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ABSTRLCT

Dothistroniin is & bright ornnge-red pignent produced by

the pinc-necdle pathogen Dothistroma pini Hulbary, the causal

agent of & necrotic discase known as dothistrounal blight. This
conipound, inmplicated as o fungal toxin, has been isolated both

fron laboratory cultures of D.pini and fron infected Pinus radiate

foliage.

Detailed cherical investigation by Gallagher (1971) showed
that dothistromin is a tri -a - hydroxyanthraquinonc fuscd to a
stbstituted tetrahydrobifurcn ring systen. The bifuran ring
noicty is incorporated in othcr fungal netabolites including the
cxtrenely téxic and carcinogcnic aflatoxin conipounds. There is
an increasing body of evidence to suggest thnt these fungol
nctabolites share a comrmon biosynthetic origina

Bionssay has dcnonstrated tho toxicity of dothistronin to

the uniccllular green clga, Chlorclla pyrencidosa, and to tissue

cultures of P.attewunta. The very low level of solubility of
the conpound in aqueous solutions has precluded bioassay using
pinc scedlings. This thesis reports an investigation of the

biochenical changes induced by dothistronin in nicrobiological

systens.
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In the coursc of this invistigation dothistronin hoas been shown
to bc toxic to a range of nicroorgonisns in addition to its known

toxicity to Chlorclla pyrenoidosa. These studices hove sugmested

possiblec ways of increasing the scensitivity of bioassays for
dothistronin,

It was found thot the addition of dothistronin tc liquid
cultures of Chlorella ns an c¢thyl ccetnte solution causcd
reproducible levels of inhibition, provided that the ethyl acctate
concentration was less than 0.5%. Batch culture techniques were
used to establish the levels of dothistromin required for
innibition of growth of Chlorcllc, The ratio of dothistronin
concentration to cell nuaber was found to be an inportant
factor in thc inhibition responsc.

Utilizaticn of synchronous culture techniques pcriittcd the
study of biochemical changes induced by dothistronin throughout
the cell cycle of Chlorella. Results showed o narked inhibition
of the rate of increase of total protein and RNA over the cell
cycle with no significant altcration of the ratc of DNAL increcse.

&4 dose-response curve for dothistronin inhibition of growth
of Chlorclla was established and a norc detailed investigation of
the action of dothistromin in inhibiting growth was undertaken
using radionctive isotopes. By this neans it was shown that

3H—uridine and 14C-phenylalaninc incorporation into cell naterial
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is inhibited within 30 nins of cexposure to the toxin. Difficulties
cnccuntcred in attenpts to obtain satisfactory incorporation of label
into Chlorella DNA-fractions prcvented further invistigotion of the
ceffect of dothistronin on DNA synthesis in this organisn. This lecd
to the investigation of other rhicroorganisns as more suitable
experinental systens frthis study.

Bacillus negateriun KM, proved to bce very scnsitive to

dothistronin nnd showcd rapid incorporation of radionctive

isotopes into protein and nucleic ~cid fractions. Growth curves
cstablished that the inhibitory rntios of dothistromnin concentration
to cell nunbers for this organisr were in the order of 0.25/wg/cell X 108
(as compared to 2.0 ug/cell X 102 Bor Chlorella). At this concen-
tration, over the 30 nin +inc course studied, dothistromin had no
cffcet on the incorporation of 3H— hynidine into the DNA frection.
Inhibition of 3H—uridine incorporation was evident at 6 min and

very narked by 10 nin while the inhibition of 14C—phenylalanine
incorporation into protein was not evident until considerably later.
The cffects of dothistronin in this systen werc compored with thosc
of antibiotics with kncwn sitesof action. Dothistronin inhibition
of 3H-uridino incorporation has a sinilar tirie coursc t0 that shown
by actinonycin D, although narked inhibition by ~ctinonycin D is
evident at 3 nin, whereas dothistronin inhibition is not noticeable

until 6 nin.
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On the basis of these results it is suggested thet
dothistromin interferes with RNA synthesis and that the observed
inhibition of protein synthesis is a2 secondary effect of this
impairment,

Confirmation of dothiztromin action ‘'in situ'by administration
of the compound to pine seedlings is necessary before any definitive
statement can be made concerning its role in dothistromal blight.
However these results indicate the possible importance of
dothistromin in pathology of dothistromal needle blight of pines.
Impairment of the RNA synthetic capacity in pine needle tissue by
the toxin could rapidly lead to cell death and to the necrosis of

needle tissue observed in diseased foliage.
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1. INTRODUCTION

Dothistromin is a toxic metabolite produced by the pine-needle
fungus Dothistrome pini Hulbsry and isolated from laboratory culture of
the fungus and from pine foliage infected with D.pini, A detailed
chemical investigation of the bright orange-red vpigment by Gallagher
(1971) showed that dothisﬁromin is a tri- * =hydroxyanthraquinone moiety
fused to a substifdtedAbifuraﬁ ring system and established its structure
as that shown in Ffig.1 (m)w This thesis reports an investigation of
the toxicity of dothistromin and the biochemical cl.anges it induces

in microbiological systems.

1e1 DOTHISTROMAL PINE BLIGHT

1«11 The history of dothistromal blight

An extensive review of the disease, its control and its implications

is given by Gibson (1972). Dothistroma pini was first identified by

Hulbary (1941) as the pathogen causing a needle blight of the Australian

pine, Pinus nigra var austriaca. The first report of the fungus in New

Zealand was made by Gilmour (1965) who identified the fungus on P.radiata
(D.Don) in 1964 near Tokoroa, The disease is now established in most
young P.radiata plantations throughout the central and southern North

Island with smaller areas of infection in the Auckland conservancy and in the
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Gwavas State Forest, Hawkes Bay. Light infections have been found in
the South Island in Golden Downs State I'orest, Nelson,and on the West
Coast.

Dothistromal blight is also established in Central and Eastern Africa
and in Chile where large-scale commercial plantings of P.radiata (D.Don)
support forestry industries. In the northern hemisphere a comparable
outbreak of the discase has not been found, although there are reports
of dothistromal blight in British Columbia, California, Oregon and the
Palni Hills of India (Gibson, 1972).

The recognition of dothistromal blight as a threat to exotic forest
plantations has stimulated an increasing amount of research,; directed

mainly at an economic solution to the problem.

ey The nature of the disease

Infection by the pathogen is shown by the appearance on the needles
of yellow flecks and bands which rapidly become necrotic, &assuming a
reddish tinge (Gibson et al., 1964). lecrosis of the pine needle
tissue is followed by casting of the needles and results from work with
D.pini indicate that the observed effects of the blight on trcc growth
result from the destruction of photosynthetic tissue (Gibson, 1972).

Details of the infection process on P,radiata needles are reported
by Gadgil (1967). After penetration of the needle the mycelium grows
throughout the mesophyll with hyphae growing intra- and intercellularly,

penetrating the resin canals. Disorganisation of the mesophyll was
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evident in advance of hyphal spread and vitgl staining reve2led dead
cells in the tissue of these areas. Gedgil suggested the possibility
of exotoxin or exo-enzyme production by D.pini to account for these
observations.

Brunt (1970) examined the extracellular enzymes produced by D.pini
in laboratory culture and in infected needles, and demonstrated the
production of enzymes catalysing the degradation of pine needle structural
polysaccharides. These enzymes may be of importance to the fungus in
utilising host tissue.

D.pini is considered to be a fungal pathogen mainly confined to
species within the genus Pinus. Host lists, based on field
observations,show that P.radiata is the most susceptible of the
economically important species.(Gilmour, 1967). D.pini has also been

recorded as attacking two non-I'inus species, Pseudotcuga menziesii

(Douglas fir) and Larix decidua, (Buropean larch) (Dukin and Walgor,
1967; Gedgil, 1968; Bassett, 1969).  Although dothistromal blight
has no apparent economic significance on these non-Pinus species in
New Zealand, it is important in disease control that all potential
hosts are known.

Some susceptible species of pine become increasingly resistant
to D.pini attack with age, while other species, like P.nigra and
P.ponderosa, remain disease susceptibles P.radiata acquires disecase
resistance after 15-20 years. Little is known of the mechanism of

blight resistance or the development of meture plant resistance, as
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shown by P.radiata. However, it is known to be a function of the entire

tree and is transferable by grafting (Garcia and Kumnerow, 1970).

S UG] The control of the disecase

Breeding programmes aimed at producing blight resistant stock form
an important part of the effort to control the diseasec. To date completely
resistant trees have not been found and the partial resistance demonstrated
appears to be due to precocious development of maturc plant resistance.
Clonal propagation of cuttings from trees old enough to have developed
resistance preserves the parental characteristics and an improvement of
the techniques involved may allow the establishment of large-scale
plantings of resistant stock derived in this way (Gibson, 1972).

Adequate protection from the disense may be achieved and maintained
by aerial spraying of plantations with copper fungicides, aqueous suspen-—
sions of insoluble copper compounds such as copper 9Xychlorid=z or cuprous
oxide (Gilmour and Noorderhaven, 1970). It has been found that the
application of fungicide every three or four years will keep the disease
under control until the trees attain mature resistance. (For P.radiata
this involves 5-6 applications of fungicide over the first 15-20 years. )

Production losses from dothistromal blight can be considerable and
in these terms the use of fungicidal control is economically and
technically feasible in New Zealand. However topographical problems and
less highly-developed agricultural aviation industries restrict the use
of this method of control in other countries. In the East African

highlands P.radiata was replaced with less susceptible and less



5e

productive species soon after the appearance of dothistromal blight.
The application of copper fungicides controls the incidence of

the disecase but does not eradicate it; and even with the production of

resistant stock there is the possibility of pathogen adaptation to the

resistance factor(s). Thus it is important that nore is known of

thc factors involved in the host-pathogen reclationship, the development

of the disease end the acquisition of resistance by the host.

1.2  DOTHISTROMIN, A SECONDARY METABOLITE OF D.PINI

1,21 Dothistromin and co-metabolites

The suggestion by Gudgil (1967) that necrosis following D. pini
attack could be caused by a fungal exotoxin led to the investigation of
extracts of culture media. Bassett and Brunt isolated a red pigment

from D.pini culture and demonstrated its toxicity to Chlorella pyrenoidosa

by means of an antibiotic disc bioassay. This pigment, dothistromin,
has been isolated, purified and its molecular structure determined
(Gallagher, 1971; Bassett et al,, 1970). Since then the molecular
structure has been confirmed and the absolute configuration established
from x-ray diffraction data (Bear ct al., 1970, 1972).

Attempts to demonstrate the toxicity of dothistromin to P.radiata
tissues have not been successful. Onc of the limitations in the study
of dothistromin toxicity is its very low solubility in aqueous solutions.
However antibiotic discs impregnated with the pigment result in the death
of cultures of P,attenuata tissue when placed on the medium next to the

culture (Bassett, 1971).
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A number of other compounds have been isolated from laboratory
culture of D.pini (Shaw, 1974; Gallagher, 1971). The structures of
these co-metabolites are given in Fig.1. One of the major co-metabolites
is decoxydothistromin ( ) which travels with dothistromin on TLC
plates.

In attemnpting to demonstrate that dothistromin is functioning as a
fungal toxin in the disease process it is important to consider the
results of work with other structurally related mycotoxins. This may

indicate the possible modes of action of dothistromin.

1,22 Possible relationships with other mycotoxins

As a result of the discovery of aflatoxin in mold-contaminated
feeds in 1961 a large number of fungal metabolites have now been isolated
and their toxicity investigated in a variety of biological systecns
(Kadis, @Giegler and Ajl, 1971; Purchase, 1971). Because of the
diversity of such toxic fungal metabolites this discussion will be
restricted to a consideration of those having structural similarity to
dothistromin and hence possible relevance to the demonstrable toxicity
of this compound.

Studies of the toxicity of the aflatoxins, sterigmatocystin and
analogues have indicated a correlation between structure and biological

activity (Engelbrecht and Altenkirk, 1972; Ayres et al. 1971).  These

studies indicate that the unsaturated bifuran moiety may be related to
toxicity and it is suggested (Engelbrccht and Altenkirk, 1972) that a
carbonyl group in the o ,f? position may also have importancewith respect

to biological activity. (The relationship between the bifuran ring and
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the carbonyl group of the xanthone or coumarin nuclcus of these compounds
may be better described as a phenolic oxygen conjugated to a carbonyl
group. )

A number of fungal metabolites possessing a dihydro- or tetrahydro-
bifuran moiety are known, many having been isolated and characterised rccently
(Rodricks, 1969).

These include sterigmatocystin, aversin, the versicolorins and the

aflatoxins.

18221 The aflatoxins

These are a group of difurano coumarins produced by strains of the
Acpergillus flavus group and discovered to be the causative agents of the
'"Turkey X disease' outbreak in England in 1960. Structures are given
in Pig. 2. Studies with this sceries of compounds show large differences
in toxicity and carcinogenicity. The relative order of toxicity is
31 b g1'} 32 > G2 which is in accordance with the structural-~
toxicity correlations already outlined. Of these, aflatoxin B1 has
been most extensively studied and is known to be an extremely potent
hepatocarcinogen. A comprehensive monograph on the aflatoxins has been
published (Goldblatt, 1969) and there is a recent review by Wogan and
Pong (1970). (See also Detroy et z21. 1971).

Aflatoxin has been shown to suppress DWA synthesis in vivo

(Lafarge and Frayssinett, 1970; Rogers and Newberne, 1967) and

in vitro (Legator, 1966; Zuckermon et al. 1967; Wragg et al. 1967);



FIGURE 2: AFLATOXINS
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to inhibit R¥A synthesis in vivo (Clifford and Rees, 1966; Clifford
et al., 1967; Harley et al., 1969; Gelboin et al., 1966; Pong and
Yogan, 1970) and in some in vitro systems (Clifford and ReZs 1966,
1967; Moule and Frayssinett, 1963). It is known that the inhibition
of RNA synthesis is not occurring by direct inhibition of DIIA -
dependent RNA polynerase (Pong and Wogan, 1970; Edwards and Yogan,
1970). Inhibition of protein synthesis has been reported in many
systems (Clifford and Rees. 1966, 1967; Smith 1964; Togan and Friedman
1965; Friedman and Wogan, 1965; Lillehoj and Ciegler, 1970) and is
generally thought to be a secondary effect of aflatoxin inhibition of
RITA synthesis. However, in a recent publication Sarasinand lioule
(1973) report a merked biphasic response in the time-course of protein
synthesis inhibition by aflatoxin. The second phase of this response
cen be accounted for by inhibition of RNA synthesis and the polysome
disaggregation observed. (See also Roy, 1968; Villa-Trevino and
Leaver, 1968; Harley et al., 1969). A direct aflatoxin effect on
the translational mechanism is suggested to account for the very
marked inhibition observed in the early stages of the biphasic
response.

These biochemical changes induced by aflatoxin are thought to
result from interaction of the toxin with DNA. There is evidence
of DNA-aflatoxin interaction from in vitro experiments (Sporn et al.,
1966; Clifford et al., 1967; hing and Nicholson, 1969; Neely,

et al., 1970; Schabort, 1971) but administration of 3H-—aflatoxin B1
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in vivo to rats showed that the most highly labelled liver fraction
was the protein fraction and not the DNA fraction (Lijinsky, 1068;
Lijinsky, et al., 1970).

Results published by Edwards &and Allfrey (1973) showed that
adninistration of aflatoxin B1 to rats causes a sudden increase in
the rate of histone deacylation (by 15 min. ). Temporal and spztial
correlations have been established for acetylation and gene activity,
with the acetyl content of the histones diminishing with the suppression
of transcription (illfrey, 1971).

A parallel has been drawn between the effects of Actinomycin D, which
exerts its inhibitory effect by binding with the DNA template, and the
effects of aflatoxin. Actinomycin D does not stimulate the rate of
histone deacylation (Edwards and Allfrey, 1973) and in several systems
actinomycin causes marked inhibition where aflatoxin has no observable
effects (Edwards and Wogan, 1970). However, results indicate that
aflatoxin acts at the transcriptional level and it has been suggested
that this is caused by interaction of the toxin (or a metabolic derivative)

with components of the chromatin.

1.222  Qther fungal metabolites containing bifuran moigcties
Sterigmatocystin was first charactorized as a metabolite of A. versicolor

(Bullock et al., 1962) and it has been isolated from two other fungi,

A, nidulans and Bipolaris sp. (Holzapfel et al., 1966). Several other

naturally occurring derivativec have since been reported (Burkhardt and

Forgacs, 1968; Holkoer and Kagal, 1968; Elsworthy et al., 1970;
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Rodricks et al,, 1968; 'aiss et al., 1968; Cole and Kirksey, 1970).
3tructures of these compounds are given in Fig. 3.

The toxicity of stcrigmatocystin has been shown in several biological
syatens and its carcinogenicity demonstrated in rats (Abedi and Scott,
1969; Lillehoj and Ciegler, 1968; Purchase and Van der Yatt, 196%;

Nel et al., 19713 Engelbrecht, 1971). The carcinogenic potency of
sterigmatocystin has been established to be of the order of bﬁOOth that
of aflatoxin B1.

inthragquinone metabolites have been isolated from A. v rsicolor.

Vercicolorins A B and ( were isolated by Hamasaki et al. (1965, 1967);
versicclorin C hes since been shown to be a racemate of versicclorin B.
Structures of the versicolorin group of fungal metaltolites arc given in
Fig. 3. Other versicolorin derivatives (or precursors) are known
(Hatsuda et al., 1969, 1971; [lsworthy et al., 1970). The anthraquinone

aversin was reported as a metabolite from a variant of A. versicolor

(Bullock et al,, 1963). To date, no reports of toxicity studies with
the versicolorin group of fungal netabolites have appeared.

It is of interest to compare the metabolites isolated from D.pini
culture with those reported from other fungi. There is increasing
evidence from labelling studies that these compounds may share a
comon biosynthetic origin, vie the acetatc-malonate pathway. Thus,
study of dothistramin is important as part of the general survey of

toxic compounds elaborated by fungie.
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FIGURE 3: THE VERSICOLORIN AND STERIGMATOCYSTIN GROUPS OF FUNGAL METABOLITES
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1.23 Possible structure ~ activity relationships for dothistromin

The possession of 2. substituted bifuran ring moiety (albeit a saturated
one) may confer toxicity on the dothistromin molecule. By analogy with
the atflatoxins one would not expect dothistromin, which has a hemiacctal
group in the bifuran system; to be &s toxic as unsaturated derivatives.

(Aflatoxins B, and G2a both contain a hemiacetal in the bifuran ring

2a
and this appears to nullify the potent toxicity of the parent aflatoxins. )
The anthraguinone system mey be of importance in the biological
activity of dothistromin. Quinecnes as a group have a multiplicity of
actions as umetabolic inhivitors. These include interactions with
sulfhydryl groups, with amino acids and with proteins, inhibition of
enzymes and modification of electron transport mechanisms in oxidative
pliosphorylation and photosynthesis (‘Webb, 1966). However, the effects

of 9, 10 anthraquinones are not well documented. In gencral they appear

to be less effective inhibitors than the simpler quinone compounds.

1.3 &IMS OF TiI3 INV.STIG.TION

This thesis is concerned witih an investigation of the toxicity of
dothistromin and with its implication as a toxin in dothistromal tlight
of Pinug spp. The literature reveals that fungal metabolites possessing
similar structural features are potently tozic in diverse biological
systenS. The aims of this research were, therefore, to investigate the
toxicity of dothistromin by studying its biochemical effects in
micro~organisms, to elucidate a poseible site of action to account
for these effects and peihaps indicate a likely site of dothistromin

action in the pathogenicity of D.pini to Pinus spp.



2. EXPERIMENTAL METHODS

2.1 ORGANISMS

Dothistronme pini var. Hulbsry and Chlorella pyremidosa were supplied

by the Forcat Rescarch Institute, Rotorua
9
he following org~nisms wre obtained from stoff enibars of the

Microbiology Departr.ent, Massey Uriversity:

Saccharomyces cerevigise, Bacillus mycoides, Bacillus subtilis,

Staphylococcus aureus, &Sscherichia coli, Pseudomonas aerusinosa

and Proteus vulgaris.

Sources of the other organisms used in this research study are:

Bacillus mezaterium Kif (Strain 3694): Dr. ¥.C. Haynes, USDa,

Peoria, Illinois.

Bacillus megatorium K T , (mutant strain): Dr. J.T. Vfachsman,

Department of Microbiology, University of Illinois.
Tuglena gracilis (Strain #): Professor E.F. Carrell, University

of Pittsburg, Pennsylvania.

2 . 2 IL»*TS‘ZI .lb\ LS

The suppliers of the materials uged are given in the following list:

Thymine, adenine, cytosine, thymidine and uridine (sigma grade,

crystalline); Sigma Chemical Company.
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denosine = 5' - monophosphate, disodium salt, Puriss grade;

Koch-Light Laboratories.

Uridine = 5' - monophosphoric acid (disodium salt), guanine

(chromatographically pure), guanosine = 5' ~ monophosphoric acid

(disodium salt) and cytidine - 5' - monophosphoric acid (disodium

salt, Puriss CHR); BDH Laboratory Chemicals.

Bacto-peptone, Bacto-tryptone, Yeast extract and Chlorella agar;

Difco Laboratories, Michigsen, U.S.A.

Nutrient Broth; BBL, Division of Bioquest, Maryland, U.S.A.

Agar; Davis Gelatine (1z) Ltd., Christchurch.

DYC 'Active' Yeast; Dominion Yeast Co., Auckland, New Zealand.

Malt, Wander brand dried nazlt, Type 500 LDE; A.Yander (NZ) Ltd.,
Christchurch.

Cyvclohexi-.id¢, Chloramphenicol (crystalline), Mitomyecin C.

(from Streptomyces caespitosus, crystalline) and Actinomycin D

(from Actinomyces antibioticus); Sigma Chemical Company.

Ribonucleuse A, from Bovine pancreas (5 x crystallized,

protease-free, Type 14); Sigma Chemical Company.

Bovine Serum Albumin, (Praction V.; > 95¢6; pHl 7.0); TFluka,

AG, Buchs 5G.

2, 5 = diphenyloxazole (FE0); Fluka, AG, Buchs SG.
1, 4 =D~ [ 2~ (5 phenyloxazolyl) | - benzene, (POPOE),
L -

scintillation grade; Nuclear Enterprises Ltd., Scotland.
Radioisotopes were purchased from the Radiochemical Centre,

Amersham, Buckinghamshire, England.
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Thymidine (methyl =“H). Batch No.74, sp. act. 26.8 curies/mmol.

107mCi/mg; Batch No.77, sp.act.23 curies/mmol., 95mCi/mg.

Uridine - 5 —BH. Batch o.63, sp.act.29 curies/amol., 119mCi/mg;

Batch No.73, sp.act.24 curies/mmol., 98mCi/mg.

4
L - 3 -~ phenylalaninc —1PC. universally labelled. Batch No.hi,

speact.513mCi/mmol., 917% isotopic abundance in all carbon atoms.

14,

Uracil — 2 - "C. Batch No.53, spe.act. 62uCi/mmol., 544uCi/mg.,

99% isotopic abundance in carbon atom 2.

The antibiotic discs used in bioassay were Whatman A.A. discs

(1.3cm) from V. and R. Balston Itd., BEngland.

Aflatoxin B1 and Sterigmatocystin were obtained from lLir., C. frecke,

Microbiology Department, Massey Uaniversity.

The hydroxyanthragquinone compounds were obtained from Dr. K.T.

Gallagher, Chemistry Department, lassey University. Dothistromin was

isolated and purified as outlined in gection 2.3.

The dothistromin analogue (vinyl ether derivative) was obtained

from r. G.J. Shaw, Chemistry Depertmnent, Ifassey University.
Gas cylinders of the 5% CO, in air gas mixture werc purchased

fron N.Z. Industrial Gases.
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2.3 ISOLATION AND PURIFICATION OF DOTHISTROMIN

(Method as given by Gallagher (1971)).

