latterell and Rossi, 1983). The fungus can be identified as white
cottony mycelial growth on the infected husk and kernels with black fruiting bodies called as
pycnidia. The pyenidia are immersed, spherical to globose, dark brown to black in structure.
The pycnidial ‘wall is multicellular and darker around the circular protruding papillate

ostiole, which is 40 um in diameter. No telomorph is known in pyenidia (Shurtleff, 1980).

1.7.4 Symptoms

The diseases caused by S. maydis infection in maize are referred to as mould corn mildew,
ear rot and dry rot. Early infection may result in small shrunken ears of no value while less
severe attacks produce ears of poor feeding quality. In severe attacks embryos are destroyed
or viability is lost, so that the maize is of no use as seed. Ear rot appears as a white, cottony

fungal growth between kernels, almost always progressing from the ear shank upwards and
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from the cob outward (Vincelli, 2001). Occasionally, infections progress downwards from
the tip of the cob. Several affected ears can be obvious from a distance as the husk turns
brown and are dry as compared to the rest of the plant. In most cases, no symptoms appear
on the leaves of infected plants. Infection of the kemels with a relatively low moisture

content cause darkening of the embryos.

1.7.5 Disease Cycle

S. maydis survives between seasons in the residue of corn stalk, cobs and fallen kernels.
Spores of the fungus are produced in fruiting structures called pycnidia, which are produced
on infested corn residues. During wet weather, the spores ooze out of these fruiting
structures and are spread by rainsplash. When plants are silking, spores are splashed up to
the ear and then deposited by rainwater around the ear shank and have an opportunity to
infect. These spores can germinate and penetrate the ear shank, growing up into the cob and
outward into the kernels. Ears are most susceptible to infection within a week or two of
mild-silk. Research to date indicates that susceptibility of ears steadily decline after that,
although some ears can still be infected as long as four weeks after midsilk. Wet weather and
moderate temperatures during silking allow the infection to ocecur if spores are present.
Corns being the host of S. maydis, the inoculum levels are usually highest in fields of

continuous corn, but eventually decline when rotated to other crops (Vincelli, 2001).

1.7.6 Control

The most effective means of controlling crop disease is by breeding for disease resistance
(Flett and McLaren, 1994). The environmental and agricultural factors on the epidemic have
posed problems to breeders and researchers (Nowell, 1997). The increased incidence of S.
maydis infection over recent years has been attributed to difficulties in controlling the
disease, several agricultural practices such as crop rotation are being used to lower the
incidence of the disease (Flett, 1991). The use of fungicides ¢.g., benzomyl and triazole
group do control the disease to a certain extent. However, several factors influence the

control efficacy and economic viability of the crop (Nowell, 1997). Since the use of
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fungicides is becoming a health hazard and an environmental problem, fungicide application
is limited to seed crops only, and other alternative measures such as biological control
against S. maydis have been suggested (Nowell, 1997). Moreover, integrated disease control

strategies are being developed to pursue a maximal control efficacy of the disease.
1.7.7 Diplodiatoxin

The toxin produced by S. maydis is called diplodiatoxin, S. maydis cultures cause
diplodiosis, which came into light in South Africa during 1918 when a neurotoxic disease
was diagnosed in cattle. Since then interest developed and research on diplodiatoxin has

been undertaken in several laboratories.

The structure of diplodiatoxin is unique among fungal metabolites in containing a B-keto
side chain and the B-y-unsaturated acid unit (Fig. 6) Diplodiatoxin crystallised from
chloroform has a melting point 186-187 °C and [e<]**; +101°. Elemental analysis and high-
resolution mass spectroscopy showed it to have a molecular composition of CigH304. The
UV spectrum of diplodiatoxin showed ketone absorption [A®F;.,293nm (£50)]. The
molecular weight of diplodiatoxin is 308.19gram. Its IR-spectrum exhibits strong OH
absorption between 2500 and 2800cm™ indicating a carboxyl group, and a sharp band at
1700cm™ attributed to the CO group (Steyn et al., 1972). Stereo structure of diplodiatoxin
was confirmed by the synthesis using highly stereo controlled strategy, in which the

intramolecular Diels-Alder reaction of a (E, E, E)-triene is involved (Ichihara et al., 1986).

A closely related species, Diplodia macrospora, is known to produce diplodiosporin and
diplodiol (Chalmers et al., 1978; Cutler et al., 1980). A detailed biosynthetic pathway for the
biosynthesis of diplodiosporin was proposed by (Chambers ef al., 1979; Gorst-Allman and
Vleggaar, 1986).The toxicity of diplodiosporin and diplodiol is known but the severity is not
as high as Diplodiatoxin.
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Fig 1.6 Structure of diplodiatoxin

1.7.8 Effect of Diplodiatoxin

Diplodiatoxin is a toxic compound and when consumed in higher quantities may even lead
to death. S. maydis causes field outbreaks of mycotoxicosis known as Diplodiosis, which is
characterised by ataxia, paralysis, lacrimation, neurological disturbances and severe liver
damage. Diplodiatoxin affects the animals that feed on the infected crop. The effect of crude

extract of S. maydis on various animals is discussed below.

1.7.9 Effect on Poultry

The toxicity of S. maydis to ducklings, chicken broilers and laying hens was investigated by
(Rabie et al., 1987). Among the isolates used, those obtained from South African Medical
Research Council (MRC) were most toxic. Most S. maydis isolates showed acute toxicity in
ducklings. Ducklings fed with 50%, 20% and 10% of dict containing S. maydis died within
five days. Even at dietary level of 5% the death was reported within seven days.
Administration of contaminated diet also resulted in loss of body weight in chicken broilers
(Rabie et al., 1987). Isolates MRC 2829 and 2407 resulted poor weight gains and higher
mortality. Even at 2% and 1% dietary levels, both isolates resulted in significantly poorer
weight gains. S. maydis also resulted in reduction of egg production and loss in weight of the
eggs in laying hens. Of the two isolates of S. maydis tested, MRC 2407 was less toxic than
MRC 2829. The fact that the least toxic isolate (MRC 2407) still resulted in a highly
significant reduction (17%) in egg production when fed with a dietary level of 0.5%,
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indicates that S. maydis is of economic importance in poultry industry. It is, however,
important that additional isolates, randomly selected from commercial corn, should be
evaluated before predicting the level of toxicity (Boasch et al., 1989; Still ef al., 1992; Singh
et al., 1994).

1.7.10 Effect on Cattle

Diplodiosis occur in cattle eating infected maize ears on harvested maize farms a few days to
two weeks of post-harvation (Marasas, 1977). Early symptoms are lacrimation and
salivation, accompanied by quivering of the shoulder and flank muscles and ataxia. These
symptoms become more conspicuous with time, the back is arched, muscular tremors
become general, and marked ataxia develops. Infected animals walk only when compelled to
and then signs of uncoordinated movements are shown by high stepping movement of the
legs, lateral swaying, and a tendency to walk with hindquarters bent to one side. They
knuckle over at the fetlocks after walking a short distance and are unable to rise. There is
virtually no increase in body temperature throughout the toxicosis. If the ingestion of
infected maize is continued at this stage, symptoms become more pronounced. Complete
muscular paralysis sets in and is followed by death. On the other hand, a fairly rapid
recovery is usually made if the feeding is discontinued when clinical symptoms become
evident. The signs of paralysis disappear within a few days but stiffness may persist for
sometime. Some cattle developed permanent involuntary high-stepping gait of the hind
limbs (Kellerman ef al., 1985).

