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ABSTRACT

The age of Asperqillus parasiticus (1-11-1835Wh1)

mycel ium was found to have an influence on the level of enzymes,

responsible for the conwersion of sterigmatocystin to aflatoxin

B, and OU-methylsterigmatocystin, present. Thece enzymes were

active over a wide range of temperature and pH.

Production of a cell free system by 1yophilization

yielded the hlghest aflatoxin Bl Synthesising activity. Three

other methods of preparing the cell free system capable of
synthesising aflatoxin B, were also studied, ie,: french

press, protoplast, and grinding, but with limited success. The
lyophilized preparation had narrower temperature and pH optima

for the conversion than whole mycelia.

Initial purification of the aflatoxin B, synthesising

enzyme was achieved by ceparating the crude cell free extract by
gel filtration. The enzyme activity was located in a membrane
fraction. The involvement of endopltasmic reticulum was

indirectly concluded by the use of markKer enzyme and chelating
agents. This membrane fraction was ultracentrifuged and the

released extrinsic proteins were separated by gel filtration.

A fraction containing two proteins which were capable

of converting sterigmatocystin to aflatoxin B, 32 izolated

and characterised by isgelectric focusing and gel



electrophoresis. The temperature and pH optima together with the
cofactor requirements were studied. The Michaelis-Menten
constant (Km» and the stoichiometry for the conversion of

sterigmatocystin to aflatoxin B, was determined.
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1. INTRODUCTION

{.1. MYCAQTOXINS

Mywcotoxineg are defined as toxic substances of funga
origin (1>, They belong to a +Family of compounds called
secondary metabolites, which are products formed only under
certain circumstances and have no cbvious biological function.
Secondary metabolites have a restricted taxonomic distribution
and producing fungi in general are genotypically specific (2).
Chemically they are diverce substances and are formed by a

variety of pathwaye (3>, which branch from primary metabolites

at a limited number of points (4). They express the
individuality of species in biochemical terms, differing from
primary metabolism where the wunity of 1living material is

important.

Mrcotoxins and mycotoxicoses, the diseases caused by

them, were relatively aobscure until the discovery of aflatoxin

in the early nineteen sixty“s. Since then there has been a
growing interest in mycotoxins with a rapid increase in the
number of related publications in the scientific literature.



1.1.1. Aflatoxin

In 1941 an extensive loss of turkey poults was reported
in the United Kingdom. The loss was caused by an unknown disease

that was characterised by subcutaneous haemorrhages and death.

The condition was called "Turkey X" disease (3). Concurrent
similar losse= of partridges, pheasants, duckKlings (& pigs (7
and calves (8) were also reported. Eventually all the losses
were attributed to the ingestion of aflatoxins and there is

evidence to suggest that these compounds had also previously

produced the disease (9).

The first mould species identified as producing

aflatoxin was Asperqillus <Flavus (Links ex Fries)>. This

species and the related A. parasiticus are the only aflatoxin

producing‘ moulds that have so far been isolated (18). Certain

authorities considered A. parasiticus to produce both

aflatoxin B and G series, whereaz A. flavus produces only the
aflatoxin B series. Not all iscolates of these fungi produce
aflatoxin <(18). Aflatoxin formation in the laboratory by other

mould <cpecies has been reported (11>, but in no instances could

the observations be repeated. Aspergillus flavus is a
widespread saprophytic mould and in general the A. flavus
group of fungi is a constituent of the microflora of the air and
the <=oil throughout the world. They also contribute to the

deterioration of many foodstuffs and traditionally A. flavus
is classified as a storage mould but now that its occurrence has

4



also been identified in preharvest crops, this classification

has to be revised (11D,

Aflatoxins have been found in the market place in
sufficient amounts  and incidence to warrant continued
surveillance. Thus, they have been identified in samples of
edible nuts (peanuts, brazi) nuts and pistachio nuts) and their

derived products, other oilseeds and their products, grains
(corn, sorghum and millet)> and figs (11). The occurrence and
level wvary from one geographical area toc another and in general
aflatoxin contamination appears to be a problem of tropical and

sub—tropical areas.

Aflatoxin is a potent toxin, a carcinogen, a teratogen
and a mutagen (12) and it can impair the immune system in
animals (13>, It does however require metabolic activation

before it can exert its carcinogenic and mutagenic effects (14),
Aflatoxin B, is thought to be converted to a 15,16 epoxide
(Fig. 1> through the action of mixed function oxygenases. It is

this epoxide that is thought to be carcinogenic (15,

Four aflatoxins were originally isolated and trivially
named after one of the producing moulds A. flavus. They were
designated aflatoxin B,, B,, G,, and G, after their blue
and green fluorescent colours under ultra-violet 1light and
chromatographic properties. Al these toxins contain &
bisdihydrofuran ring system attached to a substituted coumarin
nucleus (Fig. 1). A cyclopentenone ring system (B series) or a

S



six membered lactone (G <series) is attached to the coumarin

nucleus. At least nine such metabolites have been isolated From
A. flavus and A. parasiticus (Fig. 1). Aflatoxin B, was
also isolated <(1&) and is usually referred to as parasiticol

(17>,
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1.1.2. Sterigmatocystin

Sterigmatocystin is a mycotoxin biogenetically related

to aflatoxin. It was first isolated from Asperqgillus

versicolor (18) and has been reported from fifteen other

zpeciecs of fungi (19>, the principal producers being A.

versicolor, Aspergillus nidulans and Asperqillus ustus. It

is also produced by Bipolaris sorsKiniana (28},

Sterigmatocystin is carcinogenic to rats (21) and is
toxic to sub—human primates. Although the toxic effects are much
the same as those of aflatoxin B, (22>, its
hepatocarcinogenicity is only one-—tenth that of aflatoxin B, in
rats. Neoplastic skKin lesions (23), pulmonary tumors in mice,

and pathological alterations in the liver and Kidney of green

monkKeys (22) have been attributed to sterigmatocystin.

Sterigmatocystin-producing strains of fungi have been
isolated from a large number of foods but sterigmatocystin as
such has been found in a limited number of products, cereals and
grain products (24), coffee-beans {(25), pepper (248) as well as
several stored and prepared foods samples. Marijhuana and
in-shell pecan nuts contaminated with sterigmatocystin have also

been found (27,28).

Sterigmatocystin has a xanthone moiety with an attached

bisdihydrofuran ring system (Fig. 2, and,in fact, was the first

8



fungal metabolite found to <contain the bisdihydrofuran ring
syetem. It was isclated by Hatsuda and Kuyama (18> and Bullock
(29) elucidated the structure. The absolute configuration was
first suggested by Fukuyama (38> using X-ray crystallography,
and the 13C NMR signals of sterigmatocystin have also been

assigned (31,32).

Metabolic derivatives of sterigmatocystin are also
Known. In 1948 O-methylsterigmatocystin (33> and aspertoxin (34)
were isolated. Other metabolites belonging to this group that

have been identified include (Fig. 2):

S-methoxysterigmatocystin (35),
é—methoxysterigmatocystin (34),
demethylsterigmatocystin (37),
3,6 dimethoxysterigmatocystin and

5,6 dimethoxydihydrosterigmatocystin (38).



OH OCH3
16 S $
17 12
STERIGMATOCYSTIN 0-METHYL
STERIGMATOCYSTIN
OCH4
OH
CHy
5-METHOXY - &6—-METHOXY~
STERIGMATOCYSTIN STERIGMATOCYSTIN
OCH4
H3CO
OH OH
Q
H H3
DEMETHYL- 5,46 DIMETHOXY-
STERIGMATOCYSTIN CH, STERIGMATOCYSTIN
5,6 DIMETHOXYDIHYDRO-
STERIGMATOCYSTIN
Figure 2: Structures of Sterigmatocystin and its related

derivatives.
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1.1.3. Metabolites Related to Aflatoxin

A number of compounds with a C,, polyketide precursor
have been isolated and found to be biogenetically related to

aflatoxin B,. These metabolites are produced by genotypically

similar Asperqgillus species: A. versicolor, A. ustus, A.

parasiticus and @A. flavus. All these metabolites are

anthraquinone derivatives. These anthraquinones can be separated
intc three classes:

Ci) Those having an unbranched C. side chain

(ii)> those having a branched C_, side chain, and

(itid> those having a €, side chain.

The first group includes averufin (39 (Fig. 3> and
related derivatives such as deoxyaverufinone and dehydroaverufin
which were characterised by Berger and Jardot <(48). Other
structurally similar compounds are nidurufin (41) and 4,8,0-0
dimethylnidurufin (42). The latter metabolite was proposed as an
intermediate in aflatoxin biosynthesis. A number of other
me tabolites belonging to this group that have also been isolated
include: averufanin (43>, averantin (44> and averythrin (45
whereas norsolorinic acid was isolated by Anderson, Thomson and
Wells (48). Dehydroaverufin and norsolorinic acid were suggested
as precursors of averufin by Berger (48) and Hsieh (47

respectively.

11
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Figure 3: Structures of the anthraquinones with an unbranched

C, side chain that are biogenetically related to aflatoxin.
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Rao and Harein Ffound that afliatoxin biosynthesis was
reduced when crops contaminated with A. flavus were treated
with dichlorvos (48). Yao and Hsieh (49) observed the formation

of an orange-red pigment, which they tentatively identified as

versiconal acetate, when A. parasiticus was treated with

dichlorvos. WVersiconal acetate, which was first described by
Schroeder, Cole, ©Gricsby and Hein (38> and later renamed
versiconal hemiacetal acetate by Fitzell, Singh, Hsieh and
Motell (51), belongs to the second anrhraquinone group (Fig. 4).
Present nomenclature has reverted to the original name of

versiconal acetate (352).

The third anthraquinone group contains the versicolorin
ceries which was found to have the bisdihydrofuran ring sycstem
found in the aflatoxins (Fig. 4). Hamasaki isolated three such
metabolites: wversicolorin A (53) versicolorin B (523) and its
racemate, wversicolorin C (34). Aversin (335> the methylated
derivative of wversicolorin A was isolated earlier by Bullock,

Kirkaldy, Roberts and Underwood.
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Figure 4: Structures of the anthraquinones with a branched C

side chain that are biogenetically related to aflatoxin.

" also Known as versiconal hemiacetal acetate
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Figure 91 Structures of the anthraquinones with a

bisdihydrofuran ring system that are biogenetically related to

aflatoxin.
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1.2. BIOSYNTHESIS OF AFLATOXIN

Initially it was thought that shikimic acid was
involved in the biosynthesis of aflatoxin as the evidence
indicated that phenylalanine and tyrosine were precursore (33).
Moody (S5é&) suggested that the carbon skKeleton was partially
derived from mevalonate. Donkersloot‘s group later showed that
these <suppositions were incorrect in that the carbon skeletan
had a polyketide origin (57). Holker and Underwococd (58)

postulated that sterigmatocystin was a precursor of, or had a

common precursor with, aflatoxin B, but failed to get any
conversion of labelled sterigmatocystin intoc aflatoxin by
cul tures of Aa. flavus. From the degradation of
sterigmatocystin, derived +from labelled acetate, Holker and

Mulheirn (3%9) concluded that sterigmatocystin was formed from
two separate preformed polyKetide wunits, =a Cig Ang-Xk £,

unit. They also proposed a <scheme for the conversion of
sterigmatocystin to aflatoxin involving oxidative fission of an

aromatic ring.

Several experiments designed to anal yse the
distribution of acetate carbon atoms in aflatoxin B, were
performed wusing 140 labelled material (&46,461). Buchi’es group
(&2) establiched the specific incorporation of labelled acetate.
Beven 1abele in the aflatoxin molecule were derived from

14

(i- acetate and nine from (2-14C) acetate. The methoxy

carbon of aflatoxin B, was found to be derived from the methy]

14



group of methionine (Fig. &).

Biollaz, Buchi and Milne (42> proposed a hypothesis
whereby a C18 polyhydroxynaphthacene was oxidised and then
rearranged via the diradical or the zwitterion to the aldehyde.
A rearrangement led to versicolorin A. Oxidative cleavage of
versicolorin A, cyclization and decarbaxylation formed the
xanthone ring as in sterigmatocystin. This was then converted to

aflatoxin B,. This postulate was unchallenged up until the

early nineteen seventy’s (Fig 7> (&83).

17
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Figure &: Labelling pattern of Aflatoxin B

y derived from
acetate and methionine..

1a



OH OH OH

OH OH
o) o)
| H3C
H3C Ho HO H
o)

0
AVERUFIN AVERANTIN
OH OH OH OH
-0 I
c HO OH H
| 0 0
VERSICONAL VERSICOLORIN A
ACETATE
(0] (0]
OH
7 < e o
g OCH3 H3
AFLATOXIN STERIGMATOCYSTIN

Figure 7: Proposed biosynthetic scheme of aflatoxin B, (43).
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The biochemical events prior to the formation of
aflatoxin were elucidated by the wuse of mutants and enzyme
inhibitors on whole mycelia. The incorporation of the potential
intermediates were then studied. Using this techinique Lin and
Hsieh (&4) showed that averufin, a 020 po]yketide; can be

converted to aflatoxin B, by A. parasiticus. They suggested

that the starting point for aflatoxin B, biosynthesis was a
C,o chain rather than a C;. intermediate as postulated by
Biollaz et al. (62). Fitzell, Hsieh, Yao and La Mar (&3>
carried out 13C NMR studies on averufin derived from (1—130)
acetate, which confirmed the polyketide origin of the molecule.
Gorst-Allman, Pachler, Steyn, Wessels and Scott (48 gave a
detailed scheme of the biosynthesis of averufin and establiished
an acetate polyketide pathway. Hsieh et al. (47) analysed
aflatoxin B, derived from C averufin by NMR and implied
that averufin was a direct precursor of aflatoxin B, pe
Jesus, Gorst-Allman, Steyn, WVleggaar, Wessels, Wan and Hsieh

(&87) confirmed these findings.

Protoplasts derived +from A. flavus were shown to be
capable of synthesizing aflatoxin B, when incubated with 140
acetate and 140 versicolorin A (é8). Tyragi, Tyagi and

Venki tasubramanian used ‘spheroplasts’” to demonstrate the

‘ability of A. parasiticus to incorporate labelled acetate to

aflatoxin B, (&49). They used the spheroplasts to study factors

regulating aflatoxin B, biosynthesis and also studied the

effects of sugars, inorganic acids and lipides (78).

20



In 1945 Thomas (71) proposed a pathway in which
averufin was converted to aflatoxin via sterigmatocystin. Later
as reported by Moss in 1972 thomas revised it and proposed a
Baeyer-Villager oxidation on an acetylfuran intermediate (Fig.
8) (72). Kingston, Chen and WVercellotti (42) suggested that
nidurufin was an intermediate, where the open chain form is
altered via a pinacol type rearrangement (Fig. 92). Model studies
suggest that nidurufin may be the intermediate wunbranched

progenitor of the branched chain aflatoxin precursors (73).

Tanabe, Uramato, Hamasaki and Cary (74> proposed that a
cyclopropane intermediate wundergoes a Favorsky rearrangement
(Fig. 18), whereas Gorst-Allman et al. (44) favoured an
epoxide intermediate (Fig. 11). Fitzell et al. (51)

suggested that the two terminal carbons were removed from a
rearranged open chain form of averufin, followed by the addition
of an acetyl group +from Ffree acetate (Fig.12). All these
mechanisms result in the conversion of the C, side chain to

acetylated C4 branched side chain of versiconal acetate.

In a scheme suggested by Wan and Hsieh (75), versiconal
acetate was converted to wversicolorin A via a dehydrogenase
mediated reaction (Fig. 13). Lee, Bennett, Cucullu and Ory (748>

demonstrated an incorporation of 44&% 14C versicolorin A into

aflatoxin B, wusing A. parasiticus and thus indicated that

versicolorin A is an intermediate in aflatoxin bios}nthesis.

21
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Figure 8: Mechanism for the conversion of the C. side chain of

averufin to the bisdihydrofuran ring (after Moss (72)).
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Figure %: Formation of aflatoxin B, from nidurufin C(after

Kingston et al (42)).
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Figure 11: Pathway for formation of versiconal acetate from

averufin (after Gorst-Allman (48)).
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Figqure 12: Formation of versiconal acetate from averufin (after

Fitzell (S1)).
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Figure 13: Conversion of versiconal acetate to versicolorin A

(after Wan (75)).
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Dutton and Anderson (77> found that in cell free
systems versicolorin A is not converted to aflatoxin and have
proposed an alternative pathway from wversiconal acetate
involving an oxygenase (Fig. 14). They proposed this result can
be explained if it is assumed that versicolorin A& is not in the
direct pathway to aflatoxin but is closely related to an

intermediate, eq., versicolorin A hemiacetal.

Anthraquinocnes have been reported to be transformed by

fungal enzymes into ﬁanthones (78). From lsc studies it has
been proposed that versicolorin A is converted into
sterigmatocystin by cleavage, oxidative decarboxylation
resulting in an elimination of a carbon atom derived from the
C, carbon of acetate (79). However, very little is Known of
the biochemical steps involved in its conversion. Holker and

Kagel (348} proposed a pathway, similar to that in Fig. 13, which
implied that &é-hydroxysterigmatocystin and not sterigmatocystin
lies on the direct pathway to aflatoxin. This was supported by a

mechanism, proposed by Simpson and Stenzel (79), which involved

é6—-hydroxysterigmatocystin (Fig. 18).
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Figure 14: Proposed pathway for the biosynthesis of aflatoxin

B, (after Dutton and Anderson (77)).
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Figure 15: Aflatoxin biosynthetic path@ay involving

é—hydroxysterigmatocystin (3248).
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S—HYDROXYSTERIGMATOCYSTIN

Figure 1&: Possible mechanism for xanthone ring Aformation

involving é-hydroxysterigmatocystin (79),
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The conversion of sterigmatocystin into aflatoxin involves
the loss of another carbon atom derived from acetate (43).