2431 Laboratory culture of D.pini

D.pini stock cultures were maintained on 10% Malt agar 3lants and
sub-cultured at 2 monthly intervals. To obtain spores for inoculation
of liquid culturcs D,pini was streaked on to malt agar plates, Spore
production occurred 10-14 days after inoculation of the plates. A
spore suspension, prepared by agitoting malt agar cultures with sterile
water, was used for inoculation of 10/ malt aqueous medium for toxin
production. With a heavy inoculum, pigment producticn reached a
maximum within 10 days at 170. Pigment production was assessed by
withdrawing an aliquot of the culture (using aseptic techniques)
extracting with an equal volume of ethyl acetate and reading the
absorbance of the ethyl acetate extract at 492nm in an SF3CC UV
spectrophotometer (Unicam. ). Initially D.pini was cultured in 4 ]
Brlenmeyer flasks, continuously shallen on a gyrotary shaker (Wew
Brunswick, Model G10). One large culture of 20.1 was then grown in a
Mermacell Fermentor (Few Brunswick Scientific Co.) at 180, continuously

stirred and =erated.

2.3%2 [Extraction of Dothistromin

The total culturc, medium ard mycelium, was extracted twice with
an equal volume of ethyl acetote.., The solvent was added to the
culture flasks which were shaken on the gyrotary shaker for

approximately 8 hours. After standing overnight, the ethyl acetate
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layer was decanted and the extraction procecdure repeated. For the
large Feormacell culture the extraction process was carried out in 51
Erlenmeyer flasks on the gyrotary shaker, Emulsions form very readily
during this exztraction. After the second extraction an equal volume
of distilled water was added to facilitate the separntion of ethyl
acetate from the emulsion. he flasks were shaken gently for 2-3 min.,
allowed to stand and the residual ethyl acetate layer decanted. (a
length of rubber tubing attached to o vacuum pump via a large Buchner
flask was foutld to be very useful for dispersing stubborn emulsions

and for removing any of the =thyl acetate layer remaining after
decanting. The ethyl acetate solution collected in the Buchner flask
was readily separated from any aqueous layer which accumulated.) The
total ethyl acetate extract was then washed repeatedly with aliquots

of distilled water in large separating funnels (245 1). After filtering
through fluted filter paper (Whatman No.1), the ethyl acetate was
evaporated under vacuo using a rotary evaporator, over a water bath

(40 - 500). The resulting red deposit contained a high proportion of

dothistromin.

2,33 Purification of Dothistromin

Dothistromin was purified from the amorphous red powder by
preparative thinlayer chroma‘ography (TLC). Preparative TLC was
carried out on 20 X 20 cm. square glass plates using O.75mm. thick
layers of silica gel 'G! (BDH). TLC Plates were activated by

drying overnight at 120°,
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The red powder was apnplied 22 an ethyl acetate solution to the
plates in a narrow band, approximotely 5Smum. wide, by repeatecd strezking
with a fine Pasteur pipettc. Plates were developed in ethyl 2cetate:
chloroform (60:40, v/v) by ascending chromatography. The culture
extract resolved into o number of components, with dothistromin
forming the major red band (R, 0.4). The colour of the dothistromin-
containing band varies from bright orange-rcd to crimason depending on
the pH of the solvent. This band was carefully scraped off the
plates, while still wet, into ethyl acetate. The resultant slurry
was shaken with a little distilled water and the orange ethyl acetate
layer separated filtered and cvaporated to dryness in a rotary
evaporator. The dothistromin used in this investigotion was purified
three times by TLC and stored in the dark as the dry powder. Stock
solutions, in ethyl acctate, were made up as required. The
concentration of these solutions was determined by UV spectrophotometry
(Unic» SP800). (1mg of dothistromin in 25 om? ¢thyl acetate has an

absortance of 0.75 at 490,... Gallagher, prrs. communication).

2.34 Precautionary measures for handling Dothistromin

The possible contribution of the dihydro-benzofuran or the
tetrahydro- derivative of this moiety to the toxicity and carcino-
genicity of fungal metabolites, such as the aflatoxins and sterig-
matocystin, has already been discussed. (1. 23). Dothistromin contains

a hemiacetal in this bifuran system but the formation or biosynthesis
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of unsaturated derivatives is not unlikely. For this reason
dothistromin and its cometabolites should be handle with care while
possible effects on man are bheing examined.

In general, these maeterials should be handled using the sanme
precautions taken when working with radioactive substances or
pathogenic organisms, as rcecomnended by Goldblatt (1969) for the
aflatoxins. During this study all contaminated glassware was soaked
in strong alkali before washing @nd strong alkali was added to all
solutions before discarding. Protective clothing and gloves were
worm when workinm with the toxin. D.pini cultures were autoclaved
before disposal. Contaminated solid waste, such a2s filter papers,

was placed with solid waste from radioactive studies for incineration.

2.4  MICROBIOLOGICAL METHODS

2.41 Maintenance of Chlorclla cultures

Chlorella pyrenoidosa was maintained on Chlorelln agar slants

(see section 2.7) and sub=cultured every 4-5 wecks. After inoculation
the slants were illuminated at 250 for 4-5 days and the cultures were
then stored at 40. Cells for the inoculstion of liquid cultures

were token from fresh slants (4-7 days old).

2.42 Liquid culture of Chlorella

Chlorella pyrenoidosa was grown autotrophically in an inorgonic

mediun aerated with 5% CO2 in air; details for preparing the medium

3

are given in section 2.7. The cultures were grown in 500 cm” or
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1000 cm3 Erlenmeyer flasks stoppcred by rubber bungs fitted with glass
tubing inlets arranged so that acration prevented the cells from
scttling out during culturing. The Erlcnmeyer flasks were fitted
with a glass~tubing side-arm and stopcock sct in the base for the
reaoval of samples during cul turc.

Chlorella cultures wecre grown at 25° in o thermostetted room.
The cultures were illuminated with two Dbanks of four Atlas
'Super--Gro', 20 watt fluorescent tubes arranged to give an incident
light intensity of BO0OO lux (measured using a Seiko photographic light
meter) at the surface of the culture vessels. To prevent local areas
of higher tempcrature around the light banks, a large Indole fan vas
installed behind the lights to keep the air circulating ond maintain
an even temperature throughout the room. The bench-top was lined
with white paper to reflect light through the base of the culture
vessels which were placed on inverted square wire baskets. The gas
was bubbled through a Drechs~l bottle of sterilc water before being
introduced into the cultures. & schematic diagram of the culture

apparatus is given in Fig.4.

2.43 Use of Chlorella in Plate Biocassay

3

of =~ two day culture of

5 of Chlorella agar

To prepare the bioassay plates, 10 cm
Chlorella was dispersed thoroughly in 100 cm
cooled to 45°. This seeded agar was poured into sterile petri
plates at 20 cm3 (approx.) per plate and the agar allowed to

solidify. Known amounts of dothistromin (or compound for assay)
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FIGURE 4: SCHEMATIC DIAGRAM OF CULTURE APPARATUS FOR CHLORELLA.

Growth Flask

Drechsel flask ‘ Growth flasks

(Hp0) ' -
| |

Gas source — — Cooling
(5% CO5 in air) | fan

Bank of Fluorescent Lights



24.

were applied to antibiotic discs as an ethyl acetate solution using
microlitre pipettes or Hamilton microlitre syringes. Solvent control
discs were prepared in the samec way. The discs were allowed to dry
thoroughly. Bach disc was then placed in the centre of the sccded
agar petri plates.

The plates were incubated at 250 under fluorescent illumination
(Atlas 'Super-Gro', S-2008, 20 watt tubes) for 4 days. At this time,
the diameters of the resulting inhibition zones were measured,

To improve the clarity of the inhibition zones, an 'overlay
technique' was adopted for biocssay. Bagsal laycers of sterile
unsecded Chlorelle agar (approx. 10 cm3 per plate) were a~llowed to
50lidify in the petri plates beforc the Chlorella-secded agar layer was
poured (approx. 10 cm3 per plate). Antibiotic discs wecre placed at

the centre of each plate after both ogor layers had solidified.

2.44  Bioassay Procedurc, using other micro-organisms

The bioassay procedurc used for the range of micro-organisms
screcied for sensitivity to dothistromin was as outlined for Chlorella.
Aliquots from overnight nutrient broth cultures of each organism
were added to and dispersed thoroughly in flasks of sterile nutrient
agar cooledto 450. The seeded agers were poured onto basal layers
of unsceded nutrient agar in sterile petri plates and the appropriate
disc placed in the centre of each one after the agar had solidified.
Since most of the other organisms investigated have a much faster

growth rate than Chlorella pyrenoidosa these plates only required
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overnight incubation before the zones of inhibition were measured.

The exception was Baglena gracilis. M pglena bioassay plates, like

those of Chlorella, were illuminated for four days before the zones
of inhibition were measured.

Details of media preparation are given in section 2.7.

2.45 Mecasurement of Growth of Chlorella in Liquid Culture

After inoculation of liquid media, Chlorella cultures were grown
as described above. At timed intervals, following Tentle shaking of
the culture vessels to ensure an even cell suspension, 5 cm3 samples
were withdrawn from the cultures via the side-arms. The OD 66onm
of each sauple was then rcad in a Bausch and Lomb Spectronic 20
spcctrophotometer. Samples were diluted with distilled water if
necessary.

A standard curve relating OD 66onm to cell number/cm3 was
constructed using a haemocytometer (Fig.S.). The standard -~urve
plotted is a composite curve utilizing data from cultures over a

wide range of dilutions.

2.46 Synchmonous Culture of Chlorella

2.461 Introduction to Synchronous Culture Technigques

Synchronous cultures are those in which the principal mass of
the cells in a given population are at a single stage of development,

The methods that have bcen developed to achieve synchrony in various

cell systens have been conveniently sunnarised by Janes (1966) and this
table is duplicated here for reference (Table 1). (For a nore recent

discussion refer to Mitchinson, 1971).
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FIGURE 5: STANDARD CURVE FOR CHLORELLA.
( ODg6o nm Vs- cell no./cm3)
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TABLE 1.

Methods for Obtaining Synchronous

Cultures

Category

Principle

INDUCED SYNCHRONY

Temperaturc methods

Cycles

Shifts

Shocks

Light wmethods

Cycles

Nutritional methods

Synchronous cultures are produccd by
treatment of the culture.

Temperature changes are uscd as the
treatment.

Culturc is subjected to a g¢old-warm cycle
egual to one generation. Cycle is repeated
with renewal of medium with each cycle.

Tenperature is changed from a low to a
high level. Divisions occur in warm period.

Temperature is raised and lowered in rapid
succession in a series of pulses. Pulses
range from optimal or suboptimal to supra-
optimal. Divisions occur following a
period at the lower temperature.

Light changes are cue for the entrainnent
of cell cycle.

Light and derk cycles are used to entrain
cultures of photosynthetic cells such that
divisions occur one each cycle. Strength
and duration of light period must be such
as to give balanced growth.

Growth on basal medium is followed by
addition of enriched medium called a shift-
up, or vice-versa, a shiftdown. Shifts
from starvation level to enriched medium
are also used.



28.

TABLE 1 (Cont'd.)

Category

Principle

Ahuxotrophic control

Heterotrophic control

Gasometric methods

Aerobic—anaerobic

Inhibitory methods

SELECTIOR SYNCHRONY

Sizing methods

Filtration

Scedimentation
velocity

Grow-~off methods

Substrate attachment

Uses a change in a single requircment
holding other requirements in excess,
Genetic strains with specific requirements
arc most effective.

Makes use of changes on broad spectrum
requirenents, i.e. carbon source, nitrogen
source. Divisions occur after a lag
following enrichment.

Uses single or nmultiple cycles of bubbling
nitrogen then air through the culture in a
fixed pattern in time to induce synchrony.
Controlled gas tensions nay also be a mode
of control.

Imploys amn inhibitor of cell division or a
stage in the cell cycle and a washout
procedure to accumulate cells at a
specific stage of cycle. Excess of
natural mctabolites are most promising,
i.e., thymidine.

Synchronous cultures obtained by isolation
of a specific stage.

Depend on correlation between cell size
and cell age. Selects small fraction from
a logarithmic culture to start synchronous
subculture.

Small size bacteria are obtained by ex-
pressing slurry of cells through a filter
pad. Care is taken to maintain other
conditions constant. Small cells are
subcul tured.

Depends on difference on sedimentation rate
with cell size. ©Small cells are removed
from upper portion of a density gradient to
forn synchronous subculture.

Adsorb cells onto filter pack. Parent cell
attaches, daughter cell falls off at fission.

Tissue culture cells and amoeboid forms
attach to the substrate during interphase of
the cell cycle. At time of division they
tend to round up and detach. Collection of
detached forms provides subculture of
synchronous cells.,

-~ from James (1966).
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2.462 The cell cyele of Chlorella

Synchronized cultures of Chlorclla were first developed by Tamiya
and colleagues. After the observation of two distinct forms of cells

in:cultures of C. ellipsoidea, these two types of cells werc shown

to have different characteristics; the smaller 'dark' cells being
richer in chlorophyll and norc active photosynthetically than the
'light' cclls (Tamiya ct al,, 1953). It was also shovm that the
'dark! cells, if illuminated and providecd with adequate nutrients,
increased in size and became 'light'! cells, which in turn divided
to form daughter cells similar to the 'dark! cells. The process
whereby the 'light' cells were transformed into 'dark! cells was
found to be light indcpendent. Tamiya et al. (1953) also note
that their cultures displayed the 'peculiar phenomenon' of an almost
simultancous change from onc form into the other at a fairly definite
time interval, a phenomenon which ceascd ~ifter several days culturing.
Further work by the Japancse group cstablished the cycliéc nature of
P

L
the development of C. c¢llipsoidea andfso-called 'Tamiya cycle' with

its 7 stages of growth and ripening was published. (Tamiya et al,.,
1961a) (See Fig.6).

Since the establishment of & technique of synchronizing C. cllipsoidea,

the effects of various environmental factors have becn extensively
studied. Of interest in the context of this research study i the
investigation of the effects of more than fifty antimetabolites on

the cell cycle of C. sllipsoidea undertaken by Tamiya et al. (1961b).

Their results indicate quite clearly that effective use can be made
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FIGURE 6: THE ‘TAMIYA’ CYCLE

St-ripening

Po,

Diagram of the cell cycle of Chlorella ellipsoidea. White arrows indicate light-dependent
processes, and black arrows show light-independent transformations. (From Tamiya et al., 1961a)

( D, D—L etc. — notation developed by these workers for reference to cells at a particular

stage of the cycle).
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of synchronous culture techniques as a tool in the investigation of
the nechanism of action of inhibitory substances.

The nost widely uscd method for synchronizing algal cells
involves the use of light: dark regines. The duration of the light
and dark periods as well as the intensity of illumination arc
important factors in deternining the success of a synchronizing
regine. The light period must be of sufficicent length to allow
cells to photosynthesize and carry out the metabolic processes necessary
for growth and cell division. With the d=rk period beginning just
prior to thc onset of cell division, thc daughter cells are released
in darkness and, until the onset of the following light period, thesc
ceils are prevented from initizting a new cycle of growth and
development. This forms the basis of the synchronizing method.
Obviously a dark period of excessive duration would result in the
starvation and depletion of cells. On the other hand, if the periods
between illumination were too brief cell division would not have been
conpleted by the entirc algal population, duc to slight variation in
the lengths of individual cell cyclces,. This would nake synchrony
difficult to achiecve, The regine used to obtain synchrony must be

'selectively chosen by trial and error' as noted by Temiya (1966).
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2.463 Decvelopnent of Technigque for Synchronous Culture of Chlorella

2.4631 Prcliminary Studies

The nmajor difficulty cncountercd in setting up synchronous
cultures was the determination of the duration of the illumination

period required for growth by this strain of Chlorella pyrenoidosa

undcer the growth conditions chosen. First attempts in this direction
were unsuccessful. These included cxposing a log-phase batch culture
at an initial cell density of 1.5 X 10':7 cells/cm3 to two successive
light: dark cycles of 36 hr:f2 hr with dilution of the population to
the initial cell density at the beginning of the second cycle. (The

regine chosen was based on the life cycle of C. ellipsoideca as

observed by the Japanesc group.) Little or no significant changes
werc observed in the cell size distribution and the cell number only
increcased to 2.7 X 107/cm3. This suggested that insufficicnt light
was available to the culture to permit optinmal growth. The banks of
fluorescent lights were rcarranged to give an incident light intensity

of 8000 lux at the surface of the culture vessels. (Data obtained by

Tamiya ¢t al., 1964; Morimura, 1959; wusing C. ellipsoidea as an
experimental organism show little increase in growth rate at 250 at
light intensities above 10,000 lux.)

An established culture was incubated in the dark for several
days before being used to inoculate fresh medium at an initial cell
density of 2,2 X 107/cm3. A cell size distribution plot of this

*starter' culture showed that 577 of the population werc small cells
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(of diam, “f3‘00;x). The culture was grown under continuous
illunmination and samples were withdrawn at intervals for determination
of cell numbers and cell size distribution. At no timc was the
expected 'burst' of cell division obscrved and again changes in cell
size distribution were not significant. It was recognized that the
starting inoculun would have suffered some degree of starvation but
it was hoped that thec apparent honogeneity of the initial population
would encouragec sore degrec of synchronization. It is possible that
a percentage of the population were no longer viable and thus obscured
any synchronized division which nay have occurred.

Obviously thc selection of an homogenous starting population is
an advantagc in establishing synchronoids cultures.

Differential centrifugntion was investigated as a means of
preparing homogcnous starting cultures because of the ecase with which
large volunes can be handled and the relative euse of maintaining a
sterile environment. 4 log-phase batch culture of Chlorella was
subjected to centrifugation at 9000 rpm X 8 min. (13200 X g).  The
entire algal population, which precipitated under these conditions,
was resuspended in cold, sterile 0.02M KH2P04, pH 4.5 (Sorokin,
1965) and centrifuged threc times in succession at 1000>ym X 2 min.
(100 X g). Lfter each centrifugation the precipitate of larger
cells was discarded. Samples were takcn at each step and the cell
size distribution within each fraction determined.  Representative

cell size frequency histograms arc given in Fig.7. As shown, this
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procedure yields an algal population in which nore than 7% of
the cells are smell (of d'an. < 3.00m)e

A population sclected by differcential centrifugation as
outlined above was collected by centrifugation and resuspended in
pre-equilibrated mediumn. Under continuous illumination of the
culture the onsct of cell division, as evidenced by an increase in
cell nunber and the reappearance of small cells in the cell
population, was observed in samples from the 16th to 17th hour of
culture.

On the basis of thesc cxperiments, a method using a light: dark
regime (16nr : 8 hr) followed by the selcction of an homogenous
population by differential centrifugation was adopted to initiate
synchronized Chlorella cultures for the purposes of this rescarch

study. Full dectails of the nethod are given below.

2.4632  Procedure for obtaining synchronous cultures of Chlorella

'Starter! cultures, from which the .inoculum for initiating
synchronous cultures was derived, were iInoculated from agar
slants, These starter cultures were grown on three cycles”of 16hr.
fluorescent illumination followed by 8 hr dark at 25° in the
experimental apparatus described for liquid culturc of Chlorella.
During dark periods the growth flasks werewrapped in aluminiunm foil

to exclude the light. (By this means other experiments,not

necessarily in phase with the light: dark regime, could be carried
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out at the same time.) The thrce cycles of 16 hr : 8 hr regine were
followed by a 72 hr period of growth in thc dark.

At the end of this precultural regine the cells were harvested
by centrifugation (13200g, 9,000rpa X 8 nin GSA rotor in Sorvall-SS-3
ccntrifuge) in sterile, netal 25001:13 containers. The cells were
then resuspended in 0.5 volunes cold sterile O.OZJIKH2PO4, pH 4.5
and centrifuged X 3 at 1,000 rpn X 2 min (100 g, GSi rotor). After
cach centrifugation the precipitate of larger cells was discarded.
The 'small' cells, selected by differential centrifugation in this
manner, were precipitated by centrifugation (13200 X g; 9,000 rpnm X
8 nin, GS.L potor). The 'starter' population was then resuspended
in growth nediwai, which hnd been pre-cquilibrated at 25O and aerated
with 5% 002 in air, to give an OD66Omm in the order of 0.01 (to give
an initial cell density of 1.0 X 1O6 cells/cmB).

The synchronous cultures initiated in this way werce grown in
rlenmeyer flasks, aerated with 5% CO2 in air at 25O and illuminated
in 2 16hr : 8 hr light: dark regine, (unless specified otherwise).
Sanples for analysis were withdrawn via the side-atms at tinmed
intecrvals. The bulk of each sanple was frozen immediately and stored
until the end of the experiment when all samples werearslysed.

Small aliquots of each sample were taken for estimation of cell
nunbers and cell size distribution.

Duplicate cell counts were taken of each sample using a

haemocytometer. (The marked changes in cell size which occur in the
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lifce cycle of Chlorella and the variation of pigmentation over

this period precluded estimation of cell numbers by OD S

660nn:
used for the growth cultures. This nethod would have necessitated
the construction of a standard curve for each stage of the cell
cyclc.) Ccll size distribution histograms were plotted from
neasurerents of 100 cells from each Chlorella sample, using a
calibratcd travelling eyepiece (E. Leitz, Yetzlar).

4t the cond of cach experiment all stored samples werc thawed

and duplicate aliquots taken from each for separation into wucleic

acid and protein fractions.

2.464  hssegsment of Degrce of Synchrony Achicved

Requirements for ideal synchrony as outlined by Senger and
Bishop (1969) are:

i). Coaplete synchronization - that all cells should
undergo complete division in the synchronous life cycle.

ii). Homogeneity - all cells of a synchronous culture should
deviate as little as possible fron the developmental
stage of the mass of the cultural population.

iii). Exponentiallgfowth ~ cultural conditions should be
optimal to allow growth in the exponential phase with

the shortest possible life cycle.
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iv). Non-susceptibility of the life cycle to the synchronizing
procedure - the method of obtaining synchronous cultures
should not affect the biochemical events in the cycle and
the cells should be identical at the beginning and end of
one synchronous cycle.

The synchronized Chlorclla populations :ichieved do not

conplctely fulfil all of these requirenents. The conditions of

cul turc would appear to allow near optimal growth and there has been
considerable discussion as to whether algal cultures synchronized by
light: dark alternetions fulfil the fourth of these requirenents.
Some authors arguc that a light: dark reginme corresponds more closely
to thc natural environnental conditions of algec than does

continuous illumination and is therefore more physiological
(Goryunovn et al., 1962; Senger and Bishop, 1969). It hnas also
becen reported that growth was inhibited in cultures under continuous
illunination with repetitive dilution (Ruppel7 1962).

In the system used for this research there is a fairly high
degree of population honiogeneity as shown by cell size distribution
plots, but complete synchronization is not achieved. (The division
nunbers in most cases HaPe slightly less than 4(.0).

Investigation of the pattern of events occurring over the cell
cycle of a continuously illuminated synchronous culture of Chlorella

showed a continued incrcase in cell nunber over the cell cycle and
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a wider range of cell size in the algal population than in cultures
grown under the intermittent illumination of the light: dark

regine (soe Fig.15). Continuation of the synchronizing procedure
is thercfore necessary to maintain synchrony, particularly for more
than one cycle. Further work showed that ceven usina programned
illunination and diluting thc¢ culturc with fresh mediun at the end
of thc first cycle (i.c. at the onset of the second light period)
the degree of synchrony achicved in the second cycle was nof as
satisfactory nor as reproducible as that of the first cycle.

