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General Introduction.

The deménstration by Garrod that a human
sbnormality, inherited as a simple Mendelian
recessive, consisted of lack of a specific enzyme
activity, probably represents one of the earliest
integrations of genetics and bilochemigtry. (see
Garrod 1923). It was shéwn that alcéptonurics,
who are homozygous recessives, lack the enzyme
activity responsible for the oxidation of homogen-
tisic acid. Thig acid is secreted 1in the urine
which blackensgs an exposure to air to give the visible
exprescsion of the disorder.

The study of’the inheritance of biochemical
| properties in organlisms came to be known as biochemi-
cal genetics and notable developments in the subject
have'included studies on the inhefitance of flower
cdlour pigments (Onslow 1925, see aiso Scott Moncrieff
1937 and Lawrence 1950) and similar work on the pig-
ments of memmalisn coat colour (Wright 1942) and of

‘eye colour pigments in Drosophila melanogaster (see

Ephrussi 1942). Work has continued in the field
pioneered by Garrod, the investigation of biocheml-

cally anomalots conditions in man inherited in



Mendelian fashion (see Haldane 1942 and Penrose 1950).
In recent years also, microorganisms have become
objects of genetic study and in the development of

the biochemical genetics of microorganiéms, the work
of Beadle and Tatum (1941) on the heterothallic

ascomycete, Neurospora crassa has played a very im-

portant .part. These workers evolved a technicue for
the production and isolation of nutritional mutants

in Neurospora which has proved to be of grest help

to the microbial geneticist.
The minimum requirements for growth of the wildr

type strain of Neurospora crassa are met by a simple

medium ("Minimal medium") consisting of the usual
inorganic salts, a carbon source (e.g. glucose) and
the vitamin, biotin. Nutritional mﬁtant strains
differ from thebwild type in being unable to grow om
minimal medium unless one or more growth factors are
added to it. These growth factors aré believed to
be essentlal metabolites any one of which the wild
type strain is able to synthyesise but a nutritional
matant is not. Knight (1936) and Lwoff (1945)‘have
discussed the evolutionary implibations of differences
in the growth factor requiréments of Various-organ—
isms and developed the hypothesis that a requirement

for e substance as a growth facter often (but by no
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means always) implies inability to synthesise it.
The importance. of Beadle and Tatpum's work is that
in providing mutants of a single organism, which have
different growth factor regquirements, the way has
been opened for the genetic analysis of syntheses of
essential metabolites and with the application of
their method in other microorgenisms a wilder apnroach
has been possible to the study of heredity and vari-
ation in these microorgénisms.

Spontaneous mutations occur at a low rate in
all organisms which have been investigated. This
rate, however, can be greatly increased by means of -
various mutagenic agents. These inélude Xrays'
(Muller 1927), ultra violet light (Altenburg 1931;
for microorganisms see Hollaender and Emmons 1941>and
‘Kolmark and Westérgaard 1949) and a wide range of
chemicals (for reviews see Auerbach 1949). As far
as 1s known, the action of any one mutagenic agent is
non-gpecific as to the spectrum of genés affected;
there is thus a random induction of mutations. (see
Muller 1940, 1947 and Auerbach 1949).

In the productionvof nutritional mutants in
microorganisms with a 1life cycle like that of Asper-

gillus nidulans (see Part I. Material and Methods),
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wild type cells are treated with a mutgfganio agent
and subseqguently single uninucleate haploid cells
are plated on to a so called 'complete' medium con-
taining in addition to the minimal requirements of
the wild type strain, mixtures of emino acids, vita-
mins, purines and pyrimidines and other known sand
unknown substances. These nutritional mutant cells
which can utilise the diffusible metabolites they
require from the complete medium will grow up along
with the unchanged wild type cells. Since there is
no way of morphologicaily distinguishing wild type
from auntepitional mutant, a random sample of the clones
developing from single cells has then to be isolated
and tested for the ability of individual clones to
grow on the minimal medium sufficient for growth of
the wild type strain. Nutritional mutants will not
grow on thils medium and their specific additionsal
growth regulrements are later identified. The per-
centage of nutritional mutants found among isolates
tested, varies with the dosage of mutagenic agent,
etc., but under optimum: conditions is usually between
1 and 5% when the technique of isolation which has
just been described is used. This is an adeptation
(Pontecorvo 1947))to organisms having uninticleate

haploid cells of the technique originally dewvised by
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Beadle and Tatum (1945) for Neurospora and is known

as the Total Isolation Method.