Singh and Hsieh demonstrated that A. parasiticus was able to

convert 14C sterigmatocystin to aflatoxin (88), which

supported Thomas’s earlier (71) proposal of oxidative cleavage
of sterigmatocystin followed by an aldol condensation to yield a
substituted cyclopentanone carboxylic acid. Decarboxylation and
dehydration of this product would give aflatoxin B; (Fig. 17).

Later, Simpson proposed a similar scheme but with a slight
modification (81) in that a quinone is formed as an intermediate

(Fig. 18).

Thus the currently accepted scheme for the biosynthesis of

aflatoxin B, takes into account norsolorinic acid, averantin,

averufin, versiconal acetate, versicolorin A and
sterigmatocystin. Singh and Hsieh using blocked mutants and the
specific inhibitor dichlorvos have found evidence to support

this scheme (Fig. 19> (82).
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Figure 17: Conversion of sterigmatocystin to aflatoxin B, as

proposed by Thomas (71).
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proposed by Simpson (81).
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Figure 19: Aflatoxin biosynthetic pathway as deduced by the u=ze
of blocked mutantse and <specific inhibitore after Singh and

Hsieh (82>,
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1.3. CELL FREE BIOSYNTHESIS OF AFLATOXIN

Nearly all of the evidence in support of the biosynthetic
pathway of aflatoxin suggested above (Fig. 19) has been obtained
from isotopic and chemical analycsis with whole mycelia or crude
cell free preparation. The individual steps, in the pathway and
their mechanisms can only be conclusively proved by isoclating

and studying the enzymes responsible.

In the study of primary metabolism many cell free systems
and pure enzyme preparations have been used successfully. These
.techniques however have not been greatly employed in the study
of <cecondary metabolism, mainly because of the low levels of
enzymes involved and the difficulty in purifying these secondary

metabolic enzymes (83).

0f the secondary metabolic enzymes studied those involved in
the biosynthesis of patulin have had a considerable amount of
work centred on them. Basset and Tanenbaum (83) obtained the
first cell free system capable of converting glucose, acetyl CoA
and &é-methylsalicylate to patulin. Lynen and Tada (84) obtained
a similar system which required the presence of NADPH. Lynen
(83) <cpeculated that a multi-enzyme complex, similar to that
involved in fatty acid synthesis was invelved. In this system
the polyKetide intermediate would be bound by thiocester 1inkKages
to the enzyme complex. A number of other enzymes involved in
the biosynthesis of patulin have been isolated: a hydroxylase
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which converts hydroxy benzyl alcohol to gentisyl alcohol (8&),
a dehydrogenase and a dioxygenase, which converts gentisyl

alcohol to patulin (87).

Other examples of fungal cell free systems of note are those

involved in the transformation of steroids by Penicillium
1ilanum, ¢88,8%), the conversion of precursors to ergot
alkaloids (78,913, the synthesis of trichodiene (2?22, the
synthesis of cyclopiazonic acid (93), and the formation of

orsellinic acid, alternariol and phenols from acetate (94, ?5).

The first cell free biosynthesis of aflatoxin was claimed by
Raj et al. (?4). These workers found that labelled acetate,
mevalonate and leucine were incorpaorated into aflatoxin B

1"
These findings are not in Kesping with a polyKetide scheme of
biosynthesis. Yao and Hsieh (4%?), wusing a cell free csystem,
suggested that the -enzymes responsible for aflatoxin B,
biosynthesis were located in the mitochondrial fraction, whilst
Singh and Hsieh (88> proposed that the conversion of
sterigmatocyétin to aflatoxin B, was carried out in the

crtoplasm by an oxygenase, although no attempt was made to

isolate the enzyme{s) or intermediatel{=z) involved.

Anderson and Dutton (97 found that a cell free system

derived from A. flavus was capable of converting
sterigmatocystin and uersiconé] acetate but not versicolorin A
to aflatoxin B;,. They suggested that versicolorin A is not in
the direct pathway to aflatoxin B, but is closely related to
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an intermediate such as versicolorin A hemiacetal. Wan and Hsieh
(73) isolated a relatively stable enzyme system from A.
parasiticus that converted wversiconal hemiacetal acetate to
versicolorin A. The system was incubated at pH 7.5. Dutton and
Jeenah (98) have shown that the conversion of versicolorin A to
aflatoxin B, was pH dependent and supported the view that
under the right pH conditions versicolorin A is converted to

versicolorin A hemiacetal.

Electrophoretic comparisons of mycelial enzymes from
aflatoxin B, producing and non-producing strains have been
carried out (29). No distinct differences in enzyme patterns

between the two groups were detected.
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1.4. REGULATION OF SECONDARY METABOLIC ENZYMES

During the rapid mycelial growth in the trophophase, (the
phase during which cell mass increases exponentiallyd, all
nutrients are balanced and few if any intermediates accumulate.
When an essential growth factor is depleted, growth stops and
idiophase (the period in which secondary metabolites appear)
begins (168). Depletion of phosphate in the case of Claviceps
sp. stops growth and causes the induction of the enzymes
responsible for secondary metabolism (181>, This termination of

balanced growth leads to an accumulation of a variety of primary

metabolic intermediates, which could lead to the induction of
the secondary metabolic enzymes responsible for the
transformation of the intermediates into other compounds or

would lead to the excretion of the product <(182). In the
biosynthesis of é—methylsalicylate an accumulation of
acetyl1-CoA or more probably malonyl-CoA could be the trigger

(1e3)

Thus é-methylsalicyliate synthase is somehow ‘activated’ or
induced when the idiophase begins. In contrast the ability to
form patulin is established ‘adaptively’ needing continued
protein synthesis in the idiophace (184)..In ergot alkaloid
synthesis however, it was necessary for co-factors (eg. NADPH)

to be produced in the trophophase (181).
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Detroy and Hesseltine studied the effect of cycloheximide on
the metaboliem of aflatoxin (185). They found that when added to
the culture fluid it prevented aflatoxin from being synthesised
but when the antiobiotic was removed, aflatoxin biosynthesics was
recommenced. They concluded that some or all of the enzymes

were formed in the idiophase.
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1.5. RING CLEAVAGE ENZYMES

Singh and Hsieh (88) had found that NADPH was required for
the conversion of sterigmatocystin to aflatoxin B1 implicating
the involvement of an oxygenase. In general oxygenases are

divided into two classes— monooxygenases and dioxygenases (18&4).

Monooxygenases, <csometimes referred to as mixed function
oxygenases (187>, are responsible for the incorporation of a
single atom of oxygen into the substrate (188) (Fig 28), whereas

dioxygenases catalyse the incorporation of two atoms of oxygen

into a molecule of substrate (Fig 20). Monooxygenases may be
clascified on’the basis of the electron donor involved: internal
monooxygenases in which the reducing agent is internally
supplied i.e. the substrate, but the more common types of
monooxygenases, the external monooxygenases require various
Kinds of external electron donors eg. NADPH, FADH, 4snd

reduced iron-~sulphur proteins. Many monooxygenases catalyse

hydroxylation of aromatic and aliphatic compounds but they also
catalyse a seemingly diverse group of reactions including
epoxide formation, dealkylation and deamination, but the primary
chemical event is identical. All the processes are initiated by

the addition of one atom of oxygen into the substrate.
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After the initial moncoxygenase reaction the compounds
become more soluble in water or more biologically reactive in
the sense that they are susceptible to the action of other
enzymes, eg. dioxygenases (186).Thé dioxygenase cleaves the
aromatic double bond either between two hydroxylated carbon
atome (‘ortho cleavage’) or adjacent to a hydroxylated carbon
atom (‘meta cleavage’).

Some dioxygenases such as trytophan 2,3-dioxygenase contain haem
as the prosthetic group (189) while others such as pyrocatechase
contain non—-haem iron (118>, while enzymes such as quercetine
dioxygenase contain copper as the cofactor (1113. All of the
phenolic dioxygenases (those that cleave the phenol or catechol
ring) that have been purified contain non—haem iron as the sole
cofactor. It is assumed that iron plays an active role in
activating the oxygen as well as the substrate (112). These
enzymes have also been found to be inhibited by iron chelating
agents (118). The reaction mechanism for dioxygenase was
postulated as follows:— the enzyme containing ferrous ion,
combines with an organic substrate, resulting in the reduction
of the iron, which then reacts with the oxygen to form a ternary
complex (112, The question whether the enzyme binds first to

the substrate or the oxygen has not been resclved (16&).

Monooxygenases are also responsible for inserting an oxygen
atom directly into the ring. Thice type of reaction is found in
the formation of a lactone from cycloalkanones thus emulating
the Baeyer-Villager type of reaction (114). This reaction is an
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oxidation <ctep in which a Ketone is converted to an ester or
lactone with a peracid by migration of an 0O from the peracid.
The key step is the heterolytic dicssociation of the 0-0 bond of
an adduct that is formed (113). Cyclohexanol is metabolised by

Nocardia globerlae (114) to cyclohexanone and thence to the

lactone.
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1.6. CELLULAR LOCATION OF OXYGENASES

Membrane bound proteine are classified into two catogeries:
peripheral (extrinsic) and integba] (intrinsic) (116).
Peripheral membrane proteins are Jloosely attached and can be
removed from the membrane by mild treatments such as changing
the ionic concentration of the medium or by treating with EDTA
(117). Cytochrome C and spectrin are examples of this type of
protein. Integral proteins on the other hand can only be
isolated by more drastic treatments with detergents, bile salts
and organic solvents because of the close association with the
membrane Jlipids. Cytochrome B and glycophorin are examples of

this group.

Feripheral proteins are found on both the inner as well as
the outer <cides of the membrane. In bacteria, mild treatments
such as sonic wvibration release the outer protein. High speed
centrifugation of cell homogenates releases the peripheral
protein in to the supernatant where cytoplasmic enzymes are
usually found (118). Mitchell (119) coined the term periplasmic
for this type of enzyme. Periplasmic proteins have primarily

been studied in bacteria where they are present as degradative

enzymes (118).

Oxygenases are Known to occur in the liver microsomes of
many vertebrates (128>, and OKamato and coworkKers have shown
that Kynurenine-3-hydroxylase is localised in the outer membrane
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of rat liver mitchondria (121), However very little is Known of
the localisation of oxygenases in fungi. Monooxygenases in
euKaroyotic organisms are most often found in the particulate
fraction whilst the dioxygenases are soluble proteins (122).
Hsieh and Mateles (123> had predicted that the enzymes
responsible for the biosynthesis of aflatoxin occurred extra
mi tochondrially. Wan found that all the activity for aflatoxin
biosynthesis was present in the supernatant fraction when
centrifuged at 185,8808xg for 2 houre (124> thus indicating that

the enzyme was present in the cytoplasm.
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1.7. AIMS OF THE PROJECT

The prime objective of the project was to isolate and purify
the enzyme(s) involved in the conversion of sterigmatocystin to
aflatoxin B, , The characterisation of a pure enzyme system and
the mechanism of the reactions they catalyse would elucidate the
role of sterigmatocystin in aflatoxin biosynthsis.

Such information would contribute to the understanding of
aflatoxin biosynthesis and would enable a more effective control
of aflatoxin production jn the field to be formulated. It would
also contribute greatly to our general Knowledge of fungal

-enzymology.
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2. MATERIALS AND METHODS

2.1. ORGANISMS

The species, strains and mutants of the genus
Aspernqillus  that were used in this study are listed in Table
1.

Trichoderma wiride (CBS 254-33), supplied by Or. J.
Peberdyr {Nottingham Uniwv. U.K.> and Dercskowia

xanthineolxtica, <supplied by Dr. Broek (Agricultural Uniwv.
Wageningen, MNetherlands», were used +for the production of

digestive enzymes.

All the cultures were maintained on potato dextrose
agar (Difco laboratories, Detroit, Michigan, U.S.A.) except

QercKovia xanthineglwvtica which wae maintained on nutrient

agar (Difco>.
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TABLE 1

Strains of Asperqgillus species used in the study
FUNGAL STRAIN SOURLCE PROCLUCT
A. parasiticusa CMIb Aflatoxins Bl,
W1 82!61,82
A. flavus Dr. J Donkersloot® Averufin
W42 )
A. parasiticus Dr. J Bennettd Versicolorin A

1-11-1935Wht

A. guadrilinitus Dr. C Rabie® Sterigmatocystin
2 derived from CMI?181%b

b Commonweal th Mycological Institute, Kew, London.

€ National Institute of Health, Maryland, U.S.A.

d Tulane University, Louisiana U.S.A.

e

M.R.C., Trgerberg,

S.4.
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M

.2, GROWTH

tJ

.2.1. Growth media

Thre= difterent growth

media were used for the

production of mycelium and metabolites by Asperqillus species,

Reddyv“ = (125> <(Appendix 1), YES

culture (127 medium C(Appendix

0. #anthineolytica were grawn in

(Appendix 1),

All media were

at 15 psi and 128°C.

2.2.2 General Growth Cenditions

Production aof Mycel ium

A. parasiticus

zhake cultures (158

r.p.m.> for

containing 188 ml Reddy“e medium

inoculated with a

million <spores.

sterile =odium dodecy] sulphats

cul turs= in either medical flats ar

mycel ium

58

P12

1.

sterilised by

1-11-1635Wht

spore suspenszion containing
Spore sucspensions were obtained
(B .1%

patri

&) (Appendix 1) and

Trichaderma viride and

liguid media

.
(1ze,

autoclaving tor 15 minutes

waes grown at 25°C in
5 days in 258 ml flasks
(Appendix 13, which were

approximately 1
by adding 18 ml
WY

to a sporulated

dishes, To harvest the

it was filtered through cheese cloth and freeze dried.



2.2.2.2. Production of Metabolites

One litre flasks containing 488 ml YES medium were
inoculated with a zpore suspension of the required fungal strain
(Table 1) containing approximately 1 million spores and grown at
25°C in <hake cultures (139 r.p.m.> for 8 days. The mycelium

and culture fluid were then extracted ¢ see cection 2.3.1).

2.2.2.3. Production of Digestive Enzymes

Trichoderma wviride and Oercskovia xvantilitica were

grown in their respective liguid media in both 11 flasks, and in
a fermenter (161) (New Brunswick Magnaferm). The medium in the
shake flasks (488 ml)> (188 r.p.m.?> was inoculated with a 2 day

old seed inoculum (48 ml) and maintained at 25°C for 18 dayrs.

The medium in the fermenter (181> was inoculated with a
2 day old seed inoculum (388 ml) and maintained at 25°C, 88X
oxygen saturation and pH 4.4 for 18 days. The filtered culture

fluid was used as the digestive enzyme,
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2.3. EXTRACTION AND PURIFICATION OF METABOLITES

2.3.1. Extraction

Mycelium (566g) (cection 2.2.2.2 was filtered, freeze
dried and extracted in a soxhlet apparatus with ethyl acetate
(588 m1>*., The culture fluid <or incubation mixture) was
extracted three times with 1 volume each of chloroform:ethyl
acetate (1:1)>. The organic solvents were dried over anhydrous
sodium sulphate for 18 minutes, which was then removed by
filtration through Whatman Number 1 filter paper. The combined
dried solvent fraction was concentrated in a rotary evaporator
at &4B°C to a wvolume of 28 ml. For conversion studies the
solvent was evaporated to dryness under nitrogen. The extracted

agqueous fraction was discarded.

2.3.2 Purification

The concentrate (5 ml) was streaked on to three, 46 x
28 cm Kieselgel G (Merck, Darmstadt, West Germany)
chromatoplate (8.3 mm thick, which was adequate for the amount
of material purified). The line of the origin was approximately
2cm  from the bottom edge of the plate, The lcaded chromatoplate
was dewveloped in chloroform:acetone (211 wsv). When the
solvent front reached the top of the plate it was removed and

air dried.

& aln reagents used were of analytical reagent grade unless

otherwise cstated,
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The resultant chromatographs were viewed under UV light ( 253 and
363 nml), any ohserved spots marked and compared with  known

standards.

The area of silica gel containing the reguired metabolite

( aflabtorin B, sterigmatocystin or versicolorin & ) was sorapedd

off  and  the product was wslat with acetone. Tha

from the gel

acetone fraction was concentrated to dryvne & rotary @évé

aricl omatographed wsing boluens aloys

aci (GO ESe 15y 1) as the solvent. The fractions wers g

and rechromatographed as before. The fraction with the

metabolite was rechromatographed 1n  the aftorementioned

systaems until a single band was obtained. The metabolite was btesheg

chromatogeraphically for purity by correlating the RF wilth the

of a pure shandar (lindly supplied by Dr. MJFL Duttond on oa two

dimensional chromatograph (section 2.49.1.01.70.



2.4. ASSAY METHODS FOR PRODLCTS OF ENZYME CATALYSED REACTIONS

2.4.1. Identification

2.4.1.1, Thin Layer Chromatography (TLOCO

The extracted metabolite (section 2.3.1) was dissolved
in methanal {188R1> and then spotted on to two dimensional
chromatographs consisting of aluminium—-backed silica gel ©8 TLC
plates {18 cm x18 cm) (6.2 mm thick) (Merck). The plates were
run in chloroform:acetone (9:1) in the first dimension and in
toluenetethyl acetate:acetone (68:25:15 in the second
dimension. The resultant chromatographs were viewed under WY
light (233 and 3485 nm>, any obserwved spots marked and compared

with Known standards.

2.4.1.2. Mass Spectra

Mase spectra of the metabolites produced by the enzyme
system were obtained on a Varian Mat model CHY single focusing
instrument. Electron-impact <spectra were run at 78eV with an
acceleration wvoltage of 38988 volts and a source temperature of
188° to 125°C. Criteria for identification of samples were
based on TLC analyses and correlation of the mass spectral data

with those reported in the literature (12387.
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M

.4.2. Quantitative

rd

.4.2.1. Thin Layer Chromatagraphy
When anal¥sing extracts derived from conversion studies
the metabolites were dissclved in methanol (188H1>, The cample

C4BKR 1) was spotted on to Kieselgel 757 TLC plates (18 x 18 cm:

(9.3 mm thick). The plates wheres run in two dimensicons, using
chloroform:acetaone (P12 in the first dimension and
toluene:eth»l acetate: acetone (&8:25:152 in the second
dimension. The plates were viewed under IV light, and the <ilica
containing the aflatoxin sterigmatocy=stin and

D-methylsteriamatocystin spots was scraped of+f.