1.7.11 Effect on Sheep

The first clinical sign of diplodiosis in sheep appears two to sixteen days after consumption
of infected maize. The syndrome is characterised by marked ataxia, first evident as stiffness
in movements and unsteadiness on the feet. The sheep are weak and stand with arched back
and legs spread out. When attempting to walk, the hindquarters collapse, and the animal falls
to the ground and has difficulty in rising. These signs continue for one to three days without

any rise in body temperature. Recovery resumes if feeding with intoxicated food is stopped,
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if not then it leads to complete paralysis and death (Kellerman et al., 1985). S. maydis
culture also causes perinatal mortality in lambs. The infected lambs and calves were either
stillborn or died soon after birth. Histopathological examination revealed a consistent,
permanent status spongiosus on the white matter on their brain (Kellerman ef al., 1991).
Almost all lambs born from ewes that had been exposed to S. maydis were dead or died soon
after birth. Histopathological examination of affected lambs revealed spongy degeneration
(status spongiosus) of varied degree in the central nervous system. Spongy lesions were
present throughout the white matter in the brain in several affected cases and in some of
these focal areas of leukoencephalomacia were evident (Aucock et al., 1980; Kellerman et
al., 1985, 1991). In lambs that were mildly affected, the lesions were locally distributed with
predilation for the white matter of the cerebral and cerebellar gyri. Preliminary transmission
electron microscopical studies showed that the spongy changes were attributed to
widespread intramyelinic vacuoles and expansion of extracellular spaces. In mildly affected
lambs, the lesions were limited more or less to the matter of cerebral and cerebellar

hemisphere and central cerebrum and cerebellum (Prozesky ef al., 1994).

1.7.12 Effect on Vervet Monkeys

Vervet monkeys of different age, sex and weight have also been used to determine the
toxigenicity of S. maydis. It has been reported to cause mycotoxic peripheral myelinopathy
and hepatitis in monkeys (Fincham, 1991). In some treated cases, peripheral motor and
sensory functions were impaired resulting in a loss of fine motor control in hands and feet.
Toxication causes effects on various serum enzyme levels viz., aspartate transaminase
(ASAT), alanine transaminase (ALAT), lactate dehydrogenase (LD), gammaglutamyl
transferase, alkaline phosphatase (AkP) and creatinine phosphokinase (Smith ef al., 1994).

1.7.13 Genetic aspect of S. maydis
Information regarding the variability within fungal populations is important for better

understanding of disease outbreaks and the prediction of disease development (Huff,

Brunting and Plumley, 1994). Molecular markers are useful tools for the detection of genetic
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relatedness among various populations of phytopathogens (Crowhurst et al., 1991).
Traditionally S. maydis pathogens have been differentiated from each other on the basis of
morphological structures, growth and colour development of fungus in the medium, but
these methods are unsatisfactory because morphological and cultural characteristics are
unstable and can alter frequently under different environmental conditions. Also S. maydis
was found to be similar to the other fungal strains like S. macrospora with respect to size of
spores and additional requirement for biotin in vitro etc (Stevens and Chapman, 1942;
Shurleff, 1980, Sutton, 1980; Latterell and Rossi, 1993). The genetic relationship among

various isolates of S. maydis and with other group of fungi is not yet known.

1.8 Research needs and Proposed plan

Mycotoxigenic fungi are responsible for extensive financial losses encompassing a broad
spectrum of crop and animal husbandry and pass along the food chain to the consumers.
Farmers are impacted by both fungal contamination during cultivation and subsequent
storage, resulting in destruction and downgrading of grains. Livestock in tropical countries
are especially affected by acute toxicity and the consumers are vulnerable to the long term

mutagenic and immunosuppressive effects of mycotoxins.

The effect of crude extract of S. maydis has been studied in cattle, sheep, goat, poultry and
monkeys. It is difficult to conclude whether the toxicity is due to diplodiatoxin or due to
synergistic action of the other secondary metabolites present in the extract. The effect of
pure form of diplodiatoxin has not been studied previously. Hence, the present study is
aimed to evaluate the exact nature of activity of diplodiatoxin, by screening various isolates
for the production of diplodiatoxin, undertaking isolation and purification of diplodiatoxin,
studying the toxicity of diplodiatoxin and analysing the genetic relationship (using ITS

sequencing) among the toxin and non-toxin producing isolates.
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The objectives of the present study were as follows:

1. To screen the various isolates of S. maydis collected from different geographical regions
of South Africa for the production of diplodiatoxin.

To optimise the conditions for in vitro production of diplodiatoxin.

To isolate and purify the diplodiatoxin.

To test anti-bacterial activity of diplodiatoxin.

To test the toxicity of diplodiatoxin on mammalian cell lines.

To test acute toxicity of diplodiatoxin on male and female rats.

To test sub-acute toxicity of diplodiatoxin on male and female rats

® N v A WD

To sequence the ITS region of toxin and mon-toxin producing isolates of S. maydis to

study their genetic relationship.
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Chapter 2

SCREENING AND IN VITRO PRODUCTION OF DIPLODIATOXIN

2.1 Introduction

Stenocarpella maydis is a significant pathogen which causes stalk rot and ear rot in
maize. It produces a toxin known as diplodiatoxin. S. maydis is known to have
measurable affect on animals. So cultures of S. maydis or infected maize have been used
to study the toxicity of crude extract in experimental animals but the toxicity may be due
one principle compound or due to the synergistic effect of several compounds present in
the extract. Thus it is important to know the exact nature of the active principle
compound in crude extract, for which a pure culture of S. maydis and optimised

conditions for the toxin production are a prerequisite.

Mostly, mycotoxins are produced during the stationary growth phase of mycelium and
are released into the media or are accumulated in the hyphal cells. Requirements for
growth and production of mycotoxins are entirely different. It is only when the
nutritional factors run out and limits the growth, then the toxin biosynthesis occurs
rapidly (Smith and Moss, 1985). Water stress, high temperature stress and salt induce
toxin production (Sweeney and Dobson, 1998). The presence of various carbohydrates
and nitrogen sources, phosphates and trace elements in the growth media also affects
mycotoxin production (Luchese and Harrison, 1993). The in vitro growth of the
mycelium and production of mycotoxin also dependents upon pH of the media (Murray
and Walter, 1991; Marvin et al., 1995), the type of media and the incubation conditions
such as temperature (Marvin et al., 1995; Velluti et al., 2000), humidity, type of cultures
and light. Addition/of a particular precursor for mycotoxin biosynthesis into the media
also induces mycotoxin production due to a phenomenon called feedback mechanism.
For example isotope labelled alanine, which is a precursor of fumonisin B; biosynthesis
when added in the media increased production of mycotoxin (Branham and Plattner,
1993). Cultural conditions also help in enhancing the production of mycotoxins and other

secondary metabolites, like batch fermentation enhances the production of fumonisin
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(Maia et al., 2001). The use of liquid medium has been promising as this greatly reduces
the number of contaminants and has been found to increase the yield of mycotoxins
(Musonik, 1996). Liquid cultures are recommended even for the growth of Stenocarpella
maydis (Bussard and Larson, 1978). Usually, mycotoxins are produced during the stress

conditions, either accumulated in the mycelium or released into the medium.

As some isolates do not produce toxin, screening and detecting the toxin producing
isolates becomes important (Leslie et al., 1992). Modern techniques, which are simpler
and efficient, are employed for the detection of mycotoxins (Machado and
Kemmelmeier, 2001). Detection and screening of known mycotoxins are done by TLC,
HPLC and Mass Spectrometry. The most simple and effective method is Thin Layered
Chromatography, It has been recently used for the screening of some unknown
compounds (Laserson ef al., 2001). It has been used for a long time for quick detection of
mycotoxins. The TLC is considered as the presumptive test and further confirmatory tests

are required.

Confirmation may include analysing the sample by Mass Spectrometer along with a
known standard. Mass spectrometry is highly sensitive and is extremely valuable aid in
the identification and structural analysis of organic compounds. Fungal metabolites are

usually detected by Mass Spectrometry (Prasain et al., 2002).

The present study is aimed to screen the various isolates of S. maydis from the infected
maize fields in South Africa for the presence of diplodiatoxin and to study various factors
governing its in vitro production.