It can be seen that the main problem in the
isolation of nutritlional mutants is that they are
rare; a relatively large number of colonies have to
be tested for a throughput of a small percentage of
nutritional mutants. Their isolation can be con-
trasted with the isolation of bacterial mutants
resistant to bacteriophage or drugs (Luria and Del-
bruck 1943, Demerec 1945, and Lederberg 1950) and of

back mutants among nutritional mutants of Neurospora,

for example, where the synthesls of a specific meta-
bolite again becomes possible and is no longer reguired
in the medium (Giles and Lederberg 1948 snd Kolmark
and Westergaard 1949). Resistant mutants and nu-
tritional back mutants occur infrequently but the
methods of isolation ensure that in each case only the
desired mutents will grow up, even among a large
population, either by plating sensitive cells on to s
medium containing the drug or phage in the former casec
or by plating cells recuiring a specific metabolite

on to a medium lacking this metabolite in the latter
case. The isolation of these mutant types is there-
fore sutomatic as distinct from the isolation of

nutritional mutants.

To lessen the labour involved it was natural that



attemnts should be made to imnrove on ceadle z=nd

tetum's method 2n’d various modifications which have

beer msade in the original technique, for the isola-

tion of nutritional mutants in Neuroépora_and other
microorganisms are described in the introduction to
4Part II. This thesis deals with a selective method
of isolation of nutritional mutants which has been

developed using the homothallic ascomycete, Aspersgillus

nidulans, and which is much more efficient than the
Total Isolation method.
Fries (1948a, 1948b) made the discovery that when

the uninucleate haploid conidia of @ifferent strsins of

the heterothallic ascomycete, Opkliostoma multiannulatum
are suspended in a liquid medium contalning all the

" ingredients necessary for growth of the wild tyne
strain, apart from aneukin and pyridoxin, then the
réte at which conidia fromiany one strain die oif. in
ti:ls starvation medium is aéparently dependent on
the number of growth factor requiréments the strain
has. " The results suggested that the length of
survival was greater, the greater the degree of
hetérotrophy, or in other words, conidia from a
nutritional mutant with, for exaempnle, one growth
factor. requirement additional to those of the wild

type, survived starvation in the liguid medium



longer than conidia from the wild type strain.
The implication of Fries!' work will be discussed
in Part I of this thesis. In that part of the

thesis it is shown that in Aspergillus nidulans the

survivel of the uninucleate conidia of certain
nutritional mutants on minimal medium is related to
their degree of heterotrophy in the same way as in

Ophiostoma multiannulatunm.

As a result of his work, Fries developed a
technigue for the isolation of nutritional mutants

in Ophiostoma multlannulatum. Briefly, the method

was to suspend conidia from, for example, the wild
type étnain, in the liguid starvation mediﬁm men-
tioned above, for a requisite period, and then nlate
the conidia on to a complete medium. Under suit-
gbly selected starvation periods the percentage of
nutritional mutants among the colonies which devel-
‘Gped from surviving conidia spproached that ottained
after verious mutagenic treatments. Among the
conidia of the mother strain suspended in ligquid
medium would be a small percentage of spontaneous
mutaents whiéh hed one additional growth factor
requirement. In effect, under the conditions of
starvation, conidias from spontaneous mutants were

enriched because of thelr grester degree of survival.



In Part II of this thesis, the develovment of
a selective technique £f6r the isolation of nutri-

tional mutants in Aspergillus nidulans based on the

same principle of differential survival under star-
vation is described. Fries! methods have been
modified substantially notablj by subjecting the
conidia of the mother strain to mutagenic treatment
prior to starvation. In this way the percentage of
nutritional mutants found after stervation can be
increased to over 50% of the isolates made.