Therc have been a number of papers reporting indices of
synchrony, i.c. ways of assessing the dcorce of synchrony achieved
(Bngelberg, 1961; Scherbaum, 1964; Engelberg and Hirsch, 1966;
Burnett-Hall and Waugh, 1967). Only thc index proposed by
Scherbaum has been appliced in this casec. The synchronization indoex
(SI) is defined as:

. T+ gt
S = 1 - 1T 12

(2-n)
gt

ot
i

tine (mins.) during which synchronous
division occurs

where

gt = gcneration time (mins.) of normal
exponentially growing culture

No.cells in synchrony
total No. cells

and n =] 1 +

Using this index it has becn possible to assess and compare the

synchrony achieved. The index approaches unity for a culture

showing a high degree of synchrony and becomes very much less for
cultures in which only o portion of the total population are in synchrony.
Exanples of calculated SI values are given in Table 2. For the cultures
developed in this study the SI was in the order 0.6 - 0.7. This index
becarie very nuch less for cultures where successful synchronization was

not achieved.



TABLE 2

Synchronization Indices (SI)

CULTURE: Initial 2e11 Final cgll
PEpE 1 no./cm no./cm
Intermittent illumination
(incomplete cell division 6 6
over longer period) %7l P KO 3.3 X 10
Expt.II 5 .
Internittent illumination 2.0 X 10 8.0 X 10
Continuous illumination* 2.0 X 106 10.0 C 10t
Expt.III
Continuous illumination 1.0 X 1O6 4.01 X 10b
Expt. IV

6 €
Continuous illumination 0.6 X 10 2510 4 1@
Continuous illumination
(culture containing 6 6
Dothistromin) B.6 T 70 0.70 X 10
ST - 1 .ttat (2-n)
1+12 2%
_ no. cclls in synchrony
wieze Il = 1 e e 15
generation time (gt) = 1440 nins.

* Very large burst of cell division occurring over longer period

with & division no.

n

1.48

2.0

1.95

1.88

1.29

K

600

480

480

480

480

40.

min)

> 4,0 and still increasing at 24th hr.

-.. SI

0.71

0.66

0.59

0.074
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The degrec of synchrony achicved in the Chlorella systen developed
could clearly have been improved and it is recogniscd that the cell
cycle is, in all probability, lecngthencd by a lag pecriod resulting
from depletion during the precultural treatment. However these
cultures separatcd cellular growth processes from those of nuclear
and cellular division sufficiently to allow their use as a

biochemical tool in studying the effccts of dothistromin.

2,47 HMaintenance and growth of Seccharomyces cerevisiae

Cultures of S.ccrevisiae were maintained on MYIG (malt/yeast

extract/Peptonc/glucose) agar siopes. After inoculation the s apes
were incubated overnight at 300 and then stored at 40. The organisn
was sub-cultured every 3-4 weeks. Liquid cultures were grown in

the mcdium detailed in Section 2.7. This medium was inoculnted

fron fresh slopes of the culture and grown at 30°.

2.48 DMaintenance and Growth of Bacillus negaterium (K4, KN~

Cultures of B.megateriun wecre maintained on the mediun given

in Scction 2.7. After inoculation the slopes were incubated at 300
overnight and then stored at 40. The organisms wcere sub-cultured
every 7-8 days. Liquid cultures were inoculated from slopes into

the mediun detailed in Section 2.7. and grown at 30°.

2.49 Measurenent of Growth of S.cerevisiae and B.negateriun

Liquid cultures of S.cercvisiae or B.megateriun were grown

at 30° in a sheking waterbath, in 25 cm3 Erlenmeyer flasks fitted
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with side-arm tubes designed to fit a Klett-Summerson photoelectric

colorimeter. Each flask was withdrawn from the waterbath at timed

intcrvals and the change in cell density mecasured by following the
increase of the Klett * the period of culture. In this way
growth curves were plotted for both organisms and the toxic levels
of various compounds established by addition during log-phasc and
observation of the rcsultant changes in the growth of the culturc.

To cestablish the effective range of the dothistromin: cell
nunbcr ratio for each organisnm it was necessary to be able to

3

correlate Klett units with ccll numbor/cn 3 Standard curves were

3

prepared by counting nicroscopicelly the number of colls/cm in

cultures of a known Klctt unit. For S.cercvisiae, a budding ycast,

buds were counted as whole cclls when they had attained 50% of the

parcnt—ce‘l size, as judged by cye.

2.5 ANALYTICAL METHODS

2.51 Determination of nuclecic acids and protein

2.511 Modified Schnidt-Thannhauser Extraction Procedure

(Buetow and Levedahl, 1962)
The following extraction procedure was used for the determination
of nucleic acids and protein throughout the cell cycle of Chlorella
and for dectermining the distribution of label in cellular components

after radio-isotope labelling.
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Duplicate sanples for cxtraction were concentrated by
¢ ntrifugation (5 min, top setling, Gallenkamp 'Junior' benchtop
centrifuge) and the supcrnatants discarded. The pellets were
cxtracted successively with absolute c¢thanol (3 cm3), twice with
absolute ethanol: ether (50: 50, v/v) (1 cm3) and with absolute
ethanol (1 cm3). In cach extraction the pellet from the previous
step was carcfully resuspended in the solvent and left to stand
(5—10min.) before centrifuging. The supcrnatants from cach stage
were discarded.

To extract acid-soluble componcents the pellets werce rcesuspended
evenly in 1 cm3 cold 0.2M perchloric acid and placed on ice for
15 nin. At the end of this time the suspcensions were centrifuged
and pecllets re~extracted with 1 cm3 cold 0.2M pcrchloric acid in
the same nonner. The supernatants from thesc last two steps were
corbined to form the 'acid-soluble' fraction.

The preocipitate from the final centrifugation was resuspended

3

in O.5cn” 111 sodiun hydroxide and incubated in a 300 waterbath
overnight (16hr) to hydrolyze the &ii..  (During incubations all
tubes were topped with glass narbles to prevent evaporation.)

After neutralizing with O.Scm31_M hydrochloric «cid, the suspensions
were chilled on ice for 15min. DNi and protein werce precipitated

3 cold 1M perchloric acid. The prascipitates

by the addition of 3 cn
were collected by centrifugation and the supernatant from this step

forms the 'alkali-labile'! fraction (containing RNA components).
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precipitate was resuspended in 50% ethanol and aliquots of both the
supernatant and precipitate fractions taken for estimation of rodio~

activity.

2.513 Bstimation of nucleic acids

Concentrations of RITA and DNA in the fractions arising from the
Schriidt-Thannhauser extraction proccdure were determined by UV
spectrophotonctry (Hitachi 101 spectrophotorieter) using the nethod
of Dc Docken-Grenson and De Dezen (199).

The RNA fractions were rcead against a 1.M perchloric acid blank

at 260 nn aand 315 nn. The concentration of RNA (};g/cmj) is given

1.

by :

(oD ) X 33.16

260mn = “P3150m
Sipilarly the DNA fractions werc read at 267nn and 315nm, the

conccentration of DNA (»(g/cm3) in cach fraction being given by:

(OD267nIJ - Dy ) X 32.94

2.514 Estination of total protein

Protein in the Schmidt-Thannhauser fractions was dctermined
by the ncethod of Lowry, Roscbrough, Farr and Randall (1951).
Standard curves covering the range 0-100 :.g protein were constructed
using a bovine serun albumin standard. All protein estimations were

recad at 750nm (Hitachi 101 spectrophotometer).
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2.52 Fluorinctric Detection of Dothistromin

Zones from agar bioassay plates were investigated for the
prcesence of dothistromin by utilizing the fluorescence of the
conpound. Sanples were exawined for fluorescence in a Turner
Spectrofluorineter, (G.K. Turner spectrofluorimeter Model 430),
using an excitation wave length of 471nm and an emission wavelength of
555nn. These wavelengths werc selected after deternining the
cnission and excitation spectra of dothistromin in the following way,

Since the fluorescence cxcitation and the eobsorption speetra of
fluorescent materials correspond, the excitation wavelength was set
on the najor absorption peak (492nm) and an enission scan was taken,
Using the maxinunm emission wavelcength found in this way, an
excitation scan was taken and cech of the excitation pezks found
was cxanined to determine the settings giving nmaxinunm sensitivity
for dothistronin fluorescencec. The cxcitation and cenission spectra
for dothistronin and for 1,4 &hydroxyanthrquinone at these settings

are shown in Fig.8.



FIGURE 8:

EXCITATION SPECTRA
(emission @ 555,,,,)

|
[}
!
!
!
)
/
° !
/
i
A ]
N [}
/
/
o )
/
. /
/
/
" /
- 4
’
\‘ /
1 /
/ ] 4
{ \ /
/, \ /
/
oo\
/ \1/
-
-—41_________________ "
t t 1t
300 400 500

(nm)

ethyl acetate

1,4 dihydroxyanthraquinone

.......... dothistromin

FLUORESCENCE EXCITATION AND EMISSION SPECTRA

EMISSION SPECTRA
(excitation @ 471,,,)

\
‘\
| |
| 1
{ \
| [}
)
{ i
] |
}
! l|
,’ / \
| \
|
{ \
! 1
] .
[ |
1 !
J \
| \
I S
' x
!,
i \
' \
{ \
] \ B
I L \
| \\
/’ \
\ )
b Iy
\ I’ \[
\\.< \
\
| \
\
\
L

47




48.

2.6 RADIOCHEMICAL METHODS

2.61 Scintillation Counting Procedure

All radioactive samples were counted in Toluwene: Triton
scintillation fluid. A 1cm3 aliquot of each sample was transfcrred
to counting vials and 501:13 scintillation fluid added. The radio-
nctivity in each vial was counted using a Packard Tri-Carb Liquid
Scintillation Spectrometer (lodel 2002 or Model 3375). Each sanple
was counted over 10min. and the results expressed as cpm. Background
counts wcre derived from the equivalent samples containing no added
isotope.

The toluene: triton-X-100 (2: 1, v/v) scintillation fluid
contained PPO (3g/1) and FOFOF (100mg/l). To prepnre 1 litre of
scintillation fluid, dissolve PPO and POPOP in the proportions given

3 3

in 660cn” tolucne (redistilled) and add 330cn” triton-X-100.

2.62 Count Corrcctions

All counts were corrected for background counts and then
expressed as cpn for the total sample. Since the data were being
used to compare the incorporation of label under different treatment
conditions it wnas not necessary to determine the absolute anount of label
present in each sanple. The assumption was made that for the sane

type of fraction the degree of quenching was the same and that the

other errors present in the counting systcen were constant. However
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where comparisons were rade with label incorporation into different
fractions it was necessary to apply quench corrections. (Different
fractions were counted in differcnt solvents so the degrec of
quenching between fractions varied. ) These corrections were nade
by reference to quench corrcction curves plotted from data obtained

1
fron o sceries of quenched stondards. 4 C = n -~ hcxadecane and

3

H - n - hexadecane were used in the quenched standards.

2.63 Labelling Procedures for Chloreclla
2

5cn” filiquots of Chloreclla liquid culture werec taken from the
parent synchronous culture at the indicated times ~nd incubated
with labelled isotopes and toxin in SOcm3 Srlenmeyer flasks.
These snall flasks were suspended over a bank of fluorescent tubces
(Atlas 'Super—GroQ and aercted with 57 CO2 in air over the labelling
period. The npparatus was set up in 2 fume cupboard. At timed
intervals the uptake of 1label into the cells was arrested by
addition of 2Ocm3 boiling ethanol. The cells wcre collected by
centrifugation (5nin x top speed, Gallenkanp 'Junior' benchtop
centrifuge) and re-extracted with 250r13 boiling 80% ethanol. The
cellular material was then resuspended and a 1cm3 aliquot counted

or the sample was separated into RNA, DNA and protein containing

fractions using the Schnidt-Thannhauser extraction procedure.
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2.64 Labellings proccdurce for S.cerevisiae and B.nmegatériun

The labeclling procedure usced for the prelininary work with
thesc organisns was adapted from that used for the Chlorella studies.
50133 of liquid culture of the organism, taken from culture in
logarithnic phase of growth, was shaken in a 300 waterbath in SOcm3
Erlenneyer flasks with the addition of labelled isotopes and toxin.
The entirc 5cm3 sariple was extracted with 2Ocm3 boiling ethanol,
centrifuged and re-cxtracted with 250m3 boiling 80% cthanol.
fliquots of the resuspended cell material were token for counting or the
whole sanple was subnmitted to the Schnidt-Thannhauser extraction
proccdurce to deternine the label distribution throughout the
cellular fractions.

The techniques usced for labelling and for withdrawing samples

at carcefully tinmed intervals were refined for the B.negateriun KM

3

studies. iiquots of log-phase cultures (7.5cn” - 15c33) were
incubated, with labclled isotope, carrier compound and toxin or
antibiotic as specified, in SOcm3 Erlenncyer flasks in a shaking
waterbath at 30°. A%t timed intervals a 1cm3 aliquot was rapidly
withdrawn using an Eppendorf pipette. Each aliquot was quickly

added to 4cm3 hot ethanol to stop label incorporation. (Tubes
containing the neasured volunes of cthanol were kept standing in a

hot waterbath, topped with glass narbles to prevent solvent evaporation.)

3

After centrifuging each sample was resuspended in 5cn” hot 80% ethanol.
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These suspensions were centrifuged to collect the cell natcrial

which was then resuspended and fractionated using the Schmidt-Thannhauser
proccdure., Aliquots from cach fraction werc taken for counting. This
nodification of the labelling procedurc pernitted accurate sampling

at very short time intervals.

2.65 Investigation of the distribution of isotopic label arong

ccl]l fractions

For each organisn studied the distribution of label throughout
the cellular fractions (as derived by the Schmidt-Thannhauser
proceduro) was detcrnined. These label distributions arc given in
Tables 10, 11 and 12, and indicate that the counts incorporated into
the cell material after hot cthanol cxtraction are not a reliable
neasure of specific biosynthctic activity, ie.c. protein or RNA
synthesis. Non-specific labelling occurs particularly when

3 4

labelling with “H - thynidinc or ! C - phenylaldnines For this

reason data given for the B.megateriuni KM cxperiments represent

the label incorporation into the relevant Schnid t-Thannhauser
fraction (i.e. 3H - uridine label incorporation into the RNA -
containing fraction etc.).

The components in which the label was present in each of the
fractions was further investigated by analytical techniques. The
RNA hydrolyzate was subjected to electrophoresis to separate the
conponent nucleotides which were identified by comparison of Rf.

values with those of standard nuclcotide solutions. The DNA
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hydrolyzate was chrom:tographed using standard purinc and pyrimidine
bases for comparison, and the protein frgction was hydrolyzed and
resolved into its component omino acids by high-voltage clcctrophoresis.
The procedure used to obtain labelled material for anclysis was
identical to that used for inhibition studics. The entire 7.50n13 of
each assay was token after a 20niin labelling period at 300. (3H uridine

1
e - pheala 0.5 Ci/assay)

50 w Ci/assay; e thynidine 50 «: Ci/assay;
after two extractions with hot 80% cthanol cach assay was fractionated
by the Schnidt-Thannhauser procecdurc. (0.33M Lithium hydroxide was
used for the overnight alkaline hydrolysis instead of %M sodiun
hydroxide because it was found to bc very difficult to remove sodiun
or potassium perchlorates from the hydrolyzates.) A1l fractions

were neutralized with 0.33M Lithium hydroxide or 1M pcrchloric acid

as required, and frecze-dried, The dry Rili and DNA hydrolyzates

were extracted twice with ether: isopropanol (2: 1 v/v) to renmove

the lithiun perchlorate, and the residues resuspended in 1cu3 glass

distilled water.

2.651 Electrophoresis of RNA hydrolyzate

The RNA hydrolyzate was applicd to strips of VWhatman No.1 paper
(25 X 2cn) and resolved into its conponent nucleotides by electro-
phoresis (150 volts X 4nr) in 0.1M annoniun formate buffer, pH 3.5.
Nucleotide standards (0.01M) and a mixturc of nucleotides were run at

the sace time. After drying, the strips werc examined under UV light
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and the nuclcotide bands identified. The distribution of label was
determined using a Packard Rodiochromatogram Scanner (Model 7200)
fitted with a Packard recording rctemeter.

Results are presented grophically in Fig.9. The novement of
uridine nonophosphate appears to be retarded in a nixture of
nuclcotides. However, one¢ pcak of activity detected by the
stripscanncr corresponds with the position of uridine monophosphatc.
The other peak coincides with the position where adcnosine and cytidine
rnonophosphate travel. It is possiblc that this pecak is due to the

presence of labelled cytidine nucleotides.

2.652 Chronatography of DNA hydrolyzate

The DNA hydrelyzate was separnted into its conponent bases by
ascending chromatography in isopropenol: conc. HCl: water (65:16.6:18.4,
v/v/v). Aliquots of the hydrolyzate were carecfully spotted onto
Whatnan No.1 paper (20 X 20cn). Standard solutions of pyrimidines
and purines (0.01M) and » nixture of thec bases were applied to the
sane chronatogran for reference. 4fter approx. 6hr the chromato-
gran was dried and examined under UV light to locate and identify
the components. The distribution of label was detcrmined using a
radio-chronatogran scanner and these results are given in Fig.10.
The only peak of activity detected by the strip scanner lies in the
position where thymine chromatographs. No activity was detected in

the positions occupied by the other bases.



FIGURE 9: ELECTROPHORESIS OF RNA HYDROLYSATE -

0.1 M ammonium formate buffer, pH 3.5
150 volts x 4 hr.

Spots visualized under UV light.
Radioactivity located using a radiochromatogram scanner.
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FIGURE 10: CHROMATOGRAPHY OF DNA HYDROLYSATE

Spots visualized under UV light.
Radioactivity located using a radiochromatogram scanner.
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2.653 High Voltoge Electrophoresis of protein hydrolyzate

The frecze-dricd protein sanple was subjectcd to 6 M iIC1
hydrolysis at 110° for 12hr in vacuo. The conponents of the
hydrolyzats were resolved by high-voltrge electrophoresis at 3 lkilo
volt X 1 hr in acctic: fornic buffer, pH 2.1. glacicl ascetic acid

(800): formic acid (100): distilled water (5900) . The anino acid

narkers were applied in 10,» isopropanol, (final concentration of cach
anino acid,Spnolc/cmB). After electrophoresis the papcers werc dried
and sprayed with ninhydrin. The resulting anino acid distribution

is presented in Fig.11, showing thc marker positions for referencc.
The distribution of label was detcrmined by use of 2 radiochromatogranm
scoanner. The rcsultant scan shows o single peck of activity in the
arca in which phenylalanine runs, Howcver, since thc amino acids
obtained by hydrolysis of protein arec not completcly resolved by
single dimensional celectrophoresis it is not possible to otate

definitely that all the activity is in phenylalanine.
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2.7 MICROBIOLOGICAL MEDIA

Aqucous 10% Malt Mediun (— D. pini)

Malt (Wander brand dricd nalt, Type 500 LDE) 10% (w/v)
Yeast (DYC 'Activc' Yeast) 5g/1

Cholesterol 20ng/1

were dissolved in hot distilled water, stirrcd by a2 nognetic stirrer.
Lfter 10 nin,., stirring the nediwi was dispensed into Erlenncyer
flasks, stoppercd with cotton wool bungs and autoclaved (15 nin.,

0]

121°, 15 psi).

105% Malt igar (- for the naintenance of D,pini)

To preparce plates and/or slants 1.5% (w/v) agar was added to the
agqucous 10% nalt nediun. Lfter stirring on a nugnetic hot plate
to dissolve the agoar, the mediun was poured into ZOcm3 HeCartney

bottles (approx. 10003/bottlc) and autoclaved (15nin., 121°

, 15 psi).
The McCartney bottles were til ted while thce agnar was still molten and
left in this position as the agorcooled and solidified to forn
slants. For the preparation of plates the nediun was autoclaved

in a cotton wool stoppered Erlcmmeyer flask, allowcd to cool to

40O and then poured asceptically into sterile petri plates.

Aqueous Chlorella Medium

1.20
KNO3 a
30, ° TH,O 2.46
Mgoo4 72 46g
Ferric ZDTA solution 1.Oc1:13
Hoaglands solution 1.Ocm3

werc dissolved and added to glass distilled water to give a finnl



volune of 990cn”. KH,PO (1.22g) was dissolved in 10cnm
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3 K

2P0, glass

distilled water. Both solutions were autoclaved and then combined

to give a final volune of 1OOOcm3. The nediup was dispclRsed into

stcrile growth flasks.

NB.

This redium contains no C source. Culturswere aerated with

5% 002 in air during growth.

To preparc Ferric EDT4 solution

EDTA 26.1g

Fe SO4 : 7H20 24,9

were dissolved in 286cm2 1M KOH, This solution was then diluted

3

with glass distilled water to givc a final volune of 1000cn”, and

acrated overnight to forn the ferric EDTA complex. The pH was

adjusted to 5.5. This solution is stable if stored in the dark.

To preparc Hoaglands solution

H3BO3 2.86¢g

MnCl, * 4H,0 1.81g

Zn SO4 : 7H20 0.22g

CuSO4 : 5H20 0.079¢

(NH4)6M07024 " 4HL0 0.02g
were dissolved separately in glass distilled water. The solutions
werc cor.bined and diluted to give a final volume of 1OOOcn3.

Chlorella agar (for maintenance and bioassay)
Chlorella agar (Difco) 35¢
Agar (Davis) °g
3

were dissolved in 1000cn

glass distilled water on a nagnectic hot



platc.

autoclaved to make slants,

The nediun was then dispensed into

or auvoclaved in

pourcd into sterilc petri platcse.

MYPG Hediun

(- for liquid culture
Malt (Wander brand dried nalt)
Yeast extract (Difco)

Peprone (Difco, Bacto-poptone)

60.

McCartney bottlce and

an BErlenncycr flask and

of Saccharemyces cerovisiaq)

0.3¢
0.3g

0.5¢g

were dissolved in 950m3 glass distilled water and autoclaved in

a cotton wool stoppered Erlenncycr flask.

After autoclaving 50m3

of sterile 20% glucose solution was added to give a final volune of

TOOcm3.

IIYPG Agar

(— for naintenance and bioassay of

Saccharanyeces ccrevisiac)

To prepare plates and/or slants 2% (w/v) agar was added to the

aqueous MYPG nediun prepar

cd as above.

iqueous rediun for B.negoteriun KM

This organisnm was grown in

t~yptone (o.1g/100cm3) and nicotinic acid (0.05mg/100cn

Mininal Mediun

2 nininal nmcediun

suppLenentcd with

%)

KH2P04 3g
KZHPO4 g
N3306H507 : 2H20 &i’ 0.5¢g
MgSO4 ‘ 7H2O O.1g
(NH4)2804 1.0g
glucose, sterile 20% solution 1Ocm3

Distilled water to give finel volume of 1000cn

3

Glucose is autoclaved scparately since it partially deconposes when

autoclaved in the presence

of phosphate.
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Yecast Extroct Tryptone Asar (— for maintenance and bioassay
of B.negateriun KM and
B.negateriun KMT)

Yeast Extract (Difco) 2.5¢

Tryptone (Difco, Bacto—tryptone) 5.0g

Agar 12.0g
were dissolved in 1OOOcr13 hot glass distilled water on a megnetic
hot plate. The nediun was then dispensed and cutocleved for the

preparation of slants or plates.

Aqueous rediun for B.nesotcriun KMZ™

contained per litre:

Glucose 10g
Ferric citrate 2.0g
K2HP04 3.0g
KH2PO4 1.0g
MgSO4 (anhydrous) 0.05¢g
Na2804 7.0g
Sodiun-L-glutanate 140.3¢g

The nediun was prepared from stock solutions in the following

nanner: (for ‘IOOcr:3 medium)
6.07% K,HPO, Sero
A
2.O,«>K2HPO4
0.1% MgSO4 (anhydrous) 50m3
2.0% Na,80,
0.75n Na-l-glutamatc 50m3
Glass distilled water '75cm3

..fter autoclaving, the nmediun was conpleted by the aseptic addition of

50m3 sterile 20% glucose solution and 5cm3 sterile 6 x 10 "M ferric

citrate.
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Mutricent Broth

This medium was prepared fron the dehydrated powder available
from BBL, Division of Bioqucst.

Nutrient Agar

This was prepared by adding ogor (1.5% w/v) to nutrient broth.