2.2 Materials

Potato Dextrose Agar (PDA)

Infusion from potatoes (See below) 1000ml
Glucose 2% (wiv)
Agar 15% (w/v)

Potato Infusion:

Boil 200g scrubbed and sliced potatoes in 1000 ml water for 1 hour. Pass through a fine

sieve.
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Corn Meal Agar (CMA)
Corm meal 5% (w/v)
Agar 1% (wW/v)
Distilled water 800ml
Czepex Medium (CzM)
Sucrose 3% (W/v)
Sodium nitrate 3% (wW/v)
Magnesium sulphate 0.5M (5ml)
Potassium chloride 0.5% (w/v)
Iron (III) sulphate 0.01% (w/v)
Di-potassium hydrogen phosphate 1 % (wiv)
Agar-agar 1.3% (w/v)
Suspended in distilled water 48g/litre
Minimal Salts Medium (MSM)
NaNO; (Sodium nitrate) 12% (wiv)
KCI (Potassium chloride) 1.04% (wrv)

KH,PO4 (Potassium phosphate monobasic) 1.63% (w/v)

K;HPO, (Potassium phosphate dibasic) 2.09% (wiv)

MgSOs: 0.5M (5ml)
For 1000ml, dissolve the listed salts in 800ml of distilled water in the order indicated.
Bring the final volume to 1000ml with distilled water.

Potato Dextrose Broth (PDB)

Potato Extract 20% (w/v)
Dextrose 2% (wiv)
Distilled water 1000mi

Chemicals and Reagents

Methanol, Ethanol, Toluene, Ethylacetate, Benzene, Chloroform, Formic acid,

Hydrochloric acid, Sodium hydroxide, Sulphuric acid.
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Spraying reagent
Vanillin; Vanillin 0.1% is dissolved in 50% H,SO;4 diluted in 50% ethanol at —80 ° C.

Thin Layered Chromatography plates (TLC)
The TLC plates are coated with silica gel — G, 0.5mm thickness

The chemicals were from Sigma or Merck laboratories in South Africa

2.3 Methods

2.3.1 Collection and maintenance of S. maydis isolates

Twenty different isolates of Stenocarpella maydis viz., D79, D72, D80, D74, D78,
AX30, 8Y, 6Y, 2Y, C1A, C3C, CH3, U3H, MC34, MC35, MC43, MC50, U3, U5 and
U2, were collected by Professor Achar’s group from maize cultivars grown in different
maize growing areas in South Africa viz., Potchefstroom, Transkei and Cedara. Single
spores were isolated and sub cultured on Potato Dextrose Agar PDA to obtain pure
cultures for further experiments. Cultures were maintained on PDA at 26 °C in the dark
and 55% to 60% relative humidity and were sub-cultured at week intervals.
Simultaneously, healthy maize plants were grown as control in the green house (Fig. 2.1)

parallel to the infected ones.

2.3.2 Screening of isolates of S. maydis for the presence of diplodiatoxin

2.3.2.1 Suspension cultures

The fungal isolates were grown in Potato Dextrose Broth with pH 4.5 in a 31 Erlenmeyer
flask, each containing 21 of the medium. Culture were agitated at 80rpm on a rotary

shaker for the first 6 weeks of the incubation and then kept under static conditions for

another 2 weeks.
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Fig 2.1 Healthy maize plants grown in green house

1. Healthy maize plants grown in the green house parallel to the infected maize
plants

2. The healthy maize cobs were grown and the extract from the healthy cob was
spotted on TLC along with the extract of infected cob for the detection of the

diplodiatoxin and for analysing the common compounds present
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2.3.2.2 Extraction and Thin Layer Chromatography

After 6 weeks of growth in suspension cultures the mycelium was homogenised along
with the supernatant in a food mixer and extracted overnight with chloroform: methanol
(1:1, v/v) to yield a crude extract. The extract was vacuum filtered through Whatman
Filter paper No. 1 to remove debris. The solvent was evaporated at 70 °C under vacuum
and the residue was re-dissolved in 2ml of ethyl acetate. All the extracts were stored at 4
°C. For the chromatographic separation of compounds, extracts from different isolates
were loaded on a thin layer chromatographic (TLC) plate (silica gel-G; 0.5mm thickness)

and the following solvent systems were used for the separation of compounds.

Toluene: Ethyl acetate: Formic acid (4:5:1, v/v)
Methanol: Chloroform (4:1 v/v)

Benzene: Chloroform: Acetic acid (5:4:1, v/v)
Ethyl acetate (100%)

B W R

TLC plates were viewed under UV light and developed with 0.1% vanillin followed by
heating the TLC plate at 120 °C for 2 minutes for the detection of diplodiatoxin. The
diplodiatoxin reacts with vanillin to give an orange spot on TLC plate when heated at 100

°C for 2 minutes.

2.3.2.3 Atomic Pressure Chemical Ionisation Mass Spectrometry

The presence of diplodiatoxin in these isolates was further confirmed by VG Quattro
Mass Spectrometer with electrospray ionisation (ApcIl-MS) in ESMS unit (University of
Stellenbosch). The samples were diluted to (1:10) with ethyl acetate and 50ul of the
dilution was loaded in the instrument. The carrier solvent was ethyl acetate delivered to
the ionisation source at the flow rate of 50pl/minute. The mass spectrum was scanned

from m/z = 100-1000 at a scan rate of 5seconds/scan.
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2.4 Optimisation of in vitro growth of S. maydis and production of diplodiatoxin

2.4.1 Cultural conditions

For the optimisation of mycelial growth and the production of diplodiatoxin, The MC43
isolate of S. maydis was used. The fungal inoculums for the below experiments were
500mg (fresh weight) per each flask. Cultures were grown in 1Litre Erlenmeyer flasks,
each containing 500ml of the media. For the first 6 weeks cultures were agitated at
80rpm on a rotary shaker, followed by static conditions for another 2 weeks under a

periodic cycle of 16hours light and 8hours at 26 + 1 °C and 60 % 5% relative humidity.
2.4.2 Effect of various media compositions

Mycelium of MC43 isolate was inoculated in the various media like potato dextrose
broth (PDB), Corn Meal Extract (CME), Czepex Liquid Medium (CLM) and Minimal
Salts Medium (MSM) with pH 4.5. The in vitro growth of the mycelium and production
of the diplodiatoxin (on the basis of TLC) was evaluated in 2 to 8 week-old cultures.

2.4.3 Effect of pH

The MC43 isolate of S. maydis was inoculated in potato dextrose broth and the pH of
PDB media was adjusted ranging from 3.0 to 5.0. The growth of mycelium and the

production of diplodiatoxin were evaluated in 2 to 8 week-old cultures.
2.4.4 Effect of incubation temperature
MC43 isolate grown in PDB media was incubated under a varied range of temperature

(22 to 32 °C) to study the effect of temperature stress on the growth of mycelium and

production of diplodiatoxin.
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2.5 Results

2.5.1 Stenocarpella maydis isolates

Early infection of Stenocarpella maydis on maize appears as development of white
powdery mass on the cob (Fig. 2.2) and the stalk causing severe ear rot and seedling
blight. Various isolates collected from different geographical regions of South Africa
exhibited differential growth and colony colour when grown in vitro on PDA media (Fig.
2.3). During the initial stage of growth, mycelium grew as white filaments but the colour
change after 7 to 8 days of growth. Most of the isolates were yellow, brown or white in
colour but the U3H isolate was green. The pycnidia were immersed, spherical to globose,
dark brown in colour and conidia were either straight or slightly curved, septate, smooth
walled and pale brown in colour. But, in suspension culture mycelium was brown in

colour in all the isolates.