Certein quantﬁétive and qualitative differences
between the types of nutritional mutants found after

starvation and by Total Isolation in Aspergillus .

nidulens suggested that the conidia of certain
nutritional mutents sugvivéd starvation better than
others. Fries' suggestion that the length of
sur&ival\under starvation was an expression of the
number of growth factor reqguirements a strain hac,
was apparently an ovérsimplification and in Part IIT
Where certain experiments are described which were
carried out in an investigation of the mechanism of
differential survival under starvation, it was shown
that the type of growth factor requirements rather
than the number of growth factor recuirements deter-

mines the survival of conidia from different nutri-

tional mutants of Asvergillus nidulans.




In Part IV a description is given of the
adaptation of\the starvation technique in the
seiective isolation of special types of nutritionsl
mufants - some of which were never found by other
isolation methods.

The conclusions drawn from the relevant experi-
ments are dilscussed st the end of each of the four
parts of the thesis and some major topics are further
considered in the final discussion at the end of the |

thesis.



PART I. Preliminary Reconstruction Experiments.

1. Introduction.

In this part of the thesis the results of seme
eXperiments are described which were carried out using

certain nutritional mutant strains of Aspergillus

nidulans to ascertain whether the findings of Fries

(1948a, 1948b) .on starvation cultures in Ophiostoma

multiannulatum were applicable in Aspergillus nidulans.

His results are reviewed at some length inthis intro-
duction.

Nutritional mutants can arise spontaneously during
the growth of a wild type microorganism and multiply .
side by side with wild type. If the microorgenism is
grown on a medium which only supports the growth of wild
type cells (a minimal medium) then the nutritional
mutants may be sustained syntrophicelly, but a medium
which subplies-the growth factors required by nutri-
tional mutants will, of course, more readlly support

their multiplication. In Ophiostoma multiannulatum

Fries (1948a) mesasured the prbportion of nutritional
mutent conidia among a wild typé population grown on s
complete medium. The method was to plate out random

samples of conidia on to a comnlete medium and
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characterise the growth factor requirements of the
individual colonies developing from single conidisa.
He gave a figure of 0.03% nutritionsl mutsnts. It
is clear therefore that in a wild type éulture con-
taining many million conidia, meny hundreds of these
will be nutritional mutants.

The minimal requirements for growth of the wild

type strain of Ophiostoma multiannulatum are met by

the usual inorganic salts, smmonium tartrate, a carbon
source (e.g. glucose) and the vitamins Bl (aneurin) and
B6 (pyridoxin). Fries (1948a, 1948b) discoveréd that
if conidia of this wild type strain grown on a complete
mediﬁm, were suspended in a liquid medium containing
all the reguired growth substances apart from aneurin
and pyridexin then, among fhe surviving'éonidia, the
percéntage of nutritional mutants increased with the
1ength‘bf the period in this starvatipn medium. In
one experiment, for example, when the total living
conidia had decreased to below 1% of the originsl,
after 100 déys at 25°C in the starvation mediuh, he
found 0.8% nutritional mutants among survivors (Fries
1948Db) .

It was important to distinguish whether the
increase in the percentage of mutants among survivors

after gtarvation was due to a selective or a mutagenic
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action of starvation or both. Two methods were
employed by Fries (1948a, 1948b) for this purpose:
fluctuation tests and reconstruction experiments.
1. Fluctuation Tests. |

When a large pnopulation of célls from a sfrain

of the bacterium Escherichia coli known to be sensi-

tive to a gpecific bacteriophage are exposed to this
phage then 1t is found that a very small number of the
cells are in fact resistant and are able to grow in

the presence of the phage. Iuria snd Delbruck (1943)
~described a method to distingulsh between two possi-
bilities:t the induction of resistance in a small
number of cells by the phage or the growth of resistant
cells which were present in the population as the
result of rare spontaneous mutation prior to the
applicatibn of the phége. .