Media for Buglena gracilis

Liguid mediun

Peptone 5.0g
Yeast Extract 2.0g
Glucosc 1.0g

were dissolved in 1000cm” glass distilled water, autoclaved and the
nediun dispensed into sterile growth flasks.

Agar for plates and slants

Peptone 2.0g
Glucose 2.5¢
Sodiun acctate O.1g
Agar 8.0g

were dissolved in hot distilled water, autoclaved and dispensed to

forn plates or slants as required.
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3. EXPERIMENTAL RESULTS

3.1 GROWTH INHIBITION OF MICRO-~-ORGANISMS BY DOTHISTROMIN

In studying the toxic cffects of a conpound it may help to know
sonething of relative susceptibilities of different organisns to the
conpound. The substance may be toxic to photosynthetic organisms
and without effect in non-photosynthetic organisms, or procaryotic
organisns nay be susceptible while the growth of eucaryotes is not
inhibi ted. This knowledge of susceptiblec organisus can suggzest
possible creas for further study. This scction reports results obtained
in a prelininary investigation of the inhibition of growth of a nunber
of different ricro-organisms by dothistromin using an agar-platc
bioassay. Obscrvations nade in the course of this investigation
suggested ways of improving the scnsitivity of the gencral bioassay
nethod for dothistromin and steps for obtaining quantitative data.

Extracts of D.pini culturc havc been shown to be toxic to

Chlorella pyrenoidosa in an antibiotic-disc bioassay (Bassettand

Brunt, 1971), and this method of bioassay was utilized in the
isolation and chnracteriggtion of dothistronin (Gallaghcr, 1971). The
toxin produced clear zones of inhibition in the w.rea surrounding the
filter paper disc. The Chlorella bioassay has been used nainly to
follow the biological activity throughout purification procedures,
and has not been fully investigated as a way to deternine the

concentration of toxin in any given extract. Although chenical
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assay of a compound is generally more precise than estimation by
bioassay methods, bioassays have been important in the isolation
and purification of many toxic substances, The use of biological
indicatox: offers the distinct advantage that the active principle
being assayed does not have tc have been identified or in a pure
state, and the results obtained are directly related to the biological
activity of the substance. Bioassays are clearly important for the
detection of activity in extracts where active and inactive isomers
are present, or where closely related compounds cannot be readily
separated,

The bioassay systems developed for screening mycotoxins are
numerous and include tests with micro-organisms (Burmeister and
Hesseltine, 1966; Lillehoi and Ciegler, 1968; Clements, 1968),

brine shrimp JArvae, Artemia salina (Brown et al., 1968; Har«in

and Scott, 1971), %ebrafish larvae (ibedi and Scott, 1969), rainbow
+rout (Ayres et al., 1971), cell culture lines (Znzelbrecht and
Altenkirk, 1972; Juhasz and Greczi, 1964; Daniels, 1965), dey-o01ld
ducklings (Lillehoj and Ciegler, 1968), chick embryos (Verwet et al.,
1964), rats (Purchase and Van der Watt 17368), and mice (Lilleho;
and Ciegler, 1968). The choice of organism for a bioassay depends
on the biological effect of the compound(s) to be screened.

In 1965, Warren and YWinstead reported a preliminary investigation

of Chlorella pyrenoidosa as a microbiological plate bioassay for

screening fungal and bacterial pathogens. A method based on this
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report was subsequently used to follow the production and biological

activity of fomanosin, a toxic metabolite of Fomes annosus (Bassett

etal,., 1967) and a similar Chlorella-seeded agar plate technique

has shown that Chlorella pyrencidosa is sensitive to a number of

coumarin-related compounds, including aflatoxin (Ikawa et al,, 1969).
Sullivan and Ikawa (1972) demonstrated that there can be striking
strain variations in the response of Chlorella sp., to toxic compounds.
Cultures of Chlorella have becn used in the study of algicides and
herbicides (iAddison and Bardsley, 1968; Gramlich and Frans, 1964),
and for screening photosynthetic and respiratory inhibitors (Kratky
and Warren, 1971). Thus the use of Chlorella as a biological

indicator in bioassay systems is well established.

3.11 Screening of micro-organisms for dothistromin growth inhibition

A number of micro-organisms were screened by means of agar plate
bioassays to establish the type of organism susceptible to growth
inhibition by dothistromin nd to evaluate these organisms for their
potential use in this study of the toxic ceffects of dothistromin,

The range of organisms surveyed included gram-positive and gram-
negative bacteria (procaryotic organisms) and eucaryotes were

represented by the yeast, Saccharomyces cerevisiae and two photo-

synthetic algae, Chlorella pyrenoidosa and Buglena gracilis.

Details of the media used for the maintenance and growth of these
micro-organisms are given in Section 2.7., while the procedure used
for pouring the seeded-agar plates for the bioassays is given in

Section 2.44. Antibiotic discs impregnated with dothistromin were
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prepared by carefully applying a krown amount of the towin to the
filter paper discs in ethyl acetate solution and allowing the discs
to dry thoroughly. Solvent control discs containing an equivalent
amount of ethyl acetate were prepared in the same way. Bach disc
was then placed in the centre of & seeded agar plate and the plates
incubated under conditions suitable for the growthr of the organism.
After overnight incubation of bacteria and yeast inoculated plates,
sufficient growth had occurred to form clearly defined zones of
inhibition, The slower growing algae were incubated for four days
before the zones of inhibition were measured. Measurements of the
total diameter of the inhibition zones werez taken directly from the
nlates and the figures quotad are the average of two measurements
taken at right angles to compensate for small irrepularities in the
geometry of the zones. The inhibition zone radius figure is the
total zone diameter minus the diameter of the antibiotic disc (13mm),
divided by 2 i.e. it is the width of the area peripheral to the
antibiotic disc (see explanatory diagram on Table 3).

The results obtained are given in Table 3. The largest
inhibition zones were observed with Chlorella pyrenoidosa. Growth

of Euglena gracilis, Escherichia coli and Pseudomonas aeruginosa did

not appear to be inhibited. It is of interest to note that the gram-
negative organisms tested in the bioassay (apart from Proteus ?ulgaris)
appear less sensitive to dothistromin than the gram-positive organisms,

This may reflect the differing cell wall structure and possible
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Table 3 Growth Inhibitory activity of Dothistromin on a
selection of micro-organisms,

%
b 9 o 8
=1 *.
§ o) ) :f 0 g g 'g n
& o o of o, o A
ORGANISM ol =l 2 aF X % a o
-+ o o = o a 3 o [3)
P ] -+ () Gl @ 5]
] 13) e ;:-S' L, f{; 'S é; FI;- =~
= 2 a & f;‘ - S of H f
s A o = S r nl ol ®
Dothistromin 50 g
Total zone diam, 17 17(32) 16 14 16.5 O 0 16 22 0
(mm) 17 17(36) 16 14 16.5 0 0 e 25
Zone radius 2 2(9.5) 1.50.5 1.8 0 0 1.5 4.5
(mm) 2 2(10138) W55 e 0 0 1.5
Dothistromin 25 ug
Total zone diam. 17 16(26) 15 13 16.5 0 0 16 21
(mm) 17 16(26) 15 13 16 0 0 16 20
Zone radius (mm) 2 1.0(7.5) 10 © 1.8 0 0 we 4 @

2 10(7.5) 10 0 s @ 0 1.5 3.50

No inhibition observed with ethyl acetate controls.

Bacterial plates incubated overnight. C.pyrenoidosa and
B.gracilis illuminated 4 days at 25°.

* Growth observed up to edge of disc but 'halo' of less dense
growth surrounded disc. IMeasurements given are those of ‘'halo’.

¥ TFigures in parentheses are dimensions of the halo formed
around the clear inner zone.

**  Inhibition observed directly under discs, but nc zone formed.

Zone radius

Zone diameter
Antibiotic disc

Diagram of bioassay plate showing inhibition zone.
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differences in cell wall permeability. A similar difference in
sensitivity has been observed with aflatoxin (Burmeister and

Hesseltine, 1966), and with quinones (Webb, 1966).

3,12 Alternative Bioassay Method

The use of filter paper discs for the application of toxic
compounds for bioassay has several disadvantages which made it
difficult to develop a cnantitative bioassay. The paper discs
appearcd to absorb dothistromin and thus present the quantitative
problem of determining how much of the toxin applied was in fact
available to inhibit growth. The large area of the disc
effectively dilutes the toxin and also complicates the geometry
of diffusion. For these reasons the use of antibiotic discs
limits the sensitivity of the bioassay. Amounts of toxin below
& limiting value may produce an area of inhibition directly under
the disc without an annular zone being formed around the disc.
Slightly greater amounts of toxin may produczs a peripheral
inhibition zone but of so small a radius that precise measurement is
prevented.

In an attempt to dispense with the use of 'antibiotic' discs,
solutions of dothistromin were applied directly to the basal agar
layer and the solvent allowed to evaporate complectely before the
seeded agar overlays were poured. The method was not completely
successful since droplets of ethyl acetate tended to move rapialy
over the agar surface subszquently giving very irregular inhibition
zones., This difficulty could not be overcome by using the more

volatile solvent, chloroform,
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Irregularity of inhibition zones made it impossible to assess
inhibition on a quantitative basis .nd results have been recorded
only on the basis of whether inhibition occurred or not, (see
Table 4). By direct application of the toxin, inhibition =zones
could be obtained with as little as 5 ug dothistromin, Using the
antibiotic disc method this amount of toxin would not have given an
inhibition zone around the disc although growth directly under the
disc may have been affected,. Using this method of bioassay the
largest inhibition zones were again obtained with Chlorella, The
growth of gram-negative organisms was found to be inhibited less
than that of gram-positive organisms.

It should be noted that such bioassays do not, in fact, allow
valid comparisons to be made of toxicity with differing organisms
because of their different growth rates. Inhibition zones in the
Chlorella bioassay were measured 4 days after pouring the overlays
but in the bacterial assays, with the very much faster growth of
these micro-organisms, the zones of inhibition were measured after
only an overnight incubation. The size of the inhibition zone
depends on the distance of diffusion of the toxin as well as on
the susceptibility of the organism, Thus, in order to make
comparisons, allowance would have to be made for (a) differences
in growth rates, (b) rates of diffusion of the toxie compound in
the particular medium and (c) the temperature used for optimal

growth of each micro-organism,
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Table 4. Bioassay by direct application of
toxin preparation,

ORGANISM RESPONSE
Bacillus megaterium XM Inhibition at all levels.
Bacillus mycoides * Slight inhibition with 20 ug.
Bacillus subtilis Inhibition at all levels.
Staphylococcus asureus Inhibition at all levels.
Escherichia coli Very slight inhibition at all levels.
Pseudomonas aeruginosa No inhibition observed.
Proteus vulgaris Slight inhibition at 20 ;1g.
Saccharomyces cerevesiae * No inhibition apparent.
Chlorella pyrenoidosa Large diffuse inhibition areas at all

levels,

Toxin preparation (dothistromin) applied to basal layer at
5, 10 and 20 ug before pouring seeded overlays. 30 ;i1 7thyl acetate

controls showed no inhibition with any organism.

* Very poor growth on test plates resulted in non-confluent
growth and inhibition difficult to ascertain.

Conditions of incubation as for disc bioassay,
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3.13 Detection of Dothistromin in Zones of Inhibition

In setting up the type of bioassay described above it is
assumed that the toxic compound can diffuse into the agar from
the antibiotic disc. The low solubility of dothistromin in
aqusous solutions raises several questions in relation to the use
of bioassays of this nature. One of these problems is qualitative
i.e. is dothistromin itself responsible for the observed inhibition
or are the inhibitory responses due to & more soluble analogue?
Quantitative problems inclusie determining how much of the toxin
is irreversibly bound to the discs, the rate of diffusion of the
toxic material into the agar and the nature of the diffusion
gradient. These questions could most conveniently be studied by
the use of toxin labelled to a high specific activity with a radio-
isotope. Preparation of labelled toxin =t & high specific activity
suitable for this type of experiment has not yet been achieved
(Shaw, 1974). As an alternstive approach some information related
to these problems h:ais been obtained by using the fluorescence of the
dothistromin molecule, The 1, 4 dihydroxyanthraquinone moiety of
dothistromin is largely responsible for the characteristic
fluorescence emission, and Gallagher (1971) has discussed this
fluorescence in relation to anthraguinone which does not fluoresce.
The determination of the excitation and emission spe:ztra of

dothistromin is described in Section 2.52.
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To examine the possibility of using fluorescence measurements
in this study, a series of standard 'dothistromin agars' was prepared.
Molten Chlorella agar (50m3) was added to a number of fluorimeter
tubes, ench of which contained a different amount of deothistromin in
ethyl acetate solution, and the tubes were shaken to dispeise the
toxin throughout the agar, Control tubes containing ethyl =acetate
and agar, as well as blank agars, were prepared at the saue time,
The agar was allowed to cool and solidify before the tubes were
examined for fluorescence.

At the excitation and emission wavelengths chosen the
'dothistromin agars' displayed = fluorescence not present in the
blank or solvent-control agar tubes, The fluorescence increased
in proportion to the increased amounts of dothistromin in the
tubes (sec Fig.12). The faint orange tinge of the ‘'dothistromin
agars' disappeared slowly when the tubes were left standing :or
2-3 days. The fluorescence observed in these agars also decreased
over this period of time.

A series of unsesded Chlorella agar plates was prepared and
an antibiotic disc which had been impregnated with dothisgtromin
(1OO;Lg) was placed in the centre of each plate, These plates
were incubated under bioassay conditions for periods of 1; 2 and 4
days illuminated by fluorescent tubes, at 250. A pamllel series
of plates was incubated at 250 with all light excluded for the

same periods of time. The antibiotic discs were then removed and

areas of the agar excised using cork borers. An area, of diameter



FIGURE 12:  gTANDARD CURVE FOR ‘DOTHISTROMIN AGARS'
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14mm, was removed from directly under each antibiotic disc, 2nd an
outer zone cxtending 6mm beyond this imner area (total diameter 26mm)
was cut from ezch plate. These plugs of agar were placed in
fluorimeter tubes, melted and mede up to a final volume of 50m3
with molten Chlorella agar. 4 standard series of 'dothistromin

agars' covering the range 10-100 ;1g dothistromin per tube was

prepared at the same time. A1l tubes were allowed to cool and set
beforec being examined for fluorescence against a blahk agar tube,

It was not possible to accurately estimate the amounts of
dothistromin (or derivative) present in the zones since all readings
fell below the range covered =adequately by the standards., Approximate
results have been tabulated (see Table 5) and thesc are presented as
relative data obtained with the 10 ..g standard set to give a full
scale deflection of 100 units.

These results show that dothistromin (or a derivative) does
diffuse out into the area of agar around the antibiotic disc, with
the zone from directly under the disc containing more dothistromin
than the peripheral area excised. Zones taken from plates that
had been incubated in darkmess showed higher levels of fluorescence
than those taken from illuminated plates, which appeared to contain
less dothistromin in both the inner and outer zones after a 4-day
incubation period than at 1 or 2 days. These results would suggest
that the fluorescent molecule is unstable in the light and this

possibiltycould have important implications in using Chlorella as a
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Table 5, Fluorimetric analysis of bioassay plates.

LIGHT INCUBATED PLATES READINGS (units)
Time exposed Outer zone Inner zone

4 days 4 16
£ 40

2 days 6 16
5.5 28

1 day 6 17.5
9.5 100+

DaRK INCUBATED PLATES

Time exposed

4 days 14 30
31.5 100+

2 days 15 44
il i 68

1 day 14 31.5
HE5 69

Meter settings:

excitation wavelength: 470 nm Blank - low
emission wavelength: 560 nm Sensitivity - low
meter damping at 0.2 Range - X 1000
Blank agar - O units Dothistromin agar (10,ug) - 100 units
.// e H;b,-Outer zone
/ .'(Tij : (W8, There is a large variation in
‘5\«ﬁfﬂ“ﬁ““1nner zone readings for each duplicate.)

\\\Hh J
S

Diagram to show areas exzcised
from agar plates,
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test organism. By comparison with the 10 pg standard the
concentration of toxin achieved in the outer zone must be low

(of the order of 1 - 2}vg/cm%. This work was undertaken at a late
stage in the study when the necessary instrumentation became

available in the department.

3.14 Relative toxicity of other hydrcxyanthraguinoncs

With a number of hydroxyanthraquinones available, it was
possible to screen a series of these compounds for their toxicity
to Chlorella using the antibiotic disc bioassay technique. This
allowed some assessument of the possible contribution of this portion
of the dothistromin molecule to the toxicity observed.

Besults are given in Table 6. None of the compounds exhibited
a toxicity to Chlorella comparzble to that shown by dothistromin,
Even with 1, 4 hydroxyanthraquinone inhibition was limited to the
area directly under the disc. Differences in solubilities and in
diffusion may, in part, account for these results.,

It has not been possible to investigate the toxicity of
bifuran ring structures to this bioassay system. These compounds
are not available commercially and would have to be synthesized
before the contribution of this portion of the molecule to overall
dothistromin toxicity could be assessed. The vinyl ether deriva-
tive of dothistromin was tested with the standard biocassay system

and no inhibition was observed,
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Table 6. Disc Bioassay of Anthraquinone toxicity to Chlorella,

. - 7 .o
ANTHRAQUINONE DERIVATIVE Amount/Disc thal one  Zone Radiusg
UE Dlam.(mm) (mm)
Dothigtromin 25 29 8
50 31 g
¥ 1, 2 hydroxyanthraquinone 100 15 1
200 16 1.5
1, 4 hydroxyanthraquinone 100 * 13
200 * 13
1, 8 hydroxyanthraquinone 100 * 13
200 * IE; 0
¥ 2, 6 hydroxyanthraquinone 100 0
200 0 0
¥ 1, 2, 5, 8 hydroxyanthraquinone 100 0 0
200 * 13 0
Ethyl acetate control 0 0

¥ Sample not completely dissolved in solvent. Amount applied
to disc for assay therefore slightly less than amount stated.

No zone of inhibition, hut no growth in area directly under
disc,
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3.15 Assessment of the Bioassay

A bioassay has been defined as 'a determinntion of the potency
of a physical, chemical or biolozical agent by means of a biological
indicator! (Condouris, 1965). flthough it was unnecessary for
the purposes of this study to quantitate the bioassay, the results
obtained indicate that it should be possible to develop & systcm
in which dothistromin could be estimated with some degree of
precision.

Although  dose-response curves have not been established it
is likely that, using antibiotic discs for the addition of the
toxin, the curve would be linear only over a very restricted
range of concentrations. The use of antibiotic discs limits the
sensitivity of the bioassay by both absorbing some of the dothistromin
applied and diluting the toxin through the area of the discs themselves.

The increased sensitivity achieved through direct application
of the toxin could extend the linearity of the dose-response curve,
The problem of zone irregularities observed could be circumvented
by applying the toxin into small wells cut into the basal agar
layer before pouring the seeded overlay. A useful extension of
this bioassay technique has been made by Freke (1974) who poured
seeded agar overlays onto silica gel thin-layer plates spotted with
the toxic compound, This is a sensitive method and could be

usefully applied to work with dothistromin. By careful application
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to a silica gel plate the toxin might be spotted onto an area very
much less than that of an antibiotic disc. Tnis technique would
allow a direct comparison to be made of the biological activity of
compounds in extracts following chromatography.

The preliminary fluorimetric investigation indicates that it
should be possible to use this approach to determine the concentration
of dothistromin (or derivative) in the agar of the plates, and thus
estalilish the diffusion gradients formed. A study could then be
made of the rate of diffusion of dothistromin into the agar. This
would allow correlation betwecen growth rates of micro-organisms and
the size of the observed zoncee of inhibition, giving a more meaningful
basis for comparing sensitivities to the toxin.

Fluorimetric analysis has not provided information on the
nature of the actual inhibitory compound. Substances may be
present in the dothistromin preparation, perhaps as minor components,
which could possess similar solubility properties to those of the
toxin, Any alteration in the number of hydroxyl groups on the
anthraquinone nucleus would alter the fluorescence observed while
changes in the saturation of the bifuran ring moiety are unlikely
to change the fluorescence charazcteri stics but may have profound
effects on the toxicity.

The instability of dothistromin in the light revealed by the
fluorimetric analysis has important implications in the use of
Chlorella as an organism for bioassay, Since Chlorella is

photosynthetic, the organism must be grown in the light and it
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appears that this may result in the breakdown of the toxin. This
would affect the concentrations of dothistromin required for growth
inhibition, The breakdown products are not lmown but the process
presumably involves some alteration of the 1, 4 dihydroxyanthraquinone
nucleus since this would be largely responsible for the observed

fluorescence,

Bls12 INHIBITION OF GROWTH OF CHLORELLA IN LIQUID CULTURE

Although the agar plate bioassay method discussed in the
previous section is veluable for determining whether or not =
compound inhibits growth, it is not suitable for defining the
metabolic lesions taking place. To study the biochemical effects
of dothistromin it was necessary to use liquid cultures of Chlorella.

The concentration of dothistromin required to inhibit growth
of Chlorella in liquid culture was first investigated using batch
culture techniques., At any given time during the log phase, a
batch culture will contain cells at all stages of the cell cycle of
growth and division. Any changes observed in these cultures will,
in fact, be the 'average' of those occurring at each stage of growth
and division in the cell cycle of the organism.

By using synchronous cultures, however, it is possible to
follow events occurring as for a single cell throughout the cell
cycle of the organism, A synchronous culture is one in which the
principal mass of the cells is at one single sta~e of development

at any given time of the cell cycle. By establishing the nommal
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pattern of metabolic events during the cell cycle it should be

possible to detect any changes resulting from the addition of an

inhibitor and perhaps find a lecad for further experimentation.

3.21 Problens associated with low sSolubility of dothistronin

The low solubility c¢f dothistromin in aqueous solutions has
posed nany problens. Batch cultures of Chlorella were used to find
a reproducible neans of introducing known anounts of toxin into an
agqueous systemn.

Initially dothistromin was added to the culture in aqueous
stock 'solutions' derived by adding a lmown anount of the toxin,
in cthyl acetate solution, to water and gassing with oxygen-frece
nitrogen to remove the organic solvent. A large proportion of the
dothistromin pPreélipitated out leaving o pale orangce aqucous solution.
This precipitate was collected by centrifugatien, dried end taken
up into a known volune of ethyl aceteate. The concentration of
toxin in this ethyl acetate solution was determined spectro-
photometrically and the amount of dothistronin remaining in aqueous
solution was calculated by differcnce. The concentrations of
stock solutions prepared in this way varied from 5 - 1OO}Lg/cm3.
However, since the dothistromin precipitated out of solution on
sgtanding, aqucous stock solutions of known concentration could
not be maintained. Although solutions of dothistromin prepared

in this way were shown to inhibit the growth of Chlorella in
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liquid culture when added 2t the beginning of the growth cycle
(at ccncentrations of the order of 1.0 - 2.0 u g/an), the degrec
of inhibition of Chlorella growth in different experinents varied
considerably.

The addition of dothistromin to cultures as & concentrated
solution in ethyl acetate without subsequent removal of the
organic solvent proved to be the most satisfactory way of intro-
ducing the toxin to aquecus cultures of Chlorella. “hen alded in
this way, although it is possible that not all of the dothistronin
goces into solution, it appcars to be available to the cells,

This nethod allows the intrcduction of & precise anount of toxin
and was found to give reproducible results. Ethyl acetate has an
inhibitory effect on the growth of Chlorella at concentrations
greater than 0.5% However, since the levels of dothistronin
required for inhibition proved to be very low, sub-inhibitory
levels of ethyl acetate could be used and in all cases an

appropriate ethyl acetate control has becn used as a blank.