Each metabolite was eluted +From the <=ilicia with
acetone (3 ml», evaporated to dryness and the product was taken
up in methanol (2 ml>). An Hitachi model 226 spectrophotometer
was used to measure the absorbance of the sample at the relewvant

amax tAppendix 2> (1328).,

The concentration of the product waz calculated from the

abzorbance by using itse molar extinction coefficient.

mg./m]l =(A x MWJtI (€ x P)

A = absorbance

MAJt = molecular weight

€ = molar extinction coefficient
P = path length
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2.4.2.2 High Pressure Liquid Chromatography

=,

A Waters Associates C 5 column connected to a Varian
Model 5888 1liquid chrotomatograph, equipped with WVarichrom
(325nm) and Fluorochrom detectors, was used for the <ceparation
and detection of aflatoxin, sterigmatocrstin and
O-methylsterigmatocystin., A Hewlett-Fackard HPZ2298R integrator
was used to calculate peak areas and concentrations of the
separated components. Acetonitrile (spectroscopy grade, Merck?
and distilled water (55:45) were used to separate aflatoxin,
sterigmatocystin and O-methylsterigmatocystin. The solwvent used

10

to separate the aflatoxins B By, G, and G, was an

isocratic mixture of acetonitrile (spectroscopy grade), methanol

(spectroscopy grade) and water (3:2:5).

In order to test the effectiveness of the separation,
standard samples of aflatoxin, sterigmatocystin and

O-methylsterigmatocystin were chromatographed together.

When analysing extracts derived +from incorporation
studies the me tabolites were dissolved in methanol
(spectroscopic grade> (28 K13 and the sample (18 R1) was

injected on to the column.
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2.5. PROTEIN ASSAY

The Biuret method (1317 was used to estimate the

protein content of various samples.

SOLUTIONS.
1. Agueous Bovine Serum Albumin Sclution (5 mgsmtr» (BSA?

2. Biuret Reagent. Three grams copper sulphate pentahydrate
and 9g sodium potassium tartrate were dissolwved in 588@ ml}B.ZM
sodium hydroxide. Potassium iodide (5 g) was added, and the
resulting <olution was made wup to 11 with 8.2 M sodium

hydroxide soclution.

Biuret reagent (2 ml) was added to protein solution
(2 ml), mixed, heated at 37°C for 18 min and coocled. The
protein concentration was estimated from a standard curwve
constructed in the range 8 to 5 mg of BSA/ ml by measuring the

absorbance at S548nm.
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2.6. MARKER_ENZYME AND LIPID TEST

The presence of glucose—-S-phosphatase was used as the
marker enzyme to indicate the presence of a microsomal

fraction containing material from the endoplasmic reticulum.

Soluftion for aszsay of glucose—4—-phosphatass

i. Sodium cacodylate buffer (B8.1M, pH 6.3). Sodium cacadylate
(15.9. g dissolved in 58 ml) was added toc HC1 (22 ml, ..2M)
and made up to 188 ml with distilled water.

2. Ethylene diamine tetraacetic acid (18 mM in cacodylate
buffer adjusted to pH &.5) (EDTAD

3. Glucose—-é-phosphate S8 mM in 8.1M cacodylate buffer

4., Trichloracetic acid solution (18¥, in distilled water)
(TCAD
5. Ammonium molybdate solution (54, in distilled water)

4. Copper acetate buffer (pH 4.8, B8.1M). Copper sulphate (2.5

g> and sodium acetate (48 Q) was dissolved in 1 1 acetic acid
(2M) .

7. Me tol —sodium sulphite solution. Me tol (4-methy] -
aminophenolsulphate) (2 g) was dissolved in a 184 (m-v)

solution of sodium sulphite soclution and made up to 166 ml.

Test sample (B.1 ml) (fraction 2 from gel filtration>
was added to a mixture of cacodylate buffer (A,6 ml), EDTA
(8.1 ml> and glucose—-&-phosphate (8.1 ml> and incubated for 15

minutes. Blanks consisting of cacodylate buffer in place of
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the test <samples were included. The reaction wasz stopped by
the addition of ice cold TCA (1 ml». The solution was
centrifuged and the supernatant (1 ml) was added to a mixture
of acetate buffer (3 ml>, ammonium molybdate (8.5 ml) and
metol—-sulphite solution (8.3 ml). The reaction mixture was
allowed to stand for 18 minutes and the absorbance was read at
g38nm. The <cample <(fraction 2 from gel filtraticn) was also
tested +for lipids by comparing the solubility in water and a

chlorcoform—methanol (1:1) mixture.
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2.7. ENZYME ASSAY

Enzyme activity was monitored by incubating the
sample (section 2.18) in sodium phosphate buffer (8.1M, pH 7)
with sterigmatocystin (19 hg dissolved in 18 HMI
dimethylformamide? at 25°C for S hours. In all experiments
18 Pg =sterigmatocretin was used, unless otherwice stated,.

Controls, consisting of phosphate buffer (8.1M, pH 7> or

boiled (5 min) sample in place of the test <

m

mple, were
incubated similtanecusly. The mixture was extracted (section
2.3.17 and atlatoxin, O-methylsterigmatocystin and
sterigmatocystin were assayed by HPLC (section 2.4.2.2) and
TLC (section 2.4.1.1>. The enzyme sycstem was concsidered active

if aflatoxin was produced.
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2.8, PREPARATION OF CELL FREE SYSTEMS

2.8.1 Protoplasts

Four different digestive enzyme preparations were uced
to obtain protoplasts +rom 35 day old mycelium of B.

parasiticus 1-11-183Wh1.

The liguid media of the Trichoderma viride cultures

in zhake flasks and the fermenter, as well as the media t+rom the

Oerskovia xanthineolytica cultures were lyophilized, and 1@@
mg each of the lyophilized enzymes were dissoclved in phosphate
buffer (B.I1M, pH 7 (568 ml). These csolutions were used as a
digestive enzyme system, separately and in a mixture,.

Chitinase (Streptomyces qgriseus? <(Sigma), pronase

(Streptomyces griseus>» (Sigma? and lysing enzyme (Rhizoctonia

sglani) (Sigma) (38 mg each) were dissolwed in phosphate bufter
(g.1M, pH 7, 3588 ml) and used as a commercial digestive enzyme

system.

The digestive enzyme (38 ml) was incubated with whole
mycelium (28 g wet weight, 5 day old) in a +lask (258 ml) at

28°C on a rotary shaker 7188 rpm? for 3 hours in phosphate

buffer 38 ml, 8.1M, pH 5.8, containing B.4 M magnesium
sulphated. The magnesium <=alt was wused as a protoplast
stabiliser. The resulting sturry was Filtered through glass
wool . The filtrate containing the protoplasts was then
centrituged (588xg for 18 mink. Sedimented protoplazts were

washed with buffer-stabilizer and recentrifuged (588xg for 18

minJ, The clean protoplasts were utilised +Ffor conversion
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mind). The «clean protoplasts were utilised for cocnversion
studies. The protoplasts were lysed by rapidly freezing with
liquid nitrogen and then allowing the <solid to thaw. The
mixture was centrifuged (1088xg for 18 mind> and the
supernatant was used xs a cell free system.

2.8.2. French Press

Whole mycelium { A. paraciticus 1-11-185 Whl, S day

old)> was passed through a french press (Apex, London) (200080
psi>. The resulting slurry was passed through the press for
the second time with the pore size reduced (pore size not
calibrated). The slurry was centrifuged (1808xg for 10 min>

and the supernatant was used as the cell free preparation.

2.8.2 Grinding

Whole mycelium <(A. parasiticus 1-11-185Wh1, 5 day

old) was mixed with acid-washed sand and then ground with a
pestle and mortar. The mixture was suspended in phosphate
buffer (8.1M, pH?, 3"C) and centrifuged (10888xg for 18 min>.

The supernatant was used as the cell free preparation.

2.8.9 Lyophilization

Whole mycelium (A. parasiticus 1-11-185 Whl, 5 day

old> was washed sewveral times with distilled water (28°C)
and then freeze-dried. The dried mycelia were powdered using a
dry mortar and pestle. The powder (5 g) was suspeﬁded in cold.
phosphate buffer (10 ml, 8.1M, pH 7, 3°C) and centrifuged

(10888xg for 280 min). The supernatant was used as the cell

free preparation.



2.9. ENZYME PURIFICATION

2.9.1. Ultrafiltration

The supernatant cbtained Ffrom the lyophilization
preparation (section 2.8.47 (2808 ml, 58 mg protein/ml) was
ultrafiltered <(Amicon Model 282, 4Y mm diameter?, using an
Amicon PMIB  membrane (18888 M.Wt, cut offr. The Filtration was
carried out &at 23 psi of nitroaen and at 5°C until the

supernatant was reduced to 18X of its original wvolume.

2.92.2. Ultracentrifugation

The supernatant obtained +from the lyophilization
preparation (section 2.8.4) (589 mg protein/ml) } Was

centrifuged under the following conditions:

RELATIVE G FORCE TIME (HOURS?Y
1866868 xg .3

48888 xg 1

18506868 xg 2

The wvarious supernatant fractiorns (18 ml1) and pellets

were tecsted for enzyme activity Yzection 2.7).
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2.92.3 Gel Filtration

2.92.3.1 Enzyme Separation

Sephadex G-289 (Pharmacia Fine Chemicals) was used for
the purification of the enzyme. The gel was soaked in phosphate
buffer (6.2M, pH 7.5, heated in a boiling water bath for 1| hour
and left AFor 24 hours at room temperature. A glass column
(25x268 mm) was packed with the swollen gel and equilibrated at
a flow rate of 25 ml/ hour with 3588 ml of phosphate buffer
befcre being used. The supernatant obtained from the
lyophilization preparation (section 2.8.4) (3288mg in 18 ml) was
loaded on to the column, which was run at 4°C and at a flow
rate of 18 ml/hour. Blue dextran (BDH) was used as a marker for
void wvolume. An LKB Uvicord was used to monitor the protein
content of the column eluant at 285nm. The eluant from the
column was collected on a fraction collector (LKEB Redirac). The
fractions (1 ml)> were pooled as shown below and analysed for
enzyme activity (section 2.7) and protein concentration (section
2.3). The «cell free system was also gel filtered through
Sepharocse &B under identical conditions to the qgel filtration
with Sephadex G-288. @& second gel filtration through Sephadex
G-288 was carried out with & cell free system in phosphate
buffer (8.1M, pH 7.5), treated with EDTA (final concentration

2m) for & hours.
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The fractions were split as follows:

FRACTION ELUTION VOL. {ml>

1 P-20 (void volume)
2 21-38

3 28-21

4 ?2-124@

Enzyme activity <(section 2.7) was tested using the

following combinations of the above fractions.

FRACTION EXPERIMENT NUMBER

1 2 3 4 3 é

1 * * * - - -
2 * * - ¥ % -
3 ¥ * * * - *
4 ¥ - * * ¥ *

*# fraction added to the incubation mixture

- fraction not added to the mixture,.

Fraction 2 was concentrated, wusing ultrafiltration
(188688 M.Wt, cut off),-to 18 ml and
(iy Rechromatocgraphed on the Sephadex G-2080 column. The
fractions were collected and analysed as indicated above
(itd> Ultracentrifuged at 1830888xg for 2 hours, The supernatant
(18 ml> and the pellet were tested for enzyme activity (section
2.7>. The supernatant was reloaded on to the Sephadex G-2889

column (25x286 mm) and the eluant collected.
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Four fractions were collected:

FRACT1ON ELUTION VOL. (ml1)
2.1 21-38

2.2 39-71

2.3 72-91

2.4 22-120

Enzyme activity <(section 2.7) was tested using the
following combinations of the above fractions together with
NADPH and fraction 4 Ffrom the first gel filtration as

cofactors.

FRACTION EXPERIMENT NUMBER

1 2 3 q 3 )

2.1 * * * - - -
2.2 * * - * * -
2.3 * * * * - *
2.9 * - * * % *

¥ Fractionse added to incubation mixture

— Fractions not added to the incubation mixture

Reference to Afraction 2, 2.

M

and 4 in the rest of the text
relates to the fractions obtained +from gel fiitration, on

Sephadex G-286, of the untreated cell free system.
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2.9.2.2 Column Calibration

The column was calibrated for molecular weight by

eluting a mixture (5 ml) of 5 mg/ml each of

SAMPLE M.t
myoglobin 17888
ovalbumin 45a@80
bovine serum albumin Y=1:151%)
phosphorylase B 74024
The M.Wt. of unknown proteins were calculated from a

standard curve constructed from the elution volumes of csamples
with Known M.Wt. A graph of elution volume against Log M.Wt was
plotted. An LKB Uvicord was used to monitor the protein content

of the column eluant at 285nm.

2.9.4 Gel Electrophoresis

Polyacrylamide gel electrophoresis {PAGE) and PAGE in
the presence of sodium dodecyl sulphate (SCS) were carried out
on the crude enzyme preparation (section 2.8.4) as well as
fractions 2, 3 and 2.2 from gel filtration. Horizontal flat bed
gels were used, according to the manufacture’s instructions for

use with the LKB 2117 Multiphor apparatus.
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Reagents

1. Stock buffer
Phosphate buffer (8.1M,pH 7.1), 18 g SDS (BDH. Chemicalsz)
in 51 distilled water.
Z. Acrylamide solution
22.2 g acrylamide (BDH Chemicals), 8.4 g
N,N“-methylene-bis—acrylamide (BIS> (BDH Chemicals? in 188 ml
distilled water
3. Ammonium persulphate soclution
158 mg Ammonium persulphate (BDH Chemicals) in 18 ml
distilled water.
4, Electrode Bufter
1 part stock buffer plus 1 part distilled water
5. Bromophenol blue 8.23% (w/v?
25 mg Bromophencl blue (Merck) in 18 ml stock buffer.
4. Fixing solution
37 g Trichlorocacetic acid (Merck), 17 g Sulphosalicylic
acid (Merck), dissoclved in a mixture of 150 m! methanc]l and 358
ml of distilled water.
7. Staining solution
1.25 g Coomassie blue (Sigma) dissolved in a mixture of
227 ml1 methanol, 227 ml distilled water and 46 ml of acetic
acid.
8. Destaining solution

1.31 ethanol and 366 m]l acetic acid was made up to 51 with

distilled water,



. Tris-glycine stock buffer

Glycine 75.1 g (Merck)> and scodium azide 2.3 g were
dissolved in 31 distilled water, titrated with Tris to pH 8.9
and made up to 391.

18. N,N,N’ N“~tetramethylethylenediamine (TEMED)

The polyacrylamide gel (3.54 polyacrylamide) was made

up by mixing the components in the proportions given belaw:

SOLUTION <(AS DESCRIBEDR) VOLUME (m1>
distilled water 14.9
stock buffer 33=
acrylamide solution 14.8
ammonium persulphate 3.2
TEMED B.1

* For SDS-PAGE, <solution 1 ( phosphate stock buffer) was used

and for PAGE, solution @ (tris-glycine stock buffer) was used.
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SDS-PAGE was conducted at:

temperature 5°C

current 88 m& (constant)
field strength 6 VU/cm

time 1.5 hours

PAGE was conducted at:

temperature S°C

current 58 mA {current)
field strength 15 VW/em

time 1.5 hours

AGfter the run, the plate was ¥ixed) stained with

coomassie blue and then destained.

The SDS gel was calibrated for molecular weight by
electropharesis of cross-linked haemoglobin and haemocyanin
(Sigma) under the same electrophoretic conditions. The M.Wt. of
the protein bands in fraction 2.2 was calculated from a standard

curve constructed from the migration of proteins of Known

molecular weights relative to bromophenol blue against Log M.Wt,
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2.9.5 ELECTROFQCUSING

2.9.5.1. Analytical Electrofocusing

Analysis of the protein components in different
preparations (crude «cell +free, fraction 2, 3 and 2.2 from gel
filtration) was carried out using isoelectric focusing. The
camples, originally in 8.1M phasphate buffer, were transferrs=d

to 8.81M phosphate buffer pH? and then applied to Ampholine

PAGplates, pH ‘range 3.5-9.5 and focused, according to
manufacture’s instructions (LKB instructions, LKB Ampholine
PAGpl ates for Analytical Electrofocusing on Polyacrylamide

Gels). The experiments was run under the following conditions:

anode ™ H3P04
cathode 1M NaOH
power 2.9 W

vol tage 1588 V max.
current 58 mA start
time 1.5 hours
temperature g°C

At 1.3 hours equilibrium was reached. The plate was
fixed, stained and destained as in the case of electrophoresis

(section 2.9.4).
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2.9.5.2. Preparative Electrofocusing

Fraction 2.2 was subjected to preparative
electrofocusing in a granulated gel using an LKB 2117 Multiphor
apparatus in the pH range 3-18 in accordance with the
manutacture’s instructions. The gel bed (Sephadex IEF,
Pharmacia Fine Chemicals) containing ampholytes (LKE é&mpholine,
pH 3-18, 2 m/v) was cast in the glass trough of the apparatus,
and evaporated to the required consistancy. A section of the gel
was removed and suspended in sample (3 ml dissolved in 8.81M
phosphate buffer? and reapplied to the gel bed. Focusing was
achieved at a constant power of 4W, at 8°C for 146 hours. A
paper print of the gel! was taken by placing a Whatman number 1
filter paper over the gel for | minutes, The paper was fixed,
stained with comassie blue and then destained (section 2.9.4).
The bed was then sectioned into 38 fractions and the enzyme

activity of each fraction was assayed (section 2.7).

~J
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2.