2.5.2 Screening of isolates for the presence of diplodiatoxin

2.5.2.1 Thin Layer Chromatography

Various isolates of S. maydis viz., D79, D72, D80, D74, D78, AX30, 8Y, 6Y, 2Y, Cl1A.
C3C, CH3, U3H, MC34, MC35, MC43, MC50, U2, U3 and US collected from different
regions in South Africa were screened for the presence of diplodiatoxin (Table 2.1). Thin
Layer Chromatographic separation of compounds from the crude extract (Section 2.3.2.2)
of 20 different isolates collected from Potchefstroom, Transkei and Cedara showed
considerable differences in the presence or absence of diplodiatoxin. Diplodiatoxin
reacted with 1% of vanillin to give an orange spot on the TLC plate, which clearly
indicated the presence of toxin in the isolates. Diplodiatoxin could not be viewed under
UV light. It was also observed that MC34, MC35, MC43 and MC50 isolates of
Porchefstroom region produced the maximum quantity of diplodiatoxin whereas D79,
D72, D74, D80 and D78 isolates did not show the presence of diplodiatoxin. All isolates
collected from Transkei showed the presence of very low quantities of diplodiatoxin (Fig.
2.4). C1A and C3C isolates of Cedara showed moderate quantity of diplodiatoxin and
CH3 and U3H isolates of this region did not produce diplodiatoxin.
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Fig 2.2 Infected and healthy maize cobs

1. The Infected maize cob showing the infection caused by Stenocarpella maydis
2. Healthy maize cob
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Fig 2.3 CH3, MC43, C1A and D74 isolates of Stenocarpella maydis grown on PDB

1. The isolates of Stenocarpella maydis sub-cultured on to potato dextrose agar
plates from the infected maize cobs

2. The temperature at which they are grown is 26 = 1 °C

3. The isolates are CH3, MC43, C1A and D74

4. The fungus grows as thick mycellial mat and produces spores after 3-4 weeks of

incubation
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1 2 3 4 5 6 7 8 910 1112 1314 15 16 17 18 19 20 21

Fig 2.4 Thin Layered Chromatography of various isolates of Stenocarpella maydis

1. Thin Layer Chromatography of the 20 isolates of Stenocarpella maydis
From lane one onwards
Diplodiatoxin=1, D79=2, D72=3, D80=4, D74=5, D78=6, 6Y=7, 8Y=8, AX30=9,
CH3=10, 2Y=11, U2=12, U3=13, U3H=14, C1A=15, MC34=16, MC43=17,
MC50=18, C3C =19, MC35=20 and U5=21 respectively

2. The TLC plates are developed with 1% Vanillin

3. Diplodiatoxin reacts with Vanillin to give an orange spot
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Origin Name of the isolate  Colour on PDB  Presence of Diplodiatoxin
Potchefstroom D79 Yellow -
D72 Brown -
D 80 White -
D74 Brown -
D78 White -
AX 30 Brown +
Transkei 8Y Brown o+
6Y Yellow +
2Y Brown +
Cedara ClA Yellow -
C3C Yellow +++
CH3 Yellow -
S5 Green -
Potchefstrom MC 34 Yellow +++
MC 35 Brown +++
MC 43 Brown S
MC 50 Yellow T+
U2 White =
U5 White +++
us3 Brown ++

Table 2.1 Screening of various isolates of Stenocarpella maydis for the presence of

diplodiatoxin

1. The table illustrates various Stenocarpella maydis isolates with their origin,
colour of mycelium presence of diplodiatoxin and absence of diplodiatoxin

2. The table shows the concentration of diplodiatoxin present in various isolates
of Stenocarpella maydis
a) ‘+++° High concentration of diplodiatoxin
b) ‘“++’ Moderate concentration of diplodiatoxin
¢) ‘“+’ Low concentration of diplodiatoxin
d) ¢-¢Absence of diplodiatoxin

3. The presence of the diplodiatoxin was observed on the basis of visual intensity

of the compound on Thin Layered Chromatography
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2.5.2.2 Atomic Pressure Chemical Ionization Mass Spectrometry

TLC was done as a preliminary test to know the presence of diplodiatoxin. The presence
of diplodiatoxin in these isolates was further confirmed by Atomic Pressure Chemical
Ionization Mass Spectrometry (APcI-MS). The mass spectra through the range m/z = 100
to 500, no high mass peaks were observed in the samples (Fig. 2.5). Samples containing
diplodiatoxin showed a strong negative ion at m/z = 307. The mechanism of ionization
for negative atomic pressure chemical ionisation is de-protonation, therefore, the ion
would be [m-h]. The molecular ion would then have a mass of 308. The peak at m/z =
233 was shown to be a fragment of m/z = 307 because the ions at m/z = 307 when
isolated and fragmented, showed that the peak at m/z = 233 as a derivative of compound
307 and probably not a contamination. Other peaks in spectra indicate other compounds

present in the crude extract of the fungus.

In addition to diplodiatoxin, all the isolates also contained a compound with a dominant
peak at m/z = 233 and an additional compound with a dominant peak at m/z = 216 was
found in 6Y and C1A isolates. Since, the target study was mainly to see the effect of
diplodiatoxin, other compounds in the extract were not taken into consideration. The
spectrum obtained by Apel-MS also indicated a number of other compounds present in
the crude extract and thus the requirement for bulk-purification using column
chromatography was necessary. No other compounds with a mass/charge ratio greater

than m/z = 500 were observed in any of the isolates used in the study.
Thus, the absence of diplodiatoxin was confirmed in D79, D72, D78, D80 and D74

isolates of S. maydis. And the presence of diplodiatoxin was confirmed in MC43, which

was used for the further subsequent work.

2.6 Optimisation of in vitro growth of S. maydis and production of diplodiatoxin
2.6.1 Effect of media composition

The effect of various liquid media viz., PDB, CME, CLM and MSM was studied on the

growth of S. maydis and production of diplodiatoxin (Table 2.2). After 6-weeks of

incubation, growth of the mycelium was maximum (30.8¢g fresh weight) in PDB and least
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(22.0g/1 fresh weight) in CME media. Therefore, the growth of mycelia in PDB was
much higher than in CME. The rate of increase in the growth was rapid up to the fourth
week of incubation and thereafter the cultures attained a stationary phase. On the other
hand, PDB was optimal for the production of diplodiatoxin but the production of
diplodiatoxin in detectable quantity was observed only after 6-weeks of growth. Thus,
PDB was found to be the optimal media for the maximum growth of S. maydis and

production of diplodiatoxin.

2.6.2 Effect of pH

The pH of PDB media played an important role in the growth of S. maydis and
production of diplodiatoxin. Increasing the pH of PDB media from 3.0 to 4.5 increased
growth of mycelia and production of diplodiatoxin (Table 2.3). Further increase in the pH
to 5.0 inhibits the growth. Production of diplodiatoxin in detectable quantities was
observed only after 6 weeks of growth in vitro at pH 4.0 and 4.5. However, at all the
other pH tested, the production was delayed even after 8 weeks of incubation, thus
indicating that pH 4.5 was optimal for the production of diplodiatoxin. Maximum
diplodiatoxin production was favoured by pH 4.5 and growth of mycelium in this media
was 1.5 times over the growth after 6 weeks at pH 3.0. Thus, it was concluded that pH

4.5 was optimal for the maximum growth of mycelium and production of diplodiatoxin.