If the phage induced registance, presumably at
random, then in samples from replicate cultures the
number of resistant strains should tend to occur in
the same proportions. |

On the other hand, if there was a selection of
pre-existing mitents then a feature would be the
chanehke gramping of such mutants, eachwclone of resist-
snt cells arising from one {Adevendent mutation.
During growth the proportion of mutants should there-

fore increase. However this is an erratic feature
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when a low mutation rate is béing considered since =z
rate mutation, by chance, might occur early or late
in the growth of a pOpQ1ation.

If the growth ratés of phage sensitive and nhage
resistant cells are assumed to be e@ual and if fhe
inveulation of replicate cultures is made by a number of
cells small enough to render unlikely the chance of
resistant mutants being present initislly, then, after
growth,‘a wide fluotuation.in the proportion of resist-
ant mutants present in samples‘from‘replicate cultures
distinguished the selection of rare spontaneous
mutations from the inductién of mutations where the
same proportion of mutants would be expected in similar
samples. Stemming from Luria and Delbruck's original
work Newcombe (1949) hasdsscribed a modified technique
for distinguishing the spontaneous or inductive origin
of mutants resistént to phage or drugs (see also Ryan
1952 and'Lederberé and Lederberyg 1952).

Fries (1948a, 1948Db), applying analegous reasoning
té that of Luria and Delbruck, consideréd that the
large qualitative and the quantitative differences in
the types of nutritional mutants found after starvatiom
in replicate experiments, suggested that starvation Wass
acting by favouring the survival of mutants of spontan-

eous origin rather than by increasing the mutation rate.



2. Reconstruction HExperiments.

In a typical reconstruction experiment, conldia

va the wild type strain of Ophiostoma multiannulatum
and conidia from a nutritional mutant ha&ing a growth
factor requirement for hypoxanthine were mix-
inoculated in known ratios in l1liguid medium of the
usual inorganic salts? ammonium tartrate and glucose.
After varying perilods in this liguid starvation medium
the percentage survivors of each strain and thus the
proportidn of wild type to mutant type conidia, surviv-
ing, was estimated. Initielly the ratio of wild type
to mutant type was 974:26; but when the total surviving
conidia after starvation had dropped to 2% of the
original after 40 days at 25°C then this ratio was
8:992.. From this and other reconstruction experiments
which gave similar results, Fries (1948a, 1948b) con-
cluded that starvation was a selective process, conidia
from the less heterotrophic strains being less able to
survive the particular starvation conditions which he
employed. If starvation had exerted a mutagenic
effect in the reconstruction experiment which has been
descfibed then the assumption was that the ratio of
wild type to mutant type would remain the sa&e during
the period of starvation, since there would then be no

selection favouring either, but a mutagenic action of

starvation presumably affecting both in a similsr manner.
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Reconstruction experiments are in effect, very
much simplifiled reconstructions of the conditions pre-
vailing when conidia from s wild type strain are sus-
pended in starvation medium. In the reconstruction
experiments normally only‘one type of mutant is con-
sidered whereas in starvation cultures of wild type,
for example, There are many different nutritional mutant
types present as the result of spontaneous mutation.
Also the ratio of mutwant type to wild type is very
much greater in reconstruction experiments. It has
been emphasised thalm any conclusionsvdrawn from such
reconstruction experiménts should be tentative (see
Witkin 1947 and Lederberg 1948) since they are at the
best only rough approximations of the conditions which
actually prevail. However from the evidence aﬁailable
from fluctuation tests and reconstruction experiments
it did appear to Fries (1948a, 1948b) that the starv-
ation method be employed was a selective process and
that under the starvation conditions, the viability of
conidia was directiyn proportional to their degree of
heterotrophy.

