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STELLINGEN

I
Het is het overwegen waard om in aanvulling op andere tests Aspergil-
lus nidulans te gebruiken als testorganisme voor het aantonen van
mutageniteit.

11
Bij langdurige inkubatie in aanwezigheid van de te onderzoeken stof
kunnen, ook bij andere testorganismen dan Aspergillué nidulans,
selektie effekten optreden die aangezien kunnen worden. voor mutagene

eigenschappen.

I1T
Vaor de evaluatie van eventuele mutagene eigenschappen van fungiciden
2ijn de resultaten van tests met schimmels als testorganismen minder
zwaarwegend dan de resultaten van tests met anderssoortige test-

organismen.,

Iv
In hun onderzoek naar deleties van een duyplikatie stam houden Nga en
Roper te Wweinig rekening met het optreden vapn crossing-overs.
B.H. Nga en J.A. Roper, 1968. Genetics 58:193-209

v
De isolatie van carbendazim resistente kolonies ken niet gebruikt
worden om de mutagenlitelt van dezelfde stof te bewijzen.
H,I. Nirenberg en J.B. Speakman, 1981. Mut. Res.
88:53-59

VI
Een te grondige verwijdering van miperalen uit het water dat als basis
dient voor het vervaardigen van voedingsmedia kan komplikaties
veroorzaken.
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Vit
Bi} gebruik van wilde en primitieve scorten in de veredeling van
voedselgewassen zou men ook onderzoek amceten doen naar eventuele
overgedragen mutagene elgenschappen.

VIII
Als in het laboratorium het glaswerk op dezelfde manier gesterilisser
zou worden als in het huishoudern de flessen voor babyvoeding dan
zouden veel proeven mislukhken.

IX
Fietspaden ~-zoals men %e in Duitsiand vaak aantreft- waarop bij elke
kruising een stoep van ca. 5 c¢m voorkomt, vertragen de doorstroming
van het verhkeer.

X
Met de term "buitenlanders' wordt in de omgangetamal vasak niet zozeer
een verschil in nationaliteit aangeduld maar wel een kultureel
verschil,

XI
Het uitzeven van mooie strafportzegels lokt het versturen van onder-
gefrankeerde brieven uilt.

Proefschrift van J.G. Boschloo, getiteld: Development and
standardization of a mutagenicity test system using Aspergillus
nidulans as tast organism.

Wageningen, 29 mei 1985.
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1 INTRODUCTION

1.1 General introduction

The continuous introduction of new chemicals intc¢ the environment
is a problem of growing concern. Cne of the possible hazards is their
potential te induce mutations. Bul even naturally occurring substances
which have been used for years and are regarded as save, may have
strong mutagenic properties (Ames, 1983).

Mutations are heritable changes in the composition or arrangement
of genes, or in the structure and number of chromosomes, They may be
transmitted from one cell generation to another within an individual
{somatic mutations) and in scme cases to the progeny of the affected
individual (germinal mutations}. Mutations can resuylt in genetic
diseases, The total effect of a mutagenic exposure of a population
will only be revealed after a long period of time, since many mutations
will first be expressed in the individuals of the following
generations, Thus there will be a prenounced delay in monitoring
mutagenic activity (Carter, 1977).

Somatic mutations may be coansidered as one cause of cancer. Although
the exact mechanism of carcinogenesis is not yet known, it has been
found that most carcinogens are mutagens as well (McCann et al.,, 1975).
Recent investigations have shown that, at least in one system, a point
mutation can change a 'mormal'" cell into a cancer cell (Reddy et al.,
1982).

The intrcduction of new chemical compounds which are mutagenic may
augment the frequency of genetically based ill health. In order to
gstimate the potential hazards of new chemicals, it is necessary to
identify whether they are mutagenic or not, Since direct measurement
of mutagenicity or carcinogenicity on humans is not possible, many
rapid screening tests have been developed (Hecllstein et al., 1979),
but only few have been thoroughly evaluated. The results of such a test
are only valid for the organism and the genetic end-point investigated
and give only an indication for cther situations. Thus different tests
have to be performed in order to predict the effect of a specific

chemical compound on men. Generally, the use of mammals as test



organisms or human cell cultures will have beltter predictive value
than the use of micro-organisms, but the costs of such tests will be
higher. Therefore a battery of test systems has been recommended,
including different genetic end-points and different crganisms varying

from bacteria to mammals (Anonymous, 1980).

1.2 Aspergillus nidulans as a test organism for mutagenicity testing

One possible organism for mutagenicity testing is Aspergillus nidu-

lans., Being a lower eukaryot, it combines scme advantages of bacterial
test systems with those of higher organisms, This organism has a
colonial growth on agar scolidified medium and forms an abundance of
vegetative spores {conidia). Its genetic system has been examined in
detail; since it is possible to grow this organism in haploid (normal
form, n=8 chromoscmes) as well as in diploid condition, not only
point mutations can be studied but also other genetic end-points like
enhanced mitotic crossing-overs, non-disjunctions or chromosomal

rearrangements.

In view of the potential value of Aspergillus for the screening of
genetic effects, several tests with this organism have been developed.
-A- Haploid strains are used for the detection of point mutations (For
a more detailed review, see Scott et al.,, 1982):

-Al- Most generally used is the system in which revertants of the
mutant methGl ailele are counted. Revertants which grow on media
lacking methicnine can be divided into 3 classes on the basis of their
different morphology (Lilly, 1965). All 3 classes contain or are
thought to contain mutants at at least 2 loci (Lilly, 1965; Scott &
Alderson, 1971). The genetic analysis of 9 mutants showed that they all
were suppressortype mutants.

~AZ2- Ancther possibility for the detection of point mutations is the
2-thiecxanthine system. Wildtype Aspergillus strains produce green
conidia on normal media. But when the medium used contains 2-thioxan-
thine, the conidia have a2 yellow celour, After transport into the
cells, 2-thioxanthine is converted into 2-thiouric acid by the enzyme
xanthine dehydrogenase and this conversion leads to a yellow pigment.
Mutants lacking xanthine dehydrogenase or the transport system for

2-thioxanthine will have normal green conidia, whether 2-thioxanthine



is present in the medium or not. After isolation, mutants can be
assigned to several classes if they are tested for growth on different
nitrogen sources., Complementation analysis has shown that about 10 loci
are invelved (Alderscn & Hartley, 1969).

-A%- A Russian group uses an arginine requiring strain, and revertants
are scored on media lacking arginine (Panchenko, 1974).

-AL- Forward mutations for resistance to toxic chemicals can also
readily be used. Bignami et al, (1977) use a system in which resistance

to 8-azaguanine is scored,

-B- With dipleid strains, heterczygous for several recessive genes,
colour markers among them, other genetic end-points can be investiga-~
ted. During cell division (mitosis) in such strains, several processes
can lead to the occurrence of sectors with non-parental genotypes.

Mcst sectors arise by a mitotic crossing-over between the (colour)
marker and the centrcomere. In one of two cases all genes distal tc the
point of exchange will become homozygous and recessive genes will be
expressed (fig 14). Deletions, hewever, can also lead to phenotypically
similar recombinants (fig 1B}. Although in such a diploid the genome is
unbalanced, the morphology and growth rate is not necessarily affected
(Kappas, 1978)., A definite procf of a mitotic crossing-over is only
obtained if both feciprocal crossing-over products can be scored. Twin
-spots are found. These are neighbouring sectors in which the recessive
genes of the 2 homologues are expressed {(Wood & Kifer, 1967).

Apart from the reclprocal exchange of genetic material during
mitosis, there is also gene conversicn: unequal recovery of genetic
markers in the region of exchange during genetic recombination. In this
process a {very) small pilece of DNA of one strand is made complementary
to the strand of the homologue (fig 1C). The resulting heteroduplex
can be repaired leading to the expression of a recessive gene.

Non~disjunction 1s a process in which the chromosomes are not
equally distributed during anaphase (fig 1D). At first aneuploids are
formed (2n+ 1 and 2n - 1) which are unstable in Aspergillus. After
subsequent loss of one or more chromosomes, they produce stable diploid
or haploid colonies., In diploid non-disjunction products in cne of
three cases the recessive genes of the chromosome involved in the

initial non-disjunction will be expressed. Haplecids, in which recessive
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genes on all chromosomes are exXpressed, arise after a non-disjunction
of any of the & chromosome-pairs. Therefore haploids will be found more
frequently than diplcid non-disjunction products when a given marker

is scored.

An entirely different genetic énd-point can also be measured in
diploid strains: recessive lethal damage. If a chemical induces a
lethal effect which does not come to expression in the target cell
itself but only in its hapleid progeny, the chemical must have
disturbed a vital gene-function on one of the homologues of a chromo-
some. The damage involved may be a pecint mutaticn, a deletion or a
structural change in the chromosomes.

In diploid Aspergillus strains with suitable markers, recessive
lethal damage can be shown when these diploids are forced to haploidize
by means of chemicals like p-fluorophenylalanine (FPA). The absence of
a certain marker in the haplcid sectors indicates that a recessive
lethal must be located on the same chromcsome as this marker.

Schematically:

dipleld chemical haploidization haplolds
é + leth b not viable
—— Z.leth b FPA or

—

—_— —r
) viable

o
+

only a, and never b is found among the progeny

Several procedures and strains for measuring the frequency of
mitotic recombinaticn processes have been used. See Kafer et al. (1982)
for a general review. In principle, the procedures used are as follows:
-RBl~ Inoculation of mycelium of the test strain on mutagen-containing
plates of complete medium, About 5 colonies per plate are tested and
sectors expressing recessive colour markers are scored after incubation
for several days at 37 oC. Isolation of the secteors and subsequent
testing for other markers can reveal which mechanism has been respon-
sible for the occurrence of these sectors, if encugh markers are
present on the chromosome(s) involved {(Kappas et al., 1974).

-B2- Ancother procedure is to incubate the conidia with the mutagen in
a ligquid suspension and, after separating the conidia from the mutagen,
the conidia are plated on complete medium. Normal colonies with reces-
sive coloured sectors and colonies with an abnormal morpholegy are
scored. The abnormal colonies are isolated and replated in crder to

investigate whether they are aneuplcids or stable abnormal colonies,



The sectors can be isolated and tested for markers to reveal the
inducing mechanism (Bellincampi et al., 1980).

-B3- Morpurgo et al. (197%9) used a system in which the tester strain
carries the heterozygous recessive allele for resistance to p-fluoro-
phenylalanine (FPA), After incubation of conidia with mutagen in
liquid suspension, these conidia are plated on complete medium
containing FPA and the mutagen (Bignami et al,, 1974). After incuba-
tion, recombinant colonies are scored, Since they use a strain with a
yellow colour marker lccated on the sane chpomosome as the fpa allele
but at the other side of the centromere, they can distinguish directly
mitotic crossing-over products (green colonies) from non-disjunction
products (yellow colonies).

An analogous system has heen developed using the gene for pimaricin
resistance (Bertoldi et al., 1980).

A complication is that both FPA and pimaricin are reported to induce
non-disjunctions themselves (Lhoas, 1961; Bellincampi et al., 1980),
and when a positive effect on the number of non-disjunctions is found,
this result must be verified by another, non-selective test methed
{Bignami et al., 1974).

The gene conversion frequency 1s very low in Aspergillus and there-
fore cannot be measured with the procedures mentioned before.
~Bh~ One system for estimating the gene conversion frequency with a
diploid strain, heterozygous for 2 pabald (para-amincbenzoic acid
requiring) alleles in trans-position, has been described {Bertcldl et
al., 1980). The spontaneous frequency of paba prctotrophs when the
pabadl and pabalht alleles are involved is 1.4 xlo_6 prototrophs/col-

onies. Investigations of Bandiera et al., (1973) showed that at least

a part of the paba protctrophs arise after a gene conversicn process.

Several strains have been used to score recessive lethal damage.
-B5- Azevedo (1970) used a strain with markers on all chromosomes, and
after chemical treatment many colonies were screened by looking for
the presence of all markers among the hapleid descendents.

-B6- Azevedo and Roper {(1667) looked only for certain, easy to score,
markers {ccnidial colcur or morphological mutants) among the hapleids.
-B7~ Morpurge et al., (1978) used a strain, heterczygous for a FPA

resistance allele, and after haplecidization by FPA, the presence of



good sporulating sectors has been scored. For only haplolds having the
chromoscme carrying the FPA resistance allele can grow out to give

good conldiating sectors..

-C=- Duplication strains can also be used to measure the genetic
activity of a chemical, for they are slightly unstable at mitosis, and
certain chemicais have been shown to increase this instability (Birkett
% Roper, 1977). In a duplicaticn strain, part of a chromosome is
present twice in the otherwise haploid strain, One part is in normal
pesition, the other part is present as a translocation connected to the
end of another chreomosome, Duplicaticn strains are “crinkled": the
colonies are smaller than those of the wildtype strains and have a
typical morphology (Bainbridge & Roper, 1966). Spontaneously sectors
occur, some of which have a normal wildtype morphology. The exact
mechanism is not known. Nga and Roper (1969) proposed the term: mitotic
non-conformity. Deletion and/or crossing-over processes may play a
role.

Different duplication strains are known, but usually the I—eII
duplication, criginally isolated by Pritchard (1960), is used to test
chemicals, since in this system the marker for yellow conidial colour

can be used for selection,

The procedures used shew some variation.
~Cl- After mutagen treatment, 1 colony is grown on & plate with
complete medium, or 1 coclony is inoculated on mutagen-containing
complete medium. After an incubation of a week at 37 OG, the number of
yellow sectors is counted {Roper et al., 1972; Majerfeld & Roper,
1978).
-C2- After mutagen treatment, 300 - 400 conidia are inoculated on a
plate complete medium (supplemented with descxycholate to restrict
colony size) and after an incubation of several days at 37 0C, the

number of yellow sectors is counted (Normansell & Holt, 1979},
1.2 Aim and outline of this study

The aim of this study was tc explore Aspergillus nidulans in order

to come to a comprehensive test system for mutagenicity testing. This

test system should include different genetic end-points 1like mitotic



crossing-over, non-disjuncticn and point mutation, We preferred
selective systems in which all surviving conidia have tc be grown and
screened after mutagenic treatment. To avoid complications, it has
been preferred to use only selective media without chemicals which are
known to be mutagenic themselves.

It has been intended to standardize and evaluate the optimal test

system by testing several chemical compounds.



2 MATERIALS AND METHODS

2.1 Strains

Several strains of Aspergillus nidulans {Eidam, Winter), which all

originally descend from a single Glasgow wildtype isolate, were used in

this study (table 1}. Aspergillus nidulans is the name for the vegeta-

tive form of the Ascomycete Emericella nidulans, The name Aspergillus

will be used because the fungus is well-known by this name. The genetic
notation used is by Clutterbuck {1981) and Kafer et al. {1G982).

Table 1 Strains of Aspergillus nidulansg

number

Hapleids:  ROO2
003
505

jale)
[ Jelolo):]
w3096

G110
WElyl
WelL9
HA213
HA216
FG470
FG475

FGL75

Diploide: D
b3

Dy
D7

BQurce

Roper
213 % 145
213 x 475

002 x 003
Wageningen
Wageningen
Glasgow

‘Wageningen

Wageningen
Arst
Arst
FGSC
FGSC

PBSC

473/ 475
Mcrpurgo

005/473
de Bertoldi

genotype

proAl pabadéb yA2; Dp(I—II) adE20 biil,

sorA2; wA3; pyrofh.

fpaB37 galD% sudladE?0 riboAl anAl pabadl yA2 adE20Q
biAl sorA2; sD85 fwh2.

proAl pabadf yAZ sord2; Dp(I-»I1) adE20 biAl.

biAl; acral.

yA2 pabadé.

biAl; methGl,

pdhA268(ts}; wA3; pyrohsy,

wAZ; pyrodh.

sorA2; adHa3.

crea?l pabasl.

predl bipl; methGl frAal TI(IV;VI1); chasl,

sulAl adE20; acrA]l wA3; actAl; pyroA4; facA303;
lacAl sB3; 01142 choAl; riboB2 chadl.

fpaB37 galDS sulladE2D ribeAl andl pabakl yA2 adE2D
biAl; sD8S Iwh2.

see haploid sirains

andl + pabaAl yA2 + +
£uAladE20 riboAl + proAl + +  adE20 bial®

acrAl, pheni2 methGl pyroAy, fpad2 T1(I;V) nicAZ
+ ! + 0 + + ! +
+ | nicB3

1ysBS?* + "

sae haploid strains

pimBl10 prodAl pabaldl yA2 + +
+ + + + biAl pyrolAy”

FGSC = Fungal Genetlc Stock Gentre (California)
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2.2 Culture media
2.2.1 Minimal medium

iz a basic medium for selection plates and for test plates, a
minimal medium {MM) was used. MM contained per 1000 ml distilled water:
&g NaNOB, 1.5 ¢ KHZPOM’ 0.5 ¢ MgSOA.?HZO, 0.5g KC1l, 15g agar (Difco)
and some cristals of Fesoq, ZnSO4, MnCl2 and CuCla. The pH was adjusted
to 6.0 by adding NaOQH.

The medium was put intc flasks and autoclaved (20 min, 120°¢ and
1 at}. Before plates were poured a sterile carbon source and, if
necessary, growth factors and amino acids were added. These were all
autcclaved separately.

Usually 0.05M glucose {glu) was used as a carbon source. But in
testing colonies for sorbose resistance {(sorbose is a pentose which
inhibits the growth of Aspergillus on weak carbon sources), 0.1M
acetate (ace), pH 6.0, had to be used. Surprisingly, after sodium azide
treatment and subsequent washing of the conidia (incubation method 2,
see 3.2}, growth on acetate as a carbon source was inhibited. In this
case (.05 M arabinose {(ara)} replaced the acetate, and colonies could
be screened for sorbose resistance.

Ir the strzins D1 and D4, recessive markers for galactose (gal) and
lactose non-utilizing (la¢) and fluorcacetate resistance / acetate non
-utilizing (igg) are present. When segregants of these strains had to
be tested for these markers, MM plates were used in which C.,05M
galactose, 0,025 M lactose or 0,1 M acetate, respectively, replaced the
glucose,

Usually MM was also supplemented with growth factors and / or amino
acids, All test strains carry several markers which make the strain
auxotroph for growth factors and / or amino acids, These markers made
it possible to distinguish between the different types of segregants,

When mutants or recombinants were expected tc be homozygous for such
a marker, the growth factors and / or amino acids involved had to be
added to the MM. Later on, after isolation, the mutants or recombinants
could be tested for the presence of those markers by comparing the
growth on MM plates in which one growth factor or amino acid was
omitted to the growth on MM plates in which all growth facters and

amino acids were present,
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The conc¢entrations of the growth factors and the abbfeviations used
were: 63 uM adenine (ade), 0.016 uM biotin (bio), 14 pM choline {cho),
10 uM pyridoxin (pyro), 2.7 pM riboflavin (ribo}, 0.059 pM thiamine
(thi) and 8.2 pM nicotinic acid (nlc). Amino acids were added in higher
concentrations: 1 oM mefhionine (meth), 0.87 mM proline {pro) and 2.5
mM lysine (lys). All these growth factors and amino acids were auto-

claved separately and stored at QOC.

Another category of markers are the resistance genes. The growth of
normal wildtype Aspergillus coloniegs is inhibited in the presence of
the chemical concerned, but when a resistance gene is being expressed,
colonies can grow. The following concentrations were used in testing
these resistance markers: 0.23mM acriflavine (ACR), 1.1 mMpara-fluoro-
phenylalanine (FPA) and 5.6 mM sorbose (SOR) in acetate medium. The
resistance tc sorbose was also used in the selection of recombinants of
the strains D4 and 007. In this case a higher concentration of sorbose
was used (18 mM) since a smaller colony size (of the wildtype colonies

but to a lesser extent also of the recombinants) is advantageous here.

2.2.2 Complete medium

For gocd growth and sporulation of all strains, a complete medium
(CM) was used. CM consisted of all ingredients of MM (see 2.2.1) plus,
per 1000ml: 2 g neopeptone, 1l g casamino acids, 1l g yeast extract (all
3 from Difco), C.3g RNA {(from Sigmaz} and 2ml vitamin solution. This
vitamin solution contained per 1000 ml: 10C mg riboflavin, 100 mg
nicotinic acid, 50 mg pyridoxin, 10 mg thiamine, 10 mg pahthothenic
acid and 0.2 mg biotin.

CM was, like MM, put into flasks and autoclaved., Prior tg pouring
plates, 0,05 M glucose was added. Growth factors and amino acids were
not needed, but 1 mM cescxycholate {(des)} was added when a reduced
colony size was profitable, as was the case in plates used for viabil-

ity counts.
Z2.2,3 Malt extract agar

As a sporulation medium, malt extract agar (MEA) was used., This

medium contained per 1000ml: 20 g malt extract, 1 g neopeptone and
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15 g agar (all 3 from Difcc)., The pH was adjusted to 6.0 and, like the
former media, MEA was put into flasks and autoclaved. Glucose (C.05M)
was added as a carbon source. Compared to (M, MEA generally gives a
better sporulation of the strains, but, like MM, growth factors and
amino acids have to be added separately, so it is less suitable for
general use.

MEA was used to grow conidia of the test strains whenever conidial
suspensions for mutagenicity testing was required. The occcurrence of
recombinants (of the diploid strains) could be reduced to a minimal
level, since only those growth factors and amino acids needed for
growth:of the wildtype were added.

MEA supplemented with glucose, growth factors, amino acids and
5.6 pM pimaricin (PIM) was used in selecting pimaricin resistant

reccmbinants of strain D7.
2.2.4 Modified Czapex Dox medium

Since the use of CM in scoring recessive lethals (see chapter ?) was
not satisfactery, modified Czapex DoX medium was used. The medium con-
tained per 1000 mldistilled water: 2.55 g (NHh)asoq, lg KH2P04, 0.5 g
MgSOq, 0.5g KC1, C.0lg FeSOQ, 0.037 mg Gusoi+ and 15 g agar (Difco).
The pH was adjusted to &.0. Like all former media, this medium was put
into flasks and autoclaved, Prior to pouring plates glu, FPA and the

growth factors and amino acids needed were added.
2.5 Chemicals tested for mutagenic activity

Several chemicals were tested with the test systems, most of them
are well-known mutagens,

The most active mutagens tested are the alkylating agents methyl-~
methanesulfonate (MMS) and DL-1,3-butadienediepcoxide (BED), both from
Aldrich. MMS is monofunctional and BED has twe functional grougps.
Alkylating agents mainly induce point mutations, but also other kinds
of genetic damage (Ehrenberg & Hussain, 1981; Freese, 1971) and are
carcinogenic. Special care has been taken in handling these chemicals.,
411 glassware possibly contaminated with MMS was left cvernight in
a 10% sodium thiosuiphate solution, and BED ccntaminated glassware

was left overnight in concentrated HCl. Thus all residues of these
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agents had disappeared before the normal cleaning procedures took
piace,

Sodium azide {NaNS, N3 for short), from Merck, is a strong mutagen
in several systems, especially for lower organisme. The exact mechan-
ism, however, is not known. Often a low pH is needed. N3 is not
carcinogenic (Kleinhofs et al., 1978).

Sodium nitrite (NaNOa,-Noa for short), from Merck, is also strongly
mutagenic to several systems when tested at a low pH. NOZ2 acts by
deamirnation (Zimmermann, 1977). NO2 itself is not carcinogenic,

Acriflavine (ACR), from EGA, a commercial mixture of proflavine and
trypaflavine, and 9-aminocacridine (9AA), from Fluka, are acridine
derivates and induce (frameshift) mutations in several organisms and
chromosome aberrations. The carcinogenicity data are inconclusive
{Nasim & Brychy, 1979).

Both para-fluorophenylalanine (FPA), from Sigma, and chloralhydrate
{(CH), from Merck, interfere in the spindle formation and therefore
induce ncon-disjunctions., Apart from this, FPA is alsc reported to
induce gene mutations and gene conversions (Davies & Parry, 1978), but
only in eukaryotic organisms. CH induces (weakly) mutations in Salmo-
nella {(Waskell, 1978) and Aspergillus (Bignami et al., 1980).

The fungicide carbendazim (MBC), from BASF, is also known to affect
the spindle formation in Aspergillus and thus to induce aneupleids,
Also a weak mutagenic action, pessibly as a hase analogue, has been
reported (Kappas, 1981).

The other fungicide tested, vinclozolin (VIN), from BASF, is less
investigated but has been reportéd to induce non-disjunctions in
Aspergillus (Vallini et al., 1983) and is a weak inducer of géne
mutations in Salmonella and Saccharomyces (Chiesara et al., 1982).

Dimethylsulfoxide {(DMSQ) has been used tc solve MBC, VIN and 9AA
(only in part of the experiments). For each experiment, fresh solutions
of the mutagens were prepared, except for FPA and ACR. Both chemicals
were also used for other purposes (induction of haploids and testing
for ACR résistant colonles, respectively) and therefore stock solutions
were made, autoclaved and stored at 4 °C in the dark, These stock
solutions were used in testing mutagenicity. The biclogical activity

of these solutlons was regularly checked.
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2.4 Handling of strains

For normal use, cultures were grown on CM+ glu in little flasks for
L days at 37 °¢ in an incubator. Those cultures were afterwards stored
at 37 °c for lenger periods, up to 6 months., Low density conidial
solutions were made from these cultures and plated on CM-Fglu to give
single conidium colonies. Conidlia from such a single colony were taken
and plated on MEA + glu + growth factors anrd amino acids. In this way it
was possible to grow large amounts of conidia with a minimum of mutants
or recombinants. After 3 days incubation at 37 OC, the plates were
stored at 4 0C pricr to making conidial suspensions. If there was doubt
of the genetic constitution of the strains kept on flask cultures, new
cultures were made starting from ccnidia stored on dried silica gel.
Such a silica gel batch was made by the following procedure: A& conidial
suspension was centrifugated (10 min, 3000 rpm) and the conidia were
resuspended in 5% skimmilk + 5% glutamate. About 0.2ml from this
suspension was added to 0.5 g dried silica gel in 1little flasks with

screw caps, cocled in ice. The silica batches were stored at M,OC.
2.5 Preparaticn of cconidial suspensions

Conidial suspensions were made by adding saline (8 g NaCl/1 distil-
led water) + tween 80 (0.095ml/l) to the plates and subseguently
suspending the conidia by moving a metallic wire over the surface. The
suspensions were heavily shaken for 10 min on a flask shaker and
filtered through cotton-wocl in order to remove all mycelial debris.

The concentrations of the conidial suspensions were estimated using
a Coulter Counter model Z.,F, For this purpose dilutions were made to
yield a concentration of 4 x10% -2 xlO5 conidia/ml.