2.6.3 Effect of incubation temperature

Incubation temperature had a marked effect on ir vitro growth of S. maydis and the
production of diplodiatoxin (Table 2.4). The incubation temperature was ranging from 22
°C to 34 °C. The maximum growth of mycelium and production of diplodiatoxin was
observed at 28 °C. A further increase in temperature reduced growth and production of
diplodiatoxin and the production of diplodiatoxin also delayed to seven weeks of growth.
Similarly, lower temperature also drastically reduced the growth of fungus, and
diplodiatoxin was produced only after 8 weeks of growth under these conditions. Thus,
the optimal incubation temperature for the maximum growth of the fungus and
production of diplodiatoxin was 28 °C. Under these conditions, diplodiatoxin production

was favoured and was found in detectable quantity after 5 weeks of growth.
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Fig 2.5 Mass Spectrometry of Stenocarpella maydis isolates

1. The Mass Spectrometry is VG Quattro with electrospray ionisation (ApcI-MS) in
ESMS unit (University of Stellenbosch)

2. The solvent used was ethylacetate

3. The mass spectrum was scanned from m/z = 100-1000 at a scan rate of 5sec/scan

4. The graph shows the presence of diplodiatoxin in some of the isolates and
absence of diplodiatoxin in the other isolates

5. The presence of diplodiatoxin is indicated by a strong negative ion at m/z =30

6. The isolates showing mass spectrum are Fig a= MC50, Fig b= C3C, Fig c=6Y,
Fig d= D72, Fig e=U2, Fig f= U3H, Fig g= MC34, Figh=C1A
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Media Growth (g fresh weight/litre) Diplodiatoxin

2 3 4 S 6weeks 2toS 6 7 8 weeks
PDB 180 208 290 308 308 - + -+ -+
CME 17.6 108 200 215 220 - + ¥ +
CLM 128 152 218 254 256 - + + +
MSM 198 223 242 281 300 - - % e

Table 2.2 The effect of various media on the growth of Stenocarpella maydis and the

production of diplodiatoxin

1.

The table illustrates various medium and growth pattern of Stenocarpella maydis

ranging from 2-6weeks

The growth of the mycelium, production and concentration of diplodaitoxin in

various media ranging from 2-8 weeks

Detection of toxin

a) “+++° High concentration of diplodiatoxin

b) ‘++’ Moderate concentration of diplodiatoxin
¢) ‘+’ Low concentration of diplodiatoxin

d) ¢-¢‘Absence of diplodiatoxin

The presence of the diplodaitoxin was observed on the basis of visual intensity of

the compound on Thin Layered Chromatography
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3.0
3.5
4.0
4.5

5.0

44

2 3 4

112 138 186
122 148  20.1
141 199 242
155 189 275
151 197 256

5

20.8

23.5

27.9

30.2

203

Growth (é fresh weight/litre)

6 weeks
22.1
24.7
28.3
30.2

29.3

2to5

Diplodiatoxin
6 7 8weeks
- - -
- + +
+ - -
+ ++ ++
- + +

Table 2.3 The effect of pH on growth of Stenocarpella maydis and the production of

diplediatoxin in PDB

3.

The table illustrates various ranges of pH and growth pattern of S. maydis

incubated for 2-6 weeks in potato dextrose broth

The growth of the mycelium and production of diplodiatoxin at various pH levels

incubated from 2-8 weeks in potato dextrose broth

Detection of toxin

a) ‘+++’ High concentration of diplodiatoxin

b) ‘++’ Moderate concentration of diplodiatoxin

¢) ‘+’ Low concentration of diplodiatoxin

d) *-‘Absence of diplodiatoxin.

The presence of the diplodaitoxin was observed on the basis of visual intensity of

the compound on Thin Layered Chromatography
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Temp Growth (g fresh weight/litre) Diplodiatoxin
O 2 3 4 5 G6weeks 2tod 5 6 7
22 12.8 15.1 177 191 20.6 - - - +
26 18.1 21,5 261 273 297 - - =2 o
28 19.6 220 272 288 319 - + =+ 4E
30 17.7 209 266 277 29.1 - - + ++
32 18.19  20.93 25808 801 30,12 - - £ +

8 weeks

++
T

-

Table 2.4 The effect of incubation temperature on the growth of Stenocarpelia

maydis and the production of diplodiatoxin in PDB

1. The table illustrates various temperatures and their effect on the growth of

Stenocarpella maydis from 2-6 weeks incubated in potato dextrose broth
2. The growth of the mycelium and production of diplodiatoxin at various

temperatures incubated from 2-8 weeks in potato dextrose broth

3. Detection of toxin

a) ‘+++° High concentration of diplodiatoxin

b) ‘++’ Moderate concentration of diplodiatoxin

¢) ‘+’ Low concentration of diplodiatoxin

d) ¢-*‘Absence of diplodiatoxin

4. The presence of the diplodaitoxin was observed on the basis of visual intensity of

the compound on the Thin Layered Chromatography

http://etd.uwc.ac.za/



46

2.7 Discussion

Stenocarpella maydis isolates were collected from the different geographical regions in
South Africa and were screened for the production of diplodiatoxin. Production of
mycotoxin depends upon the genetic makeup of the isolates and not all the isolates will
necessarily produce mycotoxin (Leslie ef al., 1992). For the screening purposes, the TLC
and Apcl-MS were used, as MS is currently being used for the detection of most

mycotoxins (Lombaert, 2002).

Thin Layer Chromatographic-based preliminary screening of isolates of S. maydis
showed a considerable variation among the isolates for the production of diplodiatoxin. It
was concluded that maximum amount of diplodiatoxin was produced by MC43, C1A and
MC50 isolates of Potchefstroom region. However some of the isolates from this region
did not produce diplodiatoxin. The presence or absence of diplodiatoxin was further
confirmed in strains C1A, MC43, MC50 by Apcl-MS. The presence of a strong negative
ion at m/z = 307 confirmed the molecular weight of 307 which is supported by the
available literature (Steyn et al, 1972; Ichihara et al., 1986). Absence of diplodiatoxin

was observed in D79, D72 and D80 and isolates collected form Potchefstroom region.

Thus, it may be suggested that these isolates differ in their genetic makeup and studies on
the molecular aspects of S. maydis offers an excellent opportunity to identify the genetic

relationship among the toxin and non-toxin producing isolates.

The toxic effect of crude extract of S. maydis on animals has been reported but the
toxicity may be due to the presence of an unknown toxic metabolite(s) or due to the
synergistic effect of several compounds present in the extract. Thus, it is important to
know the exact nature of the toxic metabolites in the crude extract, for which

optimisation of in vitro conditions for the production of diplodiatoxin is a pre-requisite.

In the present chapter, in vitro growth of S. maydis and production of diplodiatoxin was
standardised by manipulating the pH of the media, media composition and incubation
temperature. The pH 4.5 was found to be optimum for the production of diplodiatoxin
and growth of the mycelium. In addition it was found that lower range of pH inhibited
the growth of S. maydis and production of diplodiatoxin. The production of diplodiatoxin

http://etd.uwc.ac.za/



47

in detectable quantity requires six weeks of incubation. This is a deviation from the
general trend of the increased production of secondary metabolites with the factors

limiting the growth of mycelium.

Among the various media compositions tested in the present investigation, PDB was
found to be optimal for both growth of the mycelium and production of diplodiatoxin. It
was also observed that Corn Meal Extract stimulated the growth of S. maydis but the
production of diplodiatoxin was not high may be due to the reason that maize being the
natural host of S. maydis and thus stimulates its growth. Similar results were also
obtained by (Chen and Strange, 1994). They used chickpea cell sap to grow Ascophyta
rabiei, which causes blight in chickpea, to produce phytotoxins. This natural media
stimulated the growth of fungus drastically due to the presence of certain stimulatory

compounds in the cell sap and also as chickpea is the host plant for 4. rabiei.

Production of mycotoxins and other secondary metabolites in responsec to stress is well
known and high incubation temperature is the best way of creating stress environment.
But, there are examples of deviation from this general rule and the present investigation
also showed a deviation from this general trend of high temperature induced production
of mycotoxins. When the cultures were incubated with continuous agitation, the growth
of mycelia and the production of diplodiatoxin were very low. Thus, attempts of
providing aeration stress like incubating the cultures in a stationary condition for 2 weeks
after 6 weeks of continuous aeration resulted in a kind of aeration stress resulted in
increased production of diplodiatoxin. So, results followed the trend of aeration stress —

induced production of mycotoxins.