16. CONVERSION STUDIES

The following systems were wused to study the
conversion of sterigmatocystin to O-methylsterigmatocrstin and
aflatoxin:

Ci) whole mycelia f(section 2.2.2.1 (2 g wet wt. in 186 ml
8.1M phosphate buffer)

Cit) crude enzyme preparation (section 2.8.4) (588 mg. of
protein in 18 ml of 8.1M buffer)

(iii) fraction 2 plus fraction 4 (section 2.9.3.1) (88 mg. of
protein in 18 ml of 8.1M phosphate buffer),

Civ) fraction 2.2 and original fraction 4 from gel
filtration (section 2.9.3.1) (3.5 mg. of protein in 18 ml of

8.1M phosphate buffer).

NADPH  (18mM) was routinely added to the to all the incubation

mixtures, except in the case of whole mycelial studies and

where otherwise stated.

Controls, consisting of phosphate buffer(@8.1M, pH 7) or boiled
enzyme (35 min) inb place of test sample, were incubated
similtaneously.

Phosphate buffer B8.1M and pH?7 was used unless
otherwise stated. Citrate buffer 8.1M was used fbr pH values
of 3, 4 and 5, Fraction 4 from gel +iltration was added to the
partially purified and the purified enzyme systems as a source

of cofactors unless otherwise stated.



The effect of the following parameters on the

conversion of sterigmatocystin were studied:

(a) Age of mycelia 3 to 7 days

(b) Temperature 15°C to 48°C

{c» pH

2.8 to 8.6
(dy» Time course study - 28°C, pH 7 over S hours
te) NADPH (18 mM>

() Cofactors (18mM)

NAD, NADH, FAD, Fe++ L +++

1

NAD + FAD + Fe't + Fett?

++ +++
- Fe + Fe

- S—adenosylmethionone

(g) Ethionine (18mM)

These cofactors were used instead of fraction 4.

74



2.11. KINETIC STUDIES ON PURIFIED EMZYME

Sterigmatocystin (18kg) was incubated wi th
different concentrations of enzymees (1, 2, 3, 5 and 18 mg in 8

ml reaction mixture) in the presence of Fe** (1amM) and NADPH

(18mM) for 1 hour at 28°C and pH 7.2. The products were

extracted ¢(section 2.3.1.2 and guantified (section 2.4.2.2).

The purified enzyme system ( fraction 2.2 section
2.9.3.1) (3.5 mg protein/ml> was incubated with different
concentrations of sterigmatocystin (8.5, 8.4, B.75, 1|, 2 and 3
Bg in 8 ml reaction mixture) in the presence of Fett (1BmM)
and NADPH (18mM>, for | hour at 28°C, pH 7.2. The products

were extracted (section 2.3.1> and quantified <(section

2.4.2.2.

The stoichiometry of the reaction was measured by
moni toring the conversion of NADPH (18BM) to NADP, amount of
sterigmatocystin (18 HKg) wused and the amount of product
formed in 1 hour by the purified enzyme system (18 mg protein
in 18 m]l reaction mixture>. The amount of NADPH converted was
moni tored by measuring the decrease in absorbance at 348 nm on

a Hitachi model 228 spectrophotometer.
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The specificity of the enzyme was investigated with
the use of the following substrates (Kindly supplied by Dr
M.F. Dutton):

dihydrosterigmatocystin,
hydroxy=sterigmatocystin and

desmethoxysterigmatocrstin.

These substrates were dissolved in dimethylfarmamide
(18 Hg in 18 K1) and used- in place of sterigmatocystin in

the standard assay (section 2.7) with fraction 2.2 (section

2.18.).
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3 RESULTS

3.1. Analytical
3.1.1. Thin Layer Chromatographyr and Mass Spectromstry

1.

4y]
g

rigmatocystin and its conwersion products  (product
{ and 22 from the different conversion =ftudies {(section Z2.1&)
were identified by TLC and mass spectroscopr (Tablee 2 and 23

a

Praoducts 1 and 2 had identical RF yalues to aflataxin

B, and O-methrlisterigmatocystin respectively., They were

therefore tentatively identified as such. On spraying the plates
with 284 ethanolic aluminium chloride and then heating them, the
standard and product 2 gave a characteristic yellow-green
fluorecsence thus supporting the suggested identification of
product 2 as O-methylsterigmatocystin. The identity of products

1 and

8]

was contirmed as atlatoxin = and
O-methrlsterigmatocy=tin respectively, by comparing the mass
spectra with spectral data in the literature (128>, Small

quantites precluded confirmaticon by other phr¥sical measurements.

Sterigmatocystin, aflatoxins B,, B

2 Gl and 82
and DO-methrlsterigmatocystin were separated and quantified by

HPLC (Table=s 4 and S»

-
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TABLE 2
RF values of sterigmatocystin (St) aflatoxin B, (AFE;> and

0-Methylsterigmatocystin (OMS)>, standards in different solvent

systems,
Solvent System R_. of Metabolitesa

aFe OMS St
chloroform:acetone
Z:rldvv) 8.52+.82 B.31%83 B.95f.684
tolueneitethyl acetate:
acetone &B:25:15 (v v/v) B.34%+.82 B8.27%.81 A.9+.85
a

Results are mean wvalues for five observations

TABLE 3
Mass <cpectroscopy data of the conversian products (1 and 2) of

sterigmatocystin.,.

Product 1 Product 2
m/e Relative m/ e Relatiue
Intensity Intensity
Sz 1898 3313 188
224 28 323 35
2589 16 389 47
236 25 292 18
241 22 279 13
227 38 285 15
179 12 249 20

~J
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TABLE 4
Retention times of sterigmatocystin (St) aflatoxin B, (AFE))
and O-Methylsterigmatocystin (OMS), standards separated by HPLC

useing acetonitriletwater (S55:45) =zcoluent mixture.

Metabolite Retention times min.y®
5t 2,74+.82
oMS 2.84%+.023
AFB, 2.12+.82

Results are mean values for five observations

TABLE 5

Retention times of aflatoxins B,, B

zy B and G,
standarde, <ceparated by HPLC using acetonitrile:methanol :water

(3:2:5) solvent mixture.

Aflatoxin Retention time (min)®
G, 2.59*.63
G, 2.77%.82
B, 3.83*.82
B, 3.28+.04

a .. .
Resulte are mean values for five observaticns
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3.2. ENZYME PURIFICATION

2.2.1. Cell Free System

The effectiveness of different digestive enzymes in

producing protoplasts +from ©B. parasiticus mycelium was

investigated. The results are presented in Tables & and 7.

The commercial enzyme was found to b= the most
effective in producing protoplasts (Table &). Four day old
mycelium was least resistant to digestive enzyme action and
produced the most number of protoplasts (Table 72, but 5 day old
mycelium was used to prepare a cell free system as it had the
highest sterigmatocrstin to aflatoxin B, biosynthetic activity

({Table 21).



TABLE &

Releace of protoplasts from 3 day old A. parasiticus

mycelium® b different diggestive enzymes at 25°C, pH & and

over 3 hoursb.

Enzyme Svstem No. of Protoplasts/ml
T. viride (flask’ (8.8%.3)x18"

T. wiride (fermentor) (1.3*.2)x187

0. xanthylitica (4.5%.25:x%x185

T. viride plus

O. xanthvlitica (2.9%x.1)x187
commercial enzyme (2.8%.15)x14¢8

a 28g wet weight in 188 ml reaction mixture

b Results are mean values for five observations

TABLE 7
The resistance of different ages of mycelium® to a digestive

enzyme f(produced by T. wiride> at 25°C, pH & and over 3

hoursb.
Age (days) Ma. of protoplasts/ml
3 (5.6.25:x1B%
4 (2.86x,11)x187
5 (8.9+.31)x10¢€
a

28 g wet wt in 180 ml reaction mixture

b : :
Rezults are mean values for five observations
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Four different methods (lysed protoplast, french press, grinding

and lyophilization) were used to prepare cell free csyst

g

m

<
=

{section 2.8) and the effectivensess of the different system= in

converting sterigmatocystin to aflatoxin was investigated.

Lyophilization proved toc be the most efficient method

in producing a cell free system that could convert

=terigmatocystin to aflatoxin (Table 8).

TABLE 8
The conversion of sterigmatocystina to aflatoxin B, (AFB,)
and O-methylsterigmatocystin (OMS) by four cell free systemsb

produced by different methods.®

Me thod of Me tabol i te Enzyme activity
Producing Produced (Hgd (kg aflatoxin B,/
The System AFB oMS qQ of protein)
Lysed protoplasts 4.8%.4 1.1%,2 8.8 *.8

French press g.8 1.9%,3 g.8
Grinding 8.8 8.8 8.9
Lyvophilization 2eBE .l L.72x.1 1.4+, 2
18 Bg in 18 ml reaction mixture
= 588 mg protein in 1@ ml reaction mixture

c

Result=s are mean values for five observations



3.2.2. Partially Purified Enzyme System

Three methods were wused to purify the crude cell free systems
obtained by Iyophilization (enzyme activity 16.4 Mg
aflatoxin/g of protein, Table 8). They were ultrafiltration,

ultracentrifugation and gel filtration. The results are

summarised in Tables 2, 18, 1323, 14, and 13.

2.2.2.1 Ultrafiltration
Ultratiltration was carried out on the cell free esystem (section

2:2.1.) (Table 2).

Ulttrafiltration resulted in no increase in enzyme activity but

was useful as a concentration step.



TABLE ?

Conversion of ster‘igmatocystina to aflatoxin B, (AFB;) and

D-methylsterigmatocystin (OMS) by retentateb and filtrate™ at

25°C, pH 7 and over IS Hoursd

| Fraction Me taboli te Enzyme actiwity
Froduced (Hg? (hg atlatoxin B,
AFB, oMES g of protein)
Retentate P <0 | ) [ 85852
Filtrate 6.8 8.8
Both fractions
combined = o | |z | 14.1%.2

2 18 Rg in 189 ml reaction mixture

b J88 mg protein in 1@ ml reaction mixture
C =g mg protein in 18 ml peaction mixture
d

Recsults are mean values for five aobservations

=1



3.2.2.2. Ultracentrifugation
Ultracentrifugation at different relative centrifugal forces was

carried out on the cell free system (section 2.9.2.) (Table 10).

Ultracentrifugation results suggest that the aflatoxin B, and

O-methwlsterigmatocystin synthesising enzymes are located in the

cytosol.
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Conversion of

O-methylsterigmatocyrstin

atter centrif

different rel

c
over 5 hours

TABLE 1@

sterigmatocystin® t5 aflatoxin B, (AFB,) and

(OMS) by
ugation of the crude
ative centrifugal faorces

cell

(RCF2

at 25°C, pH 7

RCF AMD Metabolite Enzyme activity
Derived Produced <(kqg? (kg aflatoxin B,/
Fractions AFB, omMsS g of protein)
18888x "
Supernatant 8.2%.1 1.86%.1 23 9%, 3
Pellet 8.5x.2 B.5t.1 3.6%.5
48688xq°
Supernatant 8.6%.1 1.58:1 22,9+ .3
Pellet @.3x.2 a.?2x.1 2.1F.5
185888x9"
Supernatant 7.3%.1 1.4%,1 20.5%.3
Pellet 8.4x.1 1.38%.4 2.9+.5
2 1e Hg in 18 ml reaction mixture
b 338 and 158 mq protein respectively in 18 ml reaction mixture
C Results are mean values for five observations
d Centrifuged for 8.5 hours
) Centrifuged for 1| hour

Centrifuged

tor 2 hours
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3.2.2.3. Gel filtration

Gel +tfiltration on Sephadex G-20808 was carried out, on
the crude cea2ll free system and cell free system treated with
EDTH. Gel filtration of the cell free system was also carried

out on Sepharocse 4B (zection 2.9.3).

Recsults +from gel Filtration of cell free system on
Sephadex G-288 suggest that the enzymes had a molecular weight
>356860 <ince it was eluted in the void volume ({Table 13 and
Fig. 21). The «cell Free system was also gel filtered using
Sepharose &B and these results suggest that the active fraction

[
had a molecular weight >3 x 18 (Table 15 and Fig. 23).

To check the possibility that fraction 2 was a membrane
fraction a marker enzyme for endoplasmic reticulum,
glucose—é-phosphatase was used. A positive test indicated that
fraction 2 was a membrane fraction. To inwveztigate the
poesibility that the enzyme was membrane asscciated, the cell
tree system was subjected to treatment with buffered EDTa which
is responsible for removing peripheral proteins from membranes.
This treatment resulted in the active fraction being shifted
from fraction 2 to 3 (Table 14). The elution profile was also

altered by treating the cell free system with EDTA (Fig. 22).
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TABLE 11
Elution wvolumes of fractioncs obtained from gel filtration of a

cell free system® by Sephadex G—QBBb.

Fraction Elution vol. (ml)
1 1-28
2 21-38
3 TR
4 ?2—-129

2 Two cell free <systems were used, cne treated with buffered

EDTA and one not treated with EDTA

b : .
Result=z are mean values for five observations.

TABLE 12

Elution wvolumes of fractions obtained from gel filtration of a

cell free system on Sepharose &B.
Fraction Elution val. (ml>
1 B-21
i 21-38
2 D=
4 ?2~129
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ABSORBANCE 280 nm

2,6

0,8

0 25 50 75 100 o0
ELUANT VOL (ml)

Figure 21: Protein elution profile of cell +free preparation

when separated on Sephadex G-288.



ABSORBANCE 280 nm

0 25 50 75 100 )

ELUANT VOL (ml)

Figure 22: Elution profile obtained from gel filtration, of

a cell free system pretreated with EDTA, on a Sephadex G-2846

column.
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1,67

1,2

Absorbance Z80 nm

0,4

o5 50 75 100 125
Elution Vol (mls)

Figure 23: Protein elution profile of cell free preparation

when separated on Sepharose éB.
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TABLE 13

a

Conversion of sterigmatocystin® to aflatoxin B1 (AFB,)> and

O-methylsterigmatocystin (0OMS) by four ¥ractionsb obtained from

gel Ffiltration of the «cell +free system on a Sephadex G-2088
column®
Fractions. Me taboli te Enzyme activity
Produced (¥#g) (kg aflatoxin B, /
AFB, oS g of protein)
1+2+3+4 B8.1%.1 1.7%+.1 27.01.3
1+2+3 8.8 8.8
1+3+4 8.8 1.7%.1
12+3+4 B.1x.,1 1.7%5.1 27 .8%.3
3+4 8.8 1.8%.1
244 7.9%.1 6.0 98, 8+1.5
a

18 Bg in 18 ml reaction mixture

b Fractions 2 and 3 were protein fractions with 88 mg and 226 mg
of total protein respectively. Fractions 1| and 4 had no protein.
The volume of the reaction mixture was 18 ml

€ Resulte are mean values far five observations
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Conversion

fractionsb

EDTA and then separated by gel filtration on Sephadex
c
column
Fractions. Aflatoxin B Enzyme activity
Produced (Pg> (kg aflatoxin B, /
g of pratein?
1+2+3+4 7.3%.2 24.3*.5
1+2+43 2.9
1+3+4 7.9%x.1 31.2%.3
2+3+4 7iBked 24.0x.1
2+4 . B.8
3+4 7ot S M R
> 18kg in 18 m! reaction mixture
b

total

of

Sterigmatocystina

obtained after the cell

TABLE 14

to

aflatoxin B

free system was

1 by

treated

Fractions

protein

respectively.

Fraction

4 had no protein,

volume of the reaction mixture was 16 ml.

C

X

Resul ts are mean

values

?3

for five observations.

four

with

G-2o8

2 and 3 were protein fractions with 48 & 248 mg of

The



Conversion of sterigmatocystin

o-methylsterigmatocrystin (OMS) by

cQ

TABLE {3

=

to aflatoxin B1 (AFB,> and

four +ractionsb obtained from

gel filtration of the cell +free system on a Sepharose 4B
Yumn®
Fractions. Me tabol i te Enzyme actiwity
Produced (Hg? (kg aflatoxin B, /
AFB, oMS g of proteinl
1+2+3+4 7.9%.1 1.8F:1 26.3%.3
1+2+3 g.a 8.6
1+3+4 0.8 1.7%.1
2+3+4 B.2%.1 1.4x.1 27.3%.3
3+4 8.8 1.8%.1
2+4 8.0x.1 8.8 168.1%1.5

a

b

mg

no protein.

c

18 BPg in 18 ml reaction mixture

Fractions 2, 3 and 4 were protein Fractions with 58 mg and 158

188 mg of total

Results are mean

protein respectively. Fractions | and 4 had

The volume of the reaction mixture was 18 ml

values tor five observatiaons
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2.2.2. Purified enzyme sy¥stem

3.2.3.1. Purification of fraction 2
The partially puritfied enzyme i‘fraction 2 was
subjected ultrafiltration Followed by ultracentrifugation. The

zupernatant was Joaded on to a Sephadex G-288 column izection

a3}

.7.4.). The recults are zummarized in Takle=z 38, 3%, 48 and Fig

25.