3,22 BEffcct of Dothistromin on Growth of Chlorella in Bztch cultures

3,221 Effect of addition of toxin at the beginning of the growth cycle

In the first series of experinents to deternine the effect of
dothistromin on growth, the toxin was added imnedictely after
inoculation of the culture medium. The apount of toxin added,

in ethyl acetate solution, was varied to find suitable concentrations
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for subsequent work in liquid culture. At concentrations of nore
than 0.1};g/0m3 in the nediun dothistronin caused 2 lengthening of
the lag period of growth (scec Fig.13). After the cxtended lag
period, the durnticn of which was dependent on the concentration
of dothistromin prescnt, the culture entered into 1lcg phasc with

o growthmte sinilar to that of the control.

3.222 Effect of addition of toxin during the lr—phase of the

growth cycle

The toxin wns effective in inhibiting the course cf growth
in cultures of Chlorella which have entcred log-phase. This
inhibition showed as 2 lag in growth followed by recovery and
resunption of growth. Sce Fig.14. This figure also shows the
inhibitory effect of ethyl acetite at concentrations cf greater

han O, 57 Lt 0.6% cthyl ncetate there wos a slight lag in
the growth of the culturc,. The culture containing the highest
concentration of dothistrorin was nonitored over o 9-day growth
period and rcsults showed the recovery and resunption of growth
of thc culture following adninistration of dothistronin.

Inhibition of growth during log-phnsc required higher
concentrations of dcthistromin than those which produced on
inhibitory effect when added at the initiation of culture growth.
This suggested a direct relationship between dothistromin concentration
and cell nunber. The ratio of the dothistromin concentration to

cell nunber has been calculated for a series of growth curves and
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FIGURE 13: GROWTH CURVES FOR CHLORELLA SHOWING INHIBITORY EFFECT
OF DOTHISTROMIN
Dothistromin added as an ethyl acetate solution at the beginning of the
growth period.
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FIGURE 14: GROWTH CURVES FOR CHLORELLA SHOWING INHIBITORY EFFECT
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these ratioz are given in Table 7. It appears thet for inhibition
to occur & dothistromin: cell nunber ratio of at lewst 1.O;Lg/cell
X 108 nust be cchieved.

The usc of cethyl acctete sclutions restricts the concentration
range of dothistronin over which cffects can be studied. It has
been suggested that a glycosidic derivative cf dothistromin nay be
norc scoluble in aqueous solutions; a rccent prelininary study cf
the fornation of a magnesiuc chelate conplex of dothistromin has
shown that this derivative is norc water-soluble than the parent

conpound and possibly nmore photostable (Gallagher, 1973).

3,23 Effect of Dothistronin on Chlorella in Synchronous Culture

34231 The cell eyele of Chlorella

Having dctermined the effective conoentrations at which
dothistronin inhibits the growth of Chlorella in liquid cultures,
it was possible to s tudy the e¢ffect of the toxin at thesc concen-
trations on synchronous cultures. To establish the normal pattern
of events in the cell cycle of Chlorella synchronous cultures were
initiated using the techniques detailed in Section 2.4632, A
discussion of synchronous culture theory and general techniques,

a report of the preliminary experimcnts establishing synchronous

cultures of C.pyrenoidosa and an assessment of the degree of

synchrony achieved are also included in the Experimental Methods

Section (Sections 2.461 - 2.464).



Toxin added on initiation oi culture:

Table 7.

Dothistromin: Cell Number Ratios

.Dsm|

.Dsm| final 2
“(g/em?) Cell Wo./cm
0.5 X 10'6 11,9 X 106
1.0 X 10'6 (S K 106
. -6 6
5 i fa " .0 16
0.1 X 10“6 10.5 X 106
0.3 X 107° 10.7 X 10°
0.6 X 10’6 10.5 X 1o6
0.1 X 10’6 5.8 X 106
.2 % 10'6 6.4 X 106
Toxin added in 10g phase:
0.1 X 10'6 3,8 X 108
0.3 X 10'6 4.3 X 108
0.6 x 10~° 3.6 X 107
128 i 10'6 2.3 X 108
1B 8
3.6 X 10 2.3 X 10
5.4 X 10'6 1.6 X 108
1.0 X 1o‘6 2.3 X 108
-6 8
2.1 X 10 2.4 X 10
4.2 x 10°° 2.9 X 10°

Ratio B
( ug/cell X 10°) Observed Eifcct

87.

Chlorella pyrencidosa

4.42
8.84
13.63

0.95
2.80
5.47

0.03
0.07
0.16

0.78
1.60
3.25

0.45
0.88
1.43

3 day lag.
,}.—6 day lag.
.26 day lag.

Slight lag (12 hr)
>4 day 1lag.
24 day lag.

36 hr lag.
26 day lag.

No inhibition obs.

Growth lag
Growth lag
= 4 day lag.

No inhibition
Slight lag.
Growth lag,
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Two synchronous cultures wecre initiated; one of these wes
grown under continuous illunmination and the other was subjected
to the interiittent illuminaticn of the 16 hr light : 8 hr dark
synchronizing regine. Cell counts and cell size distributions
werc deternined at regsul~r intervals to follow the progress of the
cultures (sce Fig.15). At the sanie tines somples were withdrown
for analysis of nucleic acid and protein contcnt. Thesc results
are presented graphically in Fig.16.

Both cultures showed sinmilar patterre of change in the RIIA,
DNA and protein contents per cell. Division has begun by the 16th
hour in both cultures., The continued increase in cell number,
nucleic acid and protein content per sample and the wider range
of cecll size in the populeition of the continuously illuninated
culture show that if synchrony were to be maintained for more than

one cycle a continuation of the light : dark regime would be necussary.

36232 Effect of dothistromin on cell division, nucleic acid and

protein levels in Chlorella

The effect of dothistronin on Chlorclla was exanined in
synchronous culturcs. Dothistronin-containing cultures werec
conpared with cultures containing the equivalent anount of ethyl
acetatc. In this way any chrnges, due to the toxin, in the

paraneters measured could be determined.
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FIGURE 15: CELL COUNTS AND CELL SIZE DISTRIBUTIONS OVER ONE CYCLE
OF SYNCHRONOUS CULTURES OF CHLORELLA.
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FIGURE 16: CHANGES IN LEVELS OF MACROMOLECULAR CONSTITUENTS OVER
ONE CYCLE OF SYNCHRONOUS CULTURES OF CHLORELLA.

Changes occurring per 15 cm3 sample

Continuous illumination Periodic illumination

80

g x 10-6
g x 106

409

3 time/p,.
DNA ——
RNA ——o
Protein —»—x

Ed time/p,.

Changes Occurring Per Cell

Continuous illumination Periodic illumination

g x 10-12

10:0¢

g x 1012

10-:0t1

T W

S 3
0 time/p, 10




91.

Dothistronin was added, in ethyl acetate, to the cultures
which were then grown under continuous illunmination for one cycle
only. Continuation of the light : dark regine could lead to
anonalous results if o growth inhibitor wns being studicd. The
onset of thc dark period would not necessarily coincide with the
onset of cell division under inhibited conditions and subscquent
cvents could not be ascribed solely to the effect of the inhibitor.

The results from a series of synchronous cultures contoining
increasing concentrations of dothistre:xin are shown in Fig.17.

For these cultures cell nunbers only were nonitorcd. It appeors
that cell division was completely inhibited at dothistromin : cell
nunber ratios of greater then 10.0u g/cecll X 108.

On the basis of this data, a synchronous culture was followed
through one cycle when exposced to the toxin nt a final concentration
of O.7}Lg/cm3, giving a dothistronin : cell nunmber ratio of
12.5;Jg/cell X 1O8 and a final concentration of ethyl acetate of
0.07%s The results obtained were conpared with those of the
parallel control containing an equivalent anount of ethyl acetate
(sce Figs. 18, 19 and 20). The cell size distributions suggest
that the growth of o large pecrcentage of the population was inpeded
by dothistromin. The division nunter of the test population was
only 1.2 as compared with a division nunmber of 3.5 for the control.
Analysis of the nucleic acid and protein content of both cultures

at intervals over the cell cycle (Fig.19) shows a marked difference



FIGURE 17: EFFECT OF DOTHISTROMIN ON THE CELL CYCLE OF CHLORELLA.
Following changes in cell nos. only.
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FIGURE 18: EFFECT OF DOTHISTROMIN ON SYNCHRONOUS CULTURES OF CHLORELLA.
Effect on cell counts and cell size distributions.
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FIGURE 19: EFFECT OF DOTHISTROMIN ON SYNCHRONOUS CULTURES OF CHLORELLA.
Following changes in levels of macromolecules per 15 cm3 sample.
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FIGURE 20: EFFECT OF DOTHISTROMIN ON SYNCHRONOUS CULTURES OF CHLORELLA.
Following changes in levels of macromolecules per cell.
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in the rate of change in levels of protein and of RNA between the
control and the test after cexposure to dothistromin, The increase
in DNi content does not appear to be grextly affected over the first
few hours following dothistronin nwddition and only in the later
stages of the cell cycle is the incrcase in DNA inhibited in the
dothistronin~-treated culturc. The effects observed are sugriarized
in Table 8. Dothistronin appears to affect the processes of Rua
and/or protein synthesis thercecby inhibiting growth and, indirectly,
cell division. However, this approach does not show whether the
effects on RNA and protein are innediate prinary effects of the

toxin.

3,24 Surnary and Discussion

Dothistronin is an inhibitor of the growth of Chlorella in
liquid culture at concentrations of the order of 1.0 - 2.O}Lg/cm3.
The effective concentration nay, in fact, be less than this since
the conpound is not readily soluble in aqueous solution and not
all of the toxin added nay be available to the cells. Although
ethyl acetate, the cerrier solvent used to introduce dothistronin
into aqueous cultures, is also growth inhibitory it had no apparent
effect on growth at the concentrations used in these experinents
( <’O.5%). As nay have been expected it could be shown that the

ratio of dothistromin concentration : cell nunber was an
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SUMMARY TABLE

Table 8. Effects of dothistromin on synchronous cultures
of Chlorellsa,

Rate of Rate of Rate of
Division Increace Increase Increcase
TREATMENT Number of DA of RNA of protein

( mg/nr) ( me/tr) ( wg/nr)

CONTROL 5.5 1.5 6.0 1.8
Ethyl acetate 0.0%

TEST 2 1.0 1.6 0.7

Dothistromin 0.7 sg/cn
(dothistromin ¢ cell
nunber ratio - 12.5/¢g/
cell X 109)




inportant factor in the degree of inhibition observed. These
ratios were of the order of 1.0‘pg/cell X 108 for inhibition of

the growth cycle. However, in order to accentuatc the changes
observed in the cecll cyclce in synchronous cultures, it wos necessory
to use a ratio of the order of 10.0 HfG/cell X 108. iddition of
toxin at this level resultcd in an inhibition of cell diyision

and o narked decline in the rate of increase in the levels of RIWA
and protein per cell over the cell cyclc. in ceffect on the rate

of incrcase of DNA was not observed until the later stages of the
cycle.

From these results it night be concluded that dothistronin
has a primory effect on growth proccesses, indircctly lezding to
inhibition of cell division. The eventual inpairpent of DNA
synthesis observed ray bce o secondary effect caused by the
Inhibition of RNA and protecin synthesis which is apparent by the
4th hour of the cell cycle. Turther investigation of these areas
of nctabolisn was undertaken to establish whether the apparent
inhibition of RNA and protein synthesis was a direct princry effect
of dothistronrin, Results obtained from studies on the site of
action of the aflatoxins have shown that they inhibit RNA symthesis
resulting in a subsequent inhibition of protein synthesis.

Synchronous cultures are useful in establishing the area of
netabolisn affected by an inhibi tor. However direct analysis of

this nature has linitations. The degrec of synchrony achieved in
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this study was not sufficient to give a detailed tine—course for
inhibition. Such a tine-coursce would involve sanpling at
closely tinmed intervals =sfter the addition of dothistroiiin and
the neasurecnent of very srinll differcnces in the levels of
nucleic acids and protein, The approach would require very
large volunies of culture to supply sufficient naterial for
dctailed analysis, and ~ rc¢fined technique of inducing synchrony
in Chlorella cultures. More sensitive ncthods of determining
rates of biosynthecsis wcre used to examiine in nore detail the
likely sites of inhibition which had becn indicated fronm the

synchronous culture cxpcrinents.

3.3 EFFECT OF DOTHISTROMIN ON THE INCORPORATION OF RADIOQALCTIVE
PRECURSORS BY CIHLORELLA

The experinments on the effccts of dothistronin on synchronized
cultures of Chlorella showed a narked inhibition of the rates of
incrcase of total levels of RNA and protein throughout the cell
cycle. To study this effect in greatcr detail requires a nore
sensitive nethod of analysis than the deternination of gréss
changes in total levels of cach conponcnte

The cvailability of isotopically-labelled precursors of
nucleic acids and proteins of high specific activity and purity
nekes these compounds suitable for biosynthetic studies. The ~ase

and sensitivity of radioactive assay pernits the detection of

LIBRARY
MASSEY UNIYERSITY
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ninute arcunts of labelled components in samples, and hence labelled

precursors of biosynthesis can be used ot physiological concentrations.
3H—Uridine incorporation is & rcasonably specific nethod of

labelling RNA when the tritiunm lebel is present in the 5 position.

This lobel is lost in the formation of thymidine vin deoxyuridine,

and the proportion of RNA precursors incorporated into DNi is small

3H--Thynidine

in comparison with their incorporation into RNA.
(lzbeclled in the nethyl position) will be specifically incorporated
into the DNi, since thynidine is not utilized in RN, synthesis.
A number of labelled amino acids are available for use in
incorporation studies. However, care nust be exercised in the
choice of anino acid for studies on the biosynthesis of proteins
since nany of these compounds occupy central positions in
internediary netabolisn. Obviously the use of isotopically-labelled
arnino acids such os glutanic acid or glycine in tracer studies would
result in a very wide distribution of the label in nnny different
classes of compounds. 14C—Phcnylalanine incorporation was used in
the present study as a nensurc of the rate of protein synthesis.
Although the incorperation of labelled precursors ey be used
to cstimate biosynthetic rates, carc nust be taken in the inter-
pretation of data. The rate of incorporation will be determiined

by such factors as (a) the rate of uptake of the labelled corpound,

(b) the sige and rate of turnover of the precursor pool and (c) the
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=

¥hile rodionctive troccers

i

do neake itmpossiblc to_éarrf.oﬁt
very scnsitive assays, the usc of rodio-isotopes does have
disadvantages. In addition to possible radiation effects,
which are unlikely to be significant in such short-tern
experinents with weas 3 -emitters, simple chemical cxchange
reactions can occur with radio-isotopes and, os mentioned abeve,
isotopic labels can have o nmultiplicity of fates. In tracer
experiments one is following the distributicn of a lebel and not
nccessarily that of the ccnipound in which the label has been

added to the test systen. Thercefore some purification is usually
necessary before samples are conunted. There are a variety of
classes of macromolecule intc which precursors can be incorporated
and the rate of synthesis nmeasured by incorporation of radioactive
isotopes will be predoninantly that of thc fraction with the
highest rate of synthesis. Thus, if incorporation into one cf

the minor cell components or into a2 class of macromolecule being
synthesized at a low rate is being selectively inhibited, this

effect will be masked by incorporation into other cell fractions.




3.31 Incorporation of Radiosctive Precurscrs by Chlorella Cultures

Prelininary experiments with Chlorella werec caorried cut to

2

investigate inccrporation of )H-uridine, 3H—thymidin.e and
14C—phenylalanine. Aliquots (50m3) of Chlorella in liquid

culture werc incubated in SOcm3 Erlenmeyer flasks with the

addition of isctope. During the period of incubation the cultures

were acrated with 5% CO, in air and illuninated, following the

2
cultural conditions uscd in previous worke (See Experimental
Mcethods Scection for full details of mothods.) 4t tined
intervals the incorporation of isotopc was arrested by the
addition of hot absclute nlcohol, t- give 2 final alcohol
concentration of 80% (v/v). After centrifugntion the residues
were resuspended in o further volume of hot 80% alcohol. This
extraction procedurc should rcmove any unuscd precursor as well
as soluble nuclecotides and frec anino acids. Residues from the
second alcohol wash were resuspended in 507% ethanol and an
aliquot taken for counting to determince the total incorporation
into ethanol-insoluble conpounds,

3H—Uridine (25}LCi/&SSdY) showed very high levels of
incorporation, and 14C-phenylalanine (1.25 uCi/assay) gave
satisfactory incorporation into ethanol insoluble material. The

3

levels of “H-thymidine (25;LCi/assay) incorporated were somewhat

lower (of the order of 2000cpm/hr - i.c. 10% of the rate of
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3H—uridine incorporﬁticn.) It was shown that cyclohexinide,

at a2 final concentration of SJLg/cn3, inkibited the incorporation
of 14C—phonylalanino into the cthanol-insoluble naterial, although
inhibition was not complcte at this concentration. Investigation
of 3H—uridinc incorporation showed that at least 80% of the label
incorporated into the ethanol-insoluble nmaterial was found in

the supernatant after overnight alkaline hydrolysis at 300. This
indicates that the tritiun label is predominantly in the RINA-
containing fraction. Of the 3H—thymidine incorporated,
approxinately 30% of the label remcined in the residuc (DNA and

protein conteining fraction) ofter overnight alkaline hydrolysis.

3.32 Bffect of dothistromin on precursor incorpcration

The labelling procedure already described was used to study
the ceffect of dothistromin on the incorporation of 3H—uridine,
3H-thymidino and 14C-phenylalanine. Aliquots (50m3) of Chlorclla
culture for labelling were withdrawn from a synchronous culture
at the beginning of the cell cycle, and the incorporation of cach
labeiled precursor was deternined at 30 nin. intervals for 1% hr.
This labelling period over the first 1% hr of the cell cycle
corresponds to the period of growth following cell division.
Dothistronin was added at the beginning of this period, with the

labelled preccursor, to give a dothistromin : cell number ratio
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of 14;1g/cell X 1Od (final concentration of dothistromin
1.O;Lg/cm3). Labelled precurssrs were added a2t the following

3

levels: 3H-uridine, 10 uCi/assay; H--thymidine, 25)ACi/assay;

14C—phcnylalanine, 1.25‘uCi/assay. Results are given in Fig.21,
These resul.ts showed o naorked inhibition by dothistronin of
3H—uridinc and 14C—phonylalanino incorporation; the rates of
incorporation werc inhibited by 81.5% and 49.5% respectively.
The toxin had little effcct on the incorporation of 3H—thymidine,
causing 31% inhibition. The rate of 3H—thymidine incorporation
was low by comparison with that shown for the other precursors,
However, it has been shown that repiication of nuclcar DNi occurs
after the 10th hour of the cycle in synchronous cultures of
Chlorella (Wanke and Mulders, 1967), although 14C—uracil
incorporation into satellitc DNA is continuous throughout the
cell cycle (Wanka et al., 1970). At the stage of the cell
cyclc over which labelling was carricd out (O - 1% hr) onc would

B

not cxpect to find high rates of “H-thynidine incorporation into

DNA.

3.33 Effcct of dothistronin on precursor incorporation at

diffcrent stages of the ccll cycle

To study the cffcct of dothistromin at diffcrent stages of

3

the cell cycle, rates of “H-uridinec, 3H—thymidine and 14C-phenyl-

alanine were determined at 4-hourly intervals over the ccll cycle.



FIGURE 21: EFFECT OF DOTHISTROMIN ON THE INCORPORATION OF LABELLED
PRECURSORS BY CHLORELLA.
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Sanples for labelling were taken from two synchronous
culturcs, one initinted 12 hours after the other, but both at
the sanc initial cell density. This sinplified the handling of
samples during the 24 hour cell cycle. Dothistronin was added at
a final concentration of 1.0!-g/cm3 to each assay, giving s
dothistronin : cell numver ratio of 16;1@/0011 X 108. Labelled
precursors were added at the following levels: 3H-uridine,
1O;LCi/assay; 3H—thymidine, 105101/assay; 14C—phenylaln.nine,
O.BALCi/&SS&y. Rates of incorporation have bcen calculated
fron graphs of incorporation &t e¢ach sanple tine and, where uptake
was non-lincar, from a tangent to the curve over the 30 - 60 nin
time intcrval. These results cre given in Table 9, Rates of
incorporation in the presence of dothistronin have been expressed
as a percentage of those shown by the controls, Fig.22 shows a
graphical representztion of the variation of the rates of
incorporation over the cell cycle.

High rates of incorporntion of 3H-uridino werc shown over
the first 12 hours of the cycle. The rate in the prescnce of
the toxin varied between 20% and 40% of the control rate, with
the exception of the Ohr sample which showed 1little incorporation
of 3H—uridine in the presence of the toxin. The incorporation of
4C—phenylalanine renained reasonably constant throughout the cell

cycle, with incorporation in the presence of dothistronin varying
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Control Dothistromin Dothistromin Rate %
HOUR OF CYCLE Rate Rate Control Rate
cpm/min cpm/min
14C Phenylalanine:
0 90 47 52%
4 63 52 83%
8 52 47 75%
12 83 43 5265
17 53 30 57%
20 80 37 46%
24 103 58 565
H-Uridine:
0 200 3 1.5%
4 107 35 33%
8 71 18 255
12 53 23 43%
17 23 5 2%
20 25 5 20%
24 38 13 345%

3EI—‘I‘l‘nr_n_o_idine :

0 3.2 1.3 39%
4 1.6 0.9 56%
8 1.8 1.0 55%
12 1.8 3.2 179%
17 0.1 0.8 253%
20 0.5 0.8 166%
Dothistromin final concentration = 1.0 p‘g/cm3;

Control - 1.0l Ethyl Acetate. 140 phenylalanine at 0.3 uCi;
3H—uridine at 10 uCig 3H-thymidine at 10 pC1i.
Dothistromin : cell no. ratio = 16.0}1g/ce11 X 108



rate of incorporation cpm/min.

FIGURE 22: RATES OF LABEL INCORPORATION OVER THE CELL CYCLE OF CHLORELLA

a) 14c—Phenylalanine b) 3H—Uridine
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wetween 455 and 80% of the control ratc. 5H-—Thynidine incorporation
rerzained consistently low, with the toxin apparently increesing
incorporation ratec after the 12th hour of the cyclc.(’H—Thyuidine
incorporation rates varied froo less than 1 cpu/uin ts little
nore than 3 cpm/uin. At these levels the npparcent 'increasce! in
r~t¢ is not significant.)
Other work in this ficld (Songor and Bishop, 1969) indicates
o nere constont rate of RNA synthesis than that indicated by the
3H-—uridine incoryporaticn rates cbscrved in this syston. Protein
synthesis is nlso nearly lincor throushout the cycle. The
synthesis of DNA in the ccll cycle of Chlorells has becn shown to
be non~linear with very littlc synthesis cccurring over the first
8hours. his period is followcd by onc of rapid synthesis prior
to ccll division and then the ratce of synthesis drops towards the
end of the cyclc. Results cbtained by following 3H—thymidino
incorporation do not reflect this bios&nthetic pattern at all.

3.34 Relotionship between dothistromin concentration and

=
incorporation of )H—uridine

An experinent in which Chlorella sanples werc incubated with
increasing concentrations cf dothistronin was conducted to establish
the relationship between dosc and degree of inhibition of 3H—uridine
incorporation observed. The sanples of Chlcrella culture for

ldbelling were withdrawn fronm a synchronous culturc 2 hours after

.
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the beginning ¢f the cell cycle and the concentrations of
dothistronin investizated covercd the ronge 0.5 - 4.O)Lg/cm3,

riving dothistronin : cell nunber ratios of 5.5 - 44.0}¢g/cell X 108.
3H—Uridine we.s added at 10}LCi/CSS&Y¢ The rate of 3H-—uridine
incorporction was plotted agoeinst the final concentration cf
dothistromin and this graph is shown in Fig.23(a).

The results showed that the degrece of inhitition is
dose-dependent. However, as shown on the groph, the sclvent
ethyl acetate also inhibited 3H-uridine incorporation; this
inhibition was marked ot concentrations of gresater than 0.2% (v/v).