Unlike other reports of high temperature stress for the increased production of
mycotoxins (Sweeney and Dobson, 1998; Romas ef al., 1998, Marvin et al., 1995),
diplodiatoxin was produced at 28 °C, the temperature found to be optimal for the growth
of the mycelium. And a minimum of 5-6 weeks of incubation is required for the
production of diplodiatoxin. (Alberts et al., 1990) also reported that the incubation period

and temperature are critical factors for the production of mycotoxins.
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The temperature, pH, the type of the medium and incubation conditions play a vital role
in the production of diplodiatoxin, It is concluded that in vitro production of
diplodiatoxin is favoured by the factors enhancing the growth of S. maydis and that stress

conditions like aeration stress increased the production of diplodiatoxin.
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Chapter 3

ISOLATION AND PURIFICATION OF DIPLODIATOXIN FROM
STENOCARPELLA MAYDIS

3.1 Introduction

Mycotoxins are a particular problem in developing countries (Coker, 1979) as they are
considered to be involved in the aetiology of certain human and animal diseases. It is
important to trace the toxigenic fungi. Thus developing good analytical methods for the
detection of certain mycotoxins become necessary. As mycotoxins display a wide diversity
of structure, chemical and physical properties there is a need to develop a specific method to
isolate mycotoxins. However, most mycotoxins are now readily identified qualitatively and

quantitatively.

Production of a pure culture of the fungus of interest is a pre-requisite for the extraction and
purification of mycotoxins. In general, mycotoxins are found in high concentration at the site
of infection. The fungus from the infected site has to be identified and has to be sub-cultured
in an appropriate medium. The use of liquid media has been promising as this greatly
reduces the number of contaminants and has been found to increase mycotoxin yields.
Extraction and isolation is done by using different solvent systems. Usually, the analysis and
detection of mycotoxins follows a pattern of extraction, clean up, separation, detection,

isolation, purification, structural confirmation and quantification.

Most mycotoxins are slightly soluble in polar solvents and usually insoluble in non-polar
solvents. They may exhibit different solubility with various organic solvents and water. In
practice, mycotoxins are extracted using mixtures of organic solvents such as chloroform,
acetonitrile, methanol, acetone, ethylacetate, or dichloroethane, often in combination with
small proportion of water or acid. With the correct proportions of water to solvent the toxins
are often more readily extracted into the solvent. The presence of pigment, fats and lipids in

extracts will reduce the efficiency of the ensuing separation techniques. By adding solvents
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such as hexane to extraction solvents, many of the fats and lipids can be partitioned into the

hexane portion of the solvent and discarded (Smith and Moss, 1985).

Many interfering compounds may be partially removed during extraction, but further clean
up of the extract is normally necessary. The ultimate aim of the fractional purification is to
remove the greater part of the co-extracted substances, thus, reducing the chemical
complexity of the final extracts, which can then proceed to the detection and quantification
phase of the analytical method. Column Chromatographic techniques are widely practised
for purifying the compound in bulk amounts. Some mycotoxins are purified from food
products by Column Chromatography (Lombaert, 2002). Chromatography is generally
defined as a physical method of separation, in which components to be separated are
distributed between two phases, one is stationary while the other is mobile. Choice of the
column and the material depends upon the characteristics of the specific compounds to be
isolated. The sample extracts are applied to the clean up columns, and after elution of the
column with suitable solvents that do not elute the mycotoxins, appropriate elution solvents

can be applied to the column and the mycotoxin eluted and collected.

The final stage of the preparation of the sample for analysis is volume reduction, which is
either by evaporation of the solvents in a rotary evaporator under reduced pressure or in a
steam bath. The dried sample can then be re-dissolved in a known volume of solvent to be
used for analysis (Smith and Moss, 1985). In the developments of analytical methods for
mycotoxins the use of chemical detection has been preferred to biological assays for known
mycotoxins (Smith and Moss, 1985). Chemicals are more easily quantifiable, less subject to
interference by non-fungal co-extracts and normally more sensitive than biological assays.
After the purification by Column Chromatography or HPLC the compound must be sent for
further analysis and the final confirmation of the eluted sample may be done using Nuclear

Magnetic Resonance or Mass Spectrometry.

Diplodiatoxin have been synthesised artificially (Steyn et al., 1972) but, the synthesised
compound was a mixture of two different isomers, thus was a racemic mixture, affecting its
activity. Isolation of mycotoxin in its natural form is always advantageous. Thus, the aim of

the present study was to isolate and purify the diplodiatoxin from the toxin producing
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isolates of Stenocarpella maydis using various analytical methods and also further

confirmation of the toxin by Nuclear Magnetic Resonance (NMR).

3.2 Materials

Potato Dextrose Agar (PDA)

Infusion from potatoes (See below) 1000ml (v/v)
Glucose 2% (wiv)
Agar 1.5% (w/v)

Potato Infusion:

Boil 200 g scrubbed and sliced potatoes in 1000 ml water for 1 hour. Pass through a fine

sieve.

Potato Dextrose Broth (PDB)
Potato Extract 20% (w/v)
Dextrose 2% (wiv)
Distilled water 1000m] (v/v)

Chemicals and Reagents
Methanol, Ethanol, Toluene, Ethyl actetate, Benzene, Chloroform, Formic acid,

Hydrochloric acid, Sodium hydroxide, Dueterated Methanol (CD30D)

Spraying reagent
Vanillin: Vanillin 0.1% was dissolved in 50 % H,SO, diluted in 50 % ethanol at —-80 ° C

Thin Layered Chromatography plates
TLC plates coated with silica gel-G, 0.5mm thickness

Silica Gel: Silica gel for Column Chromatography pore size (0.040-0.063mm)

Standard diplodiatoxin compound

Standard diplodiatoxin was obtained from Professor P. S. Steyn, CSIR, South Africa
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All the chemicals were obtained from Sigma and Merck laboratories in South Africa

3.3 Methods

3.3.1 Inoculation and incubation of fungal isolate

The fungal isolate MC43 was grown on a sterile filter paper disc of 2mm in diameter on

potato dextrose agar (PDA) plate for two weeks at 26+1 °C and then the filter paper disc

along with the fungus was transferred to a conical 51 flask containing 21 of potato dextrose
broth (PDB). The liquid cultures were incubated for 6 + 2 weeks in 16-hour light and 8 hour
dark period at 26%1 °C and 55-60% relative humidity for the production of diplodiatoxin.
Cultures were agitated at 80rpm for the initial 6 weeks of growth and then were incubated at

static conditions for 2 weeks.

3.3.2 Extraction

The 8 weeks old fungal culture, along with the supernatant, was homogenised and hexane
was added to the homogenate to remove the fatty acids. Then the mixture was extracted
overnight with equal volume of methanol and chloroform (1:1 v/v), this step was repeated 3-
4 times to facilitate complete extraction of diplodiatoxin. The CHCl3/MEOH aqueous extract
was then vacuum dried at 70 °C in a rotary evaporator and the residue was re-dissolved in

50ml of ethylacetate.

3.3.3 Isolation of diplodiatoxin by Column Chromatography

The isolation of diplodiatoxin was undertaken using Column Chromatography. The residue
re-dissolved in 50ml of ethylacetate was chromatographed over a 50cms column, silica gel

60 (230-400 mesh; Pore size 40—60pm). The column was eluted with 300ml of ethylacetate

delivered at a flow rate of Sml/minute and 10ml fractions were collected. The presence of
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diplodiatoxin in each fraction was detected by the TLC (Section 2.3.2.2). Fractions
containing diplodiatoxin were pooled together and the solvent was evaporated at 50 °C

under vacuum using a rotary evaporator and white minute crystals were dissolved in 8ml of

ethanol.