Fraction 2, from gel filtration of cell free system not
treated with EDTA, was centrifuged (1B3B8HBxg for 2 hours) and
the active fraction was found to be prezent in the supernatant
{Table 1&>. The pellet gave a peositive test for lipide. The
elution profile of the =supernatant after gel filtration was
different from that of fraction 2 and the active fraction was
located in fraction 2.2 (eluticon volume 3%2-71) (Tables 17 and 18
and Fig.24). From the =elution wvolume and comparicon with a

calibration curve (section 2.%2.3.2.), the molecular weight was

estimated as 165,688,
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TABRLE 146

Conver<sion of Sterigmatocystin? to Aflatoxin B, by

Supernatantb and Peiietc’d, atter centrifugation of fraction Z,

- e
at 25°C, pH 7 and over 5 Hours

Fraction Aflatoxin B Enzyme activity
Produced (kgb (kg aftlatoxin B, ~
q ot proteiny

Supernatant 4,2+.3 247 .6%17.6
Fellet A.8 8.8
Both fractions 7.89%.1 182.4£5.8

& 18kg in 18 ml reaction mixture

17 mg protein in 18 ml reaction mixture

468 mg protein in 18 m) reaction mixture

fraction 2 from gel filtration was ultracentrifuged at
185888xg for two hours

e . )
Resultes are mean values for five obserwvations
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TABLE 17
Elution wvolumes of fractionse obtained after fraction 2 was
ultracentrifuged® and then separated by gel filtration on a

Sephadex G-288 columnb

Fraction Elution vol. iml)
2.1 21-38
2.2 39-71
2.3 72-21
2.4 ?2-128

 Ultracentrifuged at 185820 xg for 2 hours

Results are mean values for five observations
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ABSORBANCE 280 nm

0 o5 50 75 100 126
ELUANT VOL (ml)

Figure 24: Elution profile of fractions obtained after
fraction 2 was ultracentrifuged (18588B8xg for 2 hours? and then

separated by gel filtration on a Sephadex G-288 column



TABLE 13

Conversion® of sterigmatocystinb to aflatoxin B, by four

fractions® obtained from gel +i1trationd on Sephadex G-284

columne
ractions. Aflatoxin B, Enzyme activity
Produced (Wgl (kg aflatoxin B, /

g of proteind

2.1+42.2+2.3+2.4 | 4.,21+.22 244.1%£12.9

2.142.2+2.3 4,24+ .22 247 .9%12.%

2.142.3+2.4 8.9

2.2+2.3+2.4 4,13+.1 458.8*12.5

2.3+2.4 9.9

2.2+2.4 4,.31x.88 1231 .4%x208.4

® No activity was recorded unless fraction 4 of the original gel

filtration was added

b 18g in 19 ml reaction mixture

€ Fractions 2.1, 2.2 and 2.3 were protein fractions with 8.1,

3.3 and 3.5mg of total protein respectively. Fraction 2.4 had no

protein. The volume of the reaction mixture was 18 ml

d Fraction 2 was ultrafiltered, ultracentrifuged (1635868 xg for

2 hours? and the supernatant was gel filtered

e . . .
Results are mean values for five observations
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3.2.3.2 Rechromatography

Fraction 2 from the original gel filtration of the cell

free osystem was ultrafiltered and rechromatographed (section

2.9.2) (Table 19 and Fig. 23).

The active peak remained at fraction 2.

ABSORBANCE (280 nm)

L T Ld T
0 25 50 75 100 120
ELUANT VOL (ml)

Figure 25: Protein elution profile of fraction 2, from gel

filtration rechromatographed on Sephadex G-284.
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TABLE 179

Conversion® of sterigmatocystinb to aflatoxin B, (AFB;> by

c

four fractions obtained from gel Ffiltration of fraction 2

rechromatographed on a Sephadex G-298 columnd

Fractions. Aflatoxin B | Enzyme activity
Produced (Hg? (kg atlatoxin B
g of protein?
1+2+3+4 8.8x.1 1883.8*x1.25
1+2+3 0.8
1+3+4 8.0
2+3+4 8.1%.1 161,.2+1.25
3+4 8.9
2+4 7.8%.1 164.8*1.5

% No activity was recorded unless fraction 4 of the ariginal

filtration was added

b 168 g in 16 ml reaction mixture

© Fractions 2 and 3 were protein fractions with ?S mg and S mg

of total protein respectively. Fractions | and 4 had no protein.
The volume of the reaction mixture was 18 ml

d . .
Rezsulte are mean values for five observations
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3.2.4. Enzyme Purity

The purification of the enzyme respaonsible for the
conversion of sterigmatocystin to aflatoxin B, was followed by

isoelectric focusing. The results are shown in Fig. 26

PH 10
PH 3
A B < D
Figure 2&: lscelectric focusing of the xflatoxin

By-synthesising enzymed(s) during purification (anode at the
bottom>. A, crude cell free system; B, fraction 2 from gel
filtration on & Sephadex G-288 column; C, supernatant after

centrifugation of fraction 2 at 185888xg; D, fraction 2.2 from

gel filtration on Sephadex G-288.

The two proteins from fraction 2.2 were separated by
preparative isoelectric focusing and had no detectable (HPLOC)
independent activity with respect to converting sterigmatocystin

to aflatoxin B |
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A summary of the increase in enzyme activity with

purification is qgiven in the table below.

TABLE 28
Purification of the enzyme re<cponsible for the conversion of

sterigmatocystin to aflatoxin B,

Fraction Total Specificl Increase in
Protein Activity ] purification
(mg> {Khg/gy?

Cell Free Extract 588 146.3 -

Fraction 2 80 3.8 4.8

Fraction 2.2 3.5 1231 75

a g aflatoxin B, formed from 18Hlq sterigmatocystin/g

protein.

The final enzyme system was purified 75 fold.
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The purity and physicochemical praoperities of fraction

2.2 was determined by the use of 3 diftferent technigues; PAGE,

SDS-PAGE and iscelectric focusing.

MW
pH 10
102 000
96 ooo
6,0
5'5 ———
PH 3
A B c
Figure 27: Protein patterns of fraction 2.2 {(anode

bottom). A, Iscelectric focusing; B, PAGE 7 C, SDS-PAGE ;
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3.3. COMVERSION STUDIES

3.3.1. The Effect of Mrcelial Age

The effect of age of mycelia on the conversion of
sterigmatocystin into aflatoxin B, and O-methyl-

steriogmatocystin was determined (section 2.18) (Table 21 and Fig

287 .

The complete conversion of sterigmatocrstin to aflatoxin

B, and O-methyisterigmatocrstin was achieved by S5 dar old

mycel ium.
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TABLE 21
Conver<ion of sterigmatocystina to atlatoxin B, (AFB,» and

D-methylsterigmatocystin (OMS5? by whole A, parasiticus Whi

myceliumb of difterent ages at 25°C, pH 7 and for S hours.

Age (days? Metabolite Producedikgl™
AFB, amMs
3 5.2%.2 1.2+.1
) &.4%x .2 1.4%.1
S 2.2%.2 1.7%£.2
) 7.4%x.1 1.5x.1
7 $.8x.1 1.4%.1

2 1p lg in 188 ml reaction mixture

b 2 gwet wt in 188 ml reaction mixture

C . .
Results are mean values for five observations
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Figure 28: Conversion of sterigmatocystina to aflatoxin

B, (8> and O-methylsterigmatocystin (x> by whole A.

paxrasiticus  Whi myceliumb of different agees at 25°C, pH 7

and for 5 hours©

2 1e Kg in 198 ml reaction mixture
b 2 gwet wt in 188 ml reaction mixture
c

Resulte are mean values for five obhservations
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3.3.2. The Effect of Temperature

The temperature protiles for the conversion of
sterigmatocystin into aflatoxin B, and
O-methylsterigmatocystin by whole mycelium, crude cell free
system, partially purified enzyme and purified enzyme system

were determined at pH 7 and over 3 hours (section 2.18) (Tables

22-25 and Figs 29-32), and the optimum temperature was found to

be:

AFB, oMS
whole mycelia 25" C 38°C
crude cell free sy¥stem 25" C 3a°C
partially purified enzyme 28" C -
purified enzyme system 28°C -

It was noted that the optimum temperature decreased as the
enzyme was purified and that O-methylsterigmatocystin was not

produced by the ltatter two srystems.
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TABLE 22
Conversion of sterigmatocystina to aflatoxin B, (AFB,) and
O-methylsterigmatocystin {OMS) by whole 3 day old A.

parasiticus myce]iumb at pH ¥, over 3 hours and at different

C
temperatures

Temperature (°C) Metabelite Produced (Hg?

AFB, OME

3 -4.8%x.1 8.8

18 4.9%.1 a.a

15 &.2%.1 a.28x.1

24 7.8x.1 1.1x.1

25 8.1x.2 1.8%.1

38 F.B8x.2 2.1x.2

48 2.7%.2 2.1x.1

2 g Hg in 168 m] reaction mixture
b 2 gwet wt in 1886 ml reaction mixture
c

Resulte are mean valuecs for five observations
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Figure 29: Conversion of ster‘igmatocystinaL to aflatoxin

B, (@) and UO-methylsterigmatocystin (x) by whole S day old

A. parasiticus myceliumb at pH 7, over 35 hours and at

ditterent temperatureic

2 1m Bg in 188 ml reaction mixture
b 2 g wet wt in 1868 ml reaction mixture
c

Results are mean values for five observations
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TABLE 23

Conversion of sterigmatocystina

to aflatoxin B, (AFB,;> and
O-methylsterigmatocystin (OMS) by the cell free systemb at pH7,

over 3 hours and at different temperatures.

Temperature L Me tabal i te Enzyme actiuvity
e Co Produced (Hg? [(Fg aflatoxin B, ~
AFB, oMS g of proteind
S 3.9x.2 .9 7.8%.3
18 4.8%.1 8.9 ?.4%.2
15 9.9%.2 A.2x.1 11.8%.3
26 5.5%.1 1.1+.1 12.68+.1
25 8.2+.2 1.8%.2 16.4%.3
34 7.8x.1 2.5.4 14.8+.2
48 g.2+.1 2.2+.1 0.4 .2

& 1a Bg in 18 ml reaction mixture

b 088 mg protein in 18 ml reaction mixture

C Results are mean values for five observations
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Metabolite produced (pg)

4
2‘
0 . .
10 20 30 40
Temperature °C
Figure 38: Conversion of sterhgmatocyitina to aflatoxin
B, () and O-methylsterigmatocystin (x> by the cell free

Systemb at pH?, over 5 hours and at different temperaturesc

2 1e Rg in 18 ml reaction mixture
b 588 mg protein in 1@ ml reaction mixture
c

Re<sults are mean values faor five observations



TABLE 24
Conversion of ster‘igmatocystina to aflatoxin B, by partialiy
purified enzymeb and fraction 4 from gel filtration at pH?, over

S5 hours and at different Temperaturesc

Temperature Aflatoxin B, Enzyme activity !
(90 Produced (Hg) (kg aflatoxin B, /|
: g of protein)

] 3.3%.2 41 .,2%2

14 3.8+.4 47.5%4

15 9.3*.3 66.2%3

28 Z.1%x.2 88.5%2

25 $.8x.3 85.5+1

38 4,9%.2 61.2+3

49 .0 8.8

a 18Rg in 18 ml reaction mixture
b 880 mg protein in 18 ml reaction mixture
c

Results are mean values for five observaticns
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Figure 21: Conversion of sterigmatocystina t
B, by partially purified enzyme and fraction 4 from gel
%iltrationb at pH 7, over S hours and at

-
Temperatures-.

2 10 g in 18 ml reaction mixture

B ge mg protein in 18 m)l reaction mixture

€ Results are mean values for five observations
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TABLE 25
Conversion of ster‘igmatocystina to aflatoxin B, by purified

enzyme system and fraction 4 from gel fFiltration? at pH 7, over

35 hours and at different Temperaturesc
Temperature Aflatoxin B, Enzyme activity %
Pe D Produced (¥Hg> thg aflatoxin B, |
g of protein»

5 1.7x.2 433.7 *42 —

1a 2.4x.2 685.7 *45

15 4.8+.2 1128.5%42

28 5.8x.4 1414.2+111

25 4.,2+.2 1282.8%£45

24 2.1x.2 688 *482

48 .9 0.8

a t@kg in 18 ml reaction mixture
b 3.5 mg protein in 18 ml reaction mixture
c

Results are mean values for five obcervations
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1
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Temperature °C

Figure 32: Conversion of sterigmatocystin® to aflatoxin

B1 by purified enzyme Systemb and fraction 4 Afrom gel

filtration at pH 7, over 35 hours and at different Temper‘aturesc

2 1m Pg in 18 ml reacticon mixture
b 3.5 mg protein in 18 ml reaction mixture
c

Results are mean values for five observations



3.3.3. The Effect of pH

The pH profiles for the conversion of sterigmatocystin into
aflatoxin B, and O-methylsterigmatocystin by whole mycelium,
crude cell free system, partially purified enzyme and purified
enzyme system were determined at 25%°C and owver 35 hours
(section 2.18) (Tablee 24-2% and Figs. 332-34>. The optimum pH

value was found to be:

AFB, oMSs
whole mycelia 7 7
crude cell free system 7 7
partially purified enzyme 7 -
purified enzyme system 7.2 -
The pH optimum for the different systems was ¥aifly

constant.



TABLE 26
Conversion of sterigmatocystin® into aflatoxin B, (AFB,) and

O-methylsterigmatocystin (OMSD by whole 3 day old A.

parasiticus myceliumb at 25°C, over S hours and different pH

values”,
pH values Metabolite Produced (Mg)
AFB, amMs
2 8.8 8.9
3 | @.0 9.8
4 Q.8 Q.4%,1
S 2.1x.1 8.8+.1
) 3.8%x.1 T.1x.1
é.3 6.9%,1 1.5%.1
7 8.2+.1 1.8%.1
7.3 7.5%x.1 2.2+ .1
8 S5.8x.1 2.8%x.1
a

16kg in 1868 ml reaction mixture

b 2 gwet wt in 1868 ml reaction mixture

C . .
Recults are mean values for five obzervations
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Figure 33: Conversion of sterigmatocystina inta aflatoxin

B, (o) and O-methylsterigmatocystin (x) by whole 5 day cold

f. parasiticus myce]iumb at 25°C, over 5 hours and

different pH values®.

2 18Mg in 188 m] reaction mixture

b 2 gwet wt in 188 ml reaction mixture

C e .
Results are mean values for five observations
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TABLE 27
Conversion of sterigmatocystina to aflatoxin B, (AFB,J) and
O-methylsterigmatocystin (OMS) by a cell free systemb at 25°C

over S hours and at different pH values®,

pH values Metabolite Enzyme activity
Produced (Hg2 (Hg aflatoxin B, ~/
AFB, oMS g of protein:z

3 e.a 8.9 8.8

4 @.a e.a 6.0

] a.8a 8.9 8.8

é 5.3x.3 a.9x.1 18.8x.5

4.3 6.7%.1 1.5%.1 13.4%.1

7 g.2%.1 1.7%.1 16.3%.2

7.5 Z.89x.1 l.ax.1 14.1+.1

8 2.8%.3 1.7+.1 6.8 .7

3 j@kg in 1@ ml reacticn mixture

b 388 mg protein in 18 ml reaction mixture

€ Results are mean values for five observations
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Figure 34: Conversion of sterigmatocystina to aflatoxin

B, (o) and O-methylsterigmatocystin (x» by a cell free

systemb at 25°C over 5 hours and at ditferent pH values®.

a 16kg in 18 ml reaction mixture
b 588 mq protein in 18 ml reaction mixture
c

Results are mean values for five cbservatians



TABLE 28
Conversion of sterigmatocystina to aflatoxin B1 by a partially

purified enzymeb and fraction 4 at 28°C, over 5 hours and at

different pH values®

pH Values Aflatoxin B, Enzyme activity
Produced (Rg’ (kg aflatoxin B, /

g of protein)

3 8.8 a.o8

q 8.9 6.8

5 B.2%.1 2.5 *1.2

é 8.4x.1 5.8 *1.7

6.9 3.3*.2 41 .3%3

7 7.3%.3 ?1.3%3.7

7.5 3.4 *.3 42.5*3.3

8 8.8 8.8

a {Bkg in 18 ml reaction mixture

b 88 mg protein in 180 ml reaction mixture

Resuits are mean values for five observations
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Figure 35: Conversion of sterigmatocystina to aflatoxin

B, by a partially purified enzyme and fraction 4b at 286°C,

over 5 hours and at different pH values®

a t8kg in 18 ml reaction mixture

88 mg in 18 ml reaction mixture

€ Results are mean values for five observations
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Conversion of

purified enzyme

and at different

TABLE 29
sterigmatocystina

system and fraction 4

pH values®

to

b

aflatoxin B1

at 28°C,

by

pH values Aflatoxin B, Enzyme activity
Produced (Pq) (kg aflatoxin B,

g of proteind

3 8.9 8.8

é 0.0 8.9

6.5 t.2+.1 342.5 *28

6.8 4.5%.3 1285.2+35

7.9 J5.8%,2 1428.,3*45

7.2 J.1%.1 1457 .3%28

7.4 2.1%.2 668.0 x45

8 8.8 0.8

a 18¥g in 18 m]l reaction mixture

b 3.5 mg protein

in 18 ml

reaction mixture

Results are mean values for five observations
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Figure 36: Conversion of sterigmatocystina to aflatoxin

B, by the purified enzyme systemb and Fraction 4 at 28°C,

over 5 hours and at different pH values®
2 16kg in 16 ml reaction mixture
3.5 mg protein in 18 ml reaction mixture

Results are mean values for five observations



3.3.4. The Effect of Time

The time course for the conversion of sterigmatocystin into
aflatoxin B, and O-methylsterigmatocystin by whole mycelium,
crude cell free system, partially purified enzyme and purified
enzyme system were determined at 25°C, pH and over 3 hours

(section 2.18) (Tables 38-33 and Figs. 37-48), and maximum

conversion was found to be within:

AFB, OMS
whole mycelia 3 hrs. 2 hrs.
crude cell free system 3 hrs. 3 hrs.
partially purified enzyme 4 hrs. -
purified enzyme system 4 hrs. -
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Conversion
O-methylsterigmatocystin

parasi ticus myce]iumb

of

a

b

C

TABLE 39

sterigmatocystina to aflatoxin B, (AFB,> and

(OMS) by

whole

3 day

at 25°C pH 7 and over 5 hours®.

old A.

Results are mean

127

time Me tabolite Produced (Bgd
Chours? AFB, OMs
a A.9 8.8
.3 8.8 8.8
.5 3.2+.2 8.%+.1
1 5.8%.1 1.4%x.1
2 7.2%.1 1.8+.1
3 8.1%.1 1.8x.1
4 8.1%.1 1.8%.1
S 8.1%.1 1.8%.1
18Rhg in 168 ml reaction mixture
2 gwet wt in 1808 ml reaction mixture

values for five observations
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Figure 37: Conversion of sterigmatocy:—.tina to aflatoxin

B, (o) and OQ-methylsterigmatocystin <(x) by whole 5 day old
A. parasiticus myceliumb at 25°C pH 7 and over S hours®.