The conidial suspensions were stored at 4 ° for mo longer than

5 days.
2.6 Comparing the conidial size

Conidia of diploid strains are generally larger than those of
hapleid strains. Therefore the conidial size can be used to distin-
guish haploid from diploid colonies. For this purpose, the Coulter

Counter was employed. By varying the threshold value for the smallest
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conidium to be counted, a size distribution of the conidial suspension
was obtained. Since such a distribution is characteristic for a haploid
or a diploid straln, an unknown cclony could be recognized as to be
haploid or diploid, since standard strains were included in the test,

2.7 Removal of a germinaticn inhibitor

Scott et al. (1972) reported the existence of a substance on the
cell walls of the conidia inhibiting their germination. The normal
procedures for preparing conidial suspensions can lead to only partial
removal of this inhibitor, resulting in non-reproducible survival data
{usually higher numbers) after radiation. An explanation can be that
differences in germination time give different opportunities for repair
mechanisms. Two procedures for a complete removal of the germination
inhibitor have been proposed by Scott and Alderson {(1974):

- shaking in a tween 80 solution for 7 hours.
- shaking for 10min in buffer + 1% diethylether and subsequent removal
of the ether by filtering through membrane filters and washing,

In our early experiments, no special care was taken to. remcve this
inhibitor. So it is possible that, during the shaking in tween 80 for
only 10 min, not all inhibitor was removed. In the later experiments
the ether method, described above, was applied., Whenever this was done,

it is stated in the tables.
2.8 Genetic recombination

Sexual and parasexual recombination of the genetic¢ material was used
in corder to construct new strains, or to analyse recombinants, At
first, both in sexual and parasexual recombinations, a heterokaryon
was made; conidia of both (haploid) parent strains were mixed together
and inoculated on CM + glu. After 24 hours pieces of mycelium were
transferred to CM+ glu. Growth factors and / or amino acids were added
only when both parent strains needed the same growth factor or aminc
acid and when this was caused by a mutation of the same gene, The
transfers were repeated 1 or 2 times, after 3 or 4 days incubation at

37 OC, uhtil vigorously growing sectors occurred.
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2.8.,1 Sexual recombination

For sexual recombinations, the heterckaryon was incubated for about

3 weeks at 30 °C until the cleistothecia matured. Scme cleistothecia
were picked up and rolled over agar plates in order to separate them
from the vegetative conidia. Fach cleistothecium was crushed and the
content was suspended into 0.5 ml saline. It was checked whether the
cleistothecia were hybrid or not by streaking a sample on CM+ glu and
looking for colour markers. The content of one hybrid cleistothecium
was used for further apalysis, Dilutions were plated on CM + glu to
yield 20 -5C colonies per plate. Then several CM + glu plates were
inoculated with 21 of these colcnies per plate in such a way that
afterwards a template with 21 needles could be used to transfer them

to test plates.
2.8.2 Parasexual recombination

For a parasexual recombination, diploid conidia were isolated from
a heterckaryon. Therefore the conidia of a fresh heterokaryon were
collected and filtered through cotton-weool, These conidiz were mixed
with ca, 5ml meited MM + glu {cooled down to 50 GC), and plates were
poured, Growth factors and / or amino acids were only added to the MM
when - the diploid {to bhe isolated)} was expected to need them for
growth, After the agar had solidified, a second layer of ca., 15ml of
the same agar was laid cn tcp of the first, After 3 -4 days incubation
at 37 OC, diploid colonies grew through the agar and could be isolated.

When the phenotype of the diplcids had been confirmed by growth
tests and by estimating the conidial size, cornidia were plated in low
density to give single cell colonies. Starting from such a single cell
colony, this diploid was forced to haplocidize by growing on CM+ glu +
FPA. After 7 days incubation at 37 OC, mycelial ends were transferred
to CM+ glu. Among the colonies growing on this medium there was a

large number of haploids.
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3 ANALYSIS OF THE INCUBATION METHODS

Several methods for the incubation of the conidia of the test
strains with the chemicals to be tested for mutagenicity were compared,
General remarks on these methods are stated in this chapter, The terms
mutant / mutation /mutagenicity have been used in a wider sence,

including genetic changes other than point mutations.
3.1 Methed 1: Plate incorporation assay

The simplest method is to incorporate the chemical to be tested
directly into the selection plates, and to inoculate these plates with
conidia or mycelium of the test strain. The highest concentration of
the chemical tco be tested by this method should only give partial
inhibition of the growth of Aspergillus. When the conidial celcur is
to be scored care must be taken that the conidiation is not affected
by the mutagen concentration used. )

This method is valuakle as a pre-screening test, but only qualita-
tive data can readily be obtained. Since we were more interested in

quantitative data, method 1 was used only once in this study (see &.2).
3.2 Method 2: Liquid suspension test

For a more quantitative approach, conidia were treated in a suspen-
sion . Such a conidial suspension was made in 0.05M potassium phos-
phate buffer, pE 6.8, at a concentration of 10% to 107 conidia / ml.

A sodium citrate buffer, pH 4.5, was only used when nitrite and azide
were tested. The chemical te be tested was added to the suspension and
this was incubated.at 37 °C in a 1ab shaker, rotating at ca. 250 revol-
utions per minute, under continuous white 1ight. A 25 ml suspension

was shaken in a 100ml flask and the screw cap was only loosely
connected to avoid oxygen shortage. An identical suspension was incu-
bated without the chemical compound (control). After 1 or 2 hours a
sample was taken for a viability count on CM + glu + des plates. Then

the conidia were separated from the chemical compcund by filtering

through a membrane filter., The conidia were washed 3 times with sterile
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water and afterwards the filter was put in a little flask containing
5ml saline + tween and was vigerously shaken for 10 min on a mechan-
ical shaker. Appropriate dilutions of the conidial suspension were
plated on selective media and on CM + glu + des to measure the mutant
frequency.

Using methed 2, the comparison of two effects of the mutagen is
possible: mutagen frequency and survival. Thelconcentrations of the
chemical were chesen in such a way that the survival ranged from about
100% to 10%.

At least 3 independent experiments were performed. The standard
deviations were obtained assuming that the numbers of mutants follow
binomial distributions and that the errcrs in estimating the numbers
of conidia per plate are relatively small. Katz (1979) gave for a
similar situation a formula for the minimal number of plates needed to
estimate the conidial number in order to achieve a certain coefficiernt
of variation with a less than 5% risk of stating that a chemical is

mutagenic when it is not., This formula is:
rs 0.4 (TNH2 (285)1?

in which r = minimal number of plates for measuring the conidial
number
CV = approximate coefficient of variation in estimating the
number of conidia

S = number cf mutants scored

For cur experiments, we estimated the value of C¥ from an experi-
ment in which several platings were done from one suspension resulting
in a €V value of 15%. In our experiments r was usually 3. Thus the
total number of mutants scored may not exceed 23, the number calculated
from the formula. In order to set a limit to the standard deviation in
the binomial distribution in those cases where the mutant numbers
exceeded 23, the standard deviation is calculated as if the maximal
number was counted and not the actual number, Significance iIs calcu-
lated for P<0.05 (one-sided).

According to Munsun and Goodhead (1977), the enhancement of the
mutagenicity fregquency should be correlated to the log of the survival

rate, Using a linear regression, the slope of the best fit (with a
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fixed origin) of each experiment was calculated and these values can be

used in comparing the effects of the mutagens.

Since with thls method the incubation time is short, only dormant
conidia can be tested, Some mutagens, however, act exclusively on
dividing c¢ellis. Therefore, incubation methods which permit the testing

of germinating conidia were developed,.
3.3 Method 3: Ligquid test with germinating conidia

In order to test germinating conidia in liquid suspension, the
conidia were suspended in liquid MM, containing only 0.2% agar, supple-
mented with gluccse and the growth factors and amino acids required.
This suspension was incubated for 4 hours at 37 °¢ in a rotating
shaker to allow swelling and germination of the conidia without
excessive clumping (de Bertoldi et al., 1980). Then the chemical
compound was added and the incubation was continued for 1 or 2 hours.
A viability count was made by plating on CM + glu + des and the results
were compared to the results of the viability count of the mutagen-free
control., The mutagen was removed by centrifugation (10 min at EOOG rpm)
and the conidia wére washed 3 times with sterile water, After being:
resuspended in saline, these conldia were plated on selective medium
as well as on CM.

Although others used this method successfully (de Bertoldi et al.,
1980; Gualandi et al., 1979), in the present study method 3 has never
yielded very good and reproducible results. Many of the conidia were
usually lost at the end of the incubation period in both the control
and the mutagen treatment. Microscopic examinations showed that there
existed some variation in the degree of germination in the conidial
suspension., Most conidia germinated only after 4 - & hours incubation
but some conidia germinated already at the start, resulting in some
big clumps. Removing the germination inhibitor (see chapter 2.7) did

net improve the situation.

The following experiment was done to simulate this situation
(fig 2): conidia of 3 strains with different conidial colour were mixed
together (096 - yellow, 145;-white and D4 - green) in liquid MM+
0.2% agar + glu + paba , pyro , ade, at 37 OC, in a rotating iab shaker,
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and at G, 3, 4, 5, 6 and 8 hours samples were taken and appropriate
dilutions were plated on CM + glu + des. These plates were incubated at
37 OC, and after 3 days the number of yellow, white, green and mixed
colonies were counted. ”

Fig 2 Number of ¢olony-forming units found per ml after incubaticn of a mixture of conidia of the strains
110, 145 and D4 in MM + glu + paba, pyro, ade (0.2% agar, incubation method 3), shaken for several
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As shown in fig 2, the number of single colour colonies decreased

rather dramatically with time whereas the number of mixed cclonies

increased (initially), even in this low concentrated suspension. There

was, however, a considerable difference between the strains, When

conidia stick together and give rise to one coleny,

freguency measured will
tested, the clumping of
tube will be different,
tooc. Therefore, another

looked for.

the mutant

not be correct., And when a toxic compound is
the conidia in the control and in the treatment
whereby the survival data will be incorrsct,

method for testing germinating conidia was
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3.4 Method 4: Media mediated assay

The media mediated assay (Bignami et al., 1981) was also used to
test germinating conidia: the chemical compound was added to melted
CM + glu (cooled down to 50 °C), and plates were poured. These plates
were inoculated with & concentrated suspension of conidia of the test
strain (eca. 5x106 conidia / plate) and incubated for 3 or 4 days at
37 °C. The pH of the medium rises to about 7.5 during growth, even
when the initial pH has been adjusted to 4.5 for testing NOZ2 and N3
activity. Conidial suspensions were made from these plates and the
mutant freguency was measured by plating on selective media and on
CM + glu + des.

With this method, the chemical compound is present during all
{(mitotic) cell stages and, if possible, the compound will then he
metabolized by the fungus and consequently all metabolites are tested
as well,

With this method, a mutant frequency which 15 not the real mutation
frequency 1s measured, for it is possible that‘one mutation gives rise
to more than one mutant., A mutagenic activity of a compound, of course,
will enhance the mutant frequency. But the mutant frequency will alsc
be affected when the mutant mycelium or the conidiation is 1ess
inhibited compared to the wildtype (i.e. when a selective advantage
exists). Of course, both mechanisms can also act together, or a real
mutagenic activity can be obscured by a selective advantage of the
wildtypes over the mutants.

In order to distinguish between mutagenic or selective activity,
the following control experiments were made: parallel to the normal
conidial suspension, the same suspension artificially enriched with
mutant conidia was tested. These mutants had been isolated in former
experiments with the same tester strain, and usually 21 different
isclates were used (inoculated on one plate)} in order to simulate the
normal genetic variation. If more than one type of mutants (or recom-
binants} was expected, all these mutants were included in the artifi-
cial conidial suspension. The number. of mutant conidia in the artifi-
cial conidial suspension was usually 10 - 20 times the spontaneocus
freguency.

If the chemical compound tested has (only) a mutagenic effect on
the conidia the mutant frequency in the normal ard in the artificial
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conidial suspension will be equally enhanéed. But in the case of a
selective advantage the initial mutant frequency of both conidial
suspensions will be multiplied with the same factor. So the effect on
the artificial conidial suspension will be much greater compared to the

effect on the normal suspension.

Model of the situation:

Let a designate the mutant conidia and A the wildtype conidia, and g

X5 53 and E, the mutant frequencies measured in the 4 different
combinations of conidial suspensions and media. p and g are the
fractions of wildtype and mutant conidia, respectively, in the artifi-
clal conidial suspensions. Let p be the spontaneous mutant frequency
and m the factor by which p is multiplied as a result of mutagenic
activity of the compound, énd g the factor by which p is ﬁultiplied
due to selective advantage or disadvantage of the mutant conidia in

the presence of the compound.
The 4 different situations are:

-1- Normal conidial suspension plated on CM+ glu (control)

nutant freguency X = p

-2- Artificial conidial suspensiocn plated on CM+ glu

8
/P

p: A
1 -
P""'--.

A mutant frequency xa = p.p+d

q: aw———e—2a

-3~ Normal conidial suspension plated on CM+ glu + mutagen

—a
_ops -
AT mutant frequency x5 :m_—rmps + (L-mp

1- mp___A
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-4=- Artificial conidial suspension plated on CM+ glu + mutagen

’/mys”a
P }.L“‘]_ - mp S
~A mutant frequency X, = pups + g8 + p(L -mu)

g: a—=>a

Since p and g are very small the relations can be simplified to:

Xl':‘,l
x2=p+q
X3=mps
xq:m}15+qs

When Xys X5y Xz and x, are measured m and s can be calculated using
the eguations:
X -X

4 3
E S e mmii—
xa-xl

. %z (X5 - %y}
Xlixh - x35
The approximate variance of m and s can be obtalned by the method
of statistical differentials on the assumption that X3y Xp» Xy and X,
follow Poisson distributions (with the same restriction as in 3.2 ).
However, the shape of the probability distribution is unknewn, thus
nothing can be concluded about the differences (from 1) being signifi-
cant, The mutant frequencies of 2 or more plates have been averaged to
calculate m and s as if they were estimates of the mutant frequency of
the same suspension. In those cases where the differences between the
repetitions were found to be significant (P«20.05), this is mentioned

in the tables.
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4 POINT MUTATION

4.1 General

Several systems for measuring the point mutation frequency in
Aspergillus nidulans have been described (see 1.2), In this study the

metnionine system, originally develcped by Lilly (1965), has been used,
The advantages of this system over the others are:
- It is in wide-spread use.
- A high frequency 1is found (in contrast to the arginine system).
- Many conidia can be plated on one plate (in contrast to the 2-thio-
xanthine system).
- No genetic active compound has to be added to the selection medium
(in contrast to the azaguanine system).
4 disadvantage, however, is that the methiocnine prototroph mutants
cannot be designated to single locl, in contrast to the 2-thioxanthine
system.

In the meth system, prototroph revertants of a strain bearing the
methGl allele were counted. Two strains were available:

470 : prodAl bidl; methGl frAl T1(IV;VII)}; chaAl
110 : biAl; methGl

Compared to strain 470 the speorulation of strain 110 is ketier, so
this strain has been preferred.

After mutagen treatment, the conidia of strain 110 were plated on
MM+ glu + bio (minimal medium + glucose + biotin) where only revertants
can grow. Fbr strain 470, MM+ glu + bic, pro (proline) was used. Two

2 and .2}{106 per

conidial concentrations were usually plated: ca. 4 x10
plate on 5 plates each. Whenever a very high mutant frequency was
expected, lower concentrations were used., The plates were incubated
for 4 days at 37 ®C. The actual number of conidia was estimated by
plating an appropriate dilution on CM + glu + des (complete medium +
glucose + desoxycholate), and these plates were incubated for 2 days at
37 °c.

The methionine protctroph revertants can be assigned to 3 classes
with different morpholcgy. Class A mutants have wildtype-like colonies.

Class B colonies are aconidiate and their mycelium excretes a brownish
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plgment into the agar. The colonies of c¢lass C mutants are densely
conidiated in the centre and have a hyaline edge.

Lilly investigated several mutants of all 3 classes by sexual
analysis and she found out that both class A and C contained mutants at
at least 2 different loci, which segregate independently from each
other and from the originai methGl locus. Matants of class B could not
be analysed since crosses between type B mutants were sterile. Scott
and Alderson (1971} gave indirect evidence that 2 loci exist for class
B mutations. They observed in mutation experiments with NUV-1light
(near ultra-violet) and 8-methoxypsoralen that there was a correlation
between mutant yield and the number of locl involved. Applied to the
meth system, mutants at all 3 classes were about equally induced.
Therefore, they concluded that class B will also probably contain
mutants at 2 loeci,

Because of the different growth characteristics, the type A mutants
(and the type C, too, but there are usually less of them) easily over-
grow the type B mutants, Therefore, the number of mutants per plate
may not be too high. Fig % shows the number of mutants scored by us in

Fig 3 Mutants per plate found after inoculation of different concentrations of untreated and MMS-treated
(L7 mM, method 2) conidiai suspensions of strain 110 on MM + glu + bio. 1: type A mutants/control,
11. Bfcontrel, 111: total/control, 1V: A/MMS, V: B/MMS, Vv1: C/MMS and ¥11: total/MMS (C/control is
not shown since there were only few type C mutants). The mutant frequency, shown as a line, is
calculated from the total results of the plates with less than 25 colonies per plate,
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2 & 1 & 2 4 1 4
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. Legend: ® average number of mutants per plate.
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a series of diluticns of one conidial suspension plated on selective
medium. Up to a mutant concentration of ca. 25 colonies per plate, nc
significant differences between the calculated mutant frequencies have
been found, At higher concentraticns the type B mutants are underesti-

mated,
4.2 Results

The results obtained with strain 110 {and in one case with strain
470) are shown in the tables 2-17. In applying incubation method 2
(tables 2-8}, as a rule more than cne independent experiment has been
performed, and in those experiments more than one concentration of the
compound was usually tested, At each concentration the survival rate
(given as percentage of the control) was measured, the number of
revertants belonging to each class was counted and the revertant rate
was calculated, The standard deviation (for estimation see 3%.2) and
the significances of the results were only calculated for the revertant
rate of all classes combined. The mutagen concentrations have been
chosen in such a way that, when possible, at the highest concentrations
there was a considerable impact on the survival.

In order to be able t¢ compare the effects of the different
compounds, the enhancement of the mutant frequency cver the control at
different mutagen concentrations within the same independent experiment
have been correlated to the natural logarithm of the survival rate.

The slope of the regression line y = ax indicates the importance cof the
mutagenic effects in relation to the cell killing properties of the
compound., A fixed origin was chosen since the errcors in measuring the
spontanecus mutant fregquency will be much smaller than the errors of
the mutant freguencies at a {high) mutagen concentraticn,

In applying incubation method 4 {(tables 10 -17), the toxic effects
of & compound c¢an only be indicated by scoring the conidiation of the
test strain in the presence of the compound, and this score is given
in the tables, The concentrations of ths compocund have been chosen in
such a way that, at the highest concentrations, there was an evident
influence on the conidial cclour. In those cases where also an artifi-
cial conidial suspencion has bsen tested, the mutagenicity factor (m)

and the selection factor (s) has been calculated according to chapter

Sab.
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Table 2 Mutant frequencies (mutants per 105 survivors) after treatment of conidid of @train 110 with
methyimethanesulfonate for 1 hr at 37 °C in liguid suapension, pH 6.8 (incubation method 2). In
parenthasia the mutant nuabersz are ahown.

exp. conc. Burv, clans: regression
{mM) % A 8 total 8.d. y = ax

1 rem 0 100 (7) ©.0B (70)  o.82 (8) 06.09 { 85) 1.0 0.21
17 82 16y 3.8 147} 10 (18} 3.9 [ 79) 17 * 6
23 54 {3zt 8.7 (48} 13 (10} 2.6 (91) 24 + 4.9
23 49 (1) a.8 (76} 17 (26) 6.0 (123) 28 + 5.8 a= -31
28 56 (211 6.9 (3] 1 (&3] 5.5 (72) 24 » 4.8 r = -0.98
33 18 (24) 8.8 {(77) 28 {20} 7.3 {121} 44 * 9.1
33 15 (13} 26 (16} 30 (3 6 {31} 83 * 13

2 rem o] 100 {12) 0.16 {48) 0.84 {7} 0.08 { 67y 0.91 0.19
23 a3 (20) 15 (32) 24 (10} 7.5 { 62) a7 * 9.6 a = -208
28 a7 (34) B.9 (67) 17 (18) 4.7 {119) 31 * 6.4 r=-0,98
33 76 {30} 16 [55%) 30 (1¢) %.% [ 95) 52 * 11

3 nrem 4] 100 (13) 0.10 {55) 0.41 [ 8) 0.06 { 76) 0.67 . 0.12
17 48 {71} 5.8 17} 1.4 (53) 4.3 (141) 11+ 2.4 a=-27
23 13 {s6) 18 {207 6.6 {36) 12 (112) 37 + 7.6 r = -0.91
27 19 {57) 34 (32) 19 t29) 17 (us8) 71+ 15

Legend te tables 2 - 9:

rem germination inhibitor removed

nrem germination inhibitor net removed

A, B, C mutant classes according to Lilly (1965

s.d. standard deviation (only given for all classes combined)

. significantly different from the control value (P ¢ 0.05, one-sided}

a slope of the regression ¥y = ax, in ahich y represents the induced mutation frequency diministed
with the control value, and x is lnisurvival rate)

r correlation coefficient

Table 3 Mutant frequencies (mutants per 105 survivers) after treatment of ¢onidia of strain 110 with
godium azide for 1 hr at 37 °C in liquid suspension, pH 4.5 lincubation method 2). 1n parenthesis
the mutant numbers are shown.

exp. conc.  surv. class: regression
(mM) % A total - ¥y = ax
1 rem 0 100 {10) ©.07 148)  0.33 {1} ©,009 ( 58) o0.41 0.08
15 76 {19) 0.15 {27) ¢.21 {3) o0.02 ( 49) 0.39 0.08
a 81 (13}  0.06 {33) 0.16 (1) §.008 (47) o0.22 0.05 aa -2.7
31 74 {19) 0.16 (38) .33 {2) 0.G2 { 59) 0,51 0.10 r -0.62
77 71 {15) 0.88 {34) 2.0 {0) (48) 2.9 0.6
2 rem 0 100 {8) o0.18 (27)  ¢.54 (4} 0.08 { 39 0.77 -0.18
116 13 {13) 33 17 18 {8) 20 (28) 70 + 14 a = =27
3 rem 0 100 {12) o0.18 t18) 0.27 {3} 0.04 { 33) ¢©.a9 0.10
37 71 {47) 1.0 {18) 0.37 1) ¢.02 (66) 1l.4* 0.3
70 59 (36) a.7 {3L) 4.1 (1)  0.13 (88) 8.9* 1.8
110 51 {74) 11 {39} 5.9 {7 1.1 (120) 18 * 3.8 & = =20
110 15 {52) 26 {13) 6.5 {1) 0.5 (66) 33 * 6.6 r = -0.99
146 2.1 (94) 72 {9y 7 1) 0.7 (10a) 79 + 16
Legend: see table 2
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Table 4 ldgntical situation as in table 3 except for the pH: here scdium azide is tested at pH 6.8.

experiment conc. Surv. class:
(mM) % A B [+ total s.d.
1 rem [+] 100 (28) o©.12 (40) ©.19 (8) 0.03 (71) 0.33 0.07
7 92 (18) ©.09 (3g) o.21 (7)) 0.04 (62) 0.33 0.07
308 79 (12) o©.10 (40)  0.35 (11}  0.09 (83) ©.55 0.11

Legend: see table 2

Mutant fregquencies (mutants per 1»:)5 survivors) after treatment of conidia of strains 110 and 470

Table b
with butadienediepoxide for 1 hr at 37 °C in liquid suspension, pH 6.8 lincubation method 2}. In
parenthesis the mutant numbers are shown.
exp. conc.  Surv. class: regression
(mM) % A B < total a.d. y = ax
1 rem 0 100 1 59) 0.77 0.16
(470) 6.4 73 (178) 15 = 3 a = =110
ig.4 34 { 85) 126 * 26 r = =0.986
2 nrem o 100 { 87} 0.36 Q.07
(470) 6.4 73 { 61) 2.4% 0.5 a = =100
19.4 42 . { 42) 98 * 20 r = -0.95
3 rem 0 100 (70} 0.20 {183)  0.53 {10)  0.03 {263) 0.77 .16
{110) 6.4 78 {62) 5.2 ( 8) 7.4 {28) 2.4 {178} 15 + 3 a= =177
19.4 33 {66) 132 (38) 70 { 1) 2 {102) 208 * 42 r = -D.989

Legend: see table 2

Tekle 6 Mutant frequencies {mutants per 105 survivors) after treatment of conidia of strain 110 with
S-aminoacridine, solved in DMSO,for 1 or 2 hr at 37 ¢C in liquigd suspenaion, pH 6.8 (incubation

method 2}. ln parenthesis the mutant numbers are shown.
experiment conc. surv. class:

(md4) % A B < total s.d.
1 nrem 4] 100 { 9) 0.06 (13) 0.09 {3) 0.02 { 25) 0.16 Q.03
{1 hr) 0.16 100 (10) 0.10 (12) 0.1z (2) ¢.02 { 24} 0.23 0.05
0.32 100 (10} o0.08 (12)  0.0% {2) o0.02 { 24) 0.18 0.04
0.64 72 (12} 0.10 {14) o©.12 {2) o©.02 ( 28) 0.24 0.05
2 nrem 4] 100 (21}  0.10 (84) 0.41 (18) 0.09 {123} 0.860 0.12
(1 hr) 0,31 100 (28} 0.15 (83) 0©.45 {12) Q.06 {123) 0.66 0.14
0.82 100 (19) 0.14 (68} 0.49 {16) 0.12 (103) 0.74 0.15
3 nrem O 100 (10) {60) 0.60 {10} 0.14 { 80} 0.16
{2 nr) 0.29 100 (13) (50} ©.77 {5) ¢©.08 [ 68) 0.21
0.39 100 “u”n {81} ©.34 { 9) o©.o6 77) 0.11

Legend: see table 2
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Table 7 Mutant frequencies {mutanta per 105 survivors) after treatment of conidia of strain 110 with
acriflavine for 2 hr at 37 °C in 1iguid suspension, pH 6.8 {incubation method 2). in parenthesis
the nutant numbers are shown.