The wild type strain of Aspergillug nidulans is

able to grow on a medium consisting of the usual

inorganic salts, nitrogen in the form of nitrate, and
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a carbon sgource such as glucose. Since it had
already been shown by Pontecorvo (unpublished) that
conidia of a biotin requiring mutant of this fungus,
obtained after X ray irradiation, died off relatively
guickly on the minimal medium supporting the growth
of the wild'type strain, it was decided to carry out
preliminary experiments to make an accurate measure-
ment of the dying off rate of the conidia of this
mutant under starvation, i.e. on a medium containing
all thé ingredients necessary for growth of the wild
type but lacking biotin, which is specifibally
required by this mutant. After this, reconstruction
experiments were carried out usihg the biotin requir-
ing strain and more heterotrophic strains derived from
it, each of which, in addition to requiring biotin,
needed one.other growth factor. ]

The behaviour of these various strains under
starvation conditions is described in this part of the

thesis.
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2 Material and Methods.

Material:

a)  Aspergillus nidulans is a homothallic

. ascomycete, order Plectascales; Tamily Aspergillscese
(see Thom and Rapér 1945 for full mycological details).

The life cycle of this fungus/from the growth of
aﬂlasexuallspore‘(a conidium) proceeds with the
development of the branching h&phae consisting of
multinucleate cells. During the growth of this
coenoéytic myéelium conidiophore heads are ,produced.
Asexusl conidia arise in chains from the sterigmata
borne on these conidiophores.  The detéils of the
sexual process are unknoﬁn but the resulting peritheoié
(or fruiting bodiesj cohtain a great number of spheri-
‘cally shaeped asci withiﬁ which ere borne the ascospores.
Eight of these spores, not érranged in a linear order,
are found in each ascus (see Plate 1).

A technique for'the'genetical analysis of homo-
thallic apecieé (Pontecorvo 1949b) has made it possible
to investigaté the genetics of this fungus by a number
of workers at the Department of Genetics in Glasgow
(Pontecorvo 1952).

The wild type strain of Aspergillus nidulans has
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Plate 1. Diagrammatic representation of
the life cycle of Agpergillus nidulans.
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green conidla. Mutant strains can arise spontan-
eously, or byfnutagenic treatment, which have either
yellow or white conidia. The original wild type
strain and a spontaneously occuring white 'alba!'
mutant were supplied by Mr. E. Yuill. These strains
are referred to as + and Wa. Colour mutents (yellow
and whlte) Bave been isolated in the laboratory by De.
Ponteéorvo and others from the wild‘type strain.
Nutritional mutants have also been isolated from the
wild type strain and colour mutants following treatment
with X rays and ultra violet light. Other streins
having combinations of mutant spore colour and nutri-
tional deficiencies have been isolated by workers in
the Department of Benetics as the result of recombinaw
tion following crosses, using the routine technigue for
homothallic species mentioned above.

The strains used in the preliminary reconstructio n
experiments were:-
1. A green spored strain (symbol bi) requiring biotin
for growth and obtained by X ray treatment of the wild
type straln in 1948. This strain, incidentally,
requires relatively enormous quantlities of biotin for
growth (see lafer).

2. A yellow spored strain (symbol y bi thi) recuiring
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biotin and the “thiazole" moiaty of aneurin. This
stfain was obtained as a recombinant from a cross
—between a yellow sporeq biotin requiring mutant and
a ﬁhiazole requiring mutant.
3. A white spored strain (symbol bi w ad) requiring
biotin.and adenine for growth and isolated as a
fecambinant from a croés involving a white spored
adenine requiring strain and the biotin requiring
strain. | |

The difference between biotin requlrement in
these three strains and the biotin independent wild
type is determinedkby a difference in a single sgllele

the same in all three mutants.

b)  Medis.

These are media which are used routinely in the
De@artment of Genetics at Glasgowe

All the chemicals used in the pre?aration of media
were of Analytical Reagent standard, unless otherwise
stated. |

1. Minimal Medium:

Ingredients: ,
15 gms. NaNOg 1.3 gms. MgSO4 .7Hg0
1.3 gms KC1 3.8 gms KHoPOy

1 crystal FeSQq 1 minute crystal ZnSO4

25 gms Glucose 25 gms Powdered Agar (Davis!
Brand)



Distilled water was edded to the ingredients
(withholding glucose and agar) to meke the volume up
to 2§ litres. This was boiled and the agar was added.
The pH was then adjusted to 6.5 with NaOH or HC1l and
the medium steamed in a Koch apparatus for one to one
end a half hours until all the agar hed melted. The
glucose was then added and the pH adjusted to 6.5 1if
necessary. The medium was then filtered thréugh paper
pulp in a Buchner funnel (the pulp and funnel hsving
been previously thoroughly washed with boiling dis-
tilled water). After being made up into suitable
aliquoté in 100 ml and 250 ml conical flasks, the
medium was autoclaved at 10 1bs pressure for lO‘minutes.