-3

{ekg in 108 ml reaction mixture

b

2 gwet wt in 168 ml reaction mixture

€ Results are mean values for five observations
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TABLE 31

Conversion of sterigmatocystina to aflatoxin B, (AFB,) and

O-methylsterigmatocystin (OMS) by a a cell free system
23°C and pH 7 over S hours®
Time Metabali te Enzyme activity
(hours) Produced (Kg) (kg aflatoxin B, /
AFB, oMsS g of protein)
8 8.9 8.9 8.9
.3 2.8%.1 8.7x.1 5.6%.1
1 J3.1%.1 1.4%.1 18.2+.2
2 6.6x.2 1.8%.1 13.1%£.3
3 7.1+ 1.8%.1 14.2+.2
q 8.2%.1 1.8%.1 16.4+.2
5 B.2+.1 1.8+.1 16.4%.2
a 16kg in 18 ml reaction mixture
b

588 mg protein

in 18 ml

reaction

mixture

€ Results are mean values for five observations
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Metabolite produced (ug)

Time (hours)

Figure 38: Conversion of sterigmatocystina to aflatoxin

B, (o

systemb at 25°C and pH 7 over 9 hours®

and O-methylsterigmatocystin (x) by a a cell free

a 186kg in 18 ml reaction mixture
b S68 mg protein in 18 ml reaction mixture
c

Results are mean values far five observations
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TABLE 32
Conversion of sterigmatocystina to aflatoxin B, by partially
purified enzymeb and fraction 4 from gel filtration at 28°"C

and pH 7 over 3 hours®

Time Aflatoxin B, Enzyme activity

(hours> Produced (Kg) (Hg aflatoxin B, /
g of protein?

B | e 5.0

.23 9.0 8.0

.S 2.8%.2 235.2+3

1 4.2+.2 52.2+2.,3

2 S5.7%.1 71.7%1.,6

3 6.3+.2 /8.7+x2.3

4 7.2x.1 ?8.8*1.5

S 7.3%.1 ?1,3*%1.5

2 18Rg in 18 ml reaction mixture
b 88 mg protein in 18 m]l reaction mixture

€ Results are mean values for five observations
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Metabolite produced (pg)

Figure 3%: Conversion of sterigmatocystin® to aflatoxin

B, by partially purified enzyme and fraction 4 from gel

filtration at 28°C and pH 7 over 5 hours®

a 188g in 16 ml reaction mixture

88 mg protein in 1@ ml reaction mixture

Result=z are mean values for five observations
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TABLE 33
Conversion of sterigmatocystina to aflatoxin B, by a purified

enzyme systemb at 20°*C and pH 7 over S hours®

Time Atlatoxin B, Enzyme activity K
(hourse? Produced (Pgo (kg aflatoxin B, / |
g of protein?
8 @.8 0.8
.25 g.5%.1 171.8 22
=] 1.2+%.1 342.8 %28
1 2.9%.2 B828.4 %45
2 4,2+.2 1288 .6%148
3 4.5x.2 1285.2+48
4 4.9*.3 1488 .4%x%1
5 S5.8x.32 1428.3%x94

a 18kg in 184 ml reaction mixture
b 3.5 mg protein in 18 ml reaction mixture
c

Resulte are mean values for five observations
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Figure 46: Conversion of sterigmatocystina to aflatoxin

B, by a purified enzyme systemb at 28°C and pH 7 over 5

hours®

2 18tg in 18 m) reaction mixture

b 2.9 mg protein in 18 ml reaction mixture

Resul ts are mean values for five observations
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3.3.5. NADPH Requirement

The conversion of <sterigmatocystin into aflatoxin B, and
O-methylsterigmatocystin crude cell free system, partially
purified enzyme and purified enzyme =ystem was determined in the
precsence and absence of NADFPH at 25°C and over 3 hours
(zection 2.18) (Tables 342.

Ald three systems were dependent on the avalibility of
exogenous NADPH +for the production of aflatoxin B, from
sterigmatocystin, but the production of O-methylsterigmatocystin
was independent of NADPH. O-Methylsterigmatocystin is however
not produced by the partially purified and purified enzyme

systems.

135



TABLE 34
Conversion of sterigmatocystin® to aflatoxin B, (AFB,’ and
O-methylsterigmatocystin (OMS) by different enzyme systems at

25°C, pH 7 over 5 hours in the presence and absence of NADPHb.

Enzyme NADPH Me tabol i te Enzyme activity
System Produced {(Hg) 1ihg aflatoxin 8, 7
AFB ams ] g of proteind

Cell freeS | =+ g.2.1 1.4t 14.4%,3

- 8.8 1.6%.3 8.8
Partially + 7.2x.1 ?8.8*+1.3
Purifieg” - 8.a 8.0
Purified® + 4.8%.1 1371428

- 8.8 8.8
a 18g in 18 ml reaction mixture
b Resul te are mean values for five observations
¢ saw mg protein in 18 ml reaction mixture
d 88 mg protein in 16 m}l reaction mixture
e

3.2 mg protein in 18 m) reaction mixture
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3.4. KIMETIC STUDIES

3.4.1. Enzyme and Substrate Concentration

The effect of enzyme and substrate concentration on the
conversion of sterigmatocy=tin to aflatoxin B, Was

investigated. A Km valye for the system was derived from these

resultes (Tables 35 and 36 and Figs. 41-43)

The converzion of sterigmatocystin to aflatoxin B, was
dependent on the enzyme concentration. The amount of product
formed increased with increasing enzyme concentration (Table 35
and Fig. 48).

At low substrate concentrations the amount of product formed is
proportional to the substrate concentration. The shape of the
curve shown in Fig 41 is typical of Michaelis-Menten Kinetics

(Table 34 and Fig.41), The double reciprocal Lineweaver—-Burk

plot was drawn to obtain the Km and Um

ax

Km {(calculated) B.38MM of sterigmatocystin

vmax {(calculated) 876 Hg aflatoxinB,/g of protein/hour
(Fig.42).



TABLE 35

Conversion of sterigmatocystina into aflatoxin B, by different

concentrations of the purified enzyme systemb at 20°C, over 1

hour and at pH 7.2%.

Enzyme Atlatoxin B, Enzyme actiwvity
Concentration Produced <kg? (kg aflatoxin B,
mg./ml g of protein?
125 g.3*x.1 89B+38

« 25 1.5%.1 758+59

.375 2.3%.1 - 7466%33

425 4.1*.3 820+ 49

1.25 7.3%.2 730x23

a 18kg in 8 ml reaction mixture
b 8 ml reaction mixture
c

Results are mean of five aobservations
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Figqure 41: Conversion of Sterigmatocystina into atlatoxin

B, by different concentrations of the purified enzyme systemb

at 28°C, pH 7.2 and owver 1 hour ©.

a 18lg in 8 ml reaction mixture

b 8 ml! reaction mixture

€ Results are mean of five observations
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TAELE 36
Conversion of different concentrations of sterigmatocystin into
aflatoxin B by purified enzyme system® at ZB°C, pH 7.2 and

over 1 hourb.

Amoun t { Subetrate Aflatoxin B, Enzyme activity }
Substrate Conc. Produced . M x1o_7a¥1atoxiq B,
Mg Mx1@8 ~ i x 107" /9 of protein i
8.5 1.92 1.8%.1 285+14 ;
8.4 2.31 1.1%,2 314%57
B.75 2.89 1.2+.1 37128
1 3.8% 1.7%.1 485*22
2 7.78 2.8%.2 597157
3 11.25 2.2%.1 &57128

|

% 3.5 mg of protein in 8 ml reaction mixture

Results are mean of five observations
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Figure 42: Conversion of different concentrations of

sterigmatocystin into

aflatoxin B, by purified enzyme syztem

at 2B°C, over 1 hour and at pH 7.2
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3.4.2. Substrate Speciticity

A number ot substrates were substituted for
sterigmatocystin and the relative conversion of these substrates
were measured and expressed as a percentage of the conversion of

sterigmatocystin (Table 467,

TABLE 37
Substrate specificity of the purified enzyme system® at 28" C,

over 1 hour and at pH 7.2.

Substrateb conversion relatjve

product conversion (4)°
Hydroxysterigmatocystin aflatoxin Bza &5
Dihydrosterigmatocystin aflatoxin B, 47 1
desmethoxysterigmatocystin no product

% 3.5 mqg protein in 1@ ml reaction mixture

b 18kg in 18 m]l reaction mixture

Results are exprescsed as a percentage of the maximum

conversion ot sterigmatocrstin.

The enzyme system converted dihydrosterigmatocrstin to
aflatoxin B, and hydroxysterigmatocystin to aflatoxin Bzg»

but did not act on desmethoxysterigmatocystin. Aflatoxin B,

and Bfa were identified by TLC and were found to hawve RF

values of B.3 and 8.1 respectively in chloroform:acetone (9:1)

solvent. The RF’S were zimilar to those of standards.
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3.4.3. Stoichiometry

The consumption of NaADPH during the converszion of

sterigmatocystin to aflatoxin B, was measured.

TABLE 28

Stoichiometry of the conversion of sterigmatocyrstin fto aflatoxin

E

B, and wutilization of NADPH by the purified enzyme srstem

1]

within 1 hour at 28°C and at pH 7.2.

Time | NADPH ! Sterigmatocystin Aflatoxin B,
hours j KM i Kg RM { g KM
o 18 | 19 3.88 B @
L | 7.7 | 2.4 0.74 | 7.8  2.27
RERY: mg protein was used tn 18 ml reaction mixture
2,2 BM NADPH was used in the converszion of 2.44KM of
sterigmatocystin thersfore El 1:1 relation between MN&ADPH

utilisation and steriamatocy¥sin conversion exist,
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3.4.5, Cofactor Requirement

& number of cofactors were substituted for fraction 4 and

the amount of aflatoxin B, produced was measured (Table 39).

Ferrous ions were was found to be essential For the
conversion of sterigmatocrstin to aflatoxin B;. Ferric icns
had a slight effect on the enzyme system, but the other

cofactors, apart from NADPH, were not required (Table 29).

The effect of ethionine (Et) and S—-adenosyimethionine (SaM)
on the conversion of sterigmatocystin to O-methyl-
sterigmatocystin and aflatoxin B1 by the crude cell free

preparation in the presence of NADPH was also investigated

(Table 48).

Ethionine inhibits the production of O-methyl-
sterigmatocystin and promotes that of aflatoxin Bl, whilet the

reverse was true with S—-adernosylmethicnine {(Table 48).

145



TABLE 39

Effect of cofactors on the conversion of sterigmatocystin® to

aflatoxin B, by a purified enzyme systemb at 286°C, over 1

hour and at pH 7.2 in the presence of NADPHd

Cofactor Aflatoxin B, produced
Added® kg

N&D 8

N&DH 8

FAD ]

Fe*t 1.9

Fett? .4

Fett + pe’t 1.9

NAE;.’. FAD+++

Fe + Fe _ 2.8

2 18Kkg in 1@ ml reaction mixture

B 3.5 mg in 18 ml reaction mixture
C {emM of each cofactor was added
d

Recults are a mean of five abservations.
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TABLE 48
Effect of ethionine (Et)> and S-adenosylmethionine (SAM) on the
conversion of sterigmatocystina to aflatoxin B, (AFB,) and

O-methylsterigmatocystin (OMS) by the crude cell free system at

25" C, over 35 hours and at pH 7.

Reagent® Metabolite produced(hg)
AFB oMS

Et | 8.8 8.8

SAM 2.3 4.8

Mo factor added 7.4 2.4

a 18kg in 18 m! reaction mixture

b S988 mg in 18 m) reaction mixture

€ 18mM in reaction mixture
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4. DISCUSSION

The primary objective of this study was to icsolate, purify
and characterise the enzyme <cyztem recponsible for the
conversion of sterigmatocystin to aflatoxin B,, the final step
in the proposed syntheciz of aflatoxin B, (88). Most of the
evidence in support of the «currently accepted biosynthetic
pathway of &aflatoxin B, has been obtained from isotopic and
chemical anal¥ysis with whole mycelium or crude cell free
preparations, the individual steps and their mechanisms can only
be conclusively proved by isolating and studying the enzymes

respansible.

4.1. CHOICE OF ORGAMNISM

The mutant strain A. parasiticus 1-11-1683Wh1, used to

produced the cell free system in this study has an enzyme block
at the wversicolorin A to steriagmatocyetin step and therefore
accumulates wversicolorin A (Fig. S pg. 15). It does not produce

/

any aflatoxin E;, although it has been reported that whole
mycelium converte sterigmatocystin to aflatoxin B1 (132). This
organism therefore provides an ideal <csystem in which the
conversion of cterigmatocystin to aflatoxin B, could be
investigated without the interference of any endogenous
atlatoxin B, . Thue, any aflatoxin B, produced will have to
originate from sterigmatocyrstin added to the system and, with
sui table controls, eliminates the necessity of using

radiolabelled compounds.
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The initiation of secondary metabolism is probably affected
in many casec by the induction of appropriate enzymes (181> at a
certain point in the growth cycle. Thus in order to determine
whe ther the enzyme responsible for a secondary metabolic pathway
was present, the efffect of age of mycelium on the ability of
the organism to convert <cterigmatocrstin to aflatoxin was

investigated.

4,2, EFFECT OF MYCELIAL AGE

It was found that the ability of A. paracsiticus

1-11-185Wh1 to convert sterigmatocystin to aflatoxin B, and

O-methylsterigmatocystin was dependent on the age of the
mycelium. Five day old mycelium had the most activity in this
respect <(Fig 28 pg. 187). The end of the trophophase, which in

the case of A. paraciticuz 1-11-1854h1 is indicated by the

start of versicolorin A production, coincides with the onset of
csecondary metabolism. The <secondary metabolic enzymes are

thought to be at a maximum concentration at the start of

idiophaze and then lose activity as time progresses (87). The
recul ts given in Tabte 21 <(pg. 184> show that there i= an
increase in enzyme activity (as measured by the conversion of

sterigmatocystin to aftatoxin B1 and O-methylsterigmatocystin)

from the third day until the fifth day of culture, after which
the activity decreasecs. Consequently, it can be concluded that
by the third day the fungqus begins to switch over towards
idiophase but, because of the non-cynchronous nature of the
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culture, there will also be a certain amount of primary
metabolism occurring. By the fifth day, the change to secondary
metaboliesm ic complete and it can be assumed that enzyme
eynthesis is slowing and there will be a general decline in

enzyme activity. Hence change over from primary me tabolicesm to

secondary metabolism is a gradual rather than precipitate
trancition. The fact that both enzyme systems have a similar
dependance on the age of culture suggests that both their

metabolic enzymes are produced at the <same time and that
possibly a single trigger mechanism is responsible for their

appearance,

4.3. ENZYME PURIFICATION

Having established that S5 day old mycelium had the highest

aflatoxin B, gynthesicsing activity (Table 2i{, pg. 188,
mycelium harvested at this time was used to produce a cell free

system.

Four different methods of producing a cell free =ystem were

u

n

ed, with wvarving degrees of success (Table &, pa. E2). The
method that holde Favour with some regearch groups (s the
production of protoplasts <(alsc referred to as spheroplasts)

which are then lysed (97>. This method is reported to result in

minimum enzyme denaturation. However only limited success was
achieved in producing an extract with the required enzyme
activity, i.e., conversion of scterigmatocystin to aflatoxin

B, (Table 8, pg. 82). The lack of activity could possibly be

156



due to the level of =<solubility of the sterigmatocystin to

aflatoxin B, synthesising enzyme being 1low.

The fungal cell wall was variable in susceptibility to the
digestive action of the different enzyme systems used (Table &,
pa. 81). Digestive enzymes were prepared from T. viride and

0. xanthineolytica culture filtrates which had previously

been reported to have lytic activity (129,133, T. viride was

grown in shake flasks as well as in a fermenter. In these
preparations the enzymes present would have been a combination
of mixed glucanases, chitinase and protease, because the
organisms were grown on media that stimulated the production of
these enzymes. An increased activity of the enzymes produced by

T. wviride f(as monitoired by the release of protoplasts from

the mycelium) wae obtained in a fementer acs compared to those
grown in shake flasks (Table 4, pg. 81). This may be due to the
agreater control of dissclved oxygen and pH lewels in the
fementer resulting in a more balanced fermentation. A higher

vyield of protoplasts was obtained when T. viride (flask) and

0. xanthineolytica enzyme preparations were mixed together as
compared to the enzymes being used separately (Table &, pg. 81).

However the most effective digestive enzrme syztem was a mixture

of three commercially available enzymes. The commercial
preparaticon was a mixture of 1lysing enzyme <(containing
glucanase, proteace and “l1ytic activity’), chitinase and

pronase.
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The higher activity of the commercial preparation is
probably due to the higher specific activity (with respect to

releacse of protoplasts) and concentration of the digestive

enzymes., It ie also possible that a different combination of
enzymes was present, or that the conditions with respect to
cofactore, pH and icnic concentration might not have been

optimum for lrytic activity.

The age of the mycelium was also considered in the
production of protoplasts since the ability of the mycelium to
convert sterigmatocystin to aflatoxin B and it’s

1

susceptibility to enzyme digestion is dependant on its age
(121>, A T. viride enzyme preparation was used for this study

so that the resuits of mycelial resistance to age could be
compared with similar results published in the literature (127).
The number of protoplasts released from the mycelium of
different agecs were slightly higher than values reported in the
literature. The coptimum age of myrcelium that was used to produce
protoplacsts was found to be 4 days <Table 7, pa. &1). This age
yielded the highest number of protoplasts per wet weight of
mycelium. Five day old mycelium were lecs cucsceptible to
digestion because the cell wall becomes more chitinous with age
and this provides for greater rigidity of the wall (134). The
variation in the number of protoplasts released could also be a
function of the ratio of cell wall to cytosol. If the percentage
of cell wall to cytosol is high, fewer protoplasts would be
produced. Since the becst conversion of <cterigmatocyetin to

afl j i i
atoxin By ac obtained with 5 day old mycelium (Table 21
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pg. 184) this was used in preference to 4 day old material.