The dothistromin-response curve was repeated using a stock
solution of dcthistromin of =2 higher concentration to mininize
interference by solvent inhibition. Thc anount of solvent added
to give the highest concentration of dothistronin gave no
inhibition by itself, These results are given in Fig.23(b) and

show a typical hyperbolic dose-response curve.

3.35 Distribution of prccursor label in cellular fractions

In view of the very low incorporation rates of 3H-—thymidine
observed over the entire cell cycle, a conparison of rates of
incerporation in cultures with and without the presence of
dothistronin can have no sigrificance until it is established that

the incorporation of labeclled thyridine is in fact a nmeasure of



FIGURE 23: DOSE—RESPONSE CURVE FOR DOTHISTROMIN m,
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DNA synthetic activity in this systen. To test the validity of
using 3H—thymidinc as a nucleic acid precursor to neasurc rates of
synthesis, the distribution of label derived fron this compound in
the ccllular fractions of Chlorella was investigated. The
distribution of the tritiwa label fron 3H—uridine was also
deterniincd,.

3H—Thymidine and 3H-uridino were added to the respective
assays at 1OALCi/CEB- The residues after hot ¢thanol extraction
were resuspended in 50% cthanol ond an aliquot taken for counting
befere the remainder was subjccted to the Schnidt-Thannhauser
extraction procecdure (sce Section 2.511). Aliquots fronm each step
of this extraction were counted and the results arc given in
Tablc 10. Quench corrections werc applied to all counts so that
valid conparison could be nade. The corrected counts wcre
cxpressed as a percentage of the total counts incorporatzd into
the cthanol-insoluble naterial.

The results showed that a lorge proportion of the 3H-—uridine
incorporated was found in the alkaline-labile, REA-containing
fraction and thus 3H--uridine incorporation is indeed a
satisfactory neasure of RIA synthetic activity, at lcast for
conparative studies. However, a large percentagce of the
3H-thymidino label also appecared in the alkaline-labile naterial
with, at the most, 40/fomdin ko acid-labile, DNA-containing
fraction. One nmust conclude, therefore, that in this systen
3H-thymidine incorporation is not a satisfactory measure of DNA

synthesis,
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22219_19 Distribution of label in cellular fractions of
Chlorella.
FRACTIONS
Alkali-Labile Acid-Labile Residue
SAMPLE \cid Soluble (RNA- (DNA- (Protein- 3
containing) containing) containing)
“H-Uridine:
30 min. 1.,2% 78. 7% 12.6% 0.7%
60 min. 11.5% 76.8% 3, 9% 0.1%
90 min. 15.%% 55. 0% 8. 0% 0.2%
120 min. 12.8% 96.7% 4.1% 0.2%
3 N
H-Thymidine:
30 min. 12.5% 49.7% 13. 8% -
60 min. 21.80 45.0% 43, 3% 3. 55%
90 min. 15.1% 50. 8% 5.1% 0. 5%

Fractions from Schmidt-Thannhauser extraction procedure (refer

to Experimental Methods, Section 2.511).

3

5 cm

3

H-Uridine at 10,.Ci; -H-Thymidine at 10 uli.

Chlorella culture incubated with labe’.led precursors.

Counts expressed as a percentage of those incorporated into the

ethanol-insoluble residue,
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3.36 Altcrnative labelled precursors for DNA synthesis

Fron a search of the literaturce, it was noted th:st other
workcrs had nct becn able to label Chlorelle DNA& satisfactorily with
a 3H—thymidine precursor, This has been ascribed to a lack of
thynidine . .Xinase activity (Wanka ¢t al., 1970) which neans that
Chlorella is therefore uneble to utilize cxogenous thynidine
for DNA synthesis. Wenka et al. (1970) found thet the use of
2 - 14C—uracil, followed by purification of DNA, "was the nost
useful ncthod for DNA labelling in spite of the high incorporation
into RNA, partial degradation and non-specific labelling.

2~ 14C-Uracil incorporation into Chlorclla was investignted
over the period from the 13th - 14th hour of the cell cycle. At
this stage of the cell cycle, just prior to ccll division, one
would expect a higher rate of DNA synthesis and thercfore of

5 . 14
incorporation.

oo .-
and over the labeclling period less thar 100 cpn (1% of the label

C=Uracil wns used at a level of 0.1}xCi/assay

incorporated into the ethanol-insoluble residue) was incorporated
into the DNA-containing fraction, as determined by the Schnidt-
Thannhauser extraction procedure, or into the residue rcnaining
after enzyrnatic hydrolysis of RNA with pancreatic ribonuclease,
To obtain adeguate levels of incorporation to measure
differences in the rate of DNA synthesiks in Chlorella tihe arount

of labelled precursor added would have to be substantially
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increased and/or the tine of exposure to the labelled precursor
extended. An increased labelling period would allow even nore
non-specific incorporation to cccur and would nmake it difficult
to determine the rate at which dothistronin exerts its cffect on the test
aysten,
The results obtained cstablish that dothistromin repidly
affects the reotes of protein and RNA synthesis as suggested by
the changes observed in the levels of these components in the
presence of dothistronin over the ccll cycle of synchronous

cultures of Chloreclla. Inhibition of the rotes of both

processes was apparent within the first 30 nin after exposure to

3.4  EFFECT OF DOTHISTROMIN ON GROWTH AND PRECURSOR INCORPORATION
BY YEAST AND BACILLUS MEGATERIUM

The finding that the incorporation of isotopically labelled
thynidine into the¢ DNA of Chlorella was insufficient to allow
short-tern time-course studies to be carricd Gut led to the
investigation of other organisms for use in clucidating the site of
dothistronin inhitition. Ideally, the organisn for such studies

should be sensitive to dothistromin, incorporate labelled precursors
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at high rates over short periods of time and, prcferably, allow

for ease of cxtraction of cellular conponcnts.

3.41 Investigation of Saccharonyccs cercvisiae (Yeost)

The initial investigntion of dothistromin toxicity involved
the screening of a number of nicro-organisns for inhibition by
the toxin using the antibiotic disc plete bioassay. It was found
that yeast was inhibited by the toxin and this organisn wes

thercfore investigated further.

3.411 Effcct of dothistromin on growth of Ycast

The concentrations of dothistronin required teo inhibit the
growth of yeast im liquid culturc were first established by
neasuring growth rates in the presence of the toxin. Details of
the culture nediun and growth conditions for yeast arc given in
the Bxperimental Methods section (Scctions 2.47 and 2.7). Growth
curves were deternined by following the increase in cell nunmbers
in cultures with Klett readinzgs being taken at regular intervals.
Erlenneyer flasks (25 cm3) with sidc-arn tubes proved to be
convenient vesscels for growth of this organisn. The side-arms were
designed to fit into the Klett nachine and readings could be taken
without having to withdraw sznples fron the culture. Representative

growth curve data arc shown in Fig.24.



FIGURE 24: GROWTH CURVES FOR YEAST SHOWING INHIBITORY EFFECT OF DOTHISTROMIN.
Dothistromin added as an ethyl acetate solution at the beginning of the growth period.
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At the high concentrations of dothistromin required to inhibit
the growth of yeast cultures, there was a narked solvent inhibition.
These results showed clearly the nced to include solvent controls
when assessing the effects of dothistronin wherce it is adiled to
culturcs as an cthyl acetate solution. The dothistronin : cell
nunbcr ratios calculated indiceate that ycast is less sensitive to
the toxin than Chlorella. These ratios arc approxinations only;
cell counts of a yecast which rcproduces by budding are of linited
accuracy since one is faced with the problen of deciding how large
the buds nmust be before being counted as whole cells, even while
still attached to the porent cell. In this case, buds of nore
than 50% parent cell size, as judged by cye, werec counted as whole
celllisk The ratios are given on the relevant growth curves and
are of the order of SOO-1000/xg/cell X 108, as conpared with

2.0 u g/cell X 10%.for Chlorella.

3.412 Incorporation of labclled precursors by ycast

Experinents following the incorporation of 3H—uridine and

3

H=thymidine werc carricd out to dctermine the distribution of each
precursor throughout the cecllular naterial of yeast. Aliquots
(50m3) of liquid culture of the orgnnisn, in lag-phase of growth, were incu-
bated in 50 023 Erlenncyer flasks at 300 and the labelling cxperinents

perforned as detailed in thc Experinmental Methods Section 2.64. The
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following levels of labelled precursors were used: )H—uridine,

. o - R .
20}x01/assay, H-chymidinc, 20 mCi/assay. Bach samplc was
subjccied teo the Schaddiv-Thonnhouscr exitwraction procedure and the

results obiained are given in Table 11. These results show

-containing fract;on~ The l;rgo discrcpancies shown for preccursor
incorporation arisc firon the difficulvy of teking aliquots fron
an tncvean suspension of the ¢hanol-insoluble naterials, The
negligible thynidine incorporation into DNA nay =zgoin be due to
the abscnce of o thymidine Yinase in S.cercvisise (Grivell and
Jackson, 1968).

2 - 14C--Umcil was 2l1so investigated for use as a DNA label.
However, untake into the DNA fraction, as determined both by
Schnidt- Thannhauser extractions and by counting residues after
cxposurc to pancreatic ribonuclecase, wats notv sufficient to pernis
short-tern labelling studics. The naximum incorporation ratce was
only 200 -- 300 cpr/houx.

Yeast was thereforc not considercd to be a suitable organisn for
this typc of expcrinental studye. It is relatively insensitive <to
dothistronin and, at the concentrations of toxin required to

inhibit growth, solvent inhibition became a problerm. In ycast, as

2
in Chlorella, “he incorporation of ’H-thynidine into DNA was negligible,
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Table 11. Label distribution in cellular fractions of yeast.

JH-Thymidine

FRACTIONS
Alkali-labile Acid-labile

SAMPLE Acid Soluble (RNA-containing) (DNA-containdng)
3H—Uridine

15 min. 13, 3% 85.4% 1.3%

30 min. 7. 5% 88. 7% 4.0%

45 min. 2. 9% 94. 2% 2.9%

60 min. 3,9% 92..4% 3.6%

15 min. 100% 0

30 min. 3205 68%

45 min. 85% 0 16%
60 min. 100% 0 0

Fractions derived by Schmidt-Thannhauser extraction procedure
(see Section 2.511).

3

5 cm

3

Yeast culture incubated with labelled precursors.

H-uridine at 20 pCij 3H—thymidine at 20 mCig

('O’ indicates that counts in fractioan were less than the

background counts. )
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and the incorporation of label from 2 - 14C-'uracil as o precursor
for nucleic ccid synthesis procccded very slowly under the

conditions uscd.

3.42 Investigation of Bacillus negnteriun, K

B.negateriun, KM has been used as a bioassay organisn in the
-7 &

study of aflatoxins (Freke, 1974). A thynine-rcequiring nutant
of this strain was available and by using this it was hoped that
high rates of incorporation of 3H-thymidine into DNA4 could be
obtained. Bioassay of B.nmegaterium, KM, in the antibiotic disc
agar plate assay and in liquid culture, showed that the organisn
is sensitive to dothistromin and a sub-culture of the thymine-
requiring nutant, designated KMT™ and isolated by Wachsman et al.
(1964), was obtained for investigation.

Culture conditions used for the growth of B.megateriun are

given in thce Experincntal Methods Section (2.48). Betore
procecding with a study of the effect of dothistromin on this

mutant an investignation of its thynine requircnent was under-

taken.:
significant differences were found in the growth of cultures
lacking an exogenous supply of thynine or thynidine and those

supplied with a range of concentrations of either compound. In
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spite of the inability to demonstrate an exogenous thymine requirement,
the suitability of the mutant strain purported to be B.megaterium KMT ™

was further investigated ¥ this variant of B.megaterium XU was the

experimental organism used for the remainder of this study.

3.421 BEffect of dothistromin on growth of B.megaterium Ki

The effect of dothistromin on growth of this organism was studied
to establish inhibitory levels of the toxin and representative growth
curves are shown in Fig,25. It can be seen that this strain of
B.megaterium is very sensitive to the toxin with dothistromin : cell
nunber ratios required for inhibition being of the order of O.25;Jg/

Chlorella and

cell X 108, as compared with 2.0 ug/cell X 10° for
e - - - G . g

3.422. ﬁptgké of ;recursors.bv B.megateriﬁm K1

An investigation was made of the levels of Incorporation of
labelled precursors into ethanol-insoluble residues of B.megaterium KIi.
Aliquots (5cm3) of a culture in the log-phase were incubated with the
precursors;3H-thymidine, 1O/ACi/assay; 3H-uridine, 1O/LCi/assay and
14C—phenylalanine, O.Z}LCi/assay. Label incorporation was arrested
by the addition of hot ethanol at 5 min. intervals over a total
labelling period of 25 min. esidues after thc hot ethanol

extraction procedure were subsequently resuspended in 50% ethanol
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FIGURE 25: GROWTH CURVES FOR B.MEGATERIUM KM SHOWING INHIBITORY EFFECT
OF DOTHISTROMIN.
Dothistromin added as an ethyl acetate solution at the beginning of the growth period.

Dothistromin:cell no. ratios :— 0.1, 0.25, 0.5 pg/cell x 10 3

a0 T
I Control (ethyl acetate @ 0.1%, v:v)
-
g
¥ Dothistromin @ 0.1 /.tg/cm3
Dothistromin @ 0.25 ug/cm3
o0 1
Dothistromin @ 0.5 ug/cm3
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40

«Q T
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time/},,
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and an aliquot of each taken for countiag. Some of the samples were
extracted according to the 3chmidt-Thannhauser procedure to determine
the label distribution for each precursor and these results are given
in Table 12,

Incorporation of 3H-uridine and 14C—phenylalanine was found to
be very rapid, reaching levels of 80,000 cpm and 40,000 cpm
respectively in 5 min. After this time there was very little
increasc in incorporation over the whole labellin~ period. A high
rate of incorporation was observed for 3H—thymidine as well, although
the level of incorporation was lower (2,000 cpm in 5 min).

Analysis of label distribution in the cellular components showed
that the incorporation of 3H-uridine was mainly into the RNA-containing
fraction. 3H—Thymidine incorporation appeared to be less specific,
with approximately 15% of the total label incorporated into the
ethanol-insoluble material being in the DNA fraction. The
14C—phenylalanine obviously undergoes partial metabolism and a

substantial portion of the '4

C incorporated is recovered in the
alkali-soluble material. In all subsequent work the hot ethanol
residues were routinely extracted and aliquots of the resulting
fractions counted so that incorporation into specific fractions was

counted. BEvidence that the isotope is present as incorporated

precursor in the appropriate fraction is given in Section 2.65.
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Teble 12. Distribution of label in cellular fractions of
B.megateriun,
FRACTIONS
*Alkali-labile Acid-labile Residue
SAMPLE Acid Soluble (RNA-contain- (DNi-contain- (Protein-
ing) inp) containinn)

“H-Uridine:

I 5,05 8550 1255 2%

IT %% 100" 10% 1%
S H_Thymidine

3 205 34% 185 2%

II 27% 3000 127 2%
1L’C—Pherwla1za,n:i.1:1~<3:

I U 677 5% 8%

IT 3% 63;n 57 %

Fractions from Schmidt-Thannhauser extraction procedure (Section 2.511)
- counts expressed as percentage of total incorporation into residues
after hot ethanol extraction.

B

5 cm” B.megaterium culture incubated with isotopes.
4.
3H-uridine at 10 uCi; 3H-thymidine at 10 uCi, 1‘C-phenylalanine

at 0.2 uCi.

* This fraction will also contain alkali-soluble material including

low molecular-weight proteins.
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3.423 Preliminary Investigation of Precursor Incorporation in

the presence of dothistromin

The very rapid incorporation of label into the macromolecular
constituents of this micro-organism results in rapid exhaustion of
the trace amounts of precursor added and, because of this, non-linear
incorporation is observed. To overcome this problem unlabelled
carrier was added in sufficient quantity to enable linear incorporation
of isotope over the longer period required for dothistromin inhibition
to be evident.

In the initial experiments following the incorporation of the
3H—uridine label into the RNA-containing fraction, unlabelled carrier

5 assay to dilute the added label by bﬁOtA

9

uridine was added to each 5cm
(BH—uridine, S;LCi/assay; carrier uridine, 2.5 X 10~ moles/assay).
For one series of assays the system was preincubated with dothistromin
(O.1}Lg/cm3) for 10 min before the addition of the labelled precursor
and carrier. In a second series there was no preincubation period,
the labelled precursor and carrier being added immediately after the
addition of the toxin, The time courses of label incorporation in
these experiments are shown graphically in Fig.26. Uée of unlabelled
carrier compound gave linear incorporation rates over the 20 min.
labelling period for both assay series, In the series preincubated
with dothistromin inhibition of 3H—uridine incorporation was evident

in the 10 min sample, but no significant difference in label incorporation

could be seen in the assay series where there was no preincubation peri~d.
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FIGURE 26: EFFECT OF PREINCUBATION ON DOTHISTROMIN INHIBITION OF 3H—URIDINE
INCORPORATION
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(3H—uridine @ 5 Ci/assay ; carrier uridine @ 2.5 x 10—9 moles/assay; dothistromin @ 0.1 ug/cm3)



128,

Further experiments were carried out where the length of the
preincubation time with toxin was altered and the concentration of
dothistromin varied. The derree of inhibition of 3H-uridine
incorporation observed increased 2s *the preincubation period wecs
lengthened and as the concentration of dothistromin increascd.
However, an experimental system which includes preincubation with
the inhibitor makes it difficult to dofine the early time-course of
inhibition of precursor incorporation into the cellular macromolecules
and to study the immediate effects of the toxin, & primary interest
of this work., Therefore, an alternative approach using higher
concentrations of toxin was zdopted to enhance the rapidity of
penetration of the toxin,

The experimental labelling systen used in 2ll experinents so
far descrikcd hes involved the extraction of an entire 50m3 assay
at e~ch tine interval, Jach tine course therefore required o nunber
of replicate assays, one for ceach tinmed sample. £ comparison was nade
bctwzen this method of sanpling and one in which 1cm3 aliquots werc
withdrawn fron a single assny at each tine interval. (For e detailed
description sce Experinental ficthods, Section 2.64), Senpling in the
latter systen is a far nore ropid procedure and allows sanpling at
closely timed intervals, Conponents of both systems werc added to
give the sarie final concentrations (3H—uridine, 1}»Ci/cm3; carrier

uridine, 0.5 X 10—9 moles/cmB; dothistronin, O.Z;Lg/CDB; no
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preincubation with toxin.) The results chtrined are shown in
Fig.27. This conparison showed sinil~r inhibition cffccts with
both nmethods and estrblishcd thet the levels of label present in
cach 1cu3 aliquot tnken in the lotter nssay systur arc adequate
for thc purposes of these ocxperimcnts. This assay technique was
uscd for the rercinder of this rescarch.

To establish the dose-responsce rclationship between
dothistronin concentration and degr.e of inhibition of uridinc
incorporation an cxpcrinent wns coarricd out in which 3H-uridine
incorporation was followed in the prescnce of increasing concentrations
of dothistronin. Aliquots (1cn3) were withdrawn fron 1Ocr.13 n8says
at 5 vin intcrvals over 2 20 nin 1abelling period. The following
levels of precursor and dothist+onin werc used: 3H-uridine,

9 3

1)LCi/CD3; carnier uridine, 025X 10~ moles/cm 3 dothistromin,O.1Hg/cm3-

1.O}Jg/cm3 giving dothistromin : cell nunber ratios of the order of

0.02 - O.?O}xg/cull X 108. Results arc shown in Table 13. These

clerrly showcd an increase in the degree of inhibition of incorporation

with increasing concentrations of dothistronin. The usec of

unlabelled corricr gave linenr uptakes over the 1labelling period.
Prelininary cxperinents with 3H—thyuidine and 14C--phenylalnnino

cstablished the conditions nccessary for lincer incorporation over

a 25 nin period (Fig.28). The lincarity of 3H—thymidine

(3.3}LCi/CU3) was not inproved by the addition of unlabelled
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FIGURE 27: COMPARISON OF ASSAY TECHNIQUES

a) Extraction of Entire Assay
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b) Withdrawal of lcm3 Aliquots

|
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Labelling aliquots of B. Megaterium KM culture.

(3H—uridine @ 1 pCi/cm3; carrier uridine @ 2.5 x 10'9M; dothistromin @ 0.2 pg/cm3)
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FIGURE 28: PRELIMINARY LABELLING OF B. MEGATERIUM KM.

3H—Thymidine and 14C—Phenylalanine.

a) 3H—Thymidine Labelling
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10 20 3C time/ min.
bl 14C—Phenylalanine Labelling
c\|; AJ. carrier phenylalanine @ 0.5 x 10~2 moles/cm3
: carrier phenylalanine @ 1.0 x 109 moles/cm3
g carrier phenylalanine @ 2.0 x 10~ moles/cm3
[&]

time/mins

3H—thymidine @ 25 uCi/assay
14C—pheny|a|anine @ 0.25 pCi/assay



Table 13. Inhibition of 3H—uridine incorporation by
increasing concentrations of dothistromin,

182.

~ ) 3
‘Dothistromin; Dothistromin : cell no. Rate % Inhibition
= ug/cmd ug/cell X 108 cpm
CONTROL (0) 0 125 0

0.10 0,016 100 20

0.25 0,042 80 36

0.50 0.083 66 47

0.75 0.125 0 100

1.00 0,166 0 100

Standard aliquots of 1 cm3 were withdrawn from 10 cm3 assays at

5 min intervals over 20 min labelling period,

Where rate of incorporation was non-linear rates have been

determined from a tangent to the curve over the 5-10 min

period.

Assays contained 3H—uridine at 1;ACi/cm3;

0.25 X 10'9

indicated.

carrier uridine at

moles/cmB; dothistromin at the concentrations
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1

phenylalerine (o6 i e noles/cm3) to the assay .xtcnded the

period over which linear incorperction occurred.

3,43 Conparison of the Effccts of Dothistrcain and Antibiotics

on Precursor Incerporiation by B.negoteriun KM

Synchronous culturc expcrinents nnd labcelling studics with

Chlorella pyrecnoidos, cstablished that dothistromin inhibits RN/

~nd protein synthesis. However, the nature of the cxpurinental
systen used nade it difficult to determinc unequivocally the
arcas of netabolisn affected or the tine course of inhibition.

The prelininary work with B.negoteriun KM reported in this study

showed that it was a nore suitable orgzanism for experincnts of
this nature. Vith it the cffects of antibiotics on the
incorporation of precursors into ccll componaitswere conpared
with thosc of dothistronin, The antibiotics used and their
sugagested nodes of action were as follows:
Chloranphenicol is an inhibitor of protein synthesis in
proesryotic systems, binding to the 505 subunit of the
hacterial ribosonc.
Actinonmycin D binds with double-stranded helical DNA
and intcrferes with DNA-dependent RNA synthesis.
Mitomycin C is an alkylating agent which binds covalcently
with the DNi nolccule and prefcerentially inhibits DN/

synthesis,
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Inhibitory levels for each antibiotic were established by
determining growth curves for B.megaterium cultured in the presence
of each inhibitor (Fig.29). I'rom labelling studies the effect of
these compounds on precursor incorporation into RNA, DNA and protein
was then established. The procedure used for incorporation studies
is detailed in Experimental llethods, Section 2,64, Assay systems

9

included: 3H-uridine, 1;LCi/cm3; carrier uridine, 0.25 X 10~

moles/cmB; 3H-thymidine, B.BALCi/CHB; 14C--phenylalanine,

o moles/cmB. The

O.OB;lCi/cmB; carrier phenylalanine, 2.6 X 10
results of these experiments are shown grarhically in Figs. 30, 31
and 32, The scatter of points on these graphs results from
inevitable losses incurred during the Schmidt-Thannhauser extraction
procedure, As noted earlier (Section 2,65 ), the use of this
procedure is necessary to ensure that the label incorporation

measured is in fact incorporation into the appropriate macromolecular

fraction.