Legend: see table 2

exp. conc.  surv. class; regresaion
{mM} % A total s.d. ¥ = oax
1 nrem O 100 (15) 0.16 (42} ©.46 t 2y o0.02 ( 59} 0.8% 0.13
0.073 66 (a2} 0,49 (68} 1.0 ( 4) 0.06 (104) 1.6 * 0.3 a= -1.41
0.15 44 t28} 0©.46 (78) 1.3 (7 o1 (i13) 1,3 * 0.4 r = -0.,988
0.29 21 {24} 1.1 (31) 1.4 ( 8) Q.23 ({ 80) 2.7 0.6
2 nrem O 100 {2) o.o08 {23) 0©.90 (3) 0.2 ( 28) 1.1 0.2
0.15 BY {14) 0.78 {29) 1.6 { 8) 0.43 ( 51) 2.8 * 0.6
0.29 13 {24) 0.64 {59) 1.6 (18) 0.43 { 99) 2.6 » 0.5 a= =0.73
0.44 4 {13) 1.0 {as5) 3.4 { 6) G.46 [ 54) 4.9 * 0.1 r = -0.89
0.58 ¢.75 (5) 1.4 { 8) 2.3 {0) {13) 3.7 * 1.0
3 rem o] 100 (12) 0.12 {32) 0.3 {11) 0.11 { 55) 0.54 0.11
0.21 18 (12) Q.87 (19) 1.4 { 5) 0.36 { 36) 2.6 * 0.5 a=-1.21
0.43 43 {19) 0.77 {17) 0.69 (93} 0.16 { a0) 1.6 = 0.3 r = =0,9998
4 rem [+] 100 (18} 0.11 (62) 0.39 {8) 0.05% ( 83) 0.55 0.11
0.44 7 (15} 1.8 i34) 4.1 {3 0.3 {5) 63* 13 a=-2.2
0.44 9 (14) 1.4 (44) 4.8 {1) 0.4 (59} 6.1 % 1.3 r = -0.9995

able 8 Mutant Trequencies (mutants per 105 gurvivors} after treatment of conidia of strain 110 with
sodium nitrite for 1 hr at 37 °C in liquid suspension, pH 4.5 {incubation method 2}. 1n
parenthesis the mutant numbers are gshown.

Legend: see table 2

exp. coNnc.  |uUrv. class: regression|
{mM) % A total s.d. ¥y = ax
1 nrem [¢] 100 (132) 0.64 (23}  0.11 {3) o0 {158) 0.7? .16
33 10 ( 34) 37 {9) 9.9 (23) 25 { 66} 72 * 15 a=-79
2 nrem 0 100 { 62) 0.85 {18) 0.25 {2) 0.03 { 82} 1.1 0.2
13.5 S5 { 69} 1.4 {28) 0.56 {38) 0.87 {131) 2.6* 0.5 a = -3.3
3 nrem 0 100 { 14) 0.10 119) 0.13 {0) { 33) 0.23 0.05
20 a8 { 42} 5.3 { 6) 0.8 126) 3.3 { 74) 9.3* 1.9
20 32 { 38) 5.7 {4) 0,7 (32) 5.2 {71 1 - 2 a = -13.4
33 a { 60) 22 (a4 1.8 (a8} 18 (112) & * 8 r = -0.882
33 8.5 { 67) 15 { a) 0.9 151) 12 (1z2) 23 * 6
4 nrem a 94 { 28) 0.08 {21) ¢.06 (19) .06 { 68) ¢.20 0.04
[t} 107 ( 28) 0.13 139) 0.18B (15} .07 ( 82) 0.38 0.08
20 97 { 96) 2.9 (11) ©.33 (s8} 1.8 (165) 5.0% 1.0 a = -12,6
kI 91 (1r2) 5.5 19) ¢.a4 (79) 3.9 (200) 9.9+ 2.0 r = -0.96
kI 34 {97) 7.1 {10) 0.73 177 5.6 (184) 13 * 3

Table 9 MNutant frequencies (mutante per 1.05 survivors) after treatment of pre-germinated conidia of strain
110 with 9-aminoacridine for 2 hr at 37 °C in liquid medium at pH 6.8 {incubation methed 3). In
parenthesis the mutant numbers are shown,

Legend: see table 2

experiment conc. surv. class:

{mM) % total s.d.

1 rem a 100 {14) o©.40 t 7} 0.20 (2) 0.06 (23} 0.65 0.14
in 1.6% 0.016 97 {13) 0.36 (11) 2,30 (1) 0.03 (25) 2.69 0.14
DNSD  C.16 20 {12) 0.37 (10)  9.3: (D) (22) 0.68 0.15

1.6 100 {5) ¢.28 { &) 0.34 Q) (11) 2.63 0.19

2 rem 0 100 {32} 0.58 [} 0.05 (33 0.0% (38) 0.69 0.14
in 0.4% 0.35 100 (85) Q.79 (3 0.04 (1) 0.01 (58} D.85 0.18
DMS0 ©0.88 100 (211 a.24 (4} 0.05 (o) (25) 0.28 0.06
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legend:

Table 10 Total mutant frequencieam (mutante per 105 conidia) after growth 'of strain 110 on CM + glu

butadienediepoxide {incubation method 4), Both normal conidial suspensions and suapensions
artificially enriched with mutants were tested. Incubation for 3 days at 37 °C,

w31

110 11C + enrichment
exp., conc, coni- no. freq. s.d. ne. freq. s.d. mor e B.d.
(mM) diation :
1 4] + 40 3.0 e 0.6 58 4,6 1.0
127 1.5 e 0.3 24 5.2 1.1
19 1.1 ¢ 0.3 a7 3.8 c.8
0.13 + 29 8.0 *e 1.6 g 11 2
28 3.0 ¢ 0.6 37 13 3 m=2.5 1.8
32 11 *a 2 32 10 2 a = 1.6 0.8
0.26 + a0 14 . 3 45 13 3
47 11 * 2 45 14 3 m =34 173
50 14 * 3 41 13 a 8 = G.2 1.0
0.52 (=) 140 &7 * 13 126 37 a
55 &4 * 13 21 Sa 1l 2
51 80 * 17 225 81 17

dark-green conidia

light-green conidia

conidia only faintly coloured

no conidial colour seen

multiplying effect on the spontaneous mutant frequency caused by mutagenicity
multiplying effect on the spontanecous mutant freguency caused by selective advantage

the difference between the repetitions is significant (P<0.05, two-sided)

standard deviation

not scored

gignificantly greater than the higheat mutant frequency of the controls (P<0.05, one-sided}
m and s are negative since the mixture yielded less mutants than the original suspension

Table 11 Total mutant frequencies (mutants per 105 conidia) after growth of strain 110 on CM + glu
acriflavine lincubation method 4}. Both normal conidial suspensione and suspensions artificially
enriched with mutants were tested. Incubation for 3 days at 37 °C.

110 110 + enrichment
exp. conc. coni- no. freq. s.d. ne. freq. s.d. m or s s.d.
(pM) diatien
1 0 + 40 3.0 e 0.6 68 4.6 1.0
127 1.5 e 0.3 24 5.2 1.1
138 1.1 e G.3 a7 3.8 c.8
g (+) 62 (.87 0.18 77 5.7e 1.2
123 1.8 G.a 80 5.6 e 1.2 m=0.53 0.23
23 1.0 Q.2 60 2.4 e Q.5 8=1.3 c.4
23 (+} 35 1.3 e .3 58 5.0 1.0
11 0.34e Q.10 38 2.7 0.6 m=0.39 c.18
21 0.91e 0.20 s=s1.1 ¢.38
2 [v] + 100 1.5 0.4 123 72 17
3z 2.7 0.6 96 60 14
23 (-} 7 0.7 &7 95 2Q m=C. 34 .15
6 0.8 17 4z 10 s=1.1 0.29
32 (-} S 2.9 38 211 50 m=0.36 0.21
5=13.3 1.0
3 0 + 22 3.5 0.8 68 45 9
21 2.3 a.5 54 44 g
28 {-) 208 5.0 C.4 205 142 29 m=0.6 0.2
162 119 25 s=3 ¢.7

Legend: see table L0
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Table 12 Total mutant frequencies {(mutants per 105 conidia) after growth of strain 110 on CH + glu + sodium
nitrite {incubation method 4). The pH of the ager was sdjusted to 4.5, Both normal tonidial
suspensions and suspensions artificislly enriched with mutants were teated. lncubation for 3 or4
days at 37 °C.

110 110 + enrichment

[ ]
o

exp. conc. coni- To. freq. ne. freq. B8.d. mor g 8.4,

{mM) diation

1 1] - 66 6.7 1.4 73 a2 ?
(4 days) 66 5.9 1.2 73 35 7
60 B.3 1.7 51 30 6
0.85 - 78 6.0 1.2 24 14 3
60 5.8 1.2 58 27 -] m=l.B8 0.7
6L 7.2 1.5 26 17 4 =0.5 0.15
1.8 (+) g2 7.4 1.5 221 127 26
9% 11 2 160 78 16 w=0.4 .1
85 12 3 255 120 25 s=3.9 1.0
2 0 - 30 4.3 1.0 90 7.9 1.9
13 days) 118 2.3 0.5 &4 7.7 1.B
0.46 * 44 3.0 9.7 s} 6.8 1.6 m=2.5 2.2
43 6.3 1.9 68 7.6 1.8 8=0.6 G.4
0.92 + -36 3.9 0.9 az 5.8 1.4 m=l.1 Q.7
a3 1.9 0.5 80 7.7 1.7 8=0.9 Q.4
1.8 - 46 4.2 1.0 44 19 3 n=0.5 ¢.3
62 6.1 1.4 25 17 4 5=2.9 1.3
3 1] + a4 4.0 0.8 79 48 i0
{3 gays) 31 4.2 c.9 48 38 8
1.38 * aa 6.5 1.3 66 a3 9 m=1.9 0.7
52 6.1 1.3 64 32 7 5=0.8 Q.2
1.7 1+3 26 3.0 0.6 284 206 a2 m=0.1 0.03
23 2.1 0.4 438 309 64 5=6.5 1.6

Legend: see tatle 10

[fable 13 Total mutant frequencies (mutants per 105 conjdia) after growth of strain 110 on CH + glu + sodium
azide (incubation method 4). The pH of the agar was adjusted to 4.5. Both normal conidial
auspenaions and gugpensions artificimlly enriched with mutents were tested. lncubation for 3 or &
daye at 37 °C.

110 110 + enrichment
exp, cone. coni= no. freq. s.d. no. freq. 8.4, mora 8.d.
(uM} diation
1 0 + €6 6.7 1.4 73 32 7
{4 days) 66 5.9 1.2 73 35 7
60 8.3 1.7 51 30 &
38 * 56 5.0 1.0 32 24 5
72 6.0 1.2 35 18 4 m=1.35 0.5
44 A8 1.0 30 16 3 8=0,56 0.15
76 + a2 7.1 1.5 62 43 10
70 6.2 1.3 53 21 4 n=0.79 0.28
147 3.7 0.8 49 25 5 a=1.0 0.26
2 Q + 34 4.0 0.8 79 48 10
(3 days) 31 a.2 0.9 48 3a 8
48 {+) 69 1.5e& 0.3 268 31 6 m=1.9 0.7
6l 7.3 e 1.9 28 22 5 8=0.8 0.15
&0 (=) 28 3.4 0.7 80 n 6 n=1.2 0.5
36 30 (3] B=0.7 0.2
3 0 + 30 4.3 1.0 a0 7.9 1.8
(3 daeys} 115 2.3 o.5 64 T.7  L.8
14 + 98 1.8 0.4 15 3. 0.8 m=G.9 0.6
71 1.1 c.3 43 3.2 0.8 a=0.5 0.23
28 (+) 85 1.1 0.3 71 3.2 0.8 m=0.35 0.23
101 7.5 1.8 820.9 0.5

Legend: sese table 10
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Table 14 Total mutant frequencies (mutants per 105 conidia} after growth of strain 110 on CM + glu
methylnethanesulfonate (incubation methed 4). Both normal-conidial suspensione and suspeneions
artificially enriched with mutants were tested. Ingubation for 3 days at 37 *C,

110 110 + enrichment
exp. conc. coani- ne., freq. s.¢, no. freg. s.d, mors s.d.
{mM} diation
1 1] + 129 1.2 0.2
111 G.93 0.19
.59 {+) 92 5.2+ 1.1
102 4.3 * 0.9
1.76 (-] 309 18 * 4
433 26 * 5
2 1) + 85 0.93 ¢C.19
&1 0.74 0.15
84 .71 0.15
0.29 {+) 175 1.¢ 0.2
151 1.5 0.3
0.%9 {+) 77 7.1+ 1.5
63 §,8* 1.4
77 2.0+ 1.9
1.17 (+) 116 15 * 3
117 18 * 3
3 ] + 126 1.8 C.4 127 22 S
78 1.4 0.3 138 29 6
120 1.7 0.4 16 23 6
0.28 + 18 17 * 4 g 53 11
13 12 * 3 7% 74 15 m= 3.1 .
108 4.3+ 1.9 87 a0 16 5= 2.5 a.
0.59 {+) 38 3| * 8 113 144 30
3 32 * 7 126 72 15 m= 6.1 2.3
209 131 27 g= 3.9 0.9
1.17 {-) 8% 425 + a8 126 484 100
S0 378 . 7 141 526 108 m=16.6 a.l
67 208 % 43 - 103 858 177 - s=l2.4 4.8
Legend: see table 10

Table 2 shows the results of 3 experiments in which methylmethane-
sulfonate / method 2 was tested. A large effect on the revertant
frequencies of all % classes has always been found. In the second
experiment, however, the survival was found to be much higher than in
the 2 others, resulting in a much smaller slope of the regression line,
Applying method 4 (table 14), MMS was found to increase the revertant
number strongly. In 1 eXxperiment an artificlal suspension has also
been tested, and both m and s were found to be increased.

Butadienediepoxide was also found tc be a very active mutagen. Using
method 2, at the highest concentrations BED predominantly class A and
B mutants were induced (table 5}. With method 4, only 1 experiment has
been performed {table 10}, in which, unfortunately, toc low numbers of
revertants had been added tc the artificial suspensich. So m and s
could not be measured accurately. It can, however, be expected that
there is only an effect on m, since the difference:between the results
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Table 15 Total mutant frequencies {mutants per 10° conidia) after growth of strain 110 on CM + glu
9-aminoacridine (incubation method 4). Both normal conidial P ions and susp ions
artificially enriched with mutante were tested. Incubaticn for 3 days at 37 °C.

110 110 + enrichment
exp. conc. Cconi- no. freq. s.d, no. freq. 2.d. mor e 8.d.
{mM) diation
1 o} + 128 G.72 0.1%
in 0.2% 115 1.1 0.2
DM3C 0.14 + 86 0.61 0.13
106 1.0 0.2
1.4 + 74 0.78 0.16
126 1.7 0.4
2 Q + 53 0.57 9.12
in 0.2% ag 0.84 0.17
NSO 0.77 + 78 0.60 0.12
126 0.94 .19
1.5 + 97 0.84 .17
142 0.87 0.8
3 a + 48 4.0 c.9 113 a0 9
in Hy S8 - 21 5
T 0,13 + 362 s,0 1.2 307 27 6 m= 1,3 a.7
244 4,1 1.0 ar Q.9 0.3
0.26 (+) 3 13 * 3 156 24 L] m= 2.8 1.4
23 11 = 3 174 59 14 8= 1.1 .4
4 ] + 126 1.8 Q.4 127 22 5
in HZO 79 l.4 0.3 138 29 6
120 1.7 0.4 16 23 [}
0.24 (+) 21 6.9% 1.5 70 29 8
27 g.2% 1.9 74 30 6 m= 5,1 1.8
126 g * 2 66 40 8 8= 1,1 0.3
0.47 (+} 80 26 * 5 180 82 17
27 14 * 3 45 33 7 mz= 7.5 3.0
w2 ¢ 4 &= 1.6 0.5
0.97 (+)" ¢ 23 7 28 42 9 a=13,9 12.9
3 7.8 12 20 [ a= 0,7 0.4
Legend: see table 10

of the two suspensions was about constant at all BED concentrations
tested.

Scdium nitrite was very active at pH 4.5 when method 2 was applied.
Predominantly, class A and C revertants were found to be induced, Using
method 4 no mutagenicity was found but the revertants were shown to
have a selective advantage in the presence of nitrite (tables 8 and
123,

Sodium azide {(method 2) was found to be mutagenic at pH 4.5,
although there was a considerable difference between the results of the
3 experiments shown in table ‘3. In the first experiment lower N3
concentrations were tested, resulting in much lower revertant numbers.
Besides, the distribution of the revertants over the 3 classes was
different in the 3 experiments., At pH 6.8, even at higher N3 concen-
trations (table 4), no mutagenic activity was found. With method 4

(pE 4.5), no mutagenicity was found {(table 13).
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Table 18 Total mutant frequencies (mutants per 105 conidial after growth of strain 110 on CM + glu
carbendazim (lncubation methed 4), Both normal conidial suspensions and suspensions artifieially
enriched with mutants were tested. lncubation for 3 days at 37 °C.

11¢C 11C + enrichment
exp. <¢onc. cohi- no. freq. s.d. no. freq. s.d. mor s s.d.
{uM)} diation
1 ] n.s. 5% 0.8% 0.18
in 0.1% 29 0.53 0.11
DMSD 0.5 n.s. 30 1.4 0.3
28 0.79 0.16
1.0 n.g. 43 1.3 0.3
a5 1.0 0.2
1.6 n-s. 45 0.84 0.17
57 0.84 0.17
2 o} + 77 1.0 0.1
in 0.5% a1 1.1 0.23
DMSO 87 0.75% 0.15
1.3 + 73 0.74 Q.15
at 0.76 0.16
2.6 - 25 0.74 ¢ Q.15
29 0.61 e Q.13
89 2.7 *e 0.8
3 v} + 151 2.6 0.8 a6 68 18
in 0.4% 42 4.5 1.1 35 54 13
DMS0 0©.56% + 39 5.8 1.4 59 60 14 .5 0.8
al 3.5 0.8 45 51 12 .9 0.3
0.98 + 33 3.8 0.9 a4 68 16 .9 0.4
23 2.1 0.5 34 44 10 .9 0.4
1.51 (=) 56 1.2 0.3 48 9.8 2.3 7 0.7
7? ©.a7 0.11 53 8.7 2.0 14 0.04
1.83 (=) 41 .88 0.21 74 20 5 .2 0.5
66 1.9 0.8 24 22 L) .34 0.1

Legend: see table 10

Table 17 Tetal mutant frequencies (mutants per 105 conidia) after grewth of strain 110 on CM + glu
vinclozelin (incubation method 4), Only normal suspension were tested. Incubation for 2 days at
37 =C.

exp. conc. coni- no. freq. 5.d.
{uM) diation

1 o + 53 0.57 o.12
in Q.2% 89 0.84 0.17
DMS0  0.87 + s  0.83 0.17
5% 0.4%5 .09

1,7 + 75 . 0.85 0.13

3.5 + 65 0.69¢ 0,14

44 0.23e¢ 0.0%

7.0 (+} 148 1.0 0.21

80  0.78 0.16

2 y) + 7¢  0.486 0.09
in 0.2% 66 0.44 ¢.09
DMSC 3¢  0.27 .06
1.7 + 71 0.50e 0.10

S4  0.30e 0.06

16 0.l8e ©.04

3.5 + g0  0.78 G.186

64 0.57 0.12

76 0.56 G.12

7.0 (+} 108  0.73 ¢.15

70 0.46 Q.10

9 0.77 c.l6

Legend: see table 10
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Acriflavine was found to be mutagenic when tested with method 2
(two hours incubation time), but the effect was small and only found
at a very low survival rate (table 7), resulting in a slope of the
regression line which was much nearsr to zero compared to the results
with the compounds discussed before. Only class A and B revertants
were unambiguously found to be induced. Method 4 did not reveal a
mutagenic activity. The only effect was that in the presence of ACR
the mutants had some selective advantage over the wildtypes (table 11).
9=-Aminoacridine, solved in DMSQ, was not. found tc be mutagenic in a
ccncentration up to 0.65mM, both with methods 2 and 3 (tables 6 and
9}, and little or no effect on the survival rate was observed. The
results with method 4 depended on the solvent used: solved in DMSQ, no
mutagenic activity was seen, but when 94A was directly solved in warm
agar, a clear mutagenic effect was found and m was greater than 1
(table 15). _
Carbendazim was only tested using method 4, and no reproducible
increase in the mutant frequency was observed (table 16}, In analysing
the m and s factors in one experiment, m was always abocut 1 or slightly
higher, but s became much smaller than 1 at the highest concentraticns,
Vinclezolin, too, was only tested using wmethod 4, and no influence

on the mutant frequency was found {table 17).

4.3 Preliminary conclusicns

The methionine system is suitable for testing mutagenic properties,
Separating different classes (4, B and C) is possible and shown for
the experiments with method 2.

MMS and BED are both potent inducers of point mutations. The vari-
ation in the results of the repeated experiments prevents an exact
comparison of the effects of those two mutagens.

NO2 and N3 are both only active at pH 4.5 and only with method 2.
They are less active than MMS and BED,

ACR is only weakly mutagenic and, here toco, the only effect was
obtained with method 2,

9AA never gives positiveresults when solved in DMSO. However, without
this solvent and using method 4, a clear mutagenic activity is shown.

MBC and Vin are not shown to be mutagenic (only tested with
method 4).
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5 LOSS OF A DUPLICATION FRAGMENT

5.1 General

Another genetic end-point which can be measured in Aspergillus
nidulans is the instability of duplication strains during mitosis. In
a duplication strain, part of a chromosome is present twice in the
otherwise haploid genome. One copy is in normal position and the other
copy is present as a translocation connected to ancther chromosome. All
duplication strains found until now can be distinguished from normal
strains because of the typical mcrphology of their colonies and their
reduced growth rate. This phencmenon is called "crinkled" (Bainbridge &
Reper, 1966). In crinkled colonies sometimes sec¢tors with a wildtype
morphology spontaneously arise. But also sectors with a morphology
which is intermediate between the crinkled and the wildtype mocrphology
and even sectors with a deteriorated morphology have been observed
{Nga & Roper, 1968). Chemicals like coumarin and caffeine, and UV radi-
ation enhanced the instability of duplication strains (Majsrfeld &
Roper, 1978; Roper et al., 1972; Normansell % Holt, 197$). The wildtype
morphclogy reappears when the translocated fragment or the fragment in
normal position is deleted and a balanced gencme is regained. The
presence of a duplicaticn fragment induces iis own imnstability, but the
mechanism involved is not known.

In this study the I= IT duplication, originally isolated by
Pritchard (1950), has been used. The sectors arising from this dupli-
cation strain most frequently lost the translocated fragment, and not
the fragment in normal position (Lieber, 1976}, The genotype of strain

002 f{obtained from prof. Roper, Sheffield) is:

1l 15 0.1 6
prcil pabaAﬁA’E-\ + +

IT e = = -

"Trl—;'+ adE20 biAl

The meictic map distances are by Clutterbuck (1981). The transformation
preak-polint was calculated tc be immediately distal to the pabahb
locus (van de Vate & Jansen, 1978).
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5.2 Handling of strain 002

After mutagen treatment, conidia of strain 002 were plated on CM+
glu to yield about 300 colonies per plate. Incubation was for 4 days
at 37 OC, and the number of -independent- yellow sectors were counted.
A differentiation was made between sectors arising early (& or more of
the colony was yellow) and sectors arising late (less than 1 of the
colony was yellow) in colony development. Table 18 gives the accumu-
lated results of several experiments in which conidia of strain 002
were treated with 17.7mM MMS wusing incubation method 2.

Takle 18 Number and frequency {per 10d colonies} of sectors arising after plating on CM + glu of conidia
of strain 002. Treatment was with 17.7 mM MMS in liquid suspsnsion, pH 6.8, for 1 hour at 37°C
{method 2}. Accumulated results of several experiments.

control NMS treated
no. freq. no. freq.
early sectors 7 1.9 37 a
late sectors 22 4.6 52 12.5

5.3 Construction of a duplication strain carrying the sorA2 allele

Tn order to obtain another selective advantage of the yellow sectors
over the parental colonies and to be able to inoculate more colonies
per plate, a duplication strain carrying one copy of the sord allele
(resistance to sorbose) was constructed, Sord was known to be localized
on the right arm of chromoscme I (Elorza & Arst, 1971; and own inves-
tigations, data not shown). Out of cross 003 x 002 several strains were
isolated which - just like strain 002 - had a crinkled morphology,
needed the supplementation of proline (pro) and para-aminobenzoaic acid
{paba) for growth on MM and were sensitive to sorbose. These strains
were treated with MMS and one of them, strain QO?, yielded yellow
sectors which were sorbose resistant and adenine (ade) and biotin (bio)
prototroph, The genotype of strain 007 was-inveétigated by genetic
analysis of this strain and ite sectors: ’

- Strain CO7 was M"selfed": a colony was grown on CM+ glu and after 3
weeks incubation at 37 0C, some (smzall) cleistothecia were crushed and
the content plated on CM+ glu in appropriate dilutions. Among the 200
descendents there were yellow, adenine auxotroph, bictin auxotroph

and / or sorbose resistant colonies {(table 19%}.
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Table 19 Selfing of atrain 007. The offspring waa grown on M¥ + ace + pro, paba, ade, blo. Adenine and
biotin prototrophs were scored as not growing when ade or bio respectively were omitted. Sorbose
resistance was scored on medium supplemented with sorboae,

phenotypes among the progeny

ad bi sor no.

g

+ + + + 144
+ + o+ - 18
+ + -+ a
+ + - - 2
+ - =+ 12 Legend: + wildtype growth or colour
¥ + + + 9 - mutant growth
y + + - _Z ¥ yellow colcur
200

Other phenotypes were not found.

- The diploid strain 007 / 145 was made. This diploid was forced to
haploidize on CM + glu + para-fluorophenylalanine (FPA). Although the
crinkled morphology is suppressed cn FPA medium, a green, pro and paba
prototroph, sorbose sensitive and pyridoxin (pyrc, from strain 145)
auxotroph strain with a crinkled morphology was found. The conidial
size was compared to standard duplication and diploid strains using
the Coulter Counter, and the conidial size was within the range found
for duplication strains. Then this strain was "selfed", Among the
descendents no yellow colonies were found (see table 22},

These investigations show that the duplicatiocn must be preseﬁt in
strain 007 since the y&, bid, a4E and sorh markers are found, althcugh
these markers are not phenotypically expressed in strain 007 itself.
The yellow marker is located on the normal fragment since upon exchange
of chromosome I of strain 007 {(in the dipleid with 007} this marker is
lost. After MMS treatment, predominantly yellow, sorbose resistant, ade
and bic prototroph sectors are found, thus yellow must be in coupling
with sorh, EQE:! and Eié:- The genotype of strain 007 is concluded to

be:

proil pabadé yA2 o+ + sorid2

+ adE20 blAl +
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5.4 Localization of the sordh gene

Since the exact position of the sordA gene was not known, the cross
005 x 141 was made. The offspring was grown on supplemented medium
(8M} which consisted of MM + paba, bio, ribo, thi, pyro, ade, meth and a
carbon source. Bio prototrophs were scored on SM+ace in which the
biotin was omitted. Sorbose resistance was scored on SM+ ace + SOR and
pdh mutants on SM+ glu. The latter plates were incubated at 4200. The
results are shown in table 20. ‘

Table 20 Analysis of the cross 005 x 141. Explanation see text.
genotypes among the progeny recombination

biA sorA pdhA  no. no. %
+ + + 3z biA - sorA 81 28
+ + - 11 sorA ~ pdhA a4 1a
+ - + 16 biA - pdhA a9 32
+ - - 85
- + * 100
- + - 15
- - * 2
- - - 36

307

Legend: see tabls 19

This cross reveals that the sord gene is located between the biA and

pdhi genes.