The french press syctem proved unsuccessful in producing a
cell free syetem that could convert sterigmatocystin to
aflatoxin. 0©On passing the whole mycelium through the french
prece the resultant cell free esystem had leocet its ability to
form aflatoxin B, but did retain O-methylsterigmatocystin
biosynthetic activity (Table 8, pg. 82). The french preses
treatment is extremely disruptive as the mycelium is passed
through a tiny pore under very high pressure (28888 psi>. Hence
it was concluded that thie action, which qenerates heat,
destroye the enzyme activity. The loss in activity could also

be due to the high shear forces that would be acting on the

enzymes.
Further studies showed that a cell free system obtained by
lyvophilization followed by powdering and re—-suspension, gave a

better convercsion of <sterigmatocystin to aflatoxin B, than
lysed protoplasts or the french press preparations (Table 8, pg.
82>, It wae found that the mycelium had to be totally dry, as
the =lightest trace of moisture reduced the efficience of the
pawdering procedure and also produced heat with lose of enzyme
activity.

A fourth method investigated was the grinding of wet
mycelium with sand in a mortar and pestle. This method destroyed
the activity of both the O-methylsteriagmatocystin and aflatoxin

B, enzyvme <=ystems probably because of the heat and shear

forcee generated by thic prosedure.
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Cell +#ree <cystems produced by Tyophilization were used in
the rect of the study because of the simplicity of the method

and the optimum yields of enzyme activity (Table 8, pg. 82).

The localisation of the enzymes recsponcsible for the
convercsion of sterigmatocystin to aflatoxin B, was determined
by ultracentrifugation. The enzyme activity resided in the
supernatant after centrifugation at 185888xg indicating that the
enzymes were soluble proteins in the cytosol, and not associated
with organelles <(Table 16, pg. 86>. Singh and Hsieh (886>
suggested that the enzymes recponsible for the conversion of
sterigmatocystin to aflatoxin B, were localised in the
cytosol, on the basis of the enzyme being <oluble in the

supernatant after ultracentrifugation at 185888xg for 2 hours.

Gel Afiltration wae carried out in the first instance with a
Sephiadex G-Z88 column (Fig. 21, pg. 892>, the enzyme activity
(sterigmatocystin to aflatoxin B;) was located in fraction 2

“

and O-methyleterigmatocystin s¥nthesising activity in fraction

=

2 (Table 13, pg. %2). Fraction 2 appears at, or close tc void
volume, indicating large molecules with molecular weights
greater than 358686. This fraction was turbid, suggesting that
the particles Were extremly large possibly because of
conglomeration. Sepharose &B was also used as the column packKing
material, and +raction 2 (the active fraction? remained at, or
near to void volume (exclusion limit of M.Wt. 3 x 1@6) (Tables
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12 and 1S and Fig. 23, pgs. 88, 94 and ?1). Due to the extremely
large apparent molecular size of fraction 2, a possible
explanation of this observation could be that the enzyme(s) was

bound to a membrane.

The ultracentrifugation resulte =suggest that the enzymes
were <coluble in the cytosol whilst a possible explanation for
the qel filtration result was that the enzyme was membrane
bound. To resoclve this conflict the cell free system was treated
with EDTA. It has been reported that some membrane bound
proteins are removed from the membrane by EDTA (117). These
proteine are referred to as peripheral proteins. EDTA treatement
of the cell free system, followed by gel filtration altered the
elution profile when compared to the untreated cell free system
(Fig. 21 and Fig. 22 pgs. 89 and 98). There was a decrease in
the peak area correcsponding to fraction Z and an increase in the
peak areas corresponding to fractions 3 and 4. These results
indicate that the EDTA removed some of the proteine from the
membrane. The enzyme activity for the conversion of
sterigmatocystin to aflatoxin B, was found at a lower apparent
molecular weight J(fraction 3 {Table 14, pg. %3». There is a
decreacse in the specific activity of the enzyme, (baced on
protein concentration’, after EDTA treatment followed by gel
filtration, but this decreace is due to the precence of other

proteins in fraction 3.

In animal tissue, the majority of glucese—-é-phosphatace
activity is associated with the endoplasmic reticulum and the

155



nuclear envelope (135). Gierow and Jergil (134 have described
alucoze—-é-phocsphatacse as being located mainly in the endoplasmic
reticulum and it ie commonly used as a marker for the precence
of endoplasmic reticulum.

The localisation of glucose—-é—-phosphatase activity has been
determined in different fungi (137>, The major <sites of
qlucoce—-4é—-phosphatace activity are endoplasmic reticulum and the

forming face of the golgi bodies in Achyla bisexuals. In

Mucor mucedo, maximum Qglucose—&é—phosphatase activity was

observed in endoplasmic reticulum and in the nuclear envelope.
The localisation of glucose—-é-phosphatase in fungi seems to be
similar to its localisation in animal tissues. The presence of
glucose—-4é-phosphatace in fraction 2 <(section 3.2.2.3. pg. )
would strongly suggest that the fraction was a membrane fraction
internal to the fungal cell. The initial cell free fraction was
centrifuged at 18,888 xg for 28 min (sectionz2.8.4.). This
procedure would remove the nucleus and the golgi bodies. Thus
the nprecence of glucose-&-phosphatase activity‘in fraction 2

after gel Ffiltration indicates the ©presence of endoplasmic

reticulum membrane.

The filtrate after ultrafiltration showed no enzyme activity
as expected but the retentate was active in converting
sterigmatocystin to aflatoxin B, and O-methylsterigmatocystin
(Table 9, pg. 84). No cofactor was added to the retantate since
ultrafiltration would not remove all the cofactors. This method

was wused to concentrate fraction 2 prior to rechromatograpy and
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ultracentrifugation.

Fraction 2 was centrifuged at 1@5@@eéxg for 2 hours and the

active supernatant (Table 14, pg. 74> was reloaded on to the

Sephadex G-268a column. the activity of the supernatant
(expresced as Hg product/qg of protein) after this

centrifugation step was higher than the activity of the
supernatant after the cell free system was centrifuged under the

csame conditions (Tables 18 and 1é pgs. 86 and ?é). This increace
in activity was due to the removal of non-active protein

(approximately 784 by gel filtration.

Four new peaks were obtained whose appearance would suggest
that these ©proteins were released during centrifugation (Table
17 and Fig. 24, pgos. 97 and 98) . It was concluded that they
were initially physically bound, perhape to the membrane. This
view 1is supported by reports in the literature (118) of
peripheral proteins being releaced from membranes by
ultracentrifugation. This gave extra evidence in support af the
notion that the enzyme(s? iec a peripheral protein. & further
indication that fraction 2 was a membrane fraction was that the
pellet was partially organic <colwent coluble indicating, the

presence of lipid material (section 3.2.2.1).

Peak 2.1 (Table 17 and Fig. 24) appearc to be the same as
the original fraction 2 but with very little enzyme activity
(Table 18, pg. 99). This activity was now located in fraction
2.2 which <concides with the elution volume of fraction 3 from
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the previous run. Thus, passing the cell free system through
the gel filtration column before ultracentrifugation was useful
as a clean-up step, in that,fraction 3 proteins were removed

prior to the separation of fracticn 2.2 (the active fraction).

Fraction 2 was also rechromatographed, and the activity
(sterigmatocyetin to aflatoxin) was also in the new fraction 2
(Table 19 and Fig. 25, pgs. 181 and 188). It was concluded that
gel filtration on ite own did not cause the shift in the elution
volume of the active proteins that was noted after +raction 2

was ultracentrifuged and then gel filtered (Table 17, pg. 972

The purification of the enzyme was followed by iscelectric
focusing (I.E.F.> (Fig. 2é, pg. 182)., Isoelectric focusing of
Fraction 2 did not reveal any proteine at pl“s of 5.5 and 6.
Proteins with these pl“s were present in fraction 2.2 (the
purified enzyme system). A poscsible explanation +for this
observation could be that the interaction between the membrane

and the proteins had effected the pI or the solubility of the

proteins.

The I1.E.F. patterns of Jlipoproteins (zuch as low density
lipoproteins) is complicated by multiple components arising
through differences in bound 1lipids, apoproteine or in
associated carbohydrates <(138). Apoproteins of lipoproteins

behave similarly to peripheral proteins. They are stripped, to
an extent, from the core of the molecule by ultracentrifugation

in potassium bromide dencity gradiants (12%9). To assign pl’s to
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EDTA extractable proteins (peripherald from erythrocyte
membranes the proteins are extracted before being separated by

1.E.F. (14@>. It would appear that 1.E.F. per se would not

necescarily separate out peripheral proteins from membranes.

The degree of purification with respect to specific enzyme
activity <(cterigmatocystin to aflatoxin) wae calculated. The
enzyme activity of the purified enzyme <cystem was 75 times
greater than the activity of the cell free system (lyophilized

preparation (Table 28, pg. 183).

Three different methods were wused to check the purity and
physicochemical properties of fraction 2.2: PAGE, SDS-PAGE and
isoelectric focusing. Fraction 2.2 was shown to consist of two
proteinse with molecular weights of 91,080 and 182,008 and pl-’s
of 5.5 and & <(Fig. 27, pg. 184)>. The molecular weight of
fraction 2.2 was estimated to be 1858688 by gel filtration
(section 3.2.3.1.). SDS-PAGE also indicated that the two enzymes

were single protein units and not sub-units.



4.4. FACTORS AFFECTING CONVERSION OF STERIGMATOCYSTIN

4.4.1. Effect of Temperature

There was a broad temperature range over which the four
=ystems investigated, whole fungal mycelium, cell free sy¥stem,
fraction 2 (partially purified enzymes and Ffraction 2.2
(purified enzyme system), were able to convert sterigmatocystin
to aflatoxin B;. In fungal mycelium, the conversion to
aflatoxin B, was obtained between 18°C and 44°C (Table 22,
Fig.29, pgs. 18% and 118>, with optimum conversion at 23°C.
At 4@°C there was only & small quantity of aflatoxin B,
formed indicating that the conversion enzyme(s) was denatured to
a large extent at this temperature. The aflatoxin B,
synthesising enzyme in the cell free system had an optimum
temperature of 25°C with only trace amounts of aflatoxin B,
being produced at 48°C (Table 23 and Fig. 38, pgs. 111 and
112> while with fraction 2 and fraction 2.2 no aflatoxin B,
was produced at 48°C. The optimum temperature for fraction 2
and fraction Z.2 was 280°C which i< lower than the optimum for
the cother two <crsteme (Tables 24 and 25 and Figs. 31 and 232,
pgs. 113-116). At each purification step the trend was towards a

narrowing of the temperature range. It would appear that the

internal enviroment has a stabilising effect on the enzyme. Qs
the enzyme is purified it becomes more temperature tabile. For
fraction 2 and fraction 2.2 there is a sharp decrease in

activity between 25°C and 38°C while with the mycelium the

drop was not as great.
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The temperature profile of the enzyme responcible for
the production of O-methylsterigmatocystin, in whole mycelium
and the cell free system, was different from that for aflatoxin
B, production, maximum synthesic of O-methylsteriagmatocystin
occurred at 38°C and that at 48°C the decrease in
O-methylsterigmatocrstin production was not &z great as in the

casce of aflatoxin Bx- It can be concluded that the

ul

D-methylsterigmatocystin producing enzyme might be less heat
labile than the &aflatoxin B, prgducing enzyme and that the
former also has a higher thermal stability. At the lower
temperatures of 5°C and 168°C only trace amounts of
O-methylsterigmatocystin was produced. The reaction rate is

negligable at temperatures below (3°C.

4.4,2, Effect of pH

A broad pH range for enzyme activity, from pH 3 to pH
g, was observed in whole mycelium. The optimum activity was

found to be at about pH 7 (Table 24, Fig.33, pgs. 118 and 11%).

This wide range is probably due fto the cell wall and membrane
providing a protective Jlayer and minimizing changes in the
internal environment. The neutral to slightly alkaline optimum

pH wvalue agreed with results obtained for other secondary
metabolic enzymes, the pH optimum for the conversion of
versiconal acetate to wversicolorin A was 7.2 to 7.8 (124) and
the optimum pH for the patulin producing enzymes was alco within

the neutral to slightly basic range (87). Neither aflatoxin
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B, nor O-methylsterigmatocystin activity was present at pH

values 3 and 4 but both enzymes were still active at pH 8. The
lack of activity at the low pH values shows that the insulating
effect of the membrane and the internal buffering capacity of
the crtoplasm was not sufficient to protect the enzymes at
extreme pH’s. Severe changes in pH cause a disruption in the

conformation of the enzymecs.

Both aflatoxin B, and O-methylsterigmatocystin
producing enzymes in the «cell free preparation were more
susceptible to pH changes than in intact mycelium. The optimum
pH wae about pH 7 (Table 27 and Fig 34, pgs.128 and 121). No
conversicon of <csterigmatocystin took place at pH values below é

and at pH 8, there was a large decrease in activity.

The enzymes in the cell free <system are more
susceptible to changes in temperature and pH than in the whole
mycelium because of the removal of the protective cell wall.
This <eystem provided a more accurate assessment of temperature

and pH optima than whole mycelium studies,

Similar results were cbtained for the pH optimum of the
aflatoxin B, synthesising enzymes in fraction 2 but with a

much narrower active pH range (Table 28, Figq. 33, pgs. 122 and

123>, optimum converszion being achieved at about pH 7. The
enzyme is only slightly active at pH &.5 and 7.3 with no
activity at other pH wvalues., The limited range is due to the
enzyme being in an unprotected environment and therefore more
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sucsceptible to denafuration. With a sliaght change in pH and the
lack of the buffering capacity of the enzyme enviroment the
charge of the bonding groups on the protein would be altered

reculting in an alteration of the conformation of the molecule.
The pH optimum for the enzymes in fraction 2.2 was
about 7.2 with little activity 8.4 pH units on either side of

the optimum (Table 29, Fig. 36, pas. 124 and 123).

4.4,3, Time Course Study

The rate of conversion of sterigmatocystin to aflatoxin
B, was <ctudied over a 35 hour period. Sterigmatocystin was
totally converted to aflatoxin B, and O-methylsterigmatocrstin
by whole mycelium within 3 hours (Table 38, Fig 37, pge.127 and
128). This result alco showed that there was a lag phase which

lasted for ftifteen minutes. This is probably due to the 1imiting

effect of diffusion through the membrane.

on incubation of =sterigmatocrstin with the cell free
preparaticn, both atlatoxin B1 and O-methrlcsterigmatacyetin
wer e detected within 8.5 hours. The concentration of
O-meth¥lsterigmatocystin was greater than aflatoxin B, and
reached a maximum atter 2 hours, while aflatoxin B, production
only reached its maximum at 4 hours.(Txble 31, Fig. 38, pgs. 12?9
arnd 138). The loses of O-methylsterigmatocystin production after

2 houre could possibly be due to product inhibition once

O-methy»1l- scsterigmatocystin had reached a certain level or the



exhaustion of the ca—factor S-adencsylmethionine. These
pozcsibilities were not investigated further. However it was
fourd that the S—adenosylmethionine stimulated the production of
O-methyl sterigmatocystin at the expense of aflatoxin B, whitle

cethionine had the opposite effect <(Table 48 pga. 147>. These
reculte can be explained if it is azsumed that a methyl
transferace enzyme is involved in the formation of
O-methylsterigmatocyetin and that ethionine inhibits the

methylation reaction and the S-adenosyIimethionine promotes it.

The time course for the synthesis of aflatoxin B, by
fraction 2 was <similar to the mycelium and cell free system,
max imum . conversion occurred within 4 hours of adding the
substrate (Table 32 and Fig 39, pgs. 131 and 132). However all
of the sterigmatocystin is not converted by 5 hours. Time course
studies of the conversion of sterigmatocysetin to aflatoxin B,
by the cell free system indicated that the substrate was totally
utiliced within 4 hours and that cubstrate concentration was not
limiting wunder the conditions studied. It is therefore likely
that substrate concentration would not be the 1imiting factor in
this instance. The conditicons used were also similar to those
used for the cell free csystem.. The cofactor NADFH could alcco
be ruled out since it was added in excese (18mM). The incomplete
conversion could possibly be due to enzyme denaturation. A
similar time profile was obtained for the enzymes in fraction

2.2 (Table 33, Fig 46, pgs. 133 and 134>

K
m for the purified enzyme was found to be 8.38 KM of
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sterigmatocystin, indicating that the enzyme system had a high
affinity for <sterigmatocystin (Table 36 and Figs. 42 and 43,

pgs.148, 141 and 142).

The conversion of sterigmatocystin to aflatoxin B, ¢
dependant on the concentration of the enzyme (Table 35, Fig. 41,
pas. 138 and 13%). With an increase in enzyme concentration a

qreater percentage of sterigmatocystin is converted to atlatoxin

B,. This lendz <cupport to the wview that the all the

sterigmatocystin is not used up becauce of enzyme denaturation.

4.4.4, Effect of NADPH

Singh and Hsieh (88) postulated that an oxygenase is
involved in the conversion of sterigmatocystin to aflatoxin

B,. The effect of NADPH was therefore cstudied, since it is a

cofactor for oxygenase activity.

NADPH was required for the conversion of

sterigmatocy=stin to aflatoxin B but

1 not to

O-methylsterigmatocystin (Table 34 pqg. 13&8). NADPH was therefore
routinely =added to the incubation mixtures {section 2.16). Thus
the requirement of NADPH Ffor the formation of aflatoxin B,

suggested that the conversion of sterigmatocystin to aflatoxin

B, is mediated by a NADPH-dependent oxygenase. (Oxygenases are

regarded as being the principal means by which biological ring

cleavage occures (188>,
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Fraction 2 and fracticn 2.2 only exhibited enzyme
activity when fraction 4 from gel filtration were added (Table
24, pg. 136y, the fatter containing material with molecular
weight lower than 1888. Evidently certain low molecular weight
cofactors were required. The invesetigation of cofactor
requirements revealed that ferrous iron was the other cofactor

required for the conversion of sterigmatocystin to aflatoxin

B, (Table 3% pg. 14&).