3.3.4 Confirmation of diplodiatoxin

The confirmation of the isolation of diplodiatoxin by Column Chromatography was
performed by TLC and the solvent system used was ethylacetate. Plates were sprayed with
1% vanillin in 50% sulphuric acid diluted with ethanol at —80 °C and then the plate was
heated at 100 °C for 2 minutes until the spot developed. The purity and confirmation of the
toxin was done by Nuclear Magnetic Resonance (NMR-Varian Gemini 300 MHz)
(University of Natal, S.A) and compared with the standard using CD3OD as a solvent.

3.3.5 Quantification using a standard curve

Diplodiatoxin was quantified by using a standard curve of synthetic diplodiatoxin at 293nm.
For a standard curve, diplodiatoxin was dissolved in ethanol to yield a stock concentration of
Img/ml and dilution range varying from 0.056 to 0.80mg/ml was made. Optical density was
recorded at 293nm (Steyn e al., 1972) against ethanol as a blank. Standard curve was drawn
between the absorbance at 293nm and the concentration of diplodiatoxin in mg/ml. Further,
diplodiatoxin extracted from MC43 isolate of S. maydis was diluted 4 times with ethanol and
optical density was recorded at 293nm and concentration and yield of diplodiatoxin was

calculated

3.4 Results

3.4.1 Cultural conditions

Optimisation of conditions for the maximum production of diplodiatoxin has been done in

chapter 2. The S. maydis isolate MC43 showed the highest toxin production so this isolate

was used to extract, isolate and purify diplodiatoxin. When fungus was grown on a PDA
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plate with filter paper discs, it spreads evenly as brown filamentous mass over the filter
paper yielding a uniform inoculum for inoculation (Fig 3.1). After incubation at 80rpm for 6
weeks, when cultures were kept at static conditions (Fig 3.2) that generated a kind of
aeration stress, which favoured in vitro production of diplodiatoxin. Standardisations of the

conditions like temperature, medium, pH have been discussed in detail in chapter 2.

3.4.2 Extraction, isolation and purification of diplodiatoxin

Eight-week-old cultures were used to isolate diplodiatoxin. The crude cultures contained
other secondary metabolites. Thus, attempted to purify to its maximum extent using a wide
range of solvent systems was necessary. Overnight extraction with equal volume of
chloroform and methanol yielded number of compounds along with the diplodiatoxin. Fatty
acids were removed from the extract by extracting three times with equal volume of hexane.
Further purification by Column Chromatoghraphy yielded a pure diplodiatoxin, which was
detected by spraying TLC plates with 1% vanillin. It appeared as an orange spot when
heated at 100 °C for 2 minutes. The protocol developed (Fig 3.4) was efficient enough to
isolate diplodiatoxin in the pure form. Diplodiatoxin was not visible under the UV and the
other compounds visible under UV light after chloroform/methanol extraction are shown in

the (Fig 3.3).
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MC43

Fig 3.1 MC43 isolate of S. maydis grown over filter paper discs on PDA media

1. The isolate MC43 is grown in potato dextrose agar medium

2. The temperature at which the isolate is grown is 26x1 °C

3. The filter paper disc on the petri-plate is 2mm in length, which facilitates equal

volume of fungus to grow for subsequent experiments
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Fig 3.2 The MC43 isolate of S. maydis in PDB under static conditions formed a mat of

fungal mycelium

1. The MC43 isolate is grown in potato dextrose broth (Liquid medium)
2. The temperature is 26=1 °C and relative humidity is 55-60%

3. A thick mycelial mat is formed when the culture is incubated under static
conditions, after 6 weeks of agitation (80rpm)
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Fig 3.3 Separation of crude extract of MC43 isolate on the TLC plate viewed under

the UV showed the presence of several compounds

1. The crude extract of MC43 isolate is developed on Thin Layered Chromatographic
plate
2. The plate is viewed under U.V light

3. The plate shows other compounds present in crude extract
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Fig 3.4 Schematic presentation of the method used for extraction, isolation and

purification of diplodiatoxin

1. The following figure shows the schematic representation of protocol developed for

the production of diplodiatoxin, which include

e Extraction
e Isolation

e Purification
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Stenocarpella maydis mycelinm grown on PDA

Sub cultured in PDB

Cultural conditions

Six weeks of agitation at 80rpm

Followed by two weeks of static conditions

v
Fungus along with supernatant was crushed

v

Extract with Hexane

l

Extract in CHCls + CH;0H (1:1, v/v)

l

Yacuum dry the CHCI; + CH30H fraction at 70 °C

v
Dissolve the residue in 50ml of ethylacetate

h 4
Run through Silica gel 60 (230-400 mesh) Column (50cms) using ethylacetate as solvent

v
Collect fractions

v
TLC of each fraction for the detection of diplodiatoxin

\4
Vacuum dry the extract and re-dissolve in 8ml ethylacetate

Pure diplodiatoxin dissolved in ethylacetate
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3.4.3 Structural confirmation

Diplodiatoxin appeared as minute white needle-like crystals and with the melting point of
187 °C. Mass spectrum analysis confirmed its molecular weight of 308 Daltons and
molecular composition of CisH304. Proton NMR spectra of the standard i.e., synthetic
diplodiatoxin was comparable with the diplodiatoxin isolated by the protocol developed (Fig
3.5) despite a few small additional peaks which represents background impurity no
additional dominant peak were observed. Thus, NMR confirmed the structural composition

of diplodiatoxin.

3.4.4 Quantification

A standard curve was drawn using a synthetic diplodiatoxin (Fig 3.6) and the sample
concentration was calculated to be 2.4mg diplodiatoxin/ml. Further, it was concluded that
60g (fresh weight) mycelia from 8-weeks-old cultures yielded 19.5mg of diplodiatoxin after
running through the silica gel column, giving a resultant yield of 0.32mg per gram fresh
weight of the fungus. This compound gave an orange spot on TLC when sprayed with 1%

vanillin and thus was confirmed as diplodiatoxin.
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Fig 3.5 The following figure shows the NMR of diplodiatoxin

o BN =

The NMR data of extracted diplodiatoxin compared with the standard diplodiatoxin
The NMR is (Varian Gemini 300 MHz) (University of Natal, S.A) with the Standard
The solvent used is CD30D

The standard diplodiatoxin is from CSIR, South Africa

The compound extracted from MC43 isolate is confirmed as diplodiatoxin by
comparing data

The figure A is standard, where as the figure B is extracted diplodiatoxin
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0.6 =
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Optical Density at 293nm
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Diplodiatoxin mg/ml

Fig 3.6 Standard curve for the quantification of diplodiatoxin

The stock concentration of diplodiatoxin was 1mg/ml
Various concentrations of diplodiatoxin toxin were ranging from 0.056 to 0.80mg/ml

The estimated concentration of diplodiatoxin was 2.4mg/ml

= p @ =

The absorbance was at 293nm (Steyn et al., 1972)
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3.5 Discussion

Effect of diplodiatoxin on animals has not yet been reported and the devastating affects on
animal husbandry were due to the crude cultures of S. maydis. To study the toxicity of pure

diplodiatoxin, production of the toxin in bulk amount becomes necessary.

In the previous chapter in vitro production of diplodiatoxin from the pure culture of the S.
maydis isolate MC43 was optimised and detected on the basis of TLC and was confirmed by
Apcl-MS. In the present chapter a protocol was developed for bulk isolation of diplodiatoxin

in its natural form from the pure culture of S. maydis.

The protocol developed for the isolation of diplodiatoxin involves the initial extraction with
hexane to remove all the fatty acids present in the crude extract, which may otherwise
interfere with the solubility of the compound and evaluation of its toxicity. This was
followed by fractional extraction with equal volume of chloroform and methanol. This step
was repeated three to four times, which allowed complete extraction of diplodiatoxin from
the fungus. Purification of diplodiatoxin was done by Column Chromatography on silica gel
column with ethylacetate as a solvent for elution. Proton-NMR-based purity of the isolated
compound was comparable with the standard and deuterated methanol was used as a solvent

for analysis. The protocol developed was efficient to yield diplodiatoxin with excellent

purity.