Note: Our data of the recombination fraction biA - pdhi of 32 units are
inconsistent with the data of Ciutterbuck (1981) who gives the fol-
lowing recombination fractions {approx.):

YA b ——pdta

31
5.5 Handling of strain 007

In order to find the best selective medium for strain 007, some
wealk carbon sources (lactose, glycerol, arabincse and acetate) in
combination with several concentrations of sorbose were compared,
Generally, acetate + 18 mM sorbose gave the best differentiation
between sorbose resistant and sensitive colonies {data not shown).
Orly in one case (after azide treatment, incubation method 2) acetate
could not be used since the growth of the surviving conidia was

inhibited on acetate medium and arabinose was used instead of acetate.
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Probably, azide inhibits the enzymes or the induction of enzymes
needed for acetate metabolism.

Although the growth of both resistant and sensitive colonies is
affected due to the additicn of 18 mM sorbose, the difference between
the twe is evident. For the sensitive colonies are much smaller than
the resistant cclonies and their conidial colour is much fainter. And
when the incubaticon at 37 OC is alternated with a period at 25 0C, the
distinction is even clearer. '

The optimal procedure for the incubation of the selection plates
containing sorbose was found to be: first 1 day at 37 0C, then 3 days
at 25°C and subsequently another day at 37 °C. All visible yellow
colonies are to be counted.

Althcugh the sorbose gene can be readily used for selection pro-
cedures, this gene is not very suitable as a marker for characterizing
recombinants of strain 007. Thé two situations are different. Whereas
with selection there is a competition between single recombinant
conidia and the bulk of test strain conidia, in the case of character-
ization many identical conidia are always incculated on the same spot.
Complications arise since the difference between resistant and sensi-
tive colonies is relatively small, and there is also the difference
between crinkled and wildtype morphelegy and its intermediate forms,
which affects the growth rate.

Experiments showed that in the range of 20,000 to 100,00C colonies
per plate, the measured mutant frequency is unaffected by the conidial

concentrations (fig 4).
5.6 Analysis of the yellow sectors

Iscolation and analysis of some of the yellow c¢olonies showed that
there are differences between the isclates. Although most of them have
wildtype morphology some are £till c¢rinkled, indicating that the dupli-
cated fragment has not completely been lost, Nga and Roper {1968)
stated that in such cases a partial, likely an interstitial, deletion
had occurred. In our study it has been investigated whether mitotic
crossing-over can explain this phenomencn,

To this end, 10 yellow colonies {numbered 1 - 10) were isolated from
the control plates of & mutagen experiment, Four of them had a

crinkled morphology. Tn the case of a mitotic crossing-over, such a
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Fig ¢ Several dilutions of a conidial suspension of strain 007, treated for 1 hr with 17.7 m¥ MMS
{incubation method), were plated on SM + ace + pro, paba + 18 mM SOR and the numbers of yellow
colonies were scored {average of 10 plates).

100000 200000
tonidia /plate
Legend: ® average number of coclonies, standard error of mean

— - — — mutation frequencies calculated from the results of the plates with less tham 100,000
colonies

yellow, sorbose resistant, crinkled ceclony weould have had two copies

of the yA and the sorA allele. In the case of a partial deletion, only
one copy (on chromosome I) would have been present {(see fig 5-4).
First, starting from single cell colonies, a diploid was made of each
isolate with strain 145 (flig 5-B). Strain 007 itself was also
combined with strain 145 into a diploid. These diploids were checked
and found to be green, pro, paba and pyro prototroph and sorbose sensi-
tive, and their size was identical to the size of standard diploid
strains (measured with the Coulter Counter). These diploids were forced
to hapleoidize by growing them on FPA medium, and in all cases a green,
pyro auxotroph haploid strain could be isolated (the pyrod marker is
localized on chromosome IV {(not shown in fig 5) and was used to distin-
guish the haplolds, since the diploids were pyro prototroph). Compari-
son of the conidial sizes proved that all were haploids. They must have
carried chromosome I of strain 145 because they were pro and paba
prétotroph, and chromoscme II of the isolates since they were not white
(fig 5-C)., Then single cell colonies were made, These haploids were
crossed to strain 008 and the progeny was checked for the presence of

vellow and / or scrheose resistant colonies (fig 5-DJ,.
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Fig 5 Analysis of strain 007 and its yellow, sorbose resistant derivatives {only chromesome 1 and 11 are
shown). Explanaticn see text.

007 green, proA, pahah

~—— yellow, proA, pabah, sorA with a crinkled morhology
mitotic crossing-over partial deletion

A proA pabahA yA + + sorh proA pabas yA + +  SOrh proA  pabaA yA & + sarh
i .
Il m——m A r————— - —— —_—
+ adE biA + A o+ + SorA
diploid with 145 (wA, pyrcA)
: 11 1V
B + + + o+ o+ + + + P + + + 4+ +
1
1
proA pabaA yA + + sgorh proA pabaA yA + + SOPA proA pabak yA + + sorh
+ + adE bia + + YA o+ + sorA +
11 e ————— e o
11 - = e - - —— -
wA wh wi
l haploid isclated {green, pyro auxotroph}
C + + + + + + + + + + + + + + * + + +
1
11 ———— - - —— - —————
+ + adE bia + + 7. +  SOrA .
x 008 (GiA, acri)
1 1r
D no yA or sorA colonies yA and sorA colonies found no yA& or sorh colonies

found

found

When a duplication strain is crossed with a normal dipleid strain,

it is possible that only part of the ascospores in a cleistothecium is

of hybrid origin and that the other asccspores descend from the normal

parent only (van de Vate & Jansen, 1978). Therefore, in order to

measure the extent to which a cleistothecium was of selfed origin,

the

number of colecnies growing on MM+ glu was counted, for a biA+ aliele

cannot descend from strain 008. About 40% (crinkled isolates) or 25%

(normal isolates) of the ascospores of hybrid origin are expected to

be both pyro and bvio prototroph. The number of viable ascospores was

measured by a plating on CM+ glu. Sorbose resistant colonies were

scored on MM + ace + pyro,

tio, ade + SOK., In all cases several dilutions

were plated and the numbers of colonies found are given as number /

ascospores plated {(table 21).

The results, indeed,
percentages of pyroc and
comparing the growth on
2, 5 and

recombinants which were

Isclates 1,

show that there was much variation in the

bio prototroph colonies found, as measured by
CM + glu and MM+ glu.

6 had a wildtype morphology and did not give

yellow or sorbose resistant. Twe of them (1 and
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Table 21 Analysis of the progeny of the cross OUS x the haploida descending from the diploids of etrain
145 / the yellow recombinants of strain 007 or 007 itself. Explanation see text.

isolate morphology of growth on yellew sorbose resiatant

no. original isclate MM + glu coloniea colonies
(efa) % {e/a)

007 itselfl er 38/1120 2.2 0/3000 0/11000
1 + 6/33 18 /4000 0/33
2 + 5/28 18 /3700 0/300
4 cr 38/1270 2,8 11/3300 6/1270
3 + 58/1320 4.5 4/1370 /8700
-] + 26/1120 2.3 042000 /7300
-] cr 140/400 35 66/720 99/400
9 or 43/17%0 2.4 6/3210 n.t.

10 cr n.t, 143/3270 13/189

Legend: c/a colonies per viable ascospores
cr crinkled morphology
+ wildtype morpholiogy
n.t. not tested

2) reacted like normal wildtypes, but the progeny of the isclates 5 and
6 gave cleistothecia in which only part of the ascospores were of
hybrid origin. Since this is the only aspect in which these isclates
react like duplication strains, it is 1likely that only a small part of
the duplication is still present. Thie part dogs not cover the yi
region and is not large enough to create a crinkled morphology, but it
is able to disturb, in some way, normal meiotic processes.

Igsclates 44, 8, 9 and 10 had a crinkled morphology and all yielded
yellow and / or sorbose resistant colonles, Indicating that in the
original isolates the genetic information located on chromosome I
must have been transported to the duplicated fragment by a (normal}
crossing-over event.

Isolates 3 and 7 were lost during the genetic manipulations. Strain
007 itself behaved as expected.

Since cnly few yellow colonies were found in the analysis of the

isclates 4 and 9, these two were further investigated as an extra check

Table 22 Percentage of yellow colonies found after plating of ascoapores from selfed cleistothecia of
haploids isolated out of the diploids: 145 / yellow isolates from strain 007 and 145 / 007
itself. Twe cleistothecin ware teated from each selfing.

isolate cleisto— yellow colonies
thecium ¢/a
007 1 C/113 o
11 a/342 s}
a I a43/a40 10
11 120/136C 9
9 1 62/522 12

11 19/180 11 Legend: ¢fa colonies per viable ascospores
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by selfing the constructed haploids which had been isolated from the
diploids with strain 14%. In both cases yellow colonies were observed
among the progeny (table 22), This confirms that the isolates 4 and §
had a duplication fragment, carrying the yA and scrA marker, They must
be the result from a ¢rossing-over process in the original duplication
strain 007,

5.7 Analysis of the green sorbose resistant sectors

Mutagen treatment ylelded, apart from the yellow colonies, also Ereen
sorhose resistant colonies. Upon isolaticn of 20 such colonies, we
observed that all had a crinkled morphology, although some had a growth
rate which was intermediate beiween wildtype and duplication strains.
The causing mechanism can be a mitotic crossing-over between the yellow
and the sorbose marker, or a partial deletion of the translocated
fragment. (In the latter case the occurrence of the intermediate growth

rate can be easily explained.)

straln CO7 deletion
proA pabah yA 4+ + sord proA pabah yA + + sorh
I .
—
I1 empm——— = ———— or
+ =adE bit + + adE blA
proA pabad yA + + sori proA pabaid yA + + sSorh
I d
D or - —e—
+ adB +

Three green isclates were crossed to strain 145, and the progeny
was analysed for the presence of the adE, biA, yA and sorA markers in
order to localize the deletion break-pcint or cross-cver point. Yellow
colonies were scored on plates CM+ glu. For scoring the biA and the
adE marker, growth on SM (MM+ pro, paba, bio, ade, pyrc) + glu was com-
pared to growth on SM+ glu in which blo or ade had been omitted.
Sorbose resistant colonies were scored on SM+ ace + SOR.

As shown in table 23, the c¢ross with isolate 1 yielded coclonies
with a mecrphology which was deteriorated compared to the duplication
parent. The cause is not known. Isclates 1 and 2 still bear the adk
and bidA markers, along with the yA marker. The deletion break-point

or cross-over is lccated between the bid and scrd loci. In isolate 3,
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Table 23 Crosses of 3 green sorbose resistant sectors of strain 007 x strain 145. Explanation see text.
isplate 1 x 145 colony morphology 145 colany morphology
wild- dupli- aber- total wild- dupli- total
phenotypes type cation rant* phenotypes type cation
w ¥ ad bi sor % y ad bi sor
w ? o+ o+ o+ 7 19 15 a1 L A S 21 14 35
[ 6 6 2 14 w 7 4+ ¢ = 4 1 5
w ? o+ - % 3 0 2 5 w ? o o= 4 2 2 a4
w 7?7 o+ - = [+] 0 1 i w 7?7 -+ 1 0 1
L 1 0 ] 1 + o+ o+ 11 21 32
+ o+ o+ o+ o+ 6 L} 6 17 + ot o+ + = o 1 1
+ o+ o+ b - 3 8 ] 11 + b = = & 5 0 5
ot o+ = 1 o 0 1 ¥ O+ o+ 4+ & 0 6
A 0 Q i 1 + ¥ O+ o+ - 10 0 1D
b = =t 1 0 0 1 60 ER 99
+ ¥y o+ o+ - 2 4 3 9
+ ¥ o+ = + [+] [+] 1 1
A 2 ] 1] 2
3z a7 3108
* In this cross colonies with an aberrant morphology
have been obeerved: they ware much smaller than
colonies of the duplication parent.
la 4 colony morphology
wild- dupli- total
phenotypes type cation
w ¥y ad bi sor
w'? o+ e o+ 23 15 33
w 7 o+ o+ - 10 8 18
w P o= o+ = 1 c 1
E I T S 14 8 22 Legend: + wildtype growth or colour
L 6 a 14 - mugant growth
R S Y s ¢ 5 . 'y yeliow colour
R S S b L 8 w white colour
65 39 1G4

the adE marker is still present, but the biA marker is not recovered.
Only low numbers were analysed, but since the adE marker is nearer to
the translocation break-point than the biA marker, more biotin than
adenine auxotroph colonies are expected {and indeed found in the cross
with the isolates 1 and 2). Thus, it is likely that imn the case of
isplate 3 the deletion break-point or crcoss-over is located between
adE and bii,

Conclusions whether a crossing=-cover or a deletion has occurred

would cnly be speculative.
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5.8 Results

Several chemicals have been tested with strain 007, with both
incubation method 2 and 4, The results are shown in the tables 24 - 38
and the information is given in essentially the same way as for the
point mutaticns (see 4.2)., Method 4 generally yielded, compared to
method 2, much higher numbers of yellow colcnies in the controls.
Apparently there is a selective advantage for the yellow colonies when
grown on CM+ glu.

Methylmethanesulfonate and butadienediepoxide gave comparable
results and were both very potent inducers of yellow colonies, both
when method 2 and 4 were used (tables 24, 25, 31 and 32). The selectiv-
ity factor s was always smaller than 1 and the mutagenicity factcer n
greater than 1. '

Nitrite, when tested with methed 2 at pH 4.5, was found to induce
vellow colonies only at the highest concentrations {(table 26). With
method 4, the fregquency of the yellow colonles was not enhanced, but
calculation of the m and s factors indicated that s was always lower
than 1 and was extremely low at the highest concentration NOZ2 tested.
Correspondingly, m was often higher than 1 and became greater by

Tatle 24 Number of yellow colconies per 104 survivors after treatment of conidia of strain 007 with
methylmethanesulfonate for 1 hr at 37 °C in liquid suspension, pH 6.8 (incubation method 2).

experiment conc. BUrv. no. freq. &s.d. regression
(mM) % ¥y = ax

1 nrem 0 100 45  D.4l1 0.08
5.9 72 43  0.47 G.10
1.7 100 88 1.0 * 9.2 a=-4.6
17.6 83 37 1.9+ C.4 r=-0.86
23.5 58 188 3.6 * 0.7

2 nrem 0 100 25 0.20 0.04
17.2 77 22 1.1 * 0.2 a=-2.8
22.9 49 82 2.3 + 0.5 r=-0.996
27.6 48 58 2.1 * 0.4

3 nrem 0 100 18 0.52 ¢.12
23.2 79 40 1.2 * G.2 a==3.,2

4 rem 0 100 11 0.87 0.20
23.5 57 37 1.6 % 2.3 a==-2.2

Legend to the tables 24-30:

rem germination inhibitor removed

nrem germination inhibitor not remcoved

s.d. standard deviation

* significantly different from the control value at P<0.05, one-sided

a slope of the regression y = ax, in which y repreeents the induced mutation freguency

diminished with the control value, and x is In{survival rate)
r correlation coefficient
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Table 25 Number of yellow colonies per 104 survivors after treatment of conidia of strain 007 with
butadienediepoxide for 1 hr at 37 °C in liquid suapension, pH 6.8 (incubation methed 2).

experiment cong. aurv. no. freq. s8.d. regreasion
(i) * ¥ = ax
1 nrem ] 100 26 0.20 .04
3.2 100 99 1.0+ 0.21
6.4 57 162 1.7 ¢ 0.4 az =5.0
9.7 as 237 3.4.% 0.7 r= )
12.9 a7 282 6.8+ 1.4
2 nrem 0 100 24 0.21 0.04
12.9 61 473 6.2 * 1.3 a==12.5
3 nren 0 100 324 0.30 0.06
6.4 41 63 0.87 0.18 a= =1.9
9.8 52 96 2.2+ 0.% r= -D.76
12.9 66 ioa 2.5* 0.5
4 rem 0 100 11 0.67 .0.20
15.5 67 72 2.6 7% 0.5 8= -4.7
5 rem ] 100 13 0.27 0.07
26.9 64 76 1.8* 0.4
26.9 67 60 3.7 ¢ 0.8 a= -1.4
33.6 33 211 2.8+ 0.6 r= =0.62
33.6 22 174 3.2 » 0.7
€& rem ¢ 100 28 0,26 0.05
26 a2 43 3.6+ 0.7 a= -2.8
32.5 37 45 2.5 0.% r= =0.90

Legend: see table 24

Table 26 HNumber of yellow colonias per 10‘ survivors after treatment of conidia of strain 007 with sodium
nitrite for 1 hr at 37 °C in liquid suspension, pH 4.5 (incubation method 2}.

experiment conc. surv. no. freq. s.d, regression
(=M) % y = ax

1 nrem [ 100 14 0.31  0.08
11 a5 19 0,75 * 0.16 au=2.4
20 71 14  0.27 0.07 r==0.95
28 <23 33 3.1 *+ 0.6

2 nrem o 100 39" 0.63 0.13
22 80 55 0.63 0.13 a=-0.82
28 44 72 1.2 0.25 r=-0.895
33 8 32 2.7 * 0.8

3 nrem [+] 92 1% 0.27 0,06

0 108 21 G.2 0.05°

20 97 35 0.5 0.11
28 52 65 0.84 * 0.19 a=-1.4
28 62 30 0.56 0.12 r=-0.93
39 32 - 1089 2.0 * 0.4
39 29 82 2.0 * 0.4

Legend: see table 24
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[Table 27 Number of yellow colonies per 104 survivors after treatment of conigia of strain 007 with
sodium azide for 1 hr at 37 °C in liguid suepension, pH 4.5 {incubation methed 2}.

c d
experiment conc.  surv. ne. freq. s.d. Tegression
(uM) % ¥y = ax
1 rem 0 100 14 0.78 c.21
62 73 11 0.8 .2 a=0.04
77 20 25 0.70 G.14 r=0,41
2 rem o 100 74 0.45 c.09
&0 32 56 0.92 o.19 a=-1.0
a8 9.5 50 3.2+ G.7 r==0,96
3 rem o 300 7 0.4 o.1 a=-1.5
104 0.7 61 8.1 * 1.9 r=-0.985
120 0.4 89 7.2* 1.7
4 rem ¢ 160 267 1.3 0.3
8l 11 101 0.80 ¢.16
96 4.8 63 1.2 0.3 a=-0.135
26 2.3 45 2.1 0.5 r=-0.79
111 4.4 103 2.0 Q.4

Legend: see table 24, except for:
[ survival was calculated after filtration and washing of the conidia aince the residual N3
inhibited the growth of the conidia in the dilutions of the test suspension
d mutants were scored on arebinose medium since the growth was inhibited on acetate in spite of the
waghing and filtration step

Table 28 Number of yellow colonies per 104 survivors after treatment of conidia of strain 007 with
acriflavine for 2 hr at 37 °C in liquid suspension, pH 6.8 lincubation method 2).

experiment conc. surv. no. freq. 8.d. regressiocn
(mM) % ¥ = ax
1 “nrem o 100 14 0.32 0.09
9.1 a9 13 0,43 0.11 a=-0.02
0.2 58 13  0.27 0.08 r=-0.26
0.4 16 14 0.37 0.10
2 nrem o] 100 24 0.59 0.12
Q.29 20 57 1.0 0.21
0.29 17 48  0.89 0.18 a=-0.25
0,44 1z 40 1.3+ 0.27 r==0.97
Q.44 14 48 1.0 0.21
3 rem 8] 100 30 1.0 0.21
.81 1.5 i6 3.6+ 0.8 a=-0.62
4 rem o} 100 13 0.3 0.11
0.15 14 12 0.63 0.18 a=-0.35
0.30 3.5 10 1.8 * g.6 r=-0,97
0.46 2.1 26 1.8* 0.4

Legend: see table 24
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able 29 HNumber of yellow coloniea per 10? survivors after treatmant of conidia of strain 007 with 9-amino-
acridine for 1 or 2 hr at 37 ¢C in liquid suspemaion, pH €.8 (incubation method 2).

experiment cConc. BUrY. no. freq. u.d.
(o) - %

1 nrem ] 100 18 1.0 0.3

in 2% DMSO 0.4 100 25 0.65 0.13
1 hr 2 62 29 0.92 0.19

2 nrem ] 100 14 0.38 0.10

in 2% DMSC 0.08 S8 13 0.45 0.13
2 br 0.9 30 12 0.90 0.27

Legend: see table 24

Table 30 Number of yellow coloniem per 104 aurvivors after treatment of pre-germinated conidia of gtrain
007 with S—amincacridine for 2 br in liquid MM, pH 6.8, at 37 °C (incubation methad 3).

experiment conc. surv. no. freqg. B.d.
(mM} %
1 vem 2 100 11 0.3 0.1
in 2X DMSC 1.4 72 18 D.4% 0.11
2 rem 0 100 & 0.2
in Hzo 0.18 52 6 0.2
. 0.55 100 10 0.4 C.l

Legend: see table 24

increasing NO2 concentrations (table 34).

Azide, tested at pH 4.5 with method 2, increased the number of
yellow colonies only significantly at the highest concentration N3 and
at a very low survival {(table 27). With method &4 no significant change
in the frequency of the yellow colonies was seen, although m was often
greater than 1 (table 35).

After treatment for two hours in liquid suspension {(method 2) with
acriflavine, the frequency of the yellow colonies had only been
enhanced at the highest concentration ACR and at a very low survival
rate (table 28). Using method 4, an extreme selective advantage of the
yellow colonies over the parent strain has been seen and the model
used to measure m and s was not valid (table 37), since the mutant
frequencies found after growth of the artificial suspensions on CM+
glu + ACR were too high. _

g-Aminoacridine gave no increase of the frequency of the yellow
colonies when tested, with method 2 or 3 (tables 29 and 30) in a
concentration ranging from 0.09 to 1l.4 mM. And, just like ACR, in
applying method 4 an extreme selective advantage of the yellow colonies
has been observed (table 36).
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Legend

Table 31 Frequency of yellow colonies {per 10°) after growth of strain 0O7 on CM + glu + methylmethane-
sulfonate (incubation method 4). Both normal conidial suspengions end suspensions artificially
enriched with yellow recombinante were tested. Incubaticn for 3 days at 37 °C.

007 + enrichment

007
exp, conc. ¢oni- na. freg. s.d. no. Treq. g.d. mor a s.d.
(mM) diation
1 8] + 138 1.0 . 0.2
62 0.52 0.11
80 0.82 0.17
.28 + 501 5.8 % 1.2
889 7.7 * 1.6
717 6.0 % 1.2
G.59 + 995 10 * 2
1075 9.1 % 1.9
768 9.5 ¥ 2.0
1.17 + 1498 16 * 3
1724 1% * 3
1996 16 * 3 o
2 [s] + 129 2.4 0.5 1022 143 29
129 1.6 0.3 613 74 15
57 1.2 0.3 730 aa L]
0.28 + 36 4.8 1.0 399 43 9
289 5.4 * 1.1 72 8l 17 m= 6.7 2.1
304 8.0* 1.6 a17 53 11 s= 0.53 Gc.11
0.44 + 211 11 * 2 b3z 85 13
301 8.0 * 1.6 1684 47 10 m=10.6 3.5
360 6.3 * 1.3 s= 0.47 .12
a.59 + 533 13 * 3 S08 87 la
495 11 * 2 597 74 15 m=10.7 3.4
413 6.8* 1.4 341 85 11 8= D.55 0.12
3 o} + 92 3.1 0.6 123 29 6
78 3.4 0.7 151 28 6
80 2.1 0.4 179 43 ¢
77 2.6 0.5 150 27 &
0.29 (+} 8l 7.4 * 1.5 535 25 s
178 5,.9* 1.4 460 20 4 w= 4.5 1.6
195 7.4* 1.8 119 27 & s= 0.6 0.15
0.59 (+} 46 15 * 3 108 35 7
344 14 * 3 111 24 ] m=10 4.5
. 433 16 * 3 148 33 7 %= D0.54 0.19
3.17 [E] 118 22 * 5 107 28 g
151 40 * 8 154 32 7 g
318 34 * 7 158 37 8
4 0 + 153 6.2 1.3 108 &7 14
156 6.2 1.3 87 43 10
c.2¢ + 227 8.5 1.8 252 23 3 m= 4.5 2.1
169 6.5 1.3 188 19 4 s= 0.26 .09
0.58 + 120 17 * 4 228 19 4 m=25 25
275 9.2 1.9 179 18 3 s= 0.08 0.07
1.22 {+} 171 20 * 4 97 49 10 m= 6.2 3.3
a5 a4 ] a= 0.52 0.19

to the tables 31-38:

dark-green conjdia

light-green or brown conidia

conidia only faintly celoured

no conidial colour seen

multiplying effect on the spontaneous
multiplying effect on the spontaneous
standard deviation

significantly larger than the highest
the difference between the repeats is
the model is not valid since there is
larger than 1)

m and s are negative since the mixture

mutant frequency caused by recombinogenicity
mutant frequency caused by selective advantage

recombinant frequency of the controls (P<0.05, one-sided)
significant (P<0.05, two-sided)
too much advantage of the yellow sectors (s would be very much

yielded less mutants than the original suspension




51

Irable 32 Frequency of yellow colonies (per 10"} after growth of strain 007 on CM + glu + butadienediepoxide
{incubation method 4). Both normal conidial suspensions and suepensicons artificlally enriched with
yellow recombinants were tested. lncubation for 3 dsye st 37 °C.

c07 007 + enrichment
exp. con¢. coni- no.- freq. s.4. no. freq. s.d. mor s &.d.
(mM) diatign
1 o + 92 3.1 0.6 123 29 ]
78 3.4 0.7 151 28 6
60 2.1 0.4 179 43 9
77 2.6 0.5 150 27 ]
.13 + 176 11 *+ 2 126 27 6
205 8.5 2.0 97 23 5 m= 5.3 2.4
181 6.5 1.3 108 20 a4 s= 0.5 0.14
a.26 (+}) 265 11 * 2 92 29 6
275 12 + 2 101 29 (3 m= B.5 3.6
249 B.g* 1.8 i1 13 3 g= 0.45 G.14
0.52 (- 33 9.5+ 2.0 9l 29 &
439 22 * 5 144 AN 7 m= 14.6 7.7
513 17 * & 66 23 5 e= 0.4 G.17
2 [+] * 53 1.7 0.4 473 164 34
104 2.3 0.5 493 212 44
0.13 + 235 8,3+ i.7 240 103 21 m= 7.6 2.6
188 5.8 1.2 179 83 17 ax 0.46 Q.11
0.26 (+} 266 10 * 2 130 49 10 m= 31 12
346 12 * 3 718 38 8 5= 0.17 0.05
0.52 (-} 3/2 22 = 5 600 53 e 11 m=101 64
a8s i7 4 718 21 e 4 s= 0.1 0.04
0.84 - 336 47 * 10 143 a4 9 meB40 1900
a2 25 * 5 182 36 7 s= 0.02 0.05

Legend: sse table 31

Table 33 Frequency of yellow colonies [per 104] after growth of strain 007 on OM + glu + vinclozolin
(incubation method 4}. Both normal conidial ions and p iona artificially enriched with
yellow recombinants were tested. Incubation for 3 days at 37 °C.