An  equal number of moles of NADPH and sterigmatocystin
were used in the Fformation of aflatoxin B1 by the purified
enzyme system (Table 38, pg. 144). This result suggest that the
N&DPH is used in only one of the enzyme mediated reacticons

involved in the conversion.

4.4.5 Specificity

The enzyme activity is not affected by substitution at
positione 1 and 2 in sterigmatocystin (Fig. 2 pg. 18). Thics is
shown by the conversion of dihydro- sterigmatocystin and

h¥droxrsterigmatocystin to aflatoxin B, and aflatoxin B

~
ra

w

respectively by the purified enzyme . Both
dihydrosterigmatocyestin and hydroxyeterigmatocyetin are
substituted at positions 16 and 17. The methyl! group at position
12 on <sterigmatocystin has an effect on the activity of the
enzyme in that it does not act on desmethoxysterigmatocystin

which has the methyl group replaced by hydrogen.

166



4.5, MECHANISM OF CONVERSION

Baced on the available information, the conversion of
sterfgmatocystin to aflatoxin B, jnvolves two enzymes (Fig.
44, pQ 1693 . The formation af aflatoxin B, from
sterigmatocystin requires a ring cleavage. The first step
involuee the hydroxrlation of sterigmatocystin at position 6.
Monooxygenase is a typical enzyme recponsible for this ftype of
reaction (166>. The enzyme is recsponsible for the insertion of
one atom of oxygen into the substrate (sterigmatocystin » and
would also require a reducing agent eg. NADPH (186).
Stoichiometric <stydies <show that a 1:1 relationship exists
between csterigmatocyetin converted and NADPH utilised during the
formation of aflatoxin B, by a purified enzyme system. It is

possible that the NADPH which is required for the conversion

would act as the reducing agent for the monocoxygenase.

The hydroxylation step would make the compound
susceptible to the action of dioxygenases (18&). Dioxygenase
enzymes are responsible for the cleavage of the aromatic bond
adizcent to a hydroxylated carbon ztom. It is therfore likely
that the hydroxylated sterigmatocystin would be cleaved by a
dioxygenase. Phenolic dioxygenases require non—-haem iron as a
cofactor. Ferrous iron playe a role in activating the oxygen as
well as the substrate (112). Cofactor requirement analysis show
that Fe't s necessary for the formation of afiatoxin B, . It
ic possible that Fe** ic involued in the second step (Fig. 44).

The cleavage provides an open ring structure. The open ring form
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is an unstable structure which would undergo spontaneous

decarboxylation followed by ring closure to the stable aflatoxin

possible that the enzymes

B structure. It is therefore

1

isolated are a monooxygenase and a dioxygenase.
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Figure 44 : Froposed scheme for the conversion of
sterigmatocystin to aflatoxin B, involving a mono- and a

diox¥genase.
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Both the proteins (shown by I.E.F. Fig.27 pg. 184) were
required for the conversion of sterigmatocystin to aflatoxin
B,. The activity was lost when the isolated bands were
incubated with sterigmatocystin separately. This suggests that
the conversion of sterigmatocystin to aflatoxin B1 involves
two enzyme mediated reactions. The reason why the intermediate
product between sterigmatocystin and aflatoxin was not detected
could be due to two tactors:

(a) a very high affinity of the second enzyme for this product
and an effective conversion to aflatoxin i.e. the first step is
rate limiting and

(b) an effective product inhibition on the first enzyme by this
intermediate product resulting in a very low production of the
intermediate itself. With only the <first enzyme present no

detectable (<14 by HPLC)> conversion of sterigmatocystin

occurred.

Due to the high affinity of the second enzyme for this

“product" itse inhibitory effect is not felt in the presence of
the second enzyme. There is no reference in the literature of
the likely intermediate product, il a-Blysy (é—hydroxy-

sterigmatocystin) (Fig. 44 pg. 169> in the conversion of
sterigmatocystin to aflatoxin being isolated. However its
methoxy equivalent &é-methoxysterigmatocystin (Fig. 2, pg. 18)
has been isclated (3é). This could be due to the fact that if

the second enzyme were to be blocked the organism would

methylate the intermediate product.
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This scheme is similar to the one proposed by Thomas
(Fig. 17, pg. 33> (71> who based his mechanism upon theoretical
considerations. The liKely intermediate has also been proposed
by two other groups (36, 79) (Figs. 15 and 16 pgs. 38 and 31>.
The isolation of the enzymes has enabled us to give further
support for this type of mechanism for the conversion of
sterigmatocystin to aflatoxin B, , This conversion also proves
that sterigmatocystin is a true intermediate in the aflatoxin
B, biosynthetic pathway. ®Another important finding of this
work is that the enzyme is bound to the endoplasmic reticulum
and not free within the cytosol as previously proposed (123,
124. The fact that the enzyme is membrane bound would help
explain the solubility of the anthraguinone intermediates in the

cell, since they have wvery low solubilities in water.

These findings call for a re-examination of the
localisation of other secondary metabolic enzymes since if the

enzyme was present in the supernatant after ultracentrifugation,

then it was concluded that ths enzvme waz in the ovtosnli(85).
Observatione in this project indicate that the enzymee are not
necessarily in the cytosol but may be extrinsic proteins that

are removed from the membrane by ultracentrifugation.

The isolated enzyme system consisted of two enzymes
with molecular weights of 246000 and 1862868 (Fig 27 pg.184), pl-s

of 3.3 and é (Fig. 277 and a K_ of @,38 KM sterigmatocystin.
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APPENDIX 1

Composition of Reddy’s Medium (123)

Potassium dihydrogen orthophosphate

Magnesium sulphate septahrdrate
Calcium chloride dihydrate
Sucrose

L-Asparagine

Ammonium sulphate

Zinc sulphate septahydrate
Manganous chloride quadrahydrate
Ammon ium mol ybdate

Dizodium tetraborate decahydrate
Ferrous sulphate septahydrate

Distilled water to

182

r

1]

mg

mg

mg



Composition of YES Medium (126)
Yeast extract
Sucrose
Agar

Distilled water to

Composition of Resting Cul ture Medium
Potassium dihydrogen orthophosphate
Magnesium sulphate septahydrate
Zinc sulphate septahydrate
Potassium chloride
Manganous chloride quadrahydrate
Ammonium mol ybdate
Disodium tetraborate decahydrate
Ferrous sulphate septahydrate
Copper sulphate quinhydrate

Dicstilled water to

183

28

10

198 g

1



Composition of Growth Medium used for the culturing of

T. viride (128>

Glucose 3.8 g
Hrphal walls 5.8 g *
Bactopeptone 1.8 g
Pztassium dihydrogen orthophosphate 2.8 g
Magnesium sulphate septahydrate 8.3 g
Calcium chloride dihydrate 8.3 g
Ammonium sulphate 1.4 g
Zinc sulphate septahydrate 18 mg
Manganous chloride quadrahydrate S mg
Ammon ium mol ybdate 2 mg
Disodium tetraborate decahydrate 2 mg
Ferrous sulphate septahydrate 2 mg
Distilled water to 11

* Hyphal walls were obtained by growing any Aspergillus

species on Reddy’s medium and extracting the mycelium with

solvents.

184



Composition of Growth Medium for the

0. xanthineolytica (129

Hyphal wall

Magnesium sulphate septahydrate
Calcium chloride dihyrdrate
Ammonium sulphate

Sodium chloride

Phosphate buffer (8.2M, pH?) to
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APPENDIX 2

Metabolite absorbance maxima (138)

and O-methyl-

tive
nsity

168
39
51
20
12

17

METABOLITE WAVELENGTH (nm) MOLAR EXTINCTIONC€)
aflatoxin 353 21,309
sterigmatocystin 249 27,509
O-methyl -
sterigmatocystin 318 16,508
averufin 224 20,800
ver<icolorin A 221 12,118
Mass spectroscopy data of aflatoxin B
sterigmatocystin —literature values (138)
Product 1 Product 2
m/e Relative m/e Rela
Intensi ty Inte
312 108 338
284 31 323
249 17 389
258 29 292
241 28 2792
227 32 263
199 18 243

185



	Jeenah_Mohamed_S_1986.front.p001
	Jeenah_Mohamed_S_1986.front.p002
	Jeenah_Mohamed_S_1986.front.p003
	Jeenah_Mohamed_S_1986.front.p004
	Jeenah_Mohamed_S_1986.front.p005
	Jeenah_Mohamed_S_1986.front.p006
	Jeenah_Mohamed_S_1986.front.p007
	Jeenah_Mohamed_S_1986.front.p008
	Jeenah_Mohamed_S_1986.p001
	Jeenah_Mohamed_S_1986.p002
	Jeenah_Mohamed_S_1986.p003
	Jeenah_Mohamed_S_1986.p004
	Jeenah_Mohamed_S_1986.p005
	Jeenah_Mohamed_S_1986.p006
	Jeenah_Mohamed_S_1986.p007
	Jeenah_Mohamed_S_1986.p008
	Jeenah_Mohamed_S_1986.p009
	Jeenah_Mohamed_S_1986.p010
	Jeenah_Mohamed_S_1986.p011
	Jeenah_Mohamed_S_1986.p012
	Jeenah_Mohamed_S_1986.p013
	Jeenah_Mohamed_S_1986.p014
	Jeenah_Mohamed_S_1986.p015
	Jeenah_Mohamed_S_1986.p016
	Jeenah_Mohamed_S_1986.p017
	Jeenah_Mohamed_S_1986.p018
	Jeenah_Mohamed_S_1986.p019
	Jeenah_Mohamed_S_1986.p020
	Jeenah_Mohamed_S_1986.p021
	Jeenah_Mohamed_S_1986.p022
	Jeenah_Mohamed_S_1986.p023
	Jeenah_Mohamed_S_1986.p024
	Jeenah_Mohamed_S_1986.p025
	Jeenah_Mohamed_S_1986.p026
	Jeenah_Mohamed_S_1986.p027
	Jeenah_Mohamed_S_1986.p028
	Jeenah_Mohamed_S_1986.p029
	Jeenah_Mohamed_S_1986.p030
	Jeenah_Mohamed_S_1986.p031
	Jeenah_Mohamed_S_1986.p032
	Jeenah_Mohamed_S_1986.p033
	Jeenah_Mohamed_S_1986.p034
	Jeenah_Mohamed_S_1986.p035
	Jeenah_Mohamed_S_1986.p036
	Jeenah_Mohamed_S_1986.p037
	Jeenah_Mohamed_S_1986.p038
	Jeenah_Mohamed_S_1986.p039
	Jeenah_Mohamed_S_1986.p040
	Jeenah_Mohamed_S_1986.p041
	Jeenah_Mohamed_S_1986.p042
	Jeenah_Mohamed_S_1986.p043
	Jeenah_Mohamed_S_1986.p044
	Jeenah_Mohamed_S_1986.p045
	Jeenah_Mohamed_S_1986.p046
	Jeenah_Mohamed_S_1986.p047
	Jeenah_Mohamed_S_1986.p048
	Jeenah_Mohamed_S_1986.p049
	Jeenah_Mohamed_S_1986.p050
	Jeenah_Mohamed_S_1986.p051
	Jeenah_Mohamed_S_1986.p052
	Jeenah_Mohamed_S_1986.p053
	Jeenah_Mohamed_S_1986.p054
	Jeenah_Mohamed_S_1986.p055
	Jeenah_Mohamed_S_1986.p056
	Jeenah_Mohamed_S_1986.p057
	Jeenah_Mohamed_S_1986.p058
	Jeenah_Mohamed_S_1986.p059
	Jeenah_Mohamed_S_1986.p060
	Jeenah_Mohamed_S_1986.p061
	Jeenah_Mohamed_S_1986.p062
	Jeenah_Mohamed_S_1986.p063
	Jeenah_Mohamed_S_1986.p064
	Jeenah_Mohamed_S_1986.p065
	Jeenah_Mohamed_S_1986.p066
	Jeenah_Mohamed_S_1986.p067
	Jeenah_Mohamed_S_1986.p068
	Jeenah_Mohamed_S_1986.p069
	Jeenah_Mohamed_S_1986.p070
	Jeenah_Mohamed_S_1986.p071
	Jeenah_Mohamed_S_1986.p072
	Jeenah_Mohamed_S_1986.p073
	Jeenah_Mohamed_S_1986.p074
	Jeenah_Mohamed_S_1986.p075
	Jeenah_Mohamed_S_1986.p076
	Jeenah_Mohamed_S_1986.p077
	Jeenah_Mohamed_S_1986.p078
	Jeenah_Mohamed_S_1986.p079
	Jeenah_Mohamed_S_1986.p080
	Jeenah_Mohamed_S_1986.p081
	Jeenah_Mohamed_S_1986.p082
	Jeenah_Mohamed_S_1986.p083
	Jeenah_Mohamed_S_1986.p084
	Jeenah_Mohamed_S_1986.p085
	Jeenah_Mohamed_S_1986.p086
	Jeenah_Mohamed_S_1986.p087
	Jeenah_Mohamed_S_1986.p088
	Jeenah_Mohamed_S_1986.p089
	Jeenah_Mohamed_S_1986.p090
	Jeenah_Mohamed_S_1986.p091
	Jeenah_Mohamed_S_1986.p092
	Jeenah_Mohamed_S_1986.p093
	Jeenah_Mohamed_S_1986.p094
	Jeenah_Mohamed_S_1986.p095
	Jeenah_Mohamed_S_1986.p096
	Jeenah_Mohamed_S_1986.p097
	Jeenah_Mohamed_S_1986.p098
	Jeenah_Mohamed_S_1986.p099
	Jeenah_Mohamed_S_1986.p100
	Jeenah_Mohamed_S_1986.p101
	Jeenah_Mohamed_S_1986.p102
	Jeenah_Mohamed_S_1986.p103
	Jeenah_Mohamed_S_1986.p104
	Jeenah_Mohamed_S_1986.p105
	Jeenah_Mohamed_S_1986.p106
	Jeenah_Mohamed_S_1986.p107
	Jeenah_Mohamed_S_1986.p108
	Jeenah_Mohamed_S_1986.p109
	Jeenah_Mohamed_S_1986.p110
	Jeenah_Mohamed_S_1986.p111
	Jeenah_Mohamed_S_1986.p112
	Jeenah_Mohamed_S_1986.p113
	Jeenah_Mohamed_S_1986.p114
	Jeenah_Mohamed_S_1986.p115
	Jeenah_Mohamed_S_1986.p116
	Jeenah_Mohamed_S_1986.p117
	Jeenah_Mohamed_S_1986.p118
	Jeenah_Mohamed_S_1986.p119
	Jeenah_Mohamed_S_1986.p120
	Jeenah_Mohamed_S_1986.p121
	Jeenah_Mohamed_S_1986.p122
	Jeenah_Mohamed_S_1986.p123
	Jeenah_Mohamed_S_1986.p124
	Jeenah_Mohamed_S_1986.p125
	Jeenah_Mohamed_S_1986.p126
	Jeenah_Mohamed_S_1986.p127
	Jeenah_Mohamed_S_1986.p128
	Jeenah_Mohamed_S_1986.p129
	Jeenah_Mohamed_S_1986.p130
	Jeenah_Mohamed_S_1986.p131
	Jeenah_Mohamed_S_1986.p132
	Jeenah_Mohamed_S_1986.p133
	Jeenah_Mohamed_S_1986.p134
	Jeenah_Mohamed_S_1986.p135
	Jeenah_Mohamed_S_1986.p136
	Jeenah_Mohamed_S_1986.p137
	Jeenah_Mohamed_S_1986.p138
	Jeenah_Mohamed_S_1986.p139
	Jeenah_Mohamed_S_1986.p140
	Jeenah_Mohamed_S_1986.p141
	Jeenah_Mohamed_S_1986.p142
	Jeenah_Mohamed_S_1986.p143
	Jeenah_Mohamed_S_1986.p144
	Jeenah_Mohamed_S_1986.p145
	Jeenah_Mohamed_S_1986.p146
	Jeenah_Mohamed_S_1986.p147
	Jeenah_Mohamed_S_1986.p148
	Jeenah_Mohamed_S_1986.p149
	Jeenah_Mohamed_S_1986.p150
	Jeenah_Mohamed_S_1986.p151
	Jeenah_Mohamed_S_1986.p152
	Jeenah_Mohamed_S_1986.p153
	Jeenah_Mohamed_S_1986.p154
	Jeenah_Mohamed_S_1986.p155
	Jeenah_Mohamed_S_1986.p156
	Jeenah_Mohamed_S_1986.p157
	Jeenah_Mohamed_S_1986.p158
	Jeenah_Mohamed_S_1986.p159
	Jeenah_Mohamed_S_1986.p160
	Jeenah_Mohamed_S_1986.p161
	Jeenah_Mohamed_S_1986.p162
	Jeenah_Mohamed_S_1986.p163
	Jeenah_Mohamed_S_1986.p164
	Jeenah_Mohamed_S_1986.p165
	Jeenah_Mohamed_S_1986.p166
	Jeenah_Mohamed_S_1986.p167
	Jeenah_Mohamed_S_1986.p168
	Jeenah_Mohamed_S_1986.p169
	Jeenah_Mohamed_S_1986.p170
	Jeenah_Mohamed_S_1986.p171
	Jeenah_Mohamed_S_1986.p172
	Jeenah_Mohamed_S_1986.p173
	Jeenah_Mohamed_S_1986.p174
	Jeenah_Mohamed_S_1986.p175
	Jeenah_Mohamed_S_1986.p176
	Jeenah_Mohamed_S_1986.p177
	Jeenah_Mohamed_S_1986.p178
	Jeenah_Mohamed_S_1986.p179
	Jeenah_Mohamed_S_1986.p180
	Jeenah_Mohamed_S_1986.p181
	Jeenah_Mohamed_S_1986.p182
	Jeenah_Mohamed_S_1986.p183
	Jeenah_Mohamed_S_1986.p184
	Jeenah_Mohamed_S_1986.p185
	Jeenah_Mohamed_S_1986.p186