3L Comparison of Chloramphenicol and Dothistromin

The effects of chloramphenicol and dothistromin on growth and

14

on incorporation of C-phenylalanine and 3H—uridine were studied.
Chloramphenicol is known to be an inhibitor of protein synthesis
in procaryotes and exerts its effects by binding to the 50S subunit

of the 70S bacterial ribosome (Hahn, 1967). Addition of this

antibiotic (S;Ag/cmB) to cultures of B,megaterium KM in the log-



FIGURE 29: GROWTH CURVES OF B.MEGATERIUM KM ESTABLISHING GROWTH INHIBITORY
CONCENTRATIONS OF ANTIBIOTICS

a) Chloramphenicol b) Actinomycin D. ¢/ Mitomycin C.
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phase of growth resulted in growth inhibition which became obvious
after approximately 4hr. cxposure to the compound, Dothistronin, at
the same stage of growth, caused a more rapid inhibition at 0.2}3g/cm3
and very marked inhibition was obscrved at 1.O/¢g/cm3.

At a growth inhibitory concentration of 5}¢g/cm3, chloramphenicol
inhibition of 14C-phenylalanine incorporation into the protein
fraction was marked in the 4 min. sample. (Fig.BOd). The increased

3

rate of incorporation of “H-uridine (Fig.BOb) observed in the presence
of chloramphenicol is also apparent in the 4 min sample. This
apparent increase in the rate of RN% synthesis observed after
adninistration of chloramphenicol is a well-documented effect of
the antibiotic ascribed to the protection of ribosome-bound ™ RNA
from degradation and the accunulation of r RNA precursors (Vazquez,
1966), In comparison, dothistromin at a growth inhibitory concen-
tration (0.2 pg/em’) inhibits JH-uridine incorporation into the RNA
fraction, significant inhibition being apparent in the 6 min sample
(Fig.30a) but the inhibition of 14c-pheny1alanine incorporation is
not evident until later (Fig.BOc). These results would suggest
that the growth inhibition observed for these two compounds is rue
to inhibition of different biosynthetic processes at different

sites,

ii). Comparison of Actinomycin D and Dothistromin

The effects of actinomycin D and dothistromin on growth and on

the incorporation of 3H—uridine were studied.,
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FIGURE 30: EFFECTS OF DOTHISTROMIN AND CHLORAMPHENICOL ON PRECURSOR
INCORPORATION
a) Effect of Dothistromin b) Effect of Chloramphenicol
on 3H—Uridine Incorporation on “H—Uridine Incorporation
™ ™M
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Labelling 15 cm3 aliquots of B.Megaterium KM culture

( 3H—uridine ® 25 uCi/assay; carrier uridine @ 1 x 108 moles/assay; 14C—phenylalanine @ 0.5 .Ci/assay:
carrier phenylalanine @ 4 x 10~2 moles/assay; dothistromin ® 0.2 pg/cm3; chloramphenicol @ 5 4.49/cm3 )
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Actinonyecin D is a cyclic, polypeptide-containing antibiotic
which binds tightly to double-stranded, helical DHA, Studies of this
binding in solution, by x-ray crystallography of the actinomycin-
deoxyguanosine complex and by construction of models of the
actinonycin-DN. complex, suggest that the cyclic actinomycin
chromaphore intercalates between the base pair d G - d C,with the
peptide chains lyin in the lesser groove of helical DNA and hydrogen
bonding to deoxyguanosine residues of opposite chains (Sobell, 1973;
see also Reich and Goldberg, 1964; Reich et al., 1967).

By addition of the antibiotic to cultures in the log-phase
of growth, it was established that actinomycin D is growth inhibitory
at O.S}Lg/cm3 (Fig.29). This inhibition was more rapidly cxpressed
when actinonycin D was added to give a final concentration of
1.0;Lg/cm3. Inhibition of growth at this concentration was
apparent 3 hours after administration. At these same concentrations
dothistromin inhibited growth of log-phase cultures within 2 hours
(Fig. 34 ).

Actinomyein D (1.0 p..g/cmB) exerted a very rapid inhibitory effect
on RNA synthesis as shown by the very low incorporation of 3H-uridine
in the presence of the antibiotic (Fig.31). The lower rate of label
incorporation with actinomycin D alrcady evident in the 2 min sample
is very marked in the sample taken at 4 min. When dothistromin was

added at a comparable concentration (1.O}Lg/cm3) the resultant



FIGURE 31:

EFFECT OF DOTHISTROMIN AND ACTINOMYCIN D ON PRECURSOR

INCORPORATION

a) Effect of Dothistromin b) Effe:;:t of Ac.tlnomycm D _
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Labelling 15 cm3 aliquots of B.Megaterium KM culture.

( 3H—uridine @ 25 wCi/assay; carrier uridine @ 1 x 108 moles/assay;
dothistromin @ 1.0 ug/cm3; actinomycin D @ 1.0 ug/cm3)
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e il —Heridine incorporation was not as rapid (Fig.31).
The degree of inhibition in the 10 min sample at this concentration
of dothistromin was greater than when the toxin was administered

at O.2;Lg/cm3. This suggests that the delayed inhibition by
dothistromin may be due to its slow penetration into the cell, The
effects of actinomycin D on the incorporation of 14C-phenylalanine

Su

and thymitdine in this experimental system were not investigated.

iii). Comparison of Mitomycin C and Dothistromin

Growth inhibitions and incorporation studies with 3H—thymidine
and 3H—uridine were carried out in the presence of mitomycin C and
dothistromin.

Mitomycin C is reduced in vivo to form an active bifunctional
alkylating agent which preferentially inhibits the DNi-dependent
synthesig of DNA. binding covalently with the DN molecule and
causing irreversible changes (Szybalski and syer, 1967; see also
Kersten and Kersten, 1969). Inhibition of RINA synthesis and of
enzyne induction occur much later than the mitomycin-induced
suppression of DNA synthesis and are considered to be secondary
effects related to alterations of DNA structure caused by mitomycin.

From growth inhibition studies, it was shown that mitomycin at

B;Lg/cm3 is an effective inhibitor, The inhibitory effect was
clear 3 hours after addition of the antibiotic to log-phase cultures
of B.megaterium KM (Fig.29).

A comparison of the effects of mitomycin and dothistromin on
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FIGURE 32: EFFECT OF DOTHISTROMIN AND MITOMYCIN C ON PRECURSOR

INCORPORATION

a) Effect of Dothistromin

b) Effect of Mitomycin C
on 3H——Thymidine Incorporation

on 3H—Thymidine Incorporation
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Labelling 15 cm3 aliquots of B.Megaterium KM culture.

( ®H—uridine @ 25 pCi/assay; carrier uridine @ 1 x 108 moles/assay; 3H~thyn‘idine @ 50 pCi/assay;
dothistromin @ 0.2 g/cm3; mitomycin C @ 5 pg/cm3 )
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the incorporasion of labelled precursors is shown in Fig.32. HMitomycin C
at S;Lg/cm3 effectively inhibited the incorporation of 3H—thymidine

into the DNA fraction after 15 min exposure to the antibiotic. At

this same concentration the compound had no significent effect on
3H—uridine incorporation. Dothistromin, on the other hnnd, has very
little ecffect on 3H—thymidino incorporation but is an effective

inhibitor of 3H—uridine incorporz:tion. Thus it can be s2id that
different mechanismg are involved in growth inhibition by these

two substances.

From these comparative studies, it is apparent that the site of
dothistromin inhibition in this system differs from those of
chloramphenicol end mitomycin C. The effects of dothistromin are
first evident on the incorporation of 3H-uridine. This inhibition,
at about 10 min, is followed later by inhibition of 14C-phenylalanine
incorporation into the protein fraction. This would suggest that the
primary site of dothistromin is at the transcriptional level,
impairing the synthesis of RNA. The effect of dothistromin on

3H—uridine incorporation is similar to that observed for actinomycin D,

a known RNA synthesis inhibitor.
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3.44 Comparison of the effects of dothistromir. with those of

related compounds

The structural reclationship between dothistronin and the fungal
toxins, aflatoxin and sterismatocystin, was discussed in the
introductory section of this thesis (Scction 1.22 ). The
structures of these metabolites are given in Figs 2 and 3. The se
arc all heterocyclic compounds fused to a bifuran ring noiety and
it has been sugzgested that the unsaturated bifuran system nay be
related to the toxicity observed. The aflatoxin B1 molecule
contains the unsaturated dihycdrobifuran ring system shown in Fig.33.
This same unsaturated moiety is present in sterigmatocystin and in
the dothistromin derivative shown in I'ig,33. Dothistromin itself
contains the saturated hemiacetal derivative of the bifuran moiety:;
thie feature appears to nullify toxicity in the aflatoxin group of
fungal metabolites.

In an attempt to define possible mechanisrcs of action related
to structure, the four fungal metabolites aflatoxin B1, sterigmatocystin,
dothistromin and its vinyl-ether derivative, were added in ethyl-acctate

solution to cultures of B.megaterium KM in the log~-phase of growth to estab-

lish the growth intibitory concentrations of each. The resulting growth
curves are given in Fig.34. Aflatoxin B1 was growth inhibitory at
5);g/cm3, with inhibition evident 3 hours after the addition of the
toxin to the culture. Sterigmatocystin had very little effect on

growth at 5.Op.g/cm3 or 1O.O;¢g/cm3. The dothistromin derivative
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FIGURE 33: STRUCTURES OF FUNGAL METABOLITES
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FIGURE 34: GROWTH CURVES OF BMEGATERIUM KM ESTABLISHING GROWTH
INHIBITORY CONCENTRATIONS OF FUNGAL METABOLITES
Metabolites added as ethyl acetate solutions during the log-phase of growth
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induced growth inhibition at 5.O/Mg/cm3, a level 10 times higher
than that of dothistromin itself. In the same experimental systen
dothistromin iz inhibitory ot O.2;Lg/cm3. These differences in
inhibitory levels may be relzted to low solubilities of these
conpounds in aqueous soluticns,

The effects of aflatoxin B1 and of sterign:tocystin on
3H—uridine incorporation were investigated in the labelling assay
as previously described. The results obtained arc shown in Fig.35.
ALt a final concentration of 5.O;Lg/cm3, a concentration shown to be

3

growth inhibitory, aflatoxin B1 irhibited incorporation of “H-uridine
into the RNA fraction over the first 10 min but the subsequent rate
6f incorporation was similar to that of the control, Sterigmatocystin
had no effect on 3H—uridine incorporation in this experimental system,
Under these conditions dothistromin, at O.2;Lg/cm3, narkedly inhibits
incorporation of this labelled przcursor into the RNA fraction
(Fig.35b).

However, although the incorporation of 3H—uridine appears to
be much less sensitive to these other mycotoxins than it is to
dothistromin, the compounds have low solubilities in aqueous
solution and no study was made of the actual amount of each compound
in solution when added to the cultures as ethyl acetate solutions.

Further experiments would be required before comparative effects

could be defined in more detail.



FIGURE 35: EFFECT OF AFLATOXIN AND STERIGMATOCYSTIN ON PRECURSOR

INCORPORATION

a) Effect of Sterigmatocystin
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4. DISCUSSION AND CONCLUSIONS

This thesis was concerned with an investigation of the toxic
effects of dothistromin on cell growth and metabolism in order to
assess the possible involvement of this compound in dothistrominal
blight of the Pinus spp. Dothistromin was isoclated and chemically
characterized by Bassett et_al. (1970) and its molecular structure

shown to be that given in Fig.1 (I). A bioassay utilizing

Chlorella pyrenoidosa had been used to follow the toxic principle
throughout the isolation and purification of the comnound. This
growth inhibitory effect on Chlorella was all that was known of

the toxicity of the cowpound at the outset of the present investigation.
The striking structural similsrity of dothistromin to the known
mycotoxins, aflatoxin and sterigmatocy-tin, suggested that these
compounds may well act in a similar way. The rcsearch effort that

has been devoted to the study cf the aflatoxin group of fungal
metabolites has provided useful guidelines in investigating the

possible mode of action of dothistromin.

4,1 GROVWTL INHIBITION OF MICRO-ORGANISMS

Although this investigation was aimed at assessing the possible
involvement of dothistromin as a phytotoxic factor in dothistromal

blight of Pinus spp., the experimental work was concerned with

studying the effects of the compound in micro-organisms. Direct
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extrapolation from results obtained in this way to events which

may be occurring in the pine is not valid and has not been attempted.
However the use of pine material (seedlings and/or tissue cultures)
for experiments of this typc nosez many problems since one 1is

dealing with a complex system about which little is known. By
using simpler and better documented experimental systems, this
research has established the areas of microbial metabolism affected
by dothistromin and should provide the basis of further work in pine

seedlings or tissue cultures.,

4.11 Agar-Plate Bioassay

This investigation revealed that dothistromin inhibited
the growth of o range of nicro-organisms, both proceryotic ond
eucoryotic, indicating that the conpound can function as 2 gencral
growth inhibitor ond is neot specifically inhibitory to any onc
class of wmicro-organisn. However, the opgar-plate bicassay nethod
used in thesc studies showed thotaiong the nicro-orgonisms tested
there wos o differential sensitivity teo the toxin, with grar-
positive bactcrin, in gencral, being iiore sensitive than those
which were gran-negotive. Sinilar diffecrential responses have been
noted for other inhibitory compounds, for example the quinones

(Webb, 1966) and aflatoxin (Burneister and Hess:ltine, 1966).  The
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agoer-plate biorssay indicated that, of the nicro-orzanisns studied,

Chlorella pyrenoidosa was apporently the nost sensitive, showing

the largest zones of inhibition. However, =5 noted in Scction 3.1,
caution rust be cexerciscd in moking cowmparisons between different
organisms based on results obtwined in this type cf bioassay systen.
The size of the zones cbscrved will depend not only on the organisnm
and its susccptibility to the tozin, but also on the growth rate

of the orgonisii, the rate of diffusion of the toxin and its stability
in the necdiun, foctors which in turn will be affected by the
physicnl conditions required by the orgonisn for growth. For these
rcosons it is difficult to ninke conpurisons with published work

on other nycotoxins. However it is of interest to note thnt
Clements (1968), in developing o rapid asor-plate nethod of bicassay

for ~flntoxin, found that Bacillus nczateriun (NRRL-B-1368) wns

sensitive to as little as 1 g afiztoxin B, applied to the ag~r on

1
an antibiotic disc (dian. 6mn). In ogar-plate biocssays for

dothistronin, B.negateriun XM wes found to e inhibited by 25 ug

of the toxzin. Since the dothistronin was opplied on o disc of
dian. 13 m the toxin would have heen effectively diluted over on
area nore than four tinces as large 2os that used by Clenents.
Sulliven and Ikawa (1972) surveyed the growth inhibition of five
strains of Chlorella by nycotoxins and found that the four strains

of Chlorella pyrenoidosa examined were sensitive to aflatoxin B1 at

204Ag/6mn dion. antibiotic disce. Thus dothistronin shows an apporent
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toxicity in agar-plate bioassay over o sinilar range of concen-—
trations as that rceported for the aflatoxins, Investigation of
sterignatocystin toxicity using microbiclogical assays showed

thnt the compound when added tc the assays ot 100}ug/antibiotic
disc hnd no apparcnt cffcct on the growth of the unicro-organisns

studicd (Lillchoj eond Ciegler, 1968).

4.12 Inhibition of Micro-organisms in licuid cultures

—

The study of the cffects of dothistronin on Chlorella grown
in liquid cultures showcd that the toxin wrns effective in inhibiting
growth &t concentrations of the order of 1;&3/cn3. However the
rotio of concentration in the zediurm to the anount of cell naterial
in the culturc is =2 nore uscful basis for comprring the scnsitivitics
of different crgnnisns. Growth inhibition occurrcd ot a
dothistronin concentration : ccll nunber rotio of the order of

2 (2.0 % 10—14.g/cell) for Chlorella, It was found

2.0 1.g/cell X 10
that o value of the order of 750}45/0011 X 108 was requirced to

inhibit the growth of yeast (Sacchoronyecs ccrevisiac) in liquid

culture, whereas the growth of the variant strain of B.negoteriun KM,

under sinilar conditions, was effectively inhibited at & ratio of

0.25}¢g/cell X 108. Thus,in liquid culture, B.ncgoteriun KM is

secen to be considerably norce sensitive to dothistromin than Chlorella.
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Therc is little infernction on inhibitory levuels of related
nycotoxins since ruch of the werk on the biologicel cctivity of

these cenpounds sgrinst nicro--crganisms has used agar-plate

5 = : 3 2 o
techniques. However, aflatexin B1 it 3.8}L§/CH rcsulted in a

a

decreasc! growth rote for B.ucsatcriun (NRRL-E-1368), giving o

generntion tine of 75 min as coiprroed with 20 niin for the control
culturc, and produccd norprologicslly abnormal forms (Becuchat and
Lechowich, 19712, 1971b); and the growth of E.Coli in nedium
containing oflatoxin B,| 25 S+gg/cm3 produccd aberrant filamentcus

cells (Wragg ot al., 1967). The concentrations of dothistronin

found to be ncecceszary to produce growth inhibition in liquid
culturc 2rc in the sanc range os these renorted aficztoxin concen-
trations smlthough, in the abhsence of dote on the ratio of toxzin
concentration : ccll nunber for cother mycotoxins, it is difficult
to comparc the results of diffcerent workers.

A prclininary investigoation wns nedce of the growth inhibitory

concentraticns of oflatoxin B1 and sterignatocystin for B.oiegateriun

KM, LAflatoxin B1 was grewth inhibitory ot o toxin concentration ¢

cell nunber ratic of the crdcr of 2.O;Lg/ccll X 1O8 and, at a
sinilar retio, sterigratocystin had very little effect. Under the
sanc conditions dothistronin was growth inhibitory at O.2;Ag/cell e 108.

However, no study was nnde of the effectiveness of the nethods used

to add these two fungal nctabolites to aqueous solutions. Since
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both conpounds have very low solubilitics in @queous solutions, it
is possible that the effective concentration eachicved in cach cnsc
was less then the calculated concentr:tion.

In liquid culturc, dothistromin appcarcd to result in e lag
in growth followcd by recovery mind resunption of o growth rate
couprrable to that of the control. This lag-rccovery phenonenon
was porticularly ncticecble with liquid cultures of Chlorclle.

This nny rnican that the toxin iz wetabolized by the ccll ond thot
pathways for detcxification cxist, or ot lenst in thc cose of
Chlcrclla, it nay result from light-induced breakdown of the
coripound. The norce usual responsce obscrved with a growth inhibi tor
is « concentration-dependent decrense in growth ratc.

The low solubility cf dothistronin in 2iquecous scluticns was a
problen that hod to be circunvented before the toxic ¢ffcets of the
conpound could be studied in liquid culturc. ANy aqueous
solutions preparcd were not stoble, a2 precipitate forning on
standing, nnd this would indiccate that the 'solutions' obtoined
were in fact very finc suspensions of precipitated dothistroriin.

To introduce reproducible and known crnounts of dothistronin into
liquid cultures, thc conpound wes added in cthyl acetate fron
stock solutions (usually of 1 ng dothistronin/cuB). Ethyl
acctate itsclf showcd inhibitory effects on growth if final
concentrations of greater than 0.6% (v/v) were renched. However,

at the levels of dothistromin requircd for inhibition it was
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possible to keep the ethyl acetate concentrations at sub-inhibitory
levels, finy dothistronin~induced inhibition observed was always
coixpnred with the appropriante e¢thyl acetatc control assay. However
the toxicity of mcst organie solvents to biologicol systems restricts
the ronge of dothistrorin concentrations over which inhibitory
cffects cen be studied cnd, since solvent tolcrance will vary
anongst cxperimental orgnnisms, it is not a genernlly applicable
ethod of introducing the toxin. Obviously it would bc invaluable
if an alternctive method werce available, It nay well be pessible
to prepare derivatives of dothistronin which are neore water-soluble
without nltering the toxic naturc of the nmolecule, 4 prelioinory
investigntion of the formation of 2 nagnesiuri chelote complex of
dothistronin indicatcd thot this complex is nuch nmore soluble in
aqucous solutions then the parent compound (Gallagher, 1973). The
biological activity of this conplex, as such, has not bcen
investigated but it nmay well be foricd in liquid culturcs conteining

. .
Mg as a nutrient.

4,13 Inplications for potential quontitative bioassay

Although the developnent of n quantitative bioassay for
dothistronin was not an intention2l part of the present study,
sone of the observations nnde in the course of investignting the
effects of this compound on the growth of nicro-organisnms arc of

rcelevance to any such attenpt.
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Further investigntion of ncthods of applying the toxin to
assay plates could improve the scnsitivity of the egor-plate bioassay.
The filter pepcr antibiotic-discs appear te ndsorb o percentage of
the texin applied and rcsults obtoined in this invostigotion indicate
that & nethod of applying the noterinl dircetly to the agor surface
would hc feasible and would inprove the scnsitivity. The inhi®ition
of growth of wiicro-orgrnizns in liquid cul turc could well form: the
besis of & quantitative bhicnssay. The dothistronin concentration :
ccll number ratios derived from growth studies using liguid cul-turcs
proved to be a useful index for wredicting inhibitory concentrotions
of thc toxin and o satisfactory -cans of conporing the relative
susceptibilitics of micro-orgrnisns to dothistronin-induced
inhibition.

The liquid-culturc type of biocwzsay appoesrs to be nore
sensitive, However, the sinplicity of the asnr-pleote teehnique
rendily allows for the screcning of a number of ricro-orgnnisnig

or for the prrallcl bioassey of 2 large nuniber of sar

lag-recovery response to dothistronin observed with Chlorella in
liquid culturc nay prove difficult to assess quantitatively since
the daration of the lag period nny not be directly proportionnl to
toxin concentration and may be affccted by the light-induced
breakdown of the toxin. The instability of dothistronin in lisht

was suggested by _—esults obtained fron a prelininery fluorinctric
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investigation of the agar-platc bioassay syster.. Nothing is known
of the possible photochenical-breakdown products and of the ways in
which thesc could affect the overnll toxicity of dothistrorin.

Since the fluorcscence cof the 'dothistreriin ~gors' decrecsed with
incrcasing tine of cxposurc to lizht, presunably soiic alteration

of the anthrnquincidal nuclceus occurs on irradiation, as this

noiety is largely responsiblc for the observed fluorcscence of

the toxin., f'or this rcason, it is sugsested thet non-photosynthetic

organisits be uscd should o quantitative bionssay be requircd.

4ol CELLUL..R SITE CF DOTHISTROIIIN INHIBITION

There: are nurcrous sites in the cell at which growth inhibitory
conpounds can act eond, of these ultiple sites, there ney well be
inore than one through which the prinary toxic effect of the conpound
could be expressed (Gottlieb, 1972). Thus attenpting to define
the cclluler site of action of an inhibitor beconcs a2 conplex study
and the areas of metnbolisn possibly affected by dothistromin cover
the spectrun of cellular processes, Quinones and quinoidal
derivatives are known to inhibit respiration, by intcrfering with
terminnl electron transport, and nlso to alter the cncrgy transfer
nechanisns involved in respiration and photosynthesis (Hcbb, 1966).
Growth inhibitors arc also known to act on the arca of protein and

nucleic acid synthesis and, since the structurally sinilar aflatoxins
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act prinarily in this arca (Detroy gt al., 1971), it was possible
that this could be o site of dothistronin action too. Polyphenozic
corzpounds arc knewn to nlter the permeability of the cell menbrane,
but dothistromin could nlso have been interfering with other
netabolic functions.

L study of the cffects of dethistronin en the ccll cycle using
synchronous culturc tecchrniques norrowed tha possibilitices to be
investigated, Synchrenous cultures are thosc in which the
processcs of growth nnd cellulnr division arc tenporarily
separated as functionz of the majority of the cultural population |
and hence can be uscd to represent nctebolic events occurring -s

in 2 single cecll. For thesc studics Chlorclla pyrcnoidosa wos

uscd ns an cxperinental organisn because it is photosynthetic
and cucaryotic and thercfore rore closely allicd to a Pinus systen

thon a procaryotic systen would be.