007 007 + snrichment
exp. cone. coni- no. freq. s.d. no. freq. s.d. mor s &.d.
{uM) diation

1 o {+) 115 4.7 1.0 638 209 43
in 0.4% 120 4.4 0.9

oMSO 5.2 (+) 132 17 * 3 664 360 74

103 12 ¢ 2 513 300 62 m=1.5 0.5

146 15 * 3 15 670 170 s=2.1 0.6
14 (-) 96 9.2* 1.8 307 240 49

108 10 * 2 341 178 37 m=2.4 0.9

564 145 3o 8=0.9 0.2
-4 o (+) 125 4,7 1.0 o4 53 11
in 0.4% 176 7.2¢ 1.5 273 43 9
DMSO 77 2.8¢ 0.8 365 29 6
10.5 (=) 178 13 e 3 194 103 2

. 311 9.0e 1.9 210 94 19 m=0.61 0.12

187 3.7¢ 0.8 370 142 29 8=2.8 0.6
14 (=) 239 23 * 5§ a77 207 a3

184 28 * 6 304 139 29 m=1.1 0.4

1862 19 * 4 1873 183 38 s=4,2 1.0
a1 (=) 63 27 * 6 1508 207 43

216 27 * & 437 213 as n=0,9 0.3

211 19 * 4 385 287 59 &=5.8 1.3
3 0 (+} 44 1.7 0.4 87 a8 10
in 0.4% 71 3.3 0.7 69 27 6
DMSO 56 2.0 0.4 13 a1 11
7 (+) 219 9.3 1.9 485 321 66

77 8.0 1.6 393 243 50 n=0.52 0.16

217 7.1 1.5 275 130 39 B=6,7 1.5
14 (-} 318 5.5e 1.1 125 119 25

56 4.1e 0.8 412 154 32 m=1.3 0.4

112 20 e* 4 211 127 26 s=3.4 0.8

Legend: gee table 31
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Table 34 Frequency of yellow colonies (per 10‘) after growth of strain 007 on CM + glu + sodium nitrite
(incubation methed 4). The pH of the agar was adjusted to 4.5. Both normal conidial suspensione
and suspensjons artificially enriched with yellow recombinants were tested. lncubation for 3 or
4 éays at 37 °C,

007 007 + enrichment
axp, cone. coni- no. freq. s.d. ne. freq. 8.4, mor s s.4.
(mM) giation
1 Q * 52 2.4 .5 1235 259 83
{3 days) a17 1.6 Q.3 869 186 38
0.92 (=) 25 2.1 .4 a9 11 2 m=12.8 4.5
38 1.6 0.3 30 25 ) a= 0.07 0.02
2 0 + 92 2.3 0.5 214 5.6 1.2
(4 days) 157 3.8 0.8 310 6.6 1.4
g2 2.0 Q.4
0,82 + 87 2.0 0.4 204 3.4 Q.7
67 1.5 0.3 174 3.5 0.7 m= 0.83 0.42
80 1.5 0.3 226 5.7 z.2 B= 3,75 c.3
L.84 {+) a7 0.85 0.18 85 1.3 0.3
a6 1.0 0.2 58 1.2 0.3 mn= 2.6 1.9
&9 C.87 0.18 73 1.5 0.3 #= 0.13 ©.08
2.76 (-} g2 2.8 G.6 96 3.0 G.6 m=37 350
9 3 0.8 11 3.0 C.6 8= 0,03 c.28
3 Q * 81 2.7 G.6 54 19 4
(4 days) - 74 2.1 0.4
73 2.8 0.6
Q.46 + 33 Q.93 0.18 39 13 2.6
339 1.0 0.2 117 .2 1.9 m= 0.74 0.27
a7 1.0 0.2 109 7.2 1.5 = 0.52 Q.15
0.92 (~) 40 1.3 Cc.3 74 4.8 1,0
’ 3z 1.0 0.2 557" 3.2 ©.7 m=2.7 1.8
32 0.66 0.14 43 2.2 0.5 8= 0.14 0.05
Legend: see table 31
Table 35 Frequency of yellow colonies (per 104? after grawth of strain 007 on CM + glu « sodium
azide {incubation methaod 4). The pH of the agar was adjusted to 4.5, Both normal conidial
suspensions and suspensions artificially enriched with yellow recombinants were tested.
Incubation for 3 or 4 days at 37 °C.
007 007 + enrichment
axp. cone. coni- fno. freq. s.d. no. freg. a.d. mor s s.d.
(pM}  célation
1 Q + 2% l.a 0.4 189 156 3z
{3 days) 37 1.5 0.3 378 177 36
a6 1.9 0.4 419 267 55
2.5 + 80 3.0 9.6 1047 131 27
33 1.5 0.3 1320 165 34 m=1.7 a.5
41 1.7 0.4 313 i62 33 8=0.8 .15
1s {+} &9 2.2 0.5 1057 138 28
a8 1.5 0.3 1267 127 26 m=1.5 0.4
3z 1.2 0.5 1433 146 30 8=0.7 .14
2 o) + 74 2.1 0.4 =S4 19 4
(4 days) 81 2.7 0.6
73 2.8 0.6
9.5 + 108 3.3 0.7 46 17 4
178 4.6 0.8 63 i9 4 m=1.6 0.6
80 2.6 0.5 &=0.85 0.27
19 + 71 2.4 0.5 74 14 3
58 1-8 0.4 49 i8 4 m=1.0 Q.37
49 1.9 0.4 8=0.8 0.25
3 4] + 92 2.3 0.%
(4 days) 157 3.8 0.8
92 2.0 g.4
19 + a8 2.0 0.4
96 2.1 0.4

Legend: see table 31
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Table 36 Frequency of yellow coloniea (per 10‘) after growth of steain 007 on CM + glu + 9-amincacridine
(incubation method 4). Both narmal conidial suspensions and sugpensicng artificially enriched with
yollow recombinants were tested. Incubation for 3 daye at 37 °C.

007 007 + enrichment
axXp. conc. conl- no. freq. s.d, nG, freq. s.d. mor s s.d,
(mM)  diation
1 0 + 201 3.9 0.8 524 9.9 2.0
in # 0 126 7.0 1.4 54 28 e 6
2 58 4.2 0.9 321 29 e 6
0.52 (=) 373 25 e* 5 324 145 e 30
89 73 e* 15 647 234 e a3 m= 1.0 0.4
142 83 =* 17 18 385 e 79 8=11.5 3.1
1.04 - 109 38 e* a 206 730 e 150
a5 49 e* 10 asz2 166 e 34 b
73 134 e* 2B 25 3250 e 700
2 o * 120 2.1 a.4 421 96 20
inHQO 43 1.8 d.4 323 97 20
2 54 2.5 0.8 459 75 15
0,24 {+) 120 8.4* 1.7 583 239 439
% 9.7 2.0 667 330 20 m= 1.2 0.4
132 g.7% 2.0 484 380 74 8= 3.7 g.8
Q.49 {=) 82 164 e* 34 460  BOCO 1600
17 64 e* 13 455 9100 1900 b
0.97 {=) 4 49 e* 60 9000 1900
5 1000 e* 200 37 9500 2000 b
57 6490 e* 140 B4 7500 1500

Legend: see table 31

Table 37 Frequency of yellow colonies (per 104) after growth of strain CO7 on CM + glu + acriflavine
(incubation method 4). Both normal conidial suspensions and suspensions artificially enriched with
yellow recombinants were tested. Incubation for 3 days at 37 °C.

007 007 + enrichment
exp, Cconc. coni- no. freq. s.d. no. freq. s.d. mor s s.d.
(M)  diation
1. Q + 92 3.1 0.6 123 29 6
78 3.4 Q.7 151 28 6
60 2.1 0.4 179 a3 9
77 2.6 3.5 150 27 &
18 + 66 2.0 0.4 184 22 5
as 1.2 0.4 207 36 8 m= .83 0.25
51 2.3 0.5 102 24 5 5= (.87 0.18
2 0 + 184 4.0 0.8 1240 223 45
278 3.9 0.8 1000 128 26
23 (=) 1125 518 * 107 118 B700 18C0 b
890 223 = 46 102 7700 1600
3 Q + 201 3.9 0.8 624 1Ge 2
126 7.0 1.4 24 28e 6
58 4.2 Q.8 321 23a L]
20 - 94 8.0 1.6 a5 385 79
60 1la 3 28 525 108 m= 0.08 0.03
227 17+ 4 72 502 165 5=32 8
24 - 298 6.5¢ 1.3 140 2300 470
426 34 e* 7 154 4400 200 B
142 4_8e 1.0 1432 2200 450
29 - 112 B.48 1.7 240 6200 1280
66 1l1 e* 23 251 7000 1440 b

60  490C 1010

Legend: see table 31
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Table 38 Frequency of yellow colonies (per 104) after growth of strain 007 on CM + glu + chleralhydrate
’ {incubation methed 4). Both normal conidial auspensions and suspensions artificially enriched with
yellow recombinants weré tested. Incubation for 3 days at 37 °C.
007 - 007 + enrichment
exp. conc. coni~ no. freq. s.d. ne. freq. s.d. mor s s.d.
{mM} diation
1 [¢] + 60 l.a e 0.2 393 70 la
76 2,1 ¢ 0.4 263 a3 10
25 0.86e 0.18 224 37 B
1.5 (+) 28 1.0 0.2 122 48 10
25 0.74 0.15 208 KER 7 n=0.64 0.2
1%8 42 9 s=0.81 0.2
2 Q + 87 2.9 0.6 114 54 11
a3 3.0 0.6 106 51 1
49 3.0 0.6 93 43 9
3.0 (+} 135 5.4 1.1 106 a6 18
146 5.7 1.2 94 55 11 m=1.4 0.4
92 5.5 1.1 103 67 14 a=1.4 0.3
4.5 {+) 114 3.7 0.8 - 97 s7 12
170 5.3 1.1 121 57 12 m=1.7 0.5
137 5.7 1.2 155 38 8 8=1,0 0.2
6.0 i+ 50 2.2 0.5 180 20 4
40 1.7 0.4 98 13 3 m=2.1 0.7
56 2.2 0.5 183 20 4 8=0.34 608
7.5 (+] 32 0.69 0.14 40 5.9 1.2
28 C.78 0.18 44 4.4 0.9 m=4.2 1.4
23 1.5 0.3 25 3.7 .6 530,08 0.0z
Legend: see table 31

Yinclecznlin was only tested using method 4 (table 33). The number
of yellow colonies was always enhanced, but the effect was on . In one
experiment, m was found to be more enhanced than s, but this result
was not reproduced 1n the other experiments and therefore believed i
ve an artefact.

Chloralhydrate, too, was only tested with method 4 (table 38), and
the number of yellow colonies was certainly not increased, However,
z was fcund to be lower than 1 and decreased with increasing corer-

trations »f CH. And m was higher than | and seemed to increase » .tz

increasing concentrations of CH.

5.9 Preliminary conclusions

The presence of the sorA2 gene in strain 007 reduces the nmmber of
rlates needed to measure the instability of & duplication strain,

Mitctic crossing-over can lead to yellow colonies which can only
he distinguished from deletion preoducts if special care is taken |
observe the morpholegy {crinkled or normal) of the recombinant:,

MMS and BED are very potent inducsere of yellcw colonies.
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NO2 (only tested at pH 4.5) is a weak inducer of yellow segreganfs
when tested with method 2 and method 4.

N3 (only tested at pH 4.5) induces segregants only at a very low
survival rate using method 2. And with method 4 no significant activity
is found.

ACR 1s a weak inducer of yellow segregants when tested with method
2, and 9AA was not mutagenic with either method 2 or 3. Both agents
cannot be tested with method 4 because of the extreme selective advan-
tage of the yellow colenies.

VIN has only been tested with method 4 and the main effect is a
selective advantage of the segregants.

CH shows some mutagenic activity when tested with method 4.

The trends of mutagen response are almost idertical to those of

point mutations (see general discussion),
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& MITOTIC CROSSING-CVER AND NON-DISJUNCTION

6.1 General remarks

In diploid strains of Aspergillus several processes during mitosis
can lead to sectors with non-parental genotype. Chemicals of different
classes enhance this sectoring, If suitable markers are present the
process invelved can be investigated.

A mitotiec crossing-over (fig 14), the process most frequently found,
leads to homozygosity of the markers distal to the cross-over by which
the properties of recessive genes come to expression. However, a
deletion {(fig 1B} can lead to phenotypically identical c¢olonies, In
this study no attempt has been made to differentiate between these two
processes.

A non-disjunction {(fig 1D} can lead to diploids with two identical
homeclogues of one chromosome. In this case all recessive genes on both
sides of the centromere will be expressed. Alsc haplecids are formed in
which recesslve genes of all chromosomes will be expressed.

The gene conversion frequency (fig 1C) is very low in Aspergillus
(de Bertcldi et al., 1980). Thus, mutant sectors will not likely be

caused by this process,

In our study, several methods for measuring the freaquency of

crossing-cover and non-disjunction during mitosis have been compared.

6.2 Mitotic segregation

When a diploid strain heterozygous for a c¢onidial ¢oleour marker
is grown on complete medium, spontanecusly sectors with non-parental
conidial colour arise (mitotic segregation). Chemical compounds like
benomyl and actinomycin D are known to induce an increased sectoring
{Kappas, 1978). The mechanism involved can only be revealed after
isolation and genetic analysis of the sectors,

In the present study strain D4 has been used carrying 4 colour
markers: y (yellow), w {white), cha (chartreuse) and fw (fawn). The

genotype of strain D4 is:
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The following test procedure (incubation method 1) was used:
Firstly, conidia were plated in low density on CM + glu, and after 24
hr incubation at 37 OC, pieces of agar and mycelium were transferred
to fresh plates of CM + glu + the chemical to be tested, Only 5 colonies
were grown on each plate. After 7 days incubation at 37 °G, all visible
sectors with & mutant conidial coclour have been counted.

Using this system, vinclozolin and carbendazim were found to enhance
the sectoring of strain D4 (table 39). Here no attempt was undertaken
to analyse the sectors, Thus the inducing mechanism is not known.

Table 3% MNumber of sectors with a recessive conidial colour found aftar gra;-th of 50 colonies of strain D4
{% col/plate) for 7 days on CM + glu + carbendszim or vinclogolin. As a solvent ethanol was used.

sectors in 50 celonies

control (ethanol) 26

contrel (ethanol} 21

0.52 uM carbendazim 42

1.31 uM carbendazinm 60 *

2,10 uN carbendazim 127 *

0.98 pM vinclozelin 30

1.96 uM vinclozolin a4 * Legend: * significantly enhanced compared to the
3.90 uM vinclozolin B2 * controls (t-test, P<0.05, one-sided)

When it is intended to discriminate between the inducing mechanisms,
it is more convenient to select a specific recombinant than to isolate
recombinants at all possible loc¢i, Strain D4 offers several possibil-

ities,
6.3 Selection of adenine prototrophs
The suppressor adenine system in strain D4 can be used to select

recombinants. Strain D4 1s homozygous for the adE20 allele and hetero-
zygous for ite suppressor allele sulladE20. Since this suad allele is
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recessive, strain D4 grows only pcorly on medium without adenine,.
Diploid segregants homozygous for the suad allele or haploids carrying
the suad allele grcw normally in absence of adenine, although the
c¢onidial c¢olour is somewhat faint. The suppressor controlled adenine
prototrophs produced by a crossing-over are green. Diploid non;diS-
junction products, however, are yellow and haploids have a fawn or

chartreuse, or a white colcur. Schematically:

Bh

denine prototrdphs

“‘xﬁﬁﬁ‘\ﬁﬁ"

diploid n.d,

haploid n.d,

suad + ad + suad y. ad + suad ¥y ad w
— ee—————— —— ———
— ety S
suad y ad v suad y ad w
green yellow fawn or chartreuse

or white

As selective medium, MM+ glu + growth factors and amino acids was
used (further on called S5M+ glu - ade). The growth factors and amino
acids used were: paba, bio, ribe and thi (needed for the diploid and
haploid recombinants), and pyré, meth and cho (for the hapleids only).
Three plating procedures were compared: 1 the conidial suspension was
plated on SM+ glu - ade., 2 the conidial suspension was mixed with Swml
SM + glu - ade {(melted and cooled down to S50 OC) and poured out cn a thin
piate SM+ glu - ada. 3 the conidial suspension was mixed with 5mi
SM+ glu - ade {(melted and cooled down to 5000), poured into petri-
dishes, and when these plates had become solid, a seccnd layer of ca.
15ml SM+ glu - ade was laid on the first, The incubation was for 5-4
days at 37 °c.

When procedure 1 was used, segregants and parental colonies could
be distinguished, but procedure 2 was found to give clearer resulis
since the distribution of the colenies over the plates was better,
Procedure 3 could not be used, since too many colonies started to grow
through the agar as a result of the leaky growth,

However, even when plating-procedure 2 was used, the scoring of the
recombinants was nolt as easy as expected. When the conidia were first
treated in liguid suspension (incubation method 2 or 3} with a mutagen

(MMS), the morphology of the adenine protctroph colonles on SM+ glu -
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ade was different from the morphology of the adenine prototroph'
coloniee found after growth of untreated conldia on the same medium,
-A- Untreated conidia gave two distinct types of green, adenine proto-
troph colonies in a background of aconidiate mycelium of strain D4:
large, round colonies and smaller, irregular shaped colonies. Inter-
mediate forms were rare. Probably those conidia in which the crossing
-over took place before or shortly after the inocculation on the
selection plates gave large colonies. During the leéky growth of
unchanged D4 mycelium, however, new crossing-overs occurred at a later
moment and therefore gave rise to the small, irregular shaped colonies.
The colonies with recessive conidial colour were usually somewhat
smaller than the green colonies. It would be reasonable to count only
the large green colonies and the (somewhat smaller) largest colonies
with other conidial colour.

-B- After mutagen treatment both types of adenine prototroph colonies
were found more often than in the control, and the difference between
the large and the small, irregular shaped colonies was reduced. Some
intermediate forms (large, with a reduced size) were seen, Here it was
difficult te discriminate between the large and the smaller colonies,
and a somewhat arbitrary minimal colony slze had to be the limit, And
since the colonies arising after non-disjunctions were often smaller
than the green colonies, different criteria were needed for the green
as for the yellow, chartreuse, fawn and white colonies.

After treatment of conidia of strain D4 in liquid suspension
(incubation method 2), it was observed that the fregquency of the green
adenine prototrophs depended on the number of conidia inoculated per
plate {fig 6). As expected, when too many conidia (more than ca,.
15,000) were inoculated per plate, the crossing-over frequency was
underestimated, since neighbouring colonies were counted as one.
However, at a very low conidial concentration, the crossing-over
frequency was overestimated. The colonies of D4 had probably more space
and nutrients for leaky growth, and thus they had more opportunity for
recombination. And these resulting colonies were sc large that they
were inéluded in the count, in spite of the attempted differentiation
between larger and smaller, irregular shaped colonies,

Thus recombinant frequencies can only be compared if they result
from selection plates inoculated with a conidial concentration within

a certain range (7,000-12,000 conidia / plate).
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Fig 6 Average number of adenine prototroph ¢rossing-over products found in dependence of the number of
conidia of strain D4 incculated per plate SM + glu - ade. Both untreated (A) and MMS-treated (B}
conidia were plated (incubation method 2).

{ (B)

number of ;|

co/plate
1 (A)
10 - {
T T T
5000 0000 15000
conidia /plate
Legend: o] average number of crossing-overs, after treatment with MNS

b4 average number of crossing-overs, untreatad conidia

Several experiments (incubation method 2) were performed in which
adenine prototrophs were scored. The accumulated results of ihe
controls gave a spontaneous frequency of 3.5 crossing-over products
per 104 conidia. Thus the real crossing-over freguency is 0.07%, which
is lower than 0.1 to 0,3% as estimated by Kafer (1977). We also fcund
0.25 diploid and Q.43 haploid non-disjunction products per 1Oi+ conidia,

When incubaticon methed 2 or 3 is used, the suppressor adenine system
is not very suitable for measuring the non-disjunction frequency,
firstly because this frequency i1s very low compared to the frequency
of the crossing-overs and secondly due to‘the small colony size. When
method 4 is used, the colcnies are larger and the plates are easier to
score since the difference between the larger and the smaller, irregu-

lar shaped adenine prototroph colonies is clearer.

6.4 Tests with the suppressor adenine system

Three different chemicals were tested with this system (incubation
method 4). The results are given in the tables 40 -42, Both the green
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Table 40 Frequency of crossing-overs and non-diajunctions {per LD‘ conidie) after growth of strain D4 on
CM + glu + methylmathanssulfonate {incubation method 4). Both normal conidisl suspensions and
suspensions artificially enriched with recombinants were tested. lncubation for 3 days at 37 °C.

crosaing-over (green} non-disjunction (yellow)
D4 D4 D4 + enrichment
exp, cong. conil- no. freq. a.d. ne. freq. s.d. no. freq. B.d. norsy 8.d.
(mM} diation
1 [} + 5S4 6.8 1.4 13 1.6 0.4 59 15 3
27 4.8 1.¢ 11 2.0 0.8 a? 17 4
34 4.3 0.9 5 G.6 a2 13 3
0.29 - 100 53 + 11 9 4.8 . 1.8 4al 8.5 1.8
113 7% * 16 4 2.7 18 11 3 e 3.7 2.0
125 43 - 9 5 1.7 24 15 3 g= 0.6 Q.2
0.59 + 218 115 * 24 13 é.9% 1.9 14 9.7 2.6
204 79 * 18 18 7.0* L.6 14 11 3 m=L5 11
159 71 * 15 10 4.4 1.4 12 9.4 2.7 8= 0.3 0.2
1.17 + 314 108 = 22 29 9.9 * 2.0 25 14 3
348 126 * 26 24 8.7+ 1.8 24 18 4 m=21 15
291 127 =+ 26 30 13 * 3 19 14 3 8= 0.4 0.2
2 4] + 18 4.4 1.¢ 5 2.0 0.7 9 4.7 1.6
15 4.8 1.2 8 2.5 0.9 7 2.3
10 4.4 1.4 9 4.0 1.3
0.12 + 72 25 * S 7 2.4 11 B.4 2.5
70 26 5 9 3.3 1.1 S 2.8 = (.29 Q.53
27 24 = 5 5 1.8 3 1.9 s= 2.8 4.6
3 0 n.8. 9 2.0 0.7 8 1.8 0.6
13 1.4 0.4 9 1.0 0.3
0.5% n.s. 4%9 97 * 20 29 6.4 * 1.3
550 ag +* 18 43 6.9 * 1.4

Legend t¢ the tables 40-42 and 44-51:

+ dark-green conidia

(+) light-green conidia

(=) conidia only faintly coloured

no conidial colour seen

multiplying effect on the spontaneéous recombination frequency caused by recombinogenicity
multiplying effect on the spontaneous recombination frequency caused by selective advantage
standard deviation

not scored

sipnificantly larger than the highemt mutant frequency of the controls (P<0.05, one-sided)
the difference between the repetitions is significant (F<0.05, two-gided)

m and s are negative since the mixture yielded less mutants than the original suspension

me +3nm3
o a

(crossing-overs) and cther (non-disjunctions)} recombinants on each
plate were counted, The information i1s given in essentially the same
way as for the point mutations (see chapter 4.2).

After growth on MMS cecntaining medium, the frequency of the
crossing-over products was greatly increased (table 40). The frequency
of colenies with other conidial colour was aléo enhanced. And m was
much higher than 1, but it seems possible that, in view of the high
number of crossing-overs, part of the yellow, white, chartreuse and
fawn colonies resulted from a double crossing-over,

After growth on vinclozolin containing medium, the freguency of the
crossing-over products was not enhanced and the number of non-dis-
juncticn products was oniy slightly increased (table 41). Here only

normal conidial suspensions were tested, so m and s were ncot calcu-
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Table 41 Frequency of crossing-overs and non-disjunctions (per 10“ conidia) after growth of strain D4 on
CM + glu « vinclozolin lincubation method 4). Only nermal conidial suspensions and were tested,

Incubation fer 3 days at 37 *C.

crossing-oaver {geerng

nnn=disjunction [yellow}

D4 04
exp. conc.  coni- ne. freg. s.d. no. fTreq. s.d.
(uMi  rfiation
1 0 + 101 9.0 1.9 22 2.0 0.4
in 0.1% 67 6.8 1.4 a 0.8 0.3
OMSO &7 3.5 a.7 12 1.0 0.3
1.7 v &7 7.9 L.& 32 3.B 0.8
a5 5.1 1.1 17 1.9 0.%
a8 5.3 () 1z 1.3 0.4
3.5 + o7 7.a 1.% 25 3.2 0.7
124 13 gl az 4.2+ 0.9
146 13 3 5 3.2 0.7
7o T4} 41 2.9 1.8 30 3.0 0.6
@7 9.3 1.9 66 6.3 % 1.3
108 10 2 &0 5.6 * 1.2
14 i=1 24 8.2 1.7 18 6.2e* 1.5
L7 L 1.6 28 11 e 2
24 i1 .6 13 1.7e 0.5
I3 0 + a7 6.0 1.2 19 2.4 0.6
in 0.2% 70 £.6 1.4 15 1.4 0.4
OMS 1.7 + a8 8.5 1.8 26 2.3 0.5
a5 7.3 1.2 15 2.2 0.6
3.5 + 23 2.7 0.6 19 2.3 0.5
41 4.4 0.9 31 3.3 0.7
7.0 i+ 62 8.7 1.7 a8 6.3 * 1.3
12 1.7 2.8 5 4.2

Legend: see table 40

‘Table 42 TFrequency of crossing-overe and non-disjunttions (per 10‘ conidia) after growth of strain D4 nn

CM + glu + chloralnydrate (incubation method 4). Both normal conidial suspensions and

suspensiong artificially enriched with recombinants were tested.

crosaing-over {(green)

non-disjunction (yellow)

Incubation for 3 days at ¥/ »C.