2. Routine Complete Medium (1 1itre quantity).

Ingredients:

2 gms Peptone (0Oxoid 1 gm Yeast Extract
Bacteriological) ('"Yestrel!')

6 gms NaNOz - 0.52 gms MgSO4

0.52 gms KC1 . 1.52 gms KHoPO4

5 ml Casein Hydrolysate 5 ml Hydrohysed
(see below) Yeast Nucleic acid

1 ml v1tam1n solution (see below)
(see below) 10 gms Glucose

15 gms agar.
Made up to 1 litre with tap water.
The procedure followed in making up the medium

was that for mimimal medium apart from any specially

clean precautions taken. The casein hydrolysate and



hycrolysed yeast nucleic acid were added at the
beginning with the other ingredients but the vitemin
solution was not added until after fiitration. The
PH of the medium was 6.0 ¥ 0.2. The medium was auto-
claved in suitable aliquots for 10 minutes at 10 1lbs
pressure.
Preparation of Vitemin Solution:
5 mg Aneurin HCl. 5 mg CalciumPantotlenate.
5 mg paré aminobenzoic acid. »15 mg Nicotinammide.
50 microgms Biotin.
The ceonstituents were dissolved in 50 ml of
doﬁble distilled water in an acid cle;ned conicel

wirh

flask which was then(§§§§§§iﬁ§§i}g&g§§iéyand autoclaved
for 10 minutes at 10 lbé pressure.

Preparation of Casein Hydrolysate:

200 gms of B.,D.H. light white soluble casein was
mixed rapidly in a 2 litre conical flaslk with a mixture
of 170 ml concentrated HCl and 80 ml of 15% TiClgz and
then heated on a water bath till the mixture was uniform,
autoclaved ford hour at 120°C, cooled snd brought to
pH 6.2 with 40% NaOH (circa 230 ml). A sample in a
test tube was bolled, filtered and tested by addition
of NaOH and HCl for further precipitate. The bulk,
after further retests is adjusted to condition for
optimum precipitation, and brought carefully to the

boil, boiled for ten minutes, stood for two hours and



o0
A

filtered through paper puln on & Buchner funnel.
The filtrate is adjusted to pH 6 - 6.2 il
necessary, diluted to one litre and stored over
chloroform in a refrigerator at 40C. The storapge
time should not exceed three months. The final
soiution is 20% with respect to casein.
Preparation of Hydrolysed Yeast Nucleic Acid:

2 gms of Yeast Nucleic acid + 15 ml of Normal HCl
2 gms of Yeast Nucleic acid 4 15 ml of Normal NsOH

Each mixture is raised slowly to the boll snd
boiled gently for ten minutes. Both give clear pale
brggn!solutions. The two hyrdolysates are then mixed
and brought to pHB, filtered hot and the volume made
‘up to 40 ml. The solution is stored over chloroform
at 4°cC. A precipitate forms on cooling the solution;
this should be taken along with the clear solution
when used in making medium. The solution is eguivalent
to 100 mg of yeast nucleic acid per ml. Storage time
should not be longer than six months.

Normal Saline:

0.87% NaCl in distilled water was made up into
suitable aliquots and sterilised for 10 minutes at 10
1lbs presgsure,

Calzolene Solution:

1 part by volume calzolene oll to 1000 parts
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distilled water, qliqueted and sterilised for 10

minutes at 10 1lbs pressure.

c) Fine Chemical Solutions:

These were made up in double distilled water.

They were sterilised by autoclaving for 10 minutes at
10 1lbs pressure.