4.21 Site of Inhilition in Chlorclla Pyrcnoidosa.

By using synchronous cultures of Chlorcllae it was possible to
deternine the effects of the toxin on spccific aspccts of the
growth process. Dothistronin, when added to synchronous cultures
at thce beginning of the cell cycle, was found to effectively

inhibit the cell division of a large proportion of the algal
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populetion. Cell sizec distributions revealed that, in the presence
of the toxin, a significant percentage of the population remained as
snall! cells (of dian.‘< 3.85 ). This suggested that the toxin
was affecting synthcetic prccesses inportant to the growth of the
organisn, indircctly resulting in the observed inhibition of
ccllular division. The toxin was found to inhibit the rate of
increcase of total protecin and RNA fronm an carly stoge of the cell
cycle, while the levels of DN.. were not affected until later.

However the analytical ncthods used to follow the changes in
total levels cf the necromolecular constituents were not sensitive
enough to permit study of the short-term effects of the toxin unless
vast anounts of cell nmaterial were uscd. The use of radio~active
preccursors of protein and nucleic acids allowed investigation of the
ghort-tern effects of dothistromin on various biosynthetic processes
in Chlorella. The results obtained werc consistent with those
observed by following changes in the total lcvels of nmacronolecular
constitucnts.

Isotope incorporation studies with Chlorella clcarly showed
that RNA synthesis, and later protein synthesis, was inhibited but
it was not possible to show whether DNA synthesis was inhibited or

3

not. The incorporation of “H-thynidine was very low and investigation

of the distribution of precursor label in fractions derived by the
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Schnidt-Thannhauser extraction procedure showcl that only o very
snnll percentage of the 3H incorporated was in the DN. fraction.
Wonlkka et =21, (1970) reported thot Chlcerella lacks thymidine kinase
activity and would thercfore be unable to utilise exogenous
thymidine nas a DNi precursor. £lthough altcernntive methods of
1abzlling Chlorelle DNi were sought, ndequate precursor incorporation
into this nmacromoleculrr fractiorn wes not achieved and the sult-
ability of cther orgonisms was iavestigated.

Saccharanyces cercvisiac was tested 2s e possible alternative

cucaryctic crganisii but proved to be unsuitable duc to its low
scnsitivity to dethistronin. The rates of thymidine incorporation

into yenot DNL were no higher than those obsecrvoed for Chlorclla.

d.22 Site of inhibition in Bacillus megoteriun

The high scnsitivity of B.negateriwn tc both dothiatrenin

and aflatoxin, and also the apporent availability cf o thymince-
requiring strain of this crganisn, suggested that it would he -
nore suitable crgonisn for dutermining the prinery site of
dothistronin inhibition of synthetic processes, filthough a
thyrine requircrient could not b denenstrated for the variant

strain of B.nmegoterium KiM obtoined, it proved to be a very suitable

experinental organisn in all other respects and therefore was used

for all subscquent work,
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4,221 Validity of precursor annrc-ch

Investigation of the effcct of dothistronin on the synthesis

of mecronolecules in B.negetcriun K was carricd out by following

the incorporstion cof labelled procurscors into fractions derived
by thc Schrzidt-Thannhouscr cxtroction procedure. This technique
was uscd in prefercnce to sinply fellowing isctope incorporation
into cell residues with n> ottonnt to characterise the component
into which the isotope wns incorporated because it was inpertont
that valid ~nd adequate mensurcs of biosynthetic activities werc
eliploycd.

The Schridt~-Thannhtuser extraction procedurce is reccrrended
as heving the best thesreticel and practical basis for precise
cstination of nuclcic acids (Munro and Fleck, 1966). However,
investigation of the distribution of each precursor label in the
Schriidt-Thannhauser fractions obtrincd in the present study
suggested that conpletc scparntion of RNA, DNA and protein was
not achieved., The bulk cf thce RNL precursor labcel was obtained
in the supernatant fraction after alkaline hydrolysis overnight
at 300. This fraction also containecd some of the protein
precursor label (14C phenylalanine),presumably label incorporated
into low molccular-weight nmaterial which is alkali-solutlc, In

addition, sone of the 3H-thynidine label occurred in the alkaline
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hydrolysctc. Although DIl is stakle in alkali under the conditi ns
used, hydrolysis cen cccur if any apurinic 2cid hs becen foried in
corlicr steps of the extraction ond this mey well have sccurred
during hot .thnnol extractions.

Brch freection wos excitined further to charceterisce the

L

conjenent which containcd the isotcpe to cnsure thnt the radic-
activity in the fraction wos indceed duc to incorporstion of the
precursor r:olecule into the necromoleculsmr fraction. Hydrolysates

of cach Schiiidi~Thannhauscer fraction were resolved by chromntogsraphy

or clectrophoresis, the rediovactivity loczted and cach spot identified
by conporison with known stondords. Only one radiocactive peak was
found for thc protein end DN/ hydrclysates, occurring in thc resgions

of phenylalanine and thymidine respectively. The RIA hydrolysates

shoﬁed th& Lﬂggrlty of the rudlogct1v1ty in the pOSltlon of UiP

Investigation of the Schhidt-Thannhouser freactions and

resolution of the hydrolysatee of thesc fractions did ncot
unequivocally establish that the incorporation of each lobelled
prccursor was a specific neasurce of synthesis. To establish the
validity of this experimental approach, the effects of antibiotics
with known sites of action on prccursor incorporation into each
Schoidt-Thannhauser fraction weré deternined. If the incorporation

of labelled precursor was a velid neasure of synthetic activity, then
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it would be subjcecct to inhibtition by these antibiotics; c.g. if
nitonycin conpletely and specifically inhibited thymidinc
incorporntion then this would indicate thot the incorporation of
thynidine was only reasuring DNL synthesis in spite of doubts
arising from the Schridt-Thannhouser distributions. The purpcse

of using antibiotics wns twofold; firstly to establish the validity
of the labellcd prccursor expoeriincntal approach, and secondly to
conprre the inhibition of incorporation observed with cach anti-
biotic with that obscrved for dothistronmin to define possible sites
for dothistronin action.

Chloranphenicel, which inhibits protein synthes in procoryotic
systens by binding to thc 50S subunit of the ribosories, inhibited
the incorporation of 14C—phcnylalanine into the protein residuc.
Chloraniphenicol treatnent 9lso rcsulted in an apparent increasc
in 3H—uridine incorperation into the RNiA-containing fraction. This
is a well-docunented secondory effect of this antibiotic (Vazquesz,
1966). Lctinonycin D, an RNA synthesis inhibitor which acts by
binding to double-stranded DN4 and thereby interfering with its
function as a tenplate for transcription, inhibitedBH—uridine
incorporation. Mitoriycin C preferentially inhibits DNA synthesis,
acting as a bifunctional alkylating agent which binds covalently
with the DNA noleculc. This antibiotic cffectively inhibited

3

H-~thynidine incorporation in Be.negateriunm KM but had no effect on

3

the incorporation of “H-uridine,
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Thus, this scries of cxperiments utilizing known antibiotics
showcd that the incorporation of labelled precursors into enich
pnreronoleculnr fraction could be inhibited specificnlly and thus

wes in fret o valid veasurc of synthetic nctivity.

4.222 Dothistronin “nhibition of prceurscr incorportion

s
Dothigtrorin rapidly inhibited the incorporation of “H-uridine

into the RWii=contninin~ froction of Benegotecriun KM, ~nd over o

longer tinc-course inhibited the incorporntion of 14C—ph<,>nylal(min:;-
inte the protein fraction. 3H-—Thymidine incorperation wns not
affccted over the 25 ixin tine-coursc studicd. Thus the effect of
dothistronin on lebelled precursor incorporation in this systern

wes simdlnr to thet of ~ctinomycin D, nlthough dsthistronin
inhibition wis not quite s ropidly cxpressed, possibly duc to
differences in the rate of uptake of the compounds by the cclls.
The carly inhibition of 3H—uridinc incorporation in thc prescence

of dothistronin would suggest that the toxin exerts its inhibitory
effcct by interfering with the process of transcription. This
proposal would nccount for thce tinc-course observed for dothistromin
—induced inhibition of 14C-phonylalanine incorporation into the
protein friction, since inhibition of protein synthesis would be
one of the nore imnediate sccondary effcects. In synchronous

cultures of Chlorella, dothistronin caused 2 decreasc in the rates
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of accurulation of RiIA and protein early in the ccll cyclc. Any
inhibition of thesc synthctic processes would lead to the cessntion
of growth nnd cell division obscrved in this ezperincental systen,
and to the later inhibition of incrcasc in totezl DNA levels 2lso
obhscrved. 411 of thesc risults are consistent with the proposcd

sitc of action for dothistromin but furthcer investig~tion is

required beforc the riechnnisus involved can be elucideted.

4.23 Mode of action of structurclly-rcloted rycotboiines

Understonding of the site nand nwode of action of an inhibi tor
can be furthered by corparison with structurzlly-related conpounds.
It has Dbeen pointed cut thet dothistronin bears structur~l sinilority
ta a group of nycotoxins which includes aflatoxin and sterigmatecystin.
TFor compcoriscn, & censideration of the action of aflatoxin hes been
included.

Investigation of the carly effccts of the ~flatoxins, in
particulsr oflatoxin B1; haS been corried out in verious
experinental systens but, sincc oflatoxin is known to bc a potent
hepatocarcinogen, nuch of the work hes becn done with regencricting
rot liver tissue. Thus aflatoxin B1 has becen shown to suppress
DNA synthesis in vivo (Lofarge ~nd 'rayssinet, 1970; Rogers and

Newbcrne, 1967) and in vitro (Legator, 1966; Yragg et al., 1967),
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and to inhibit RHUL synthesis in vivo (Clifford ¢t al., 1967; Harley
ct al., 1969; Pong and Wogon, 1970) and in some in vitro systens
(clifford ond Rees, 1966, 1967; HMoule ~nd Froyssinct, 1968).
Inhibition of protein synthesis has been reported in nony systomis
(Clifford end Recs, 1966, 1967; Snith, 1964; Ye.on and Fricdion,
1968; Lillchoj end Cicgler, 1970). Comparison with the cffects
of ~ctinonycin D sugests that ~flutoxin nny act through - simil-r
sechnnisn ie.c. by binding to DN:. and inpairing the templete functions.,
Differences obscrved con be partly accounted for by non-identicnl
sites for binding to the nocroiiolecule wnd wenker hinding forces
(Dctroy at-al,, 1971). Investigntion of the RNA polyricrase
reaction fror several sources sugnested that nflatoxin o2cts on the
cnzyne=tcnplate complex or on the tenplate rather thon dircctly on
the cnzyne itself (BEdwards and Wogdi, 1970). Bvidencc available
to dete would suggest that the toxic offcects of aflatoxin result
fron its intcraction with DNi, producing the inhibition of r.acro-
rnoleculer syntheses as observed., Infornation on this interaction
has been obtrined from in vitro binding studies (Sporn et al., 1966;
Clifford et al., 1967; Neely ct al., 1970; Schabort, 1971).

The experinental approaches used in thks study of dothistromin
toxicity have been c¢nployed in investignting the mode of action of
aflatoxin. Lafarge and Frayssinet (1970) followed the incorporation

of labelled precursors to study the short-tern biochenmical effects
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of aflatoxin on nucleic acid synthesis in regencrating rot liver
tissuc. Afleotoxin wns adndnistoered at subscute levels in contrnst
to many cther studics in which the toxin has bewn used ot ncutely
toxic doses lcading to ninesive and rapid inhibition of 2ll metrbolic
Proccs3c3. These worlkers found thnt the incorperation of

6 - 14C - orotic 2acid into nucleoler RIL occurrcd rapicly and was
noxinal (90%) et 20 nin after adeinistration of the toxin.
Inhibition of totnl nuclcnr REa synthesis,21though never complete,
wns observed by 15 nin, and totnl cellulsr RNA synthogis wos found
to be naerkedly inhibited by 1 hr. and aluest coimpletely suppressed
o5t k2 b The incorporation of 3H—thynidine into the DI'V. fraction
was alse inhibited by aflatexin, 57% inhibition heing observed by

20 nin snd 80% inhikition after 2 hr. The inhibition obscrved
under these conditions wos found to bhe roversible hut DL synthesis
was thce last to recoumrncnce. These findings suigested thnt
aflatoxin (or netibolitc) binds with DA, blockins rcplicntion and
the transcription of RN: with chains longer than the distance
between twe boundlrflatoxin nolecules, so that under thesc conditions
only short and nediun length RFA 1olecules can be synthesized. To
account for the observcd scquence of recovery it was suggested thnt
the progressive freeing of the DNA by aflatoxin would ollow synthesis
of longer-chain RNA (e.g., ribosonal RNa precursors) but the DI

nolecule would still be too charged for replication to occur.
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inother constructive study of aflatoxin cction was rcperted
by Sarasin and Moulc (1973). These werkers studied the in vivo
c¢ffeet of ~flatoxin B1, ot subecute levels, on protein synthesis
in rat liver using the incorporaticn of 140— 12belled DL-leucine
as a rensurce of protein synthesis. The inhibition observed showed
a2 rnnrked biphasic respconse, with nmrked inhibition of procursor
incorporation peaking ot 2 hr. ond declining up to 7 hr. Thercafter
the inhibition prosgressively incrcased to 80-85%. The pattern of
inhibition after 7 hr. con be accounted for by the clteration of
polyribosone profiles ns detcrmined in sucrose density gradicnts,
disagzregntion starting 3-4 hrs ofteor toxin ~drinistrotion. This
work suggested that aflatoxin nay hove an innedinte ond direct
inhibhitory cffect on prctein synthesis, but the later inhibition
appecred te be a consequence of the aflatoxin-inducced impairrient
of transcription.

Thus dothistronin resembles aflatoxin in that the prinnry site
of action appears tc be at transcriptioncl level, and for ~flatoxin
it is thought that this is due to interaction with the teaplate
rather than by direct interaction with the polymerasc cenzyme.
However it is obvious from the above discussion that for oflatoxin,
and very definitely for dothistronin, there arc cmany ospects of
the nechanisn of inhibition requiring further investigntion and

clarification.
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Lin attempt wes nade to comnnre the effects of aflatoxin B1
end sterignotocystin on the incorporation of labelled precursor

in the B.pegotcriun KM cexperinental systen with the offccts observed

with dothistronin. nly a single concentration of both nycotoxins

was studicd, bnsed on the concentrotion required to inhibit growth,

i.c. at a toxin concentration : cell nunber ratios cf 2.0;1@/0@11 X 108.

Under these conditions sterignotocystin showed no inhibitory effcect,

whilc aflatoxin B1 inhibition of 3H—uridino incorporation was very

slight. These results =re in nnrked contrast to thouse obtained

with dothistronin which rapidly inhibited 3H—uridinc incorporation

at 0-2;&g/cell X 108. However, it nuast be pointed cut that both

of these compounds have very low solubilities in water, as is the

case for dothistronin, and no study wns naac of the effcctiveness

of the methods uscd in adding these fungal metabolites to nqucous

cultures. They were added as c¢thyl ~cetate solutions in the sane

way that dothistronin was added to agqucous cultures. Comparative

studies of this type would be of intercst in further defining the

naturc of dothistronin inhibition and could show possible activity

relationships anongst thesc groups of fungal netabolites.,
Investigation of the toxicity of a nunber of hydroxyanthraquinone

conpounds to Chiorella in the antibiotic disc bioassay showed that

none of these conmpounds narkedly effected the growth of the organisno.,

Thie would suggest that the antkwmquinone noiety of the dothistronin
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structurc contributes little to the overall toxicity of the mclecule,
in spite of the known diversity of metabolic processes inhibited by
the quinone grecup of conpounds (Wcbb, 1966). Of this class of
corzpounds, 9, 10 anthraguinone is gencrnlly o less effective
inhibitor of biological systcns than the simpler quincences.

The contribution of the substituted tetrahydrobifuren ring
structurc to toxicity w~s not investigoted in this study. However,
by ~analcgy with other fungal ncienbolites containing this noiety,
it would e expectcd to confoer sone degrcece of toxicity te the
rrolccule containing it. Studics cimed 2t correlating biologicnl
activity and structurc in the oflatoxin and storignatocystin groups
of fungal nctabolites (Engelbrecht and iltenldrk, 1972; LAyres
ct al., 1971) have sugested that the unsaturntcd bifuran ring systen
is inportant to the toxic action of these compounds. These structure-
activity studies also suggested that the structur~l rclationship
between the bifuran ring and the crrbonyl groups of the hetcrocyclic
nucleus wns inportant in dcternining toxicity. Saturated bifuran
derivatives of the aflntoxin series are less toxic than those
containing the unsaturcted syster. Thus, in the aflatozin group
of fungal netabolites, those derivatives containing o heniacetal in
the bifuran systen have little of the potent toxicity of the parent
conpounde. Although the compound isolated fron D,pini cultures,

characterised and known as dothistronin, contains a heniacetal grouping
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in the bifuran ring, the posaibly nore texic unsaturated derivotive
is likely teo be forrned as o co-izetobclite or could readiiy be
produced hy dehydration of the henincetal derivative, Thercfore,
the likelibood of this dcrivotive being present in preparations of

dothistrcrmin cannct be ignorcd.

4,24  frcas for further investics tion

The studies reported herc have indicated one particular area
cf cell biosynthesis inhibited bty dothistronin but cculd be extended
to dectoernine the probable stop(s) of the transcriptional processes
which are¢ inhibited by dothistrerin and the rioleculnr ncchonisn
involved. The results obtrined in this study indicate that
inhibition of RI/. synthcsis could be one of the princry cffects of
the toxin but give.nc indication as to whether this is » general
inhibition of RNA synthesis or if the toxin selcctively inhibits
onc of the rnore rapidly synthcsized RNA fractions. Exornination
of RWA sedimentation profiles cculd provide uscful infornation on
this aspect of the problerii.

Docs the toxin act directly on RNA polyrierasce, or docs it
interfere with template function? Investigntion of possible
cnzyne-toxin interaction, tonplate-toxin interaction and the effects
of thc toxin on the formation of the enzyme-tcnplate complex could

be nade using the techniques which have provided information on the
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site of action of antibiotics and other inhibitory conpounds affecting
this arca of netabolisrni. These¢ techniques would include thic usc of
roadionctivel” labelled dothistronin to study binding of the toxin
to various conponents in vitro. and studies of the Kinetics of the
RNL polynicrase reaction in cell freo systeits.

There arc a nucmber of inhibitory compounds which contain a
hcterocyelic nucleus and o considecrablc proportion of these have
becen shown to bind with DA, an intcrection considcred to account
for the observed acticn of thesc coripounds (Goldb:rg and Friedman,
1971; Blichcr and Sics, 1969). The sites of inhibition of
nucleic ccid synthesis by o nunbor of antibiotics and drugs arc
rcpresented schenatically in Fig.36, where the structures of sorc
of these corpounds arce clso shown. By analogy with these structurcs,
it can be scen that the structurce of dothistronin nckes binding with
the DN4 template nct unlikely and any further investigntion of the

site of toxin action shculd include the study of this possibility.

4,3 ROLE OF DOTHISTROMIN IN DOTHISTROMAL PINE BLIGHT

Inpairnent of the RNi~synthetic c:peity of pine foliage
infected with D.pini could result in the cell death and necrosis
of tissue observed ns disease synptons of dothistronal blight.
However, before the role of dothistronin in the discase can be

assessed,it will be nececssary to confirn the inhibitory effecct of
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the compound in pinc-tissue ani, prcferably, in pinc secdlings.
Lttenpts in this dircction have sco for net with littlce success.

Onc¢ of the o jor problerns encountered is thot of the very low
solubility of dothistronin in aguccus solutiong. The results
obtrined in this study indicnte the possible inmpertance of the
cormpound as o discase factor nnd it is to be hoped thot the methods
ciiployed here can be further develeped for acpplication to assays
involving pinc tissue.

Onc of the first symptons frecquently obscrved with disensed
plant tissuc is an alterntion of the permeability of the plant
cell menbrene (Wheeler and lianchey, 1968). Any altceration of
nenbrane function could roapidly linit the availebility of
precurscere for cecllular netabolisn and result in the inhibition
of synthesis. To account for the scquence of events obscrved in

benicgoteriun KM, the nlteration of peroieability would have to be

specific to particular precursors. However, this possible prinery
site of action for the toxin has not been investigated ond is an
area requiring further study before the toxic activity of
dothistronin can be fully asscsscd.

Since dothistronin appears to be o general inhibitor of RUA
synthesis, i.e. not species specific, it could presuncbly inhibit
fungal synthetic processes. Characteristically, sccondery

nectabolites are produced in the stationary phase (or idiophase)
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of fungeol growth and appear to have little or no critical significance
rclntive to the growth of thc orzonisn (Veinberg, 1970). In
laboratory culturc of D,pini, dothistronin production occurs at a
late stoge of the culturing period, and the appecarance of red
bands on Depini infected pine ncedles is not observed until just
prior to sporulation. The site of toxin production is as
inportent as the tining of synthesis in protecting fungal netnbolisn,
and little is known of the cellulnr site of dothistrorin production.
The final step converting an innctive precursor to o potcnt toxin
could bc catalyzed by a cell-wzll bound cnzyrie.

he timing of dothistronin production by D.pini is alsc of
inportance with respect to the host-prnthogen relationship between
the fungus ord nenbers of the Pinus genus. Dothistromin nay not
be necessnry fer the successful infection and growth of the fungus
on the host, and yet be lorgely rcsponsible for the disensce syriptons
nenifested, The fungus has been shown to produce extracellular
enzynes which nay well be of inportance in the processcs of infection
and growth (Brunt, 1970).

Although toxic netnbolites ~re kmown to be produced by a large
nunber of phytopathogenic fungi, little is known of the biochenical
node of action of any phytotoxin. Evidence for toxin participation

in phytopathogenesis is based on the findings that:
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(a) Sone of thesc toxins are host-specific. They will
affcet only the host specics of the fungus and any
loss of thc obility of the fungus to produce the
toxin in culture is parnlleled by loss of pathogcnicity.
(b) The pathological cffects of the toxin are so sinmilar
to the discase syndrooe a2s to strongly suzgest toxin
involvenent. (Tenpleton, 1972).
If dothistronin czn be considcred to be o phytotoxin, host-specificity
nust be dependent on other frctors in the host-prthogen rclntionship
3ince the toxir appcars to be o non-specific inhibitor. The
apparent biological activity of dothistrormin could account for the
discase syndrorie but there is, 25 yet., no confirmntion of the
toxin activity in pine tissuc. However, as c¢ther foctors involved
in dothistronal pinc blight arce clucidated, it is likcly that the
discese will be found to result from the intcraction of a nunmber
of agents, an intcraction to which dothistronin nay mnke o nojor

contribution.
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4,4  DOTHISTROMIN A4S { POTENTIAL HEALTH IAZARD

£t the present time in Mew Zealnand, dothistromal blight is
controlled by the aerial application of copper fungicides, but
this treatnent does not crxlicate the fungus. It noy well be
prudent to investigate ways of cradicating the disease to supplencnt
present nethods of control, Hothing is known of the netobolic
fate of dothistronin ingested into mermaliosn systens, c.g. by stock
grozing in infeceted plantotions. In vicw of the current reassess—
ient cf the role of fungol netabolites in haalth, consideration nust
be given to this aspect of the dothistrornal blizht probler. Hydr-
oxylatcd aflatoxin Jerivaotives have heen isolated frowm the nilk of
cows fed peanut neal and thesc conpounds, aflatoxins M1 and M2, weroe
found to be as toxic as the pnrent ~flatoxins (Purchaose, 1967). In
view of thc knowvm curcinogenicity of structurally rclated iycotoxins
it is inportant to cvaluate the potential corcinogenicity of
dothistronin. Sanples of dothistromin have been sent to laboratories
with expcricence in this field, but conclusive results are not yet

available.
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