7 D7 D7 + enrichment
2R,  CORC. coni- no. freq. =.d. no. freq, s.d no, freq. s.d. mw ot 8
(mM}]  diation
1 0 + 54 5.8 1.4 13 1.6 0.4 59 15 3
27 4.8 1.0 11 2.0 0.6 a7 17 4
34 4.3 0.9 5 0.6 82 13 3
6.0 =) 11 9.8 3.1 68 67 * la 203 147 30
21 14 3 163 108 * 22 114 136 28 m=27
650 3.3 1.9 672 na * 21 118 112 23 &= 2.1
4 ) + 2% 3.3e .7 2 0.3 5S4 12 2
19 2.1e 0.5 1 LI 53 14 3
T% 4,6 1.1 & .4 66 It 2
5 %.8e 1.2 2 9.3 67 14 3
28 4,492 1.0 4 0.7 62 12 3
21 a.le 0.9 A .8 a2 1% 3
8.9 -3 17 14 *= 4 124 1ns « 22 14 730e 150
19 5.9 1.5 - 151 L% I ) 2590 690e 140 m= A,
173 a,3e 1.2 169 GF ¥ 2 191 Lode 26 T
7 3. 2e 137 (Y- & | 188 17e a5
o M . T 7.2 1.1 17 1.6 0.4
a.% fasy ar a,4 n.n s 11 2
37 a4.2 0.1 48 AT 1.1
6.7 t—y ag LY I B [} 15 3
1151 16 *e 3 L6 [ i

Legend: see table 40
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lated.

After growth on chloralhydrate ¢ontaining medium, no influence on
the crossing-over frequency was found, but there were significantly
more non-disjunction products (table 42). The m factor was always

higher than 1.
6.5 Selection of sorbose resistant recombinants

Another possible way to select recombinants is to use the sorA2
allele for resistance to sorbose in strain D4. Strain D4y itself grows
only poorly on media supplemented with sorbose. Non-disjunction and
crossing-over products, however, can be homozygous for the sorid allele,
and then they show good growth and sporulation. Using this systenm,
crossing-over and diploid nen-disjunction products can, unfortunately,
rot be easily distinguished, since also crossing-overs can give yellow
colonies. Only after isolation of the recombinanis and analysis of the
markers on the other arm of the first chromosome, the mechanism
involved can be revealed. Haploid non-disjunction products can be
recognized directly because of the chartreuse or fawn, cor white colour

of their ccnidia. Schematically:

* + + +
———
r——

ribe ¥y sor w

surtxyf‘-’mntc\doniae \
c.ﬁt”"’p—’————-——F——rc.o. diplotd m.d. rapldid n.d.

+ +  sor + + ¥y =or + ribo_ ¥y sor + ribo ¥y sor ]
——ar - : ey s —————
ribe ¥ sor w ribo ¥y sor w ribo ¥ sor w
green yellow yeollow . fawn or chartreuse
or white

As selective medium MM + ace + SOR, supplemented with growth factors
and amino acids: paba, bio, ribo, thi, ade, pyro, meth and cho was used
(further on called SM + ace + SOR). Acetate was used since sorbose resis-
tance can only be scored in the presence of a weak carhon source (see
chapter 5.5). Again the three plating procedures were compared: 1 the
conidial suspension was plated on 8M+ ace + SOR. 2 the conidial suspen-
sion was mixed with S5ml SM+ace + SOR (melted and cooled down to 5000)
and poured out on a thin plate SM+ ace + SOR. 3 the conidial suspension
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was mixed with 5m: SM+ ace + SOR (melted and cooled down to EOOC),
poured into petridishes and when these plates had become solid, a2
second layer of ca. 15ml SM+ace + SOR was laid on the first. The incu-
baticn was for 3% -4 adays at 37 °C,

Procedure 1 was not successful, There was too much variation in the
growth rate of the recombinants, and the difference between the sortose
resistant and the sorbose sensitive colonies was relatively small.
Alsc when procedure 2 was used, too many coleonies grew through the
agar. Upon isolation and analysis, several of them were found to he
sorbose sensitive. Procedure 3 gave the best differentiation between
sorbose resistant and sorbose sensitive colonies, since all colonies
had to grow through the agar, and this was such a barrier that resis-
tant colonies were seen cnly. Upon variaticn of the sorbose concentra-
tion and the pericd of time between the inoculation of the conidia and
the pouring of the second layer, it was ocbserved that the best condi-
tions were: Firstly, the conidia were mixed with 5ml SM+ ace (melted
and cooled down to 50 OC) and plates were pcured. These pilates were
incubated for 24 hours at 37 °C tec allow germination of the conidia,
Then & second layer of ca. 12ml SM+ace + 18 mM SOR was laid on top of

the first and again, these plates were incubated fer 3 days at 37 °.

Fig 7 Average number of sorboge resistant crossing-over products found in dependence of the number of
conidia of strain D4 inoculated per plate SM + ace + S5U0R. Both untreated (A) and NMS=treated (B)
conidia were plated (incubation methed 2). -

(B)
40 4
number of
co./plate
20 4
(A)
: i
I
r T
10000 20000
conidia /plate
Legend: e} average number of crossing-overs, after treatment with MMS
x

average number of croesing-overs, untreated conidia
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Analogous to the suppressor adenine system, the frequency of the
crossing-over products found with the sorbose resistance system
depended on the number of conidia inoculated per plate (fig 7). So
here, too, the crossing-over frequencies can only be compared when they
result from selection plates inoculated with a conidial concentration
within a certain range (8,000 - 13,000 conidia / plate).

In an experiment in which mixtures of 2 conidial suspensions
(untreated and MMS-treated, incubation method 2} were inoculated on
SM + ace + SOR, no significant deviation of the linear relationship
between the crossing-over frequency and the number of treated conidia
per plate was found (fig §). Here, the total number of conidia inocu-
lated per plate was kept (nearly) constant, and only the ratio

treated /untreated conidia varied.

Fig 8 Average number of gorbose resistant crossing-over products found in dependence of the number of MMS
~treated conidia of strain D4 inoculated per plate SM + ace + 50R. A mixture of treated and untreated
conidia was used {incubation method 2) in which the total number of conidia was kept {nearly) constant
and the ratic treated/untreated conidia varied.

number of }
c.0./plate

500 0000 15000
MMS-treated conidin/plate

Legend: « average number of crossing-over preducts
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Some experiments were performed (incubation method 2) in which the

sorbose resistant recombinants were scored. And the accumulated results

from the controls gave a spontanecus frequency of 6.6 yellow coclonies
{crossing-over and diploid non-disjunction products together), 0.46
" conidia. The

number of haploids was certainly underestimated, since haploids

green crossing-over products and 0.37 haplcids per 10

carrying the facA303 allele do not grow on acetate medium,

Since this selection system has no advantages cver the other sysiems

used and the crossing-over and non-disjunction products cannot readily

be distinguished, this system has been discarded.

6.6 Combined selection of sorbese resistant and adenine prototroph

recombinants.

The presence of the sorA allele and the suppresscr adenine allele
on chromosome I of strain D4 would offer an opportunity to select ncn
-disjunction products on sorbose medium lacking adenine. Diploid non
-disjunction products will be yellow and haploids fawn or chartreuse,
or white, Schematically:

+ + ad +

+
Dy > =
suad ¥y ad sor w

sortose resistant and
adenine prototroph

diploid n.d, naploid ned.
suad y ad sor + syad ¥y &d sor w
or el e et
suad ¥y . ad sor w
yellow fawn or chartreuee
or white

Apart from non-disjunction products, theoretically, products
resulting from a crossing-over on both sides of the centromere can
also be both sorbose resistant and adenine prototroph and will be
found. But when only low concentrations of mutagen are used their

frequency will be low.



67

Az a selective medium, MM-race-hpaba;bio,ribo,thi,ﬁyro,meth,cho
and SOR (further on called SM+ ace + S0R - ade) was used. Again the thres
plating procedures were compared: 1 the conidial suspension was plated
on SM+ ace + SOR - ade. 2 the conidial suspension was mixed with Sml
SM + ace + SOR - ade (melted and cooled down to 50 OC)' and poured out on
a thin plate SM + ace + SOR - ade. 3 the conidial suspension was mixed
with Sml SM+ ace + SOR - ade (melted and cooled down to 50 OC) and
poured into petridishes. When these plates had become solid, a second
layer of ca, 15ml SM+ ace + S0R - ade was laid on the firét. The incu-~
bation was for 3 -4 days at 37 °C.

Procedure 1 and 2 were not at all applicable since no clear differ-
ence betwsen sorbose resistant and sorbose sensitive colonies was
seen. With procedure 3, after 4 days incubation at 37 OC, several
colonies grew through the agar, some of which had yellow conidia but
others were green or aconidiate. Generally, the conidial colour was
faint. Upon isolation and analysis it was found that not all the col-
onies were adenine prototroph. Although the conditions for procedure 2
were varied (sorbose concentration in both layers, time interval
between the pouring of the two layers), ho satisfying test procedure

could be found.

An attempt was made to give the non-disjunction products another
selective advantage by constructing a diploid strain almost identical
to strain D4 but carrying the creAdl marker in trans-position to the
suad allele (cross 216 x473). ggg&i is a semi-dominant marker for a
reduced growth rate and is lccated on the left arm of chromosome I
{Arst & Cove, 1973). However, experiments with the new diploid strain
did not reveal any advantage over strain D4 in testing for recombinant

frequencies.
6.7 Selection of pimaricin resistant recombinants

De Bertoldi et al. (1980) developed a system in which the pimBlO
marker (resistance to pimaricin) eof strain D? is used to select mitotic
crossing-over and non-disjunction products. Strain DY has green
conidia and is pimaricin sensitive. The genotype is:

plmBl0 proAl pabadl yA2 + pyrody
— Iy ——

—
+

+ + + + biAl
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4 crossing-over between the pimB locus and the centromere gives a
green pilmaricin resistant colony, which can be proline auxotroph or
prototroph. A diploid non-disjunction product will have yellow conidia
and will be pro and paba auxotroph. Haploids can have the same conidial
colour as the diploids arising after non-disjunction. Only when the
conidial size is compared (using a Coulter Counter) to standard haploid
and diploid strains can a differentiation be made between the haploid

and diploid non-disjunction products. Schematically:

pin y " pyro

o7

+ + +

pimaricin resistant colonies

- dipleid n.d. haploid n.d.
pim ¥ pyro pim ¥ RPYTO pim ¥y pyro
pim + + pim ¥ +

green yellow yellow (and possibly

pyro-auxctroph)}

The selecticn medium consisted of MEA + glu + paba, pyro, pro, bic +
5.6 0uM pimaricin, and the plates were incubated for 3-4 days at 37 Cc.
The recombinants were very easy to score and the recombinant frequency
proved to be independent of the concentration of inoculated conidia.
However, the recombinant frequency was found to be dependent of the
pimaricin concentration used. As an example, the frequencies of recom-
binants found (recombinants,/loa colonies) after the plating of one
conidial suspension on medium containing different pimaricin concen-
trations is given in table 43, From this empirical fact it follows

that small variations in the pimaricin concentrations can influence

[Table 43 Recombinant frequencies found after plating of the same {untreated}! conidial suspension ¢f strain
D7 on different pimaricin concentrations.

green colonies yellow colonies
pimaricin crossing-over non-disjunction
concentration freq. s.d. freq. s.d.
(ust) « 107t x 107
1.9 ne inhibition of growth of D7
3.8 1.59 Q.23 4,37 ¢.38
5.6 g.52  ©€.0% 0.78  0.07
7.5 0.033 0.007 0.L1 0.011
9.4 0.004 0.023 0.005
13.1 o] o
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the recombinant frequency; thus, the experiments have tc be carried
cut very carefully.

It is also known that the incubation temperature is important and
therefore must be kept constant (37 ®c in our study) during selection
procedures (van Tuyl, 1977). ‘

Comparison of the conidial sizes showed that most of the yellow
pimaricin resistant colonies (non-disjunctions) were haploid. Apylying
incubation method 4, in the control {(growth on CM+ glu) only 6 out of
201 yellow colonies tested have been found to be diploid. After growth
on CM + glu + vinclozolin, no diploids were found among 205 yellow col-
onies and when grown in the presence of chloralhydrate, 5 diploids
were found among 100 colonies. Not surprisingly so, since the sensitive
allele is dominant.

Unfortunately, pimaricin itself is known to induce non-disjunctions.
Interference of the residual presence of the chemical compound to be
tested with the pimaricin activity might give false negative or posi-
tive results. However, when method 4 is used, this risk seems minimai.

6.8 Results obtained with the pimaricin resistance system

Only incubation method 4 has been used to test chemicals. The
resutts are shown in the tables k4 - 51. Both the yellow (non-disjunc-
tion) and green {crossing-over) recombinants on each plate were
counted, The information is given in essentially the same way as for

the point mutations {see chapter 4.2),

Methylmethanesulfonate gave a large, significant increase of
crossing-over products {table 44}, The selectivity factor s was always
about 1, or smaller thanm 1, and the mutagenicity factor m was much
higher than 1. Unfortunately, too low numbers of recombinant conidia
were added to the artificial suspension; thus the standard deviations
are very high. The numbers of yellow colonies (non-disjunctions) were
also significantly enhanced at the highest concentration. Although m
was greater than 1, care has to be taken in interpreting these resuits
since, in view of the high frequency of green recombinants due to a
crossing-over, part of the yellow colonies can have resulted from a
double crossing-over.

Nitrite, tested at the highest possible concentration, gave some
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Table 4B Frequency of croesing-overs and non-disjunctions (per 10‘1 conidia) after growth of strain D7 on
CM + glu + carbendazim {incubation methed 2), Both naermal conidial suspensions and suspensions
artificially enriched with recombinants were tested. Incutation for 3 days at 37 °C.

crossing-over (green) non-gisjunction {yellow!
D7 D7 D7 + enrichment
exXp. cone. coni- no. freq. s.d. no. freq. 8.4 ne. freq. 8.d. mor s s.d.
(eM) ~ diation
1 0 + 2092 0.81 0.17 678 1.9 0.4
in 0.2% 331 1.0 0.2 498 1.5 0.3
DMS0 262 D.56 0.12 579 1.2 0.2
0.65 + 873 1.4 0.3 o1l 4,2 * 0.8
413 1.2 0.3 1404 4.2 * 0.9
1.3 {+) 214 3.0* 0.6 1621 108 * 22
173 2.0 0.4 897 51 % 11
137 2.6 * 0.5 1044 69 ¥ 14
2 [v] + 50 1.4 0.3 105 3.0 0.8 198 13 3
in 0.2% § 0.7 i2 1.5 0.4 225 8.5 1.8
DMSO 82 1.3 0.3 157 2.4 0.5 256 10 2
1.3 + 26 0.76 0.16 91 3.0 0.6 92 3.4e 0.7
46 1.8 0.3 174 6.0 1.2 140 14 & 3 m= 5.1 2.9
27 1.4 Q.3 &4 3.4 0.7 124 3.%e 0.8 8= 0.4 Q.6
2.¢ (=) 43 2.2 0.5 357 107 e* 23 424 134 28
48 2.0 0.4 395 97 e* 20 aza 14 23 m= 2.0 7.0
43 1.2 0.3 275 44 e* 9 481 97 20 a= 4.0 2.6
3 o] + 8 0.11 0.04 36 Q.48 0.11 178 16 4
in 0.15% 2 0.12 0.04 52 .69 0.16 269 31 7
DMSG  0.46 + 16 0.18 0.0% 78 1.2 0.3 22% 28 7 m= 1.8 0.6
G 0.14 0.05 a7 1.1 0.3 arz7 30 7 8= 1.2 0.3
Q.65 * 4 0.1 51 C.60 0.14 196 15 & 4 m= 0.8 0.3
7 0.08 74 0.59 0.14 325 48 e 11 e= 1.4 0.4
0.98 (+} g 0.13 0.04 79 1. 0.3 145 i3 3 m= 2.5 1.1
251 22 5 s= 0.7 0.12
1.51 - 5 1.6 * 218 59 * 16 396 191 45 m=25 13
21 3.4 * 0.8 3as 63 * 15 281 142 33 8= 4.4 1.7
Legend: see table 40

increase in crossing-overs {table 45). Higher concentrations could not
be tested since only few colonies grew on those plates CM+ glu + NQ2,
The number of non-disjuncticr procducts {(yellow) were strongly reduced
in the presence of NQ2 caused by a selective disadvantage, S0 the
effect on m is questionable. Rare reccombinant types with different
selection properties may have disturbed the calculation of nm.

When azide was added to the medium both crossing-over and noﬁ-dis-
junction products had a selective advantage, and m was not found tc be
enhanced (table 46).

Tn the presence of acriflavine bceth the fregquency of the crossing
~over and the non-disjunction products was found to be enhanced. The
(weak) effect on the crossing-over products was mainly caused by
selective advantage. Only in one experiment m was somewhat enhanced.
The effect on the non-disjunction frequency was much greater and m was
always enhanced. The values for &, however, varied greatly, although

they always increased with increasing ACR concentrations (table 47).
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Table 42 Freguency of crossing-overs and non-disjunctiona (per 104 conidia) after growth of gtrain D7 on
CM + glu + vinclozolin lincubation method 4). Both normal conidial s fons and p ions
artificlally enriched with recombinants were tested. Incubation for 3 days at 37 *0.«
crossing-over (green) non=disjunction {yellow)
D7 o7 D7 + enrichment
axp. conc, coni- no. freq. s.d. no. freq. a.d ne. freq, 8.d., mor g s.d.
(pM) diation
1 2] - 202 0.81 0.17 678 1.9 0.4
in 0.2% 331 1.0 0.2 408 1.5 0.3
DKs0 262 0.56 8.12 579 1.2 0.3
1.7 + 166 2.3 * 0.5 509 7.1 % 1.5
182 2.4* 0,5 656 8.5% 1.8
625 7.1 * 1.5 557 3w * 6
731 9%.0* 1.9 625 39 * B
586 7.6 * 1.6 538 35 * 7
7.0 (=) 62 7.0%* 1.4 634 M + B
795 9.5 ¢ 2.0 1303 78 * 16
605 7.3+ 1.5 597 s 7
2 4] + 53 1.3 0.3 199 5.0 1.0 86 31 6
in 0.2% 60 2.0 0.4 195 6.5 1.3 554 45 9
DHSO 77 1.7 0.4 197 4.2 0.9 589 42 9
5.2 (-} 63 2.2 0.8 325 11 2 166 142 29
40 3.1 0.6 184 15 = 3 168 8s 17 m= 0.9 0.3
35 3.2 0.7 108 10 2 172 105 22 s= 2.9 0.7
3 0 + 50 1.4 0.3 105 3.0 0.6 198 i3 3
in 0.2% [:] 0.7 12 1.5 0.4 225 8.5 1.3
DMS0 82 1.3 0.3 157 2.4 0.5 256 10 2
3.5 (-} 66 3.6% 0.7 528 29 * 6 459 127 26
a3 4.1+ 0.8 831 29 * 5] 536 105 22 m= 1.2 0.4
7% 2.9% 0.6 §50 25 * & 556 98 20 §=10 2.8 !
7.0 (=) 62 3.7+ 0.8 432 23 * 6 204 66 ¢ 14 )
51 2.0 0.2 452 17+ a 270 129 & 27 m=1.2 0.5 !
9% 3.0+ 0.6 529 7 o+ 4 289 S0 e 10 e= 7.5 2.0 :
Legend: see table 40

When carbendazim was tested the number of crossing-over prcducts
was somewhat increased, but much more effect was seen on the non-dis-
junction products. The mean cause was the increase of m (table 48).

In the presence of vinclozelin the number of crossing-cvers and
non-disjunctions was increased, however, for the non-disjunction
products it was proved that this only was caused by a selective advan-
tage of the yellow colenies (table 49),

Chloralhydrate had a heavy effect cn the number of non-disjunction
products caused by the increase cf m, The crossing-over frequencies
were not or little enhanced (table 50).

When p-fluorophenylalanine was tested the number of crossing-over
and non-disjunction products remained constant, but the calculation of
m and s showed that in both cases s was much smaller and m much greater
than 1 (table 51).
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Table 50 Frequency of cresaing-overs and non-disjunctiona (per 104 conidia) after growth of strain D7 on
CM + glu + chlorhlhydrate {incubation method 4}. Both normal conidial suepensions and suspensions
artificially enriched with recombinants were tested. Incubation for 3 days at 37 oC.

crossing-cver (green) non-disjunction (yellew)
n? D7 U7 + enrichment
exp. cohc. coni~- no. freq. s.d. no. freq. s.d ne. freq. s.d, maor s s.d,
(mM)  diation
1 Q + 53 1.3 0.3 199 5.0 1.0 86 31 B
80 2.¢ 0.4 195 €.5 1.3 554 a5 9
77 1.7 0.4 197 4.2 Q.9 589 az ]
6.0 (+} 17 1.5e 0.3 37 3.3 c.e 147 9.9° 2.0
8 0.9e 0.6 50 5.6 1.2 17 5.1 1.1 m= 5.9 4.7
5 0.4e 36 3.1 0.6 30 6.8 1.2 &= 0.09 0.04
0 + 242 1.4 0.2 598 3.6 0.7 129 22 4
256 1.8 0.4 442 3.2 0.7 158 35 ki
299 1.8 0.4 609 3.7 0.8 95 25 5
201 1.8 0.4 453 4.0 0.8 345 23 5
158 C.90 .21 349 2.0 0.4 230 24 5
236 1.5 0.3 442 2.7 0.8
8.7 (=) 23 G.41 0.08 611 15 *e 3 225 38 -]
49  0.65 0.12 814 il e 2 217 32 7 m= 5.6 2.1
43 0.93 G.19 1007 22 *e 5 189 28 & s= 0.8 0.2
3z 0.2% 0.08 709 B.7e 1.8 242 29 &
3 o] n.8. 224 3.1 Q.7 a2 27 6
201 3.5 0.8 108 21 -1
407 2.0 0.5 173 27 g
4.9 n.a, 106 58 * 14 368 122 29
204 49 * 12 i7a 96 23 m=16 12
286 72 * 17 112 a7 11 5= 1.3 c.8
4 o + 83 0.59 Q.12 229 1.6 0.3
€5 J.%6 0.12 200 1.7 0.4
105 1.1 c.2 284 3.0 G.6
2.4 + 76 Q.77 C.186 369 3.7 0.8
146 1.6 0.3 500 5.5 1.1
104 1.2 c.3 492 6.9 1.2
4.8 (+) 71 0.79 0.1i6 401 4.5 c.9
&9 0.87 d.20 392 5.5 1.1
9.7 - €0 1.0 0.2 386 6.7* 1.4
26 4.8+ 1.0 894 163 * 34
13 3.8+« 1.1 576 173 * 36
Legend: see table 4G

6.9 Preliminary conclusions

When it is not intended to distinguished Letween the different
processes, the scoring of mitotic segrégation is the most practical
and the easiest selection procedure.

The sulladB20 allele can be used to select recombinants, but compli-
cations arise since there is a concentration effect. .

The sorbose resistance allele can alsc be used, but is less suitable
since the same concentration effect occurs and, beside that, tLhe
crossing-over products cannot be distinguished from diploid non-dis-
juncticen products.

Selection of adenine prototroph and sorbose resistant recombinants
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a4
0" conidia) after growth of strain D7 on CM + glu + pars—flucrophenyialanine {incubation

d suspensions artificially enriched with recombinants were tested. Incubation for 3 days at 37 °C.

Table 51 Frequency of croaging-overa and non-disjunctions (per 1

methad 4). Both normal conidial suspensions an

non-disjunctions {yellow)

¢rossing-over (green)

D7 + enrichment

D7
freq.

D7 + enrichment

D7

freq.

na. freq. B.d. mor s s.d.

5.4.

nag.

freq. s.d. mar s s.d

no.

5.4,

ne.

coni-
diation

conc.

(uM)

exp.

0.13 0.03 219 18

ta

4

4.5e
13
22

6l
128
214

0.10

0.49

0.64

5¢&

0.02

0.06
0.14
Q.15
0.14
.12

0.

55

1.2
0.2

m=3.9
8<0.8

60
73

0.04

13

(==}
N -

-
[ )

0.17
0.06
0.1¢
0.12

0.2 *
0.26
0.50
Q.58

[}

58
832

100

20
44

41

04
0.0a
Q.

11
11
15

(+)

82

0.2

8=0.7

17

06

21

39

162

D.06
0.17
0.14

.28 €

65

408

43
30
17

0.02
O.

19
61

28
17

0.82 e

5.1

03
oz

0.13

1.0

m=2.6

5=0.5

167

68

o.

180

0.9
0.1

n=2.0
5=0,4
m=3.6
s=0.4
m=4

0.4

.

20

t+)

0.14
1.6

n=4,.6

13
15

118
162
107

0.2
0.2

1.0
1.0

216

385

1.3
0.1

0.4
0.5
0.4
0.4

18
23
19
14
57

C.04

0.03

-20
Q.13
0.16
0.14

{+) 41

109

8=0.4
n=6.0

2.0

0.17

30 83
364 1.1

112
116

1.8

03
03

65
46
62
64

{+)

136

0.03

s=D.29

11

99
291

Q.1

8=0.4

0.6
0.6

2.7
2.8
3.2

il

52

o5
128

25

0.4

60
205
109
205

1.9
5.8e

12

1.0
0.07

w=3.0

104

0.5
0.6

0.39 .08 43 0.4
0.27 1.2
0.45
0.55
0.72

{+)

96

.32

72
115

76
&9
95
52

3.0

0.02 73

8=0.08

67

24

90
6l

97

0.09
0.11
0.1%

(=)

178

D.5

m=1.7
8=0.5

19

9l

2.4

m=1.6 0.5

1.6

"

0.1

83

3.0

53

0.05

0.22

206

aee table 40

Lagend
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at the same time seems not possible, since several procedures were
tested and were not successful.

Selection of pimaricin resistant recombinants with strain D7 is
much less complicated and has therefore been preferred.