The protocol developed yielded 19.5mg of diplodiatoxin from 60g (fresh weight) mycelia
from 8 weeks old cultures. After passing through the silica gel column the yield was about
0.32mg of diplodiatoxin per gram fresh weight of the fungus. The diplodiatoxin appeared as
minute white needle-like crystals with a melting point of 187 °C which was supported by the
literature (Steyn et al., 1972). Diplodiatoxin showed low solubility when dissolved in water

and was completely soluble in methanol and ethylacetate at room temperature.
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Diplodiatoxin when isolated in its natural form is advantageous over the synthetic compound
as the synthetic compound is a raceme mixture and may not be as active as natural form. The
natural compound gives the exact toxicity in animal systems and its property of anti-bacterial

activity.

Diplodiatoxin has been artificially synthesised (Steyn et al., 1972, Ichihara et al., 1986). The
chemistry of diplodiatoxin was discussed in section (2.1.7) and the assumed stercostructure
was confirmed by the synthesis using highly stereocontrolled strategy, in which the
intramolecular Diels-Alder reaction of a (E, E, E)-triene is involved. The synthetic
compound is a racemic mixture (a mixture of L. and D isomers) therefore, is not suitable for
knowing the exact toxicity of diplodiatoxin on animals or other experimental models. Also
literature on the effect of pure form of diplodiatoxin on animals and its iz vitro production is
not available. Thus, isolation of diplodiatoxin in its natural form from S. maydis to known

the toxicity becomes necessary.

Finally, the protocol developed for the isolation of diplodiatoxin from the pure culture of S.
maydis is recommended for the best quality and quantity of diplodiatoxin and with purity
comparable to that of the standard synthetic compound (Rao and Achar, 2001). Further, the
extraction of diplodiatoxin in the pure form from the pure culture of S. maydis will reveal the
nature of the toxicity of diplodiatoxin, the level of toxicity and effects of the toxin on the

experimental models.
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Chapter 4

EFFECT OF DIPLODIATOXIN ON BACTERIA AND
MAMMALIAN CELL LINES

4.1 Introduction

Mycotoxins are ubiquitous, potent, biologically active toxins, which even at low
concentrations may cause numerous diseases in animals and humans (Mally and Marr,
1997). In general mycotoxins affect the nervous system, induce liver and kidney damage
and are carcinogenic. Clinical syndromes in farm animals range from acute to chronic
diseases and from reproductive deficiencies to overall debilitations. Several studies have
indicated that mycotoxins directly inhibit the growth of micro-organisms and exhibit
bacteriostatic properties. Mycotoxins may either slow down the growth of bacteria or act
as bactericidal compounds, which depend upon the chemical nature of the mycotoxin,
bacterial strain and the mode of action of mycotoxin. Besides the mycotoxins, other
fungal metabolites also exhibit anti-microbial activity. Further, to evaluate the effect of

unknown mycotoxins bacteria serves as an excellent indicator for predicting the toxicity.

The development of sensitive, rapid, and reproducible in vifro assays is an absolute
requirement for the screening of mycotoxins. The use of different bioassay systems using
micro-organisms in the diagnosis of mycotoxicoses has been reported (Yates, 1988).
These assays are less expensive, consume less time and also can be tested on a wide
range of bacterial strains. Some mycotoxins are mutagenic and have genotoxic effects, so
bacteria serves excellently the purpose of predicting the results in short period of time
(Said et al., 1999). Further, the mode of action of each mycotoxin on several bacterial
strains can also be evaluated with quick results. Turbidimetric assays are widely used as
they are the most reliable methods to test the anti-bacterial activity of mycotoxins. The
difference between the growth rate in the presence and absence of mycotoxin is an
accurate indicator of bacteriostatic effect of the mycotoxin. In modern technological
studies even bacteria, which are antibiotic resistant, are used to predict the level of

toxicity of the compound (Conti ef al., 2000). Micro-turbidimetric assays also provide a
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rapid, conventional and high throughput capacity system to analyse bacteria- mycotoxin

interactions.

Several mycotoxins have been tested against bacteria, but extensive efforts are still
required for potential applications. Toxicity of different mycotoxins on several species of
bacteria and yeast and the inhibitory effect has been observed by (Madhyasta et al.,
1994). Ali-Vehmas et al., 1998 demonstrated the antibacterial activity of T-2 toxin
(Trichothecium sp), deoxynivalenol, ochratoxin A (Pericillium), aflatoxin B
(Aspergillus) and fumonisin B (Fusarium) by evaluating growth delays using a fully
automated microturbidimetric method. Different bacterial strains used for this study were
Escherechia, Streptococcus, Staphylococcus, Yersinia, Salmonella, Erysipelothrix and
Lactobacillus. They reported that Staphylococcus agalactiae was most sensitive to all the
toxins tested with an exception of ochratoxin A and T-2 toxin. Fumonisin B was the most
effective in inhibiting the growth of Staphylococcus aureus. Aflatoxin B, affected the
growth of Yersinia enterocolitica. Recently, in vitro effect of aflatoxin B; on
bifidobacteria was studied in detail by (Oatley et al., 2000). The growth rate of E. coli
and S. infantis was decreased by fumonisin B;, while the growth rate of Erysipelothrix

rhusiopathiae was inhibited by ochratoxin A.

The genus Penicillium is counted as one of the most successful group of micro-
organisms on the earth and has been both an asset as well as a source of misery. The
antibiotic, penicillin was isolated from P. notatum and was a remarkable discovery. It is
used as a potential antibiotic drug against a wide range of bacterial infections. Since then
several antibiotics of fungal origin have been discovered. 1-Hydroxycrisomicin A and 9-
hydroxycrisomicin A, new isochromaquinones from Micromonospora species was found
to exhibit antibiotic properties (Yeo et al., 1997, 1998). The involvement of toxic oxygen
intermediates in the bacteriostatic effects of mycotoxin T-2, aflatoxin B;, fumonisin By,
ochratoxin A and deoxynivalenol have also been investigated and the data obtained
indicated that bacterial growth can be inhibited especially by T-2 toxin, aflatoxin B; and
ochratoxin A (Atroshi et al., 1998).

Recently, some endophytic fungi were found to have anti-microbial activity (Rodrigues

et al., 2000). Some mycotoxins also have antiviral properties like anthraquinones and

xanthones and their derivatives have an activity in vitro against Leishmania species. Due
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to a wide range of anti-microbial activities of mycotoxins, they are used as insecticides

and viral pesticides (Wright et al., 1982).

Apart from bacteria, cell lines also serve as an excellent model for toxicity tests,
Mycotoxins have measurable affect on cell lines. Aflatoxin B; was found to be cytotoxic
when tested on human epithelioid lung cells (Palanee et al., 2001). Fumonisin B; had
cytotoxic and genotoxic effects on rabbit kidney cell lines (Rumora et al., 2002). FB; is
also known to cause apoptosis (Programmed cell death) in the cell lines (Jones et dal.,
2001). Ochratoxin A had cytotoxic effects on kidney cells (Sauvant et al., 1998). When
rat epithelial cells were exposed to ochratoxin A, it led to cytotoxicity (Horvath et al,
2002). Mycotoxins are also tested on human and animal cell lines to determine the

cytotoxic and mutagenic effect.

Thus, there is a need to explore the anti-bacterial activity and toxicity on cell lines of
mycotoxins. Diplodiatoxin is a mycotoxin produced by Stenocarpella maydis and the
effect of the crude toxin was only tested on animals, but the in vitro effect of pure
compound has not yet been reported. So, there arises a need to evaluate the effect of
purified diplodiatoxin. For this purpose bacteria and cell lines serve as a useful model to
show the toxic effect of diplodiatoxin, the bacteria-diplodiatoxin interactions, and the
level of toxicity of diplodiatoxin on eukaryotic cell lines. In the present study the anti-
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