MMS strongly induces crossing-overs. The much weaker effect on the
non-disjunction frequency may he an artefact, since double crossing
-over products can have the same phenotype as the non-disjumction
products, both with strain D4 using the suppressor adenine system and
with strain D7 using the pimaricin resistance system.

VIN has enly little or no effect on strain D4, but with strain D7
the frequencies of the crossing-overs and the non-disjunctions were
enhanced., At least for the non-~disjunction frequency it was proved that
this was caused by selective advantage of the recombinants,

CH does not or only weakly have an effect on the crossing-over
frequency but non-disjunctions are strongly induced, both in strain
D4 and D7.

NO2 gives some crossing-~overs in strain D7, but to measure the non
~disjunction frequency was not possible because of the strong selective
disadvantage of the recombinants.

N3 does not induce crossing-overs and non~disjunctions in strain D7.

ACR seems to induce crossing-overs in strain D7 , but the effect is
not'significant. Non-disjuncticns are induced (significantly).

MBC induces non-disjunctiocns in strain D7. The crossing-over fre-
quency is also enhanced, but it has not been checked whether this was
caused by selection or induction.

FPA induces both crossing-overs and non-disjunctions (obscured by a

selective disadvantage)} in strain D7.
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7 RECESSIVE LETHAL DAMAGE

The ultimate effect of a chemical c¢ompound cn the genetic material
is cell-death. But, since lethality can also occur after interaction
of the compound with other cell components, this cannot be taken as
evidence for genetic activity of the chemical éompound.

However, if it can be proved that a lathal effect 1= induced which
does not act on the target cell itself but on the progeny of this cell,
then the chemical compound must have interacted with the genetic
material. In this case, on one of the chromosomes a vital gene function
is disturbed by a point mutatiom, or a part of a chromosome is lost by
a deletion, or a translocation has ylelded a non-viable combination.

In this study strain D3, developed by Morpurgo et al. (1978), has
been used since this is the easlest system for measuring recessive

lethals in Aspergillus (see chapter 1.2). The genotype of strain D3 is:

apndl + pabakl yA2 «+ + acral
I ===
suhladBE20 riboil + prodl * + adB20 biAl +
phend2 methGl pyrody fpak2 TL(I;V) niche + nicBS
It v L —————————— vIiI /=
+ + + + 1ysB5 +

Using strain D3, 3 of the 16 chromosomes can easily be surveyed for
the presence of recessive lethals, for when this dipleoid is forced to
haploidize on medium supplemented with FPA, only those haploids can
grow which carry the fpah2 allele for resistance to FPA. FPA has two
functions in this method: 1 induction of haploids and 2 selection for
FPA resistant segregants. And, since the fpal gene is located on the
tpapnslocated fragment, a FPA reslstant haploid must carry the corre-
sponding homologue of chromosome I, In addition, haploids carrying the
pheni2 allele cannot grow on FPA medium, so the other homologue must
be present in the haploids found, Thus a haploid found must have the
following genotype:

1 anil pabadl yAZ Il phend2 fpah2 T1{I;V) nichA?

v
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In all cases haploid sectors will have a yellow conidial colour. This
implies that when on one of the chremosomes a vital gene function is
disturbed nc¢ sectors with yellow conidial colour are seen.

After treatment with a mutagen, the colonies were firstly grown on
CM + glu + des, since dominant lethal damage must be excluded, Then these
colonies were tested for recessive lethal damage by inoculating them on
CM + glu + FRA (5 colonies / plate). After 7 days incubation at 37 OC, the

percentage of colonles with yelilow sectors was counted.

Complete medium was not found to be satisfactory. Up to 5% of the
colonies grown from untreated conidla did not give sectors. Since the
spontaneous frequency of recessive lethals is not likely to be as high
as found here, not all colonies which can give sectors on FPA medium
did so.

Modified Czapex Dox medium, in which thae NO3~ was replaced by NE4',
supplemented with glucose, growth factors (nc phenylalanine) and FPA
gave better results, since the number of non-sectoring colonies in the
controls was reduced to ca. 2%. The zero level has not been reached.
After addition of neopeptane (2g/1) tc this medium, the conidiation
was improved, but the number of non-sectoring colonies in the controls

did not change.

The results of one experiment, in which the number of recessive
lethals was measured after treatment of conidia of strain D3 for 1 hour
in liguid suspension (incubation cethod 2}, are shown in table 52. Both
MMS and BED have been found to enhance the number of recessive lethals.

But only with BED treatment the increase was found to be significant.

Table 52 Recessive lethals found after treatment of conidia of strain DJ with MM5 and BED for 1 hr in liguid
suspension (incubation method 2}. Firetly conidia were growr on CM + glu + des and then they were
inoculated on modified Czapex Dox medium + glu + growth factors and amine acids + FPA. After 7 days
incubation at 37 °C, the number of colonies without yellow sectors were counted.

mutagen conc surv. no. of colonies recessive
(mM} % tested without lethals
sectors %
none Q 100 99 2 2
MNS 11.7 98 77 9 12
MMS 23.4 57 75 9 12
BED 9.7 6 65 =] 19 »
BED 19.3 ? 71 18 26 4

Legend: surv. survival
" significant at P<0.05, one-sided, when a Poisson distribution is assumed.
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In another g¢Xperiment replicas were made from platings on FPA
medium, and it was observed that most non-sectoring colonies in the
controls gave sectors in the replicas (table 53). Therefore, not ail
of the colonies which can give sectors do indeed so, or mixed colonies
exist in which part of the conidia carry & recessive lethal and the
other c¢onidia are normal, This implies that large amounts of colcnies
have to be tested when a weak mutagenic activity is to be recognized

as significant.

Table 53 Recessive lethals found sfter trestmeant of conidias of etrein DI with different ooncen'trations of
MMS (in liquid suspensien for 1 hr, incubation methaod 2). For the procedure see table S2. Every
colony was tested twice.

cone., surv. no. of colonies  different results no sectors found

(mM} % tested in the two platings in the two platings
[+] 100 50 2 1]

1.7 39 50 1 3

17.8 39 s 1 3

23.5 ] 49 1 g *

Legend: see table 52
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& CENERAL DISCUSSION

8.1 Inéubationlmethods
8.1.1 Methed 1

The plate incorporation assay (method 1) is the most simple incuba-
tion method for mutagenicity testing. Here the test strain is incubated
directly on plates containing the chemical compound to be tested.

These plates are then Screened for mutants carrying biochemical,
morphological and / or colour markers. With Aspergillus as a test
organism, this method - with varying conditions - has been applied
successfully in screening for point mutations (Bignami et al., 1982),
loss of a duplicated fragment (Roper et al.,, 1972), crossing-overs and
non-disjunctions (Kappas et al,, 1974). Although it is the most simple
way of testing chemicals, complications may arise when the compound to
be tested is toxic or affects conidiation, Moreover, since the survival
is not known, exaci gquantitative data cannot be obtained, unless only
few colonies are tested per plate. The difference in fitness between
the mutants /recombinants and the original strain can possibly be
different on media with and without the chemical to be tested, re-
sulting in an over- or underestimation of the mutagenic / recombinogenic
activity. This may be the case with our only experiment using method 1
(see 6.2 ), where among others the sectoring of strain D4 after growth
on media with and without vinclozolin was compared. Under somewhat
different conditions (using method 4, ses chapter 6.4 ) such a differ-
ence in fitness has indeed been g¢bserved.

Although this method is valuable as a pre-screening test, we made

only limited use of it, since quantitative data were preferred,
8.1.2 WMethod 2

When conidia are tested in liquid suspension (method 2) prior to
plating on selective or complete medium, quantitative data can more
easily be obtained. Toxic effects of the chemical will be recognized

since the survival of the conidia is measured as a routine., The




83

inhibition of growth on selective or complete medium will be much
less than with method 1, for the chemical is removed by filtraticon and
subsequent ﬁashing of the conidia,

With incubation method 2 a number of possible complicating aspects
should be kept in mind:
1l Some inhibltion of growth is still observed after mutagen (MMS)
treatment, sufficlent to complicate the scoring of the suad recombi-
nants (6.3). This is perhaps caused by the residual presence of the
mutagén—on the surface of, or inside the conidia, or more likely by
physiological damage to the conidia. The effect was pronounced after
azide treatment: the surviving conidia hardly grew on acetate as a
carbon source, but did grow when arabinose or glucose was used (5.8).
2 For practical reasons, CM + glu + des plates have been used for the
viability counts. Many mutant types can grow on this medium, but
cannot grow on MM or MEA, the basic media for the selection plates.
Therefore it is possible that not all conidia scored as viable on CM,
are also viable on the selection plates. The difference, however, will
be very small. Only when a very potent mutagen is tested its mutagenic
action will be somewhat underestimated. The case of azide, discussed
before, 1s an exception.
3 Often considerable variation is seen between the results of the
repeated experiments with.a given mutagen. These experiments were
(almost) all started from different colonies of the test strain.
Differences in the condition of these colonies or differences in the
mutation / recombination rate during first growth can have occurred and
may have led to the observed variation, Therefore, when the spontanecus
frequency in a particular experiment was found to be much higher than
usual, this experiment was discarded.
4 The existence of a germination inhibitor which might influence the
reproducibility of mutagenicify testing has been reported by Scott et
al. (1972), Therefore, in part of our experiments special care was
taken to remove this inhibitor. However, no c¢onsistent effect of this
procedure has been found in these experiments. As shown 1in the tables
2 (MMS8/110) and 25 {BED/007), the exXperiments carried out without
removal of the germination inhibitor gave a somewhat lower survival
(in accordance with Scott et al., 1972), but in the tables 5 (BED/110
and 470), 7 (ACR/110) and 24 (MMS/007) no clear difference is seen. In
table 28 (ACR/007) even the opposite effect is found: a lower survival
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after removal c¢f the germination inhibitor. The reproducibility is also
not clearly improved by removal of the germination inhibitor. Thus, we
did not notice any advantage of the procedure. The inhibitor has
possibly been automatically removed by our method,
5 For the statistlcal calculations, & binomial distribution of the
mutant or recombinant frequencies is assumed. However, in doing sc only
the random variation in the mutant or recombinant numbers is accounted
for, but not the variation in the numbers of viable conidia. Therefore,
care must be taken to assure that, compared tc the former, the latter
variation is low (in relation to the actusl walue found). This will
only be true when low numbers of mutants or reccmbinants are counted,
since then {(on the basis of the binomial distribution) their variation
will be relatively high. In the present study often more than the
maximuim number o¢f mutants cr recombinants allowed by the formula of
Katz (1979) have been c¢ounted, and in these cases the standard devi-
ation was estimated assuming that the maximum number had been counted.
In doing so, the real standard deviation has been cverestimated, In
future studies the standard deviation has toc be calculated more effec-
tively by using more plates for measuring the survival.

An advantage of method 2 is that two effects of a mutagen can be
compared by regression analysis: mutation or recombination frequency
and survival. The slope of the regressicn line can be used to compare

the effects of different mutagens.

From ocur experiments we conclude that the ligquid suspension test
{(method 2) can be readily used for measuring the mutagenicity and

recombinogenicity of agents acting on dormant conidia.
8.1.3 Method 3

Since a number of mutagens, e.g. those which induce non-disjunc-
tiocns, preferably cor exclusively act on dividing cells, methods have
been developed to use germinating conidia of Aspergillus for muta-
genicity and recombinogenicity testing. The incubation in liguid MM,
containing only 0,.2% agar (method 3), has been used successfully by
others (de Bertoldi et al., 1980; Gualandi et al., 1979). However, in

the present study this method has nct been successful, since in spite
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of the presence of the agar many conidia were lost during prolonged
incubation (fig 2). Some of the conidia germinated early and probably
gave rise %o the big clumps cobserved later on. Qur results are also at
variance with the findings of Bainbridge (1971) who reported the
appearance of the first germ tubes after 3 hours incubation. In ocur
study germination of the conidia was obviously not synchronous, and
some of the conidia were not in the dormant stage, perhaps due to cur
way of preparing the conidial suspensions. In general, the use of a
long incubation period in liquid medium with a filamentous fungus may
not be cptimal.

In the two experiments we performed with method 3, the strains 110
and 007 were used to test 9-aminoacridine (tables 9 and 30). No effect
was observed and the survival data were rather peculiar, probably
caused by differences in the clumping of the conidia both in the
presence and absence of 944,

We found ineubation method 3 to be unsatisfactory.

8.1.4 Method &4

The media mediated assay, our method 4, has been used for the
testing of germinating conidia. Here the chemical tc be tested is
incorporated into a plate CM+ glu on which conidia of the test strain
are grown. Afterwards, a conidial suspensicn is made and analysed for
the mutant /recombinant frequency. With this method the chemical is
present during all mitotic cell stages. The actual concentration of
the compound will more or less decrease during incubation, depending on
its stability, but on the other hand the metabolites are automatically
included in the test. The pH of the plates rises during incubation
from 4.5 or 6.0 to 7.6. Of course, the mutations or recombinations
which take place early in mycelial growth will have the most impact on
the resulting mutant or recombinant frequency.

Some remarks can be made about incubation method 4:

1l Compared to method 2, method 4 includes a longer growth period which
adds an extra opportunity for spontaneous mutaticns or recombinations
resulting in a (generally) higher spontaneocus mutation or recombination
frequency.

2 The variation between the repetitions within the same experiment is
cften high and the differences sometimes significant. In some cases
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this variation can be explained. On the mutagen containing plates
random variation in the mutant or recombinant freguency occurs within
the 1imits of the Poisson distribution. But when at the same time a
selective advantage for the mutants or recombinants exist, these
variations will become greater. When strain D7 is used a slight vari-
ation in the pimaricin concentration can already influence the number
of recombinants counted, as was shown in chapter 6.7.

3 The toxicity of a compound cannot be easily guantified with method 4,
since conidiation can only be classified visually. This classification
in inaccuratie, and since in our study there scmetimes was a large time
interval between the repetitions of an experiment, some of the vari-
ation in the classification can be explained this way. Another kind of
toxic effect was found when the highest concentrations 9-aminocacridine
" were fested: an unexpectedly high percentage of conidia did not germi-
nate, as was concluded from the large difference between the results of
the platings on CM+ glu+ des and the Coulter Counter data { data not

shown).

The methcd was improved by including a contrcl to distinguish
between a real mutagenic or recombinogenic activity and a selective
advantage in the presence of the chemical compound. To this end we slso
tested a second conidial suspension, artificially enriched with mutant
conidia, A formula is given (see chapter 3.4) to calculate the relative
contribution of m {mutagenicity factor) and s (selectivity factor) to
the enhancement of the mutant frequency. In this way a mutagenic or
recombinogenic activity is found for some chemicals, and a selective
advantage for the others.

The proposed model fer calculating m and s includes two assumpticns
which are not entirely valid:

1 The mutant and recombinant frequencies found after growth in the
presence of the chemical to be tested are all compared with the fre-
quencies after growth on CM + glu without the chemical. It was found
{data not shown) that on CM + glu a selection or suppression of the
mutants or recombinants has taken place., So all values of m and s are
only relative ones.

2 Not all mutants or recombinants of the same type will have the same
fitness. To cope with this problem, about 20 isolates were mixed and

this mixture was used to make the artificial conidial suspension.
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However, the natural ditribution of the mutant or recombinant types
will nct be precisely copied, so there remains a difference between the
natural situation and the simulation. When an extreme selective disad-
vantage 1s found (as in table 34), a positive value of m must be inter-
preted with caution. Thé reason is that & rare mutant or recombinant
type, not added te the artificially enriched suspension, may have had
& wildtype-like growth rate in the presence of the chemical.‘In this
case, an enhanced m value would not reflect a mutagenic or recombi-
nogenic effect,

The standard deviations of m and s are often very high. They are
minimal when the difference between the spontaneous mutation or recom-
bination frequency of the normal suspensicrn and that of the artificial
suspeansion are large. However, this difference should not be too
extreme, for then the scoring of the mutants or recombinants nc longer
takes place under comparable conditions. In our study it was found to
be most practical when the spontaneous mutant or recombinant freguency
in the artificial suspension is 10 to 20 times the spontaneous fre-
quency in the normal suspension.

Our conclusion is that the media mediated assay is most suitable
when germinating conidia and growing mycelium are to be tested.
However, an additiconal control experiment has to be done in order to

distinguish mutagenicity from selection processes.
8.2 Test procedures
8.2.1 Point mutation

For measuring the point mutation frequency, the methionine system
has been used. Strains 110 and 470, both carrying the methGl allele,
are likely to react in the same way. In one eXperiment the two strains
have been used to measure the mutagenicity of the same compound (BED,
table 5), Identical results were cbtained. However, strain 11C is
preferred to strain L70 since it produces more conidia. '

Three mutant classes (A, B and C, each containing mutants at prob-
ably 2 loci) can be distinguished. Thus, when the genes concerned
differ in mutability, resulting in different mutation frequencies for
the three classes, such a specific action of the mutagen can in prin-

ciple be discovered. In the present study the distribution of the
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mutants over the three classes is known for method 2 only (tables
2-8). N02 gives clearcut results: predominantly mutants of the
classes A and C are induced. These results, however, are not conform
the data shown in the review of Scott et al. (1982), where as many B
as C type mutants are repcrted. This discrepancy is not likely caused
by a misclassification, since type B mutants can easily be distin-
guished from other mutant types. The cther chemicals did not give such
clearcut results: MMS induces about equal amounts of mutants of all
three classes., ACR gives only low numbers cf type C mutants, compared
tc A and B, and so does BED, N3 gives varying results in the different
eXperiments.

If a specific action of a mutagen has to be shown, the 2-thioxan-
thine system is more suitable. For in thls system mutants at 8 loci can
be scored, which can all be distinguished by growth and complementation
tests.

In all other cases the methionine deficient strain 110 is very

suitable for measuring the polint mutation frequency.
8§.2.2 Loss of a duplication fragment

The instability of duplicaticn strains can readily be used for
testing chemicals. The process involved in this instability is not
known, however, Repalr mechanisms acting on chromosome lesicns seem to
play a role, for certain chemicals which are known to inhibit
the repair enzymes increase the instability (Roper et al., 197Y2). The
presence of the duplication provckes its own instapility. Random breaks
are not likely since often, but not always, a {nearly)} exact restora-
tipn of the wildtype is obtained. One hypothesis states the presence
of identical base pairs at the terminal ends of each chromosome, and
an illegitimate cross-over between these ends of different chromosomes
might be possible. When the duplicated fragment is connected distal to
these base pairs, this fragment may be lost by such a crossing-over.
This hodel may be valid for some systems (Newmeyer & Galeazzi, 1977),
but cannot explain the occurrence of sectors with a morphology which
is intermediate betwsen the original duplication strain and wildtype
strains, as found for Dp (I-»IT} studied here.

When the yellow marker is used to select segregants from the (I=»11)

duplication some segregants are recovered toc, which arise after a




89

normal crossing-over between the homologous chromosome fragments (see
chapter 5.6}. This can only be avoided when special care is taken:
incubating only few colonies per plate and scoring only sectors with an
improved morphology (as was done by Nga & Roper, 1968), or isolating
the yellow sectors and compairing thelr morphology to standard strains,
If this 1s not done (as is the case in the present study and in
other studies, e.g. Normansell & Holt, 1979), also a few crossing-over

products may be included among the colonies scored as "deletions'.

The introduction of the sord allele and the scoring of the segre-
gants on sorbose containing medium has twc effects: (1) alllcolonies
are small but (2} the sorbose resistant colonies are the largest and
their conidial colour is brighter. Plating up to 100,000 colonies per
plate is possible: The frequency of yellow colonies is lower than
after plating on CM+ glu. Such a difference is to be expected, for the
colonies are much smaller on sorbose medium and only those yellow
colonles or sectors are scored which arise very early in c¢olony devel-
cpment. On CM+ glu, the yellow sectors which arise during mycelial
growth are cgounted as well, It is also possible that part of the yellow
sectors counted on CM + glu arise after an interstitial deletion which
does not cover the sorA region (the meiotic map distance between yA ancg
sord is about 33 units, see 5.4). Nga and Roper {1%68) proposed the
occurrence of such interstitial deletions as an explanation for a
series of sectors with an improved but ncot yet wildtype morphology. In
their detailed study, however, the occurrence of crossing~-cvers has not
been considered. The improved morphology must have been caused by a
deletion of (part of ) the duplicated fragment, But the sectors which
still have a crinkled morphology are not necessarily caused by a
deletion since crossing-overs (which in the present study are shcewn to

occur, see 5.6) can alsc explain the phenctype of these sectors.

The construction of a duplication strain heterozygous for the sord
allele (strain 007) reduces the labour of measuring the instability of
duplication strains.

8.2.3 (Crossing-over and nen-disjunction

Several procedures for measuring the crossing-over and ncon-disjunction
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frequency have been investigated. When no distinction between these two
processes’ is required, the easiest way is to score the segregation of
colour markers. Isclation of the sectors and subsequent testing for
biochemical markers can be undertaken to elucidate the inducing
mechanism when suitable markers are available, but this technique is
lahorious, It seems possible that with this method a selective advan-
tage of (one of) the recombinant types can give false positive results,
Small patches with recombinant conidial colour, which remain undis-
covered in the contrcl plates, may grow cut to give visible sectors

in the presence of the chemical to be tested if there is a selective
advantage for these recombinants. This may be the case with
vinclezolin, which inducee an enhanced sectoring of strain D&, for when
tested with incubation methed 4, the only effect was a selective
advantage (tables 39 and 49).

If it is intended to distinguish between the processes which can
lead to sectors with non-parental phenotype, it is less laboricus to
select special recombinant types., Theoretically, the sudadE allele
should be very suitable, for the crossing-over products and the diploid
and haploid non-disjunction products can directly be distinguished by
their conidial colour (green, yellow and white / chartreuse / fawn,
respectively). In practice this system is less suitable, for the colour
of the recombinants is rather faint and a conidial conceniration
effect is observed (eee fig 6), This is caused by the leaky growth of
the unchanged test strain on medium without adenine, as the number of
mitotic cell divisicns, and therewith the chance of recombinants,
depends con the number of ccnidia grown per plate., When only the larger
colonies are counted this concentration effect is reduced. But the
delayed germination of the conidia after mutagen treatment (method 2),
{alsc observed cn the CM+ glu + des plates used for the viability count)
interferes with this correction. In addition, the colony size of the
non-disjunction products is gensrally found to be smaller than the
size of the green c¢rogs-over colonies. This can be expected as the
non-disjunction products arise from aneuploids which have a reduced
growth rate, When incubation method 4 is used, the fysiological effects
of the chemicals on the conidia are much smaller and consequsntly the
scoring of the recombinants is much simpler.

With incubation method 2 the observed numbers of crossing-overs are

somewhat lower than estimated by Kafer (1G77). Also hardly mcre haploid
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than diplold non-disjunction products are counted. The difference was
expected to be much greater since adenine protctroph haploids can arise
after a non-disjunction of any of the chromosome pairs, wherezs only

a non-disjunction of the first chromosome pair can lead to adenine
prototroph diploids. Probably not all haploids are recovered as a
result of markers on other chromosomes which give them a slower growth
rate.

Another possibility for counting recombinants is to select sorbose
resistant colonies from a dipleid heterczygous for the sord allele,
However, here the diploid non-disjunction and creossing-over products
cannot be visually distinguished. A similar conidial concentration
effect as with the suad system is observed (fig 7). When a mixture of
treated and untrsated conidia is plated and the total conidial concen-
tration is kept constant, a linear relationship between the number of
treated conidia and the number of recombinarts is observed (fig 8).
This indicates that only data cbtained from experiments in which
approximately the same number of conidia were plated on one petridish
can bte compared. The scoring of the recombinant sorbose resistant
colonies from strain D4 is more complicated than the scoring cof the
sorbose resistant segregants of strain 007. Simple platings on sorkose
medium are not suitable since too much variation in growth rate and
conidiation of the recombinants, especially the non-disjunction

products, is cbserved. Thersfore the conidia have to be mixed through

the agar.

Since the sord system besars no advantages over the other available

systems, we drepped it for further studies.

A combined selection for adenine prototroph and sorbose resistant
colonies did not work. Theoretically, only non-disjunction products
can grow. Several experimental procedures were tried cut, but none was
. satisfactory. The main problems were the faint conidial colour and the
fact that not all growing colonies were adenine prototroph. The intro-
duction of the g{g&d allele (semi-dominant for a reduced growth rate)

in trans-position tc¢ the sordA and sulhadf markers did not improve the

scoring of the non-disjunction products.
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When the pimB allele for resistance to pimaricin, present in strain
D?, is used to score recombinants no background growth is seen. Non
-disjunction and crossing-over products can be directly distinguished
by their conidial colour (yellow and green, respectively), but haploid
and diploid non-disjunction products have the same conidial colour and
can only be distinguished when ccnidial size is compared.

The recombination frequency is independent of the conidial concen-
tration and a high number of recombinants (up to 200) can be scored
per plate, However, the number of recombinants depends strongly on the
pimaricin concentration (see 6.7). The yellow colonies are predominant-
1y haploid, as expected (see 1.2).

Pimaricin 1s reported to induce non-disjunctions itself, Therefore
a synergistic interaction of the chemical tc be tested and the
pimaricin can give false positive results. In case of doubt, another
system must be used to verify the results. When incubation method 4 is
used the risk of occurrence of false positive results seems minimal.

Other procedures feor measuring the frequency of mitotic crossing
-overs and non-disjuncticns are available, but have nol been used in
our study. Selection of FFA resistant recombinants from a dipleid
strain heterozygous for the FPA resistance allele, has been used
successfully by othefs (Bignami et ai., 1974; Morpurgo et al,, 1979).
Pogitive effects on the nen-disjunction frequency, however, must be
verified by another system since FPA is known tc induce non-disjunc-
tions itself.

It 1s also possible to plate, after mutagen treatment, the conidia
in low concentration on CM+ glu and to score all colonies with recom-
binant colour and all abnormal colonies, Isolaticn and genetic analysis
can reveal the inducing process (Song & Kang, 1979; Bellincampi et al.,

1980). In this way a detailed analysis is possible, though laborious.

Our conclusion is that the crossing-over and non-disjunction fre-
quencies can be estimated by observing mitotic segregation. But when
the two processes are to be distinguished, selective systems are
preferred, Selection of pimaricin resistant recombinants proved to be
the most suitable system, in combination with the media mediated assay

{(incubation method L),
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8.2.4 Recessive lethal damage -

Recessive lethal damage is another kind of genetic damage which
occurs in diploids. When this is to be measured, the preocedure of
Morpurgo et al. (1978) is the simplest one. However, one.replating is
5ti1]1 needed to distinguish between recessive and dominant lethals., So
only a limited number of colonies can be tested. As a consequence, the
increase over the spontaneous fregquency must be large to find a sig-
nificant difference. Therefore, the number of non-sectoring colonies in
the controls must be reduced to a minimum. However, in all cases over
2% of the colonies did not give sectors when untreated colonies were
plated {(on sector inducing FPA medium), even when the mest optimal
conditions were chosen. It is not likely that the real spontaneous
frequency is as high as that (Morpurgo et al., 1978, reported a zerc
level). In one experiment it was shown that the replicas of the non
-sectoring colonies in the control gave secters. It is possible that
mixed cclenies exist when a lethal is induced in 6nly one of the two
chromatids, but in the case of the control it is mere likely that not
all colconies which can give sectors did so.

Therefore, too many colonies have to be tested when a weak mutagenic
activity is to be reccgnised, so the method will be too laboricus for
routine use. Nevertheless, the method still has its value for special

investigations.
8.3 Chemical induction of mutants and reccmbinants

The results of all experiments are summarized in table 54. Two
alkylating agents have been examined: methylmethanesulfonate (MMS) and
butadienediepoxide (BED). Alkylating agents induce mainly point muta-~
tions, btut also other kinds of genetic damage by alkylation of the
genetic material., The main alkylation product is generally found to be
N?-alkylguanine. However, investigations in which the mutagenic and
carcinocgenic effects of several alkylating agents have been compared,
show that these effects are better correlated with the Oé-alkylguanine
concentration. But also errors inserted during repair of damage toc the
DNA can lead to the expression of mutants (Pegg, 1977).

MMS has been shown to induce e.g. point mutations in Salmonella,

micronuclei and sperm abncrmalities in mice, where it is also
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carcinogenic (Bruce & Heddle, 1979; McCann et al., 1975). In Asper-
gillus, the induction of point mutations, crossing-overs, gene conver-
sicns and non-disjunctions have been reported (Gualandi et al., 1979;
de Bertoldi et al., 1980).

In our study MMS has, as expected, been active in all test systenms:
induction of point mutations, deletions and / or crossing-overs from
strain 007, crossing-cvers in the strains D4 and D7, and recessive
lethals. Alsc an increase in non-disjunction products of the strains
D4 and D7 has been found. It is, however, possible that an unknown
number of colonles scored as non-disjunction products actually arose
after a double cross-over which can lead to colonies with the same
phenctype.

BED, too, has been found to cause several types of mutations, like
roint mutations in Salmonella, mitotic gene conversions in Saccharo-
myces and recessive lethals in Drosophila, BED is reperted to be
carcinogenic (IARC monographs, vol. 11, 1976}. With Aspergillus as a
test organism, point mutations and crossing-cvers have been reported
(Alderson & Hartly, 1969; Morpurgo, 1963).

In the present study, BED was found to induce point mutations,

deletions and / or crossing-overs in strain 007 and recessive liethals,

Nitrite (NO2) is known to react with amino groups resulting in,
among other things, a deamination of the primary amines. Deaminated
cytosine pairs with uracil and deaminated adenine with xanthine, both
resulting in base transitions. Deaminated guanine cannot pair at all,
and repair mechanisms, which may intreduce errors, must restore a
correct DNA strand (Freese, 1971).

Especially in the undissociated state at low pHE, N0O2 is known to be
a strong mutagen for several bacteria, for Neurcspora, Aspergillus and
Saccharcomyces. It also induces crossing-overs and gene conversicons in
yeast, and chromosome breaks in 1illyflcwer (Zimmermann, 1977). It is,
however, not (directly) carcinogenic (McCann et al., 1975).

In the present study NCO2, always tested at pH 4.5, gave different
results depending on whether incubaticn method 2 or 4 was used. Both
the number of point mutations (strain 110) and deletions and / or
crossing-overs {strain 007) have been found to be enhanced with
method 2. With method 4, only on strain Q07 & weak effect cn the
recombination frequency was found. In all cases a difference between
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the fitness of the mutants /recombinants and the test strains has been
observed. In testing strain D7 (non-disjunctions) a real recombi-
nogenic activity has possibly been obscured by a selective disadvantage
of the recombinants, but this disadvantage is so0 extreme that the
positive effect (on the recombinogenicity) must be interpreted with

caution {see discussion in 8.1.4).

Azide (N3) 1s known to react with cells in many ways. Many enzymes
are inhibited, among which those of oxydative phosphorylation and
DNA synthesis {Kleinhofs et al., 1978), The inability to use acetate
as a carbon source after N3 treatment (table 27) is probably caused
by inhibition of specific enzymes needed to metabolize this substrate.
The mutagenic activity, however, is not understoocd. Generally a iow pH
is needed, thus the undissociated HN3 may be involved. An intermediate
of the azide metabolism (azido alanine) is known to occur which has
the same mutagenic properties as N3 itself and which might be the real
mutagenic compound (Owais et al., 1983),

N3 is strongly wutagenic to scme organisms (bacteria, Saccharomyces
and barley) but not mutagenic to others (Neurospora, Arabidopsis,

. Drosophila and mammals) and is not carcincgenic (Kleinhofs et al.,
1978). This difference might be caused by a different azido alanine
catabolism (Rosichan et al., 1983).

In the present study a strong positive effect was observed with
incubation method 2, both with strain 110 and 007, at pH 4.5%. However,
when tested with method 4 in no case a higher number of mutants or
recombinants was observed. A selection effect was always found but the
only effect on the mutagenicity factor has been with stéain 007,

Since in scme of the tests a positive effect is observed, both NO2
and N3 must be regarded as mutagenic /recombinogenic. The difference
between the results obtained with both incubation methods will be

discussed in chapter 8.4.

Two acridines have been tested in this study: 9-zminoacridine (944)
and acriflavine (ACRE). Both intercalating agents have been reported to
be mutagenic to several organisms, but not to others, as reviewed by
Nasim and Brychy (1979)., Some of the effects of 9AA are the induction

of frameshifts imn E. coli, increased sex-linked and recessive lethal
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damage in Drosophila and the induction of chromosome mutations in
barley. ACR induces mutations in E. coli and Salmonella, gene conver-
sions in yeast, sex-linked lethals in Drosophila, chromosome breaks
in Allium, sister chromatid exchange in chinese¢ hamsters and dominant
lethals in mice. The carcinogenicity data are inconclusive,

In our study 9AA and ACR show different results. 94A has not been
found to be active with the strains 110 and CO7 when method 2 and 3
are used (mostly DMSC has been used as a solvent). Surprisingly, with
method-h, the effect on strain 110 was found to depend cn whether DMSC
is used as a solvent or not. With DMSO nc effect is seen, but when 9AA
is directly solved in the warm, melted agar, a clear increase of the
mutant frequency can be observed. Burnett et al., (1982), testing the
hair dye p-phenylenediamine by the Ames test, also reported a solvent
effect of DMSO. But here the effect pointed in the opposite direction,
since in their study a mutagenic action was only shown when the dye
remained for several hours in DMS0O before use,

Tested with strain 007 (without solvent), an extreme selective
advantage of the segregants has been observed and consequently a
possible recombinogenic effect will not have been observed. The results
reported here are in sharp contrast to those of Bignami et al. (1982),
who found a strong mutagenic effect of OAA, solved in DMSO, when
applied to Aspergillus and using an incubation method comparable to
our method 2,

In contrast, ACR (solved in HEO) induced weakly, but significantly,
peint mutations at comparable concentrations, and at a low survival
rate. Alsc an effect on strain 007 was observed. However, with method
4y no other effect was found on strain 11C than a selective advantage
of the mutants. On strain 007 (tested with method 4) ACR acted just

like 944, giving an extreme advantage of the segregants.

Both para-fluorophenylalanine (FPA) and chloralhydrate (CH) are
well-known inducers of non-disjunctions and are used to force diploid
Aspergillus strains to haploidize (Lhoas, 1961; Singh & Sinha, 1976).
But also other weak effects have been reported. FPA induces gene
conversions and forward mutations in yeast (Davies & Parry, 1978) and
forward and reverse mutations in Ustilago maydis {(lewis & Tarrant,

1971). CH is reported to be mutagenic to Salmenella, Aspergillus and
Streptomyces (Bignami et al,, 1980).
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In our study FPA has been tested with D7 /method 4 and, surpris-
ingly, the numbers of non-disjunction prcducts were nct found to be
enhanced. It turned out that the real recombinogenic affect of FPA is
obscured by a selective disadvantage of the non-disjunction products.
To a lesser extent this was also found for the crossing-over products.
This is curious sihce in higher concentrations FPA is regularly used
in selecting hapleids. In our study higher concentrations FPA could
not be tested since the conidiation was so much affected that too few
conldia were retovered,

The ability of CH to induce non-disjunctions has clearly been
demonstrated on strain Di and D7 (method 4). The numbers of non-dis-
junction preducts were always enhanced., Some increase of the numbers
cf crossing-over products was alsc observed, but no attempt was made
to distinguish recombinogenic from selective processes. A weak muta-
genic action on strain COY was obscured by selective disadvantage of
the segregants. Qur results confirm that the main action of CH is on

the neon-disjunction frequency, but other processes are also induced.

The fungicide carbendazim is known to induce non-~disjunctions in
Aspergillus, mitotic abnormailities in bone marrow of rats and point
mutations in excision repair deficlent cells of Aspergillus (Kappas,
1981).

In our study no effect on strain 110 has been observed {method 4).
Mitotic segregation of strain D4 (method 1) is enhanced, probably by
an effect on the number of non-disjunctions since, when tested with
method 4, this was found to be the most important effect. Hcwever,

some effect on the crossing-over frequency has been cbserved, too.

¥inclozolin, the other fungicide tested, .is reported to have some
genetic activity. It is weakly mutagenic in Salmonella (Chiesara et
al., 1982) and induces non-disjunctions in Aspergiilus {¥allini et al.,
1983).

In the present study no effect on strain 110 has been seen
(method 4), but higher numbers of yellow recombinants from strain 007
(method 4), sectors from strain D4 (method 1), non-disjunctions with
strain D4 and D7 (method 4)and crossing-overs with strain D7 (methcd 4)
were observed. In all cases where it cquld be calculated the only

effect was a selective advantage of the recombinants. Thereby the non




99

~disjunction inducing ability of vinclozelin is not confirmed. Vallini
et al, (1983) tested vinclozolin using an incubation method equal to
our method 3, where the conidia were incubated for 3 hours in the
presence of vincozolin. It is not likely that during such a short
period of time, & selective advantage can have such a great effect on

the recombinant frequency.
§.4 Comparison of the test results of the different incubation methods

Comparing the effect on the strains 007 and 110 it is noticed that,
although the extent to which the spontaneous freguency is enhanced is
very different (110 is more enhanced than 007), the effects of the 6
chemicals tested on both strains with methed 2 are gquantitatively
similar, 50 no evidence is found that strain 007 can give information
which is not obtained by using strain 110. Only with method 4 sone
difference (N02) is found.

Using method 4, some chemicals (NO2, N3 and ACR)- which have known
mutagenic effects and indeed were mutagenic when method 2 was used -
did not give a higher proportion of mutants in strain 11C, although
method 4 might be expected to be in general more sensitive than
method 2. There are a number of fundamental differences between the
metheds 2 and 4:

- the nmutagen concentration is usually lower with method &4.

- while the pd stays at 4.5 or 6.8 with method 2, the pH rises during
mycelial growth to 7.6 with method 4.

- the incubation time with method 4 is much longer than with method 2
and during this incubation the concentraticn of a reactive compound
will decrease and metabclites will arise,

- with method 4, the fungus is tested during all mitotic c¢ell stages,
while with method 2 only dormant conidia are tested.

- with method 2, the suspension is incubated under continuous white
light, while the plates of method 4 are incubated in the dark.

The latter polnt may explain the ACR mutagenicity data, since this
compound is known to be more reactive in light (Ball & Roper, 1966).
The related chemical 9AA showed the opposite effect (not active with
method 2 but active with method 4), but here the differential effesct
might be caused by interaction with DMSO. Both NOZ2 and N3 need a low
pH for their mutagenic action but it is not likely that the pH-change
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causes the differential action with the two methods. The initial
mutations {at pH 4.5) will contribute much more to the finally cbserved
mutant frequency than mutations which arise late in mycelial growth.
Other differences mﬁst lhave played a role as well,

With method 4 the contrel is imperative at least when testing the
strains 007, D4 and D7, since here there are considerable differences
between the genotype of the test strains and their recombinants,
posslbly resulting in a difference in fitness, For example, the effect
of vinclczolin, as far as tested, was found to be caused by a selective

advantage, whereas chleralhydraie was really recombinogenic.

Qur investigations confirm that Aspergillus nidulans can readily

be used as a test organism for mutagenicity testing. It should be kept
in mind that the systems used in the present study can be made more
sensitive in several ways, analogous toc the Ames test. It is possible
to add mammaliam enzymes for metabolic activation as done by de
Bertoldi et al., {(1980), and alieles responsible for a deficient
excision repair can also be introduced to the test strain (Kappas &

Bridges, 1981). In this way the systems can be improved,

8.5 Summary of main conclusions

- Caomparing the incubation methods, it can be concluded that the fol-

lowing two incubation methods are the best:

1l The 1liquid suspension test (method 2) can readily be used for
measuring the mutagenicity and reccmbinogenicity of agents acting
directly on dermant conidia,

The media mediated assay {method 4) is most suitable when germi-

ino

nating conidia and growing mycelium are tc be tested., However, an
additional control experiment has to be done in crder to distinguish

between mutagenicity and selection processes,

The plate incorporation assay (method 1) may be used for rapid pre
-screening tests,
The liquid test (method 3) was not satisfactory in testing germinating

cenidia.
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- The methionine deficient strain 110 is very suitable for measuring

the point mutation frequency.

~ The construction of a duplication strain heterozygous for the sorA
allele (strain 007) reduces the labour of measuring the instability

of duplication strains. In the present study, however, no evidence

was found that other kinds of mutagens may be discovered than with the
system used for measuring the point mutation frequency. Of course, more

and other kinds of chemicals have to be tested to generalize the latter

conclusion.

- The crossing-over and non-disjunction frequencies can be estimated
by observing mitotic segregation, but when the two processes are to be
distinguished, selective systems must be preferred. Selection of
pimaricin resistant recombinants proved to be the most suitable system,

in combination with the media mediated assay.

- The recognition of recessive lethal mutations is too laborious for

routine use.

- For routine use, We recommend as the most important test systems:
Strain 110 (point mutations) - liquid suspension test
Strain D7 {(mitotic crossing
~overs and non-disjunctions) - media mediated assay

When additicnal information is required these tests can be supplemented

with: Strain 110 (point mutations) - media mediated assay
Strain Q07 (deletions and /
or c¢rossing-overs) - liquid suspension test or

media mediated assay

For certain purposes the frequency of recessive lethals (strain D3)
can be measured, or all abnormal cclonies (strain D4) can be isolated.

Recommended protocols for these selected test systems are shown in

the appendix.
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SUMMARY

The suitability of Aspergilius nidulans as a test organism for

mutagenicity testing has been investigated. Several test systems have
been tried., Those systems were preferred in which the mutants or recom-
binants could be selected without the need of adding a compound to the
medium which itself is genetically active.

Four incubation methods have been compared. The plate incorporation
assay (method 1) is the easiest method for testing chemical compounds,
but it is often difficult to ¢btain reliable quantitative data.
Morecver, complications may arise when the compound is toxic or causes
a selective advantage of the mutants. In the liquid suspension test
(method 2) the conditions can be controlled more accurately, so this
method is more suitable for obtaining reliable quantitative data, For
testing germinating conidia, the suspensicn test (method 3) turned out
to be less suitablie, since some cornidia germinated directly from the
start causing - in spite of the presence of 0.2% agar - big clumps of
conidia at the end of the lncubatlon period. Germinating conidia (and
growing mycelium) can better be tested with the media mediated assay
(method 4). However, an extra control experiment must be performed in
order to discriminate between a real mutagenic activity and a selective
advantage.

Strain 110, which carries the methGl allele, proved to be very
suitabtle for measuring the point mutaticon frequency when methionine
independent suppressor mutants are scored., The instability of a dupli-
cation strain can be also used as an indication for the genetic activ-
ity of a chemical compound. The construction of a duplication strain
heterozygous for the recessive sorA2 allele (strain 007) reduced the
number of plates needed for the scoring of segregants. The exact
process by which the sectors arise is not known, Some <¢rossing-~over
products are scorsd as deletion products when no special attention is
paid to the morphology of the segregants.

For determining the crossing-over and non-disjunction frequencies
scoring of mitotic segregafion is the easiest way, at least when it is
not intended to distinguish the inducing processes, If such a distinc-

tien is required, it is easier to select the recombinants. Strain D4
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can be used to select recombinants homozygous for the suAlad®B20 allele,
and the crossing-over and non-disjunction products can be directly
distinguished by their conidial colour, In practice, complications
arose since the conidial colour was faint and the leaky growth of the
test strain led to a concentration effect. Selection of sorbose resis-
tant recombinants was even less suitable, and a combinated selectiocn of
sarbose. resistant and adenine prototroph recombinants proved unfeas~
ible. Selection of pimaricin resistant recombinants of strain D7 was
much easier and therefore preferably used in this study. However, since
pimaricin itself is known to induce non-disjunctions this system has
cnly been used in combination with the media mediated assay to minimize
the risk of complications,

The system for measuring the fregquency of recessive lethals devel-
cped by Morpurgo et al. (1978) has also been investigated, but the
background in the control was relatively high, This was most likely
caused by incomplete haploidization on FPA medium, Changing the medium
did hardly improve the results. This implies that one can only measure
larger effects on the frequency of recessive lethals,

Several chemicals, mostly with known mutagenic properties have been
tested by means of the proposed test systems. These confirmed the
suitability of the test systems.

Thus, in addition to other mutagenicity tests like the Ames test
with bacteria, the fungus Aspergillus nidulans offere good opportun-

ities tc asses the genetic activity of chemical compounds on

geucaryotic organisms.
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SAMENVATTING

Pe geschiktheid van de schimmel Aspergillius nidulans om te dienen

als testorganisme voor het doorvoeren van mutageniteitstests werd
onderzocht. Verscheidene mogelijkheden werden vergeleken. Hierbij werd
de voorkeur gegeven aan systemen waarmee de gezochte mutanten of rekom-
binanten geselekteerd konden worden, zonder dat er een stof aan het
medium moet worden toegevoegd die zelf mutageen is,

Er werden 4 inkubatiemethoden vergeleken. De eerste methode is in
principe de eenvoudigste. Hierbij wordt de te onderzoeken stof direkt
toegevoegd aan de selektieplaat. Het is= echter vaak moeilijk om
betrouwbare kwantitatieve gegevens te verkrijgen. Er-kunnen komplika-
ties optreden wanneer de onderzochte stof toxisch is, zeker als er
verschillen zijn in inwerking op de teststam en op de mutanten of
rekombinanten. Bij gebruik van de test in vlceibaar medium (methode 2)
kunnen de cmstandigheder beter gekontroleerd worden en hierdcor is
deze methode beter geschikt om kwantitatieve gegevens te verkrijgen.
Voor het testen van kiemende sporen bleek de test in vlioeibaar medium,
in aanwezigheld van 0.2% agar (methode 3), minder geschikt, want aan
het eind van de inkubatieperiode bleken de sporen toch gedeeltell jk
samengeklonterd te zijn. De test in kompleet medium (methode 4) is
beter geschikt voor het testen van kiemende sporen (en groeiengd
mycelium), Er is echter een extra kontrole nodig om echte mutagene
eigenschappen te kunnen onderscheiden van selektie invloeden.

Het scoren van methionine onafhankeli jke suppressor mutanten van
stam 110 bleek cen goede mogelijkheid te zijn voor het meten van de
puntmutatie frekwentie. De instabiliteit van eern duplikatiestam
kan eveneens gebruikt worden voor het vaststellen of een te onder-
zoeken stof inwerkt op het genetische materiaal. Door het inbouwen
van het sorA2 allel in de (I—II) duplikatie (stam 007} is het gemak-
kelijker geworden om het aantal segreganten te tellen. Het is echier
niet precies bekend waardoor deze instabiliteit wordt verocrzaakt. Ons
onderzoek toont aan dat cok bepazlde crossing~over produkten gescoord
worden als deletie produkten, als er geen speciale aandacht geschonken
wordt aan de morphologie van de segreganten.

Als het verocrzakende mechanisme niet bekend hoeft te worden is het
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voor het meten van de crossing-over en non-disjunktie frekwentie het
eenvoudigst om het ontstaan van sektoren met recessieve kleuren te
scoren. Als het mechanisme wel bekend moet worden is het eenvoudiger

om op rekombinanten te selekteren. Het suAladkE20 allel, aanwezig in
stam D4, kan hiervoor gebruikt worden, omdat de crossing-over en
non-disjunktie produkten direkt onderscheiden kunnen worden vanwege hun
kleur. In de praktijk treden er echter komplikaties op, omdat de kleur
nogal bleek is en omdat de testastam toch nog wat groeit op medium
zonder adenine. Hierdoor onstaat een koncentratie-effekt. Het selek-
teren op sorbose resistentie bleek nog minder geschikt, terwijl een
gekombineerde selektie op sorbose resistente en adenine prototrophe
rekombinanten niet mogelijk bleek te zijn. Het selekteren van pimari-
cine resistente rekombinanten van stam D7 is veel gemakkelijker en

is daarcm bij voorkeur gebruikt in dit onderzoek. Omdat pimaricine zelf
non-disjunkties kan veroorzaken is dit systeem alieen gebruikt in
kombinatie met inkubatiemethode 4.

De methode van Morpurgo et al, (1978) om recessief lethalen aan te
tenen is ook toegepast., Er werd echter altijd een zwak positief effekt
gevonden in de kontrole, wat er op duidt dat de haplcidizatie d.m.v.
FPA niet volledig was. Verdnderingen in het medium gaven geen verbete-
ring,., Dit betekent dat met dit systeem alleen grote effekten gemeten
kunnen worden,

Verscheidene chemikalién, meestal met bekende mutagene eigenschap-
pen, werden getest met de voorgestelde testsystemen. Ze bevestigen de
geschiktheid van deze testsystemen. .

Onze konklusie is dat de schimmel Aspergillus nidulans heel goed

gebruikt kan weorden om, in aanvulling op andere mutageniteitstests
zoals de Amestest, gegevens te verkrijgen over de genetische aktiviteit

van chemikali®en op eukarycte organismen.
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APPENDIX

Recommended test records for the most important systems

4 Liquid suspension test with strain 110:

1 Preparation of a conidial suspension.

2 Incubation cf a suspension cf ca, 5 xlO6 conidia /ml in 25 ml
buffer + the chemical to be tested in a 100m} flask. This

suspension is shaken for 1 or 2 hours at 37 OC.

3 At termination of the incubaticn, at first a probe is plated in
an appropriate dilution on CM+ glu +des and then the incubation

mixture is filtrated and the remaining conidia are washed.

4 The conidla are resuspended and the concentration of the resulting

suspension is estimated by using a Coulter Counter.

5 Then this suspension is plated:
- on MM+ glu + bio: two different concentrations (usually 21{106
and 4 x 105

concentration.

con / plate) are plated using 5 plates at each

- on CM+ glu +des: at least 10 plates are inoculated with ca. 100

colonies per plate.
6 After 2 days at 37 °C the colonies on the CM plates are counted.

7 After 4 days at 37 OC the revertant colonies on the MM plates are

counted if there are no more than 25 colonies on one plate.

B Media mediated assay with strain D?7:

1 Preparation of a conidial suspension of D7 and also of the yellow

and green recombinant types.

2 The conidizl concentraticns are estimated using a2 Coulter Counter.
The suspension of conidia of DY is diluted fto 5 xlO7 con / ml. Also
a mixt suspension is made: 5){107 conidia of D7 and 1.25 xlO5

¢onidia of both recombinant types per ml.
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Plates CM + glu are poured with and without the chemical to be
tested. After these plates have become so0lid, 0.1 ml of the suspen-
sions mentioned before are inoculated. The plates are incubated at
37 “c.

The conidiation is scored after 3 (or 4) days and a conidial sus-
pension is made from each plate. The concentration is estimated

using a Coulter Counter.

Then these suspensions are plated:
- on MEA + glu + paba, pyro, pro + PIM: two concentrations are used;

6 con, / plate, and

for the normal suspensions: 2):105 and 2x10
for the suspensions artificimlly enriched with recombinants:
5 }:10""> and 5 xlO"" con. / plate. Three or more plates are used for

each concentration.
- cn CM+ glu +des: at least 10 plates are inoculated with ca. 100

colonies per plate,
After 2 days at 37 °C the colonies on the CM plates are counted.

After 4 days at 37 ®C the green and yellow colonies on the MEA

plates are counted separately.

C Media mediated assay with strain 110:

Preparation of a conidial suspension of 110 and of its mufant types
A, B and C,.

The ceonidial concentrations are estimated using a Coulter Counter.
The suspension of conidia of 110 is diluted to 5x 10'F con, / mi.
Alsc a mixt suspensior is made: 5x107 conidia of 110 and 0,75,
2.5 and 0.38 1-{103 conidia of the mutant types A, B and C respect-
ively per ml.

Plates CM + glu are poured with and without the chemical to be
tested., After these plates have become sc¢lid, 0.1 ml of the suspen-
sions mentioned before are inoculated., The plates are incubated at
37 °C.

The conidiation is scored after 3 (or 4) days and a conidial sus=-
pensicn 1s made from each plate, The concentration is estimated

using a Coulter Counter.
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5 -7 These steps are identical tc those of the liquid suspension test
with strain 110 {4},

D Liguid suspension test with strain 007:

1l -4 Theese steps are identical to those of the liquid suspension test
with strain 110 (A).

The suspension is plated:

- on MM + ace + paba, pro + SCR: two different concentrations (usually

1 xlO5 and 2 x104 con. / plate) are plated using 5 plates at each

concentraticn.
on CM + glu +des: at least 10 plates are inoculated with ca. 100

colonies per plate.

The CM plates are incubated at 37 °c and after 2 days the colonies

are counted.

The MM plates are firstly incubated for 1 day at 37 0C-, then for 3
days at 25 °¢ and at last 1 day at 37 9C, A1l visible yellow

colonies are counted.

E Media mediated assay with strain 007:

Preparation cf a conidial suspension cf C07 and of the yellow

recombinant types.

2 The conidial concentrations are estimated using a Coulter Counter,
The suspension of conidia of 007 is diluted to 5 x107 con, /ml.
Alsc a mixt suspension is made: 5 xlO7 conidia of 007 and l.25xlOL+

recombinant conidia.

3 -4 These steps are identical to those of the media mediated assay
with strain D7 (B}.

5 -7 These steps are identical to those of the liquid suspension test

with strain C07 (D).
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