‘Biotin Solution:

A stock solution containing 25 microgms/ml was
held. 5 microgms of biotin per litre of minimsl medium
assures good growth of the biotinless strain.. This is

enormeusly more than is usually needed by organisms
unable to synthesise biotin.

Aneurin Solution:

A stock solution conteining 20 microgms of =zneurin
hydrochloride per ml was made up and autoclaved when it
splits. into the "thiazole® and pyrimidine constituants
of aneurin. 5 ml of this solution per litre of minimal
medium is sufficient for good growth of the thiszolelegs
strain.

Ademine Solution.

A stock solution was used dontaining 1.25 mg of
Adenine -Hydrochloride per ml, 45 ml of this solution
were needed per litre of minimal medium to give good

grovwth of the adenineless strain.
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a) Glass Ware

The Petri dishes used in these experiments were
washed dishes further cleaned by filling with distilled
water, autoclaving and then rinsing several times in

distilled water.

Methods:

a) Temperature. The incubation temperature was
379¢C.

b) Cultures.  Master cultures were established

for each strain of Aépergillusxnidulans which was used
by making single ascospore l1lsolations from stock culture.
The isolations were ﬁade through the courtesy of Miss
L.H. Hemons, who used a de Fonbrune Micromanipﬁlator
in doing them. New master cultures were established for
each strain every four months from single ascospore
isolations of the preceding masters. In every new
establishment the culture was checked as to its nutri-
tional requirements. The&mastér cultures were incu-
bated for two or three weeks (to allow of ascospore
formation) end then stored at room temperature. In

all the experiments conducted, six ddy old serial sub
cultures from mass trensfer of conidia were used; these
cultures were grown at 37°C.

The master cultures were grown on slones of s

£
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modified minimal medium, favouring ascosrore formation,
suonlemented with the recuired growth factor or growth
factors, the sub cultures on slopes of minimal medium,

supplemented with the required growth factor or growth
facﬁors.

c) Conidial Suspensions.

Conidia were removed from slopes by touching the
surface with a wetted platinum loop and then immersing
it in a sterile solution containing 4 parts of normel
vsaline to 1 part of calzolene solution. (Normally about
3 ml of this made up solution was used in a boiling tube).
The conidial chains were then thoroughly broken un by
pivetting up and down with a Pasteur pinette until the
great majority of conidia had sevarated out singly.

a) Spere Count and Dilution Methods.

The spore density of a suspension similar to that
mentioned above was measured using a hsemocytometer.

Normal saline was made up in 20 ml Univsrsal Con-
tainers in 9 ml guentities so that suitable serial
dilutions could be made for platings after the density
had been estimated. Normelly not less then 0.05 ml =ns
not more than 0.2 mi of final dilution was nrlated out
per petri dish. This amount was spread evenly over

the medium surface with a glass spreader.



26

e) Flating Technique

A thin layer of minimal medium was poured into
each Petri dish, sterilised with filter vaper under
the tep to prevent excessive condensation. After the
agar had set, sultsble numbers of conidia were spread
on top and allowed 3 hour before another thin layer of
minimal medium cooled at 500C was peured on tor to
submerge the spores in each dish. This second layer
of minimal medium prevented the displacement of conidia
during subéequent'manipulations. The plates were
then incubated for the required starvation period .aflter
which they were removed from the incubstor, enriched
with a third layer of‘compiete medium, or supvlemented
minimal medium (cooled at 50°C before addition) and
then returned to incubate (see Fig.l.)

After a further 36 hours, the surviving conidia
had given origin to Visible colonieg and after 48 hours,
sporalapion had begun.

) Special Methods.

In the sroup of preliminary reconstruction
experiments the gtrain with a single requirement, biotin
(symbol bi) had green conidia, the strains with double
reguirements had in the one case yellow conidla - the
“yellow spored bilotinless, thiazoleless strain -(y bi thi),

and in the other, white conidla - the white spored



l. Spores spread on first layer of
Minimal Medium (Starvation Vedium}

2. Spores submerged by adding a
second layer of Minimal Medium
and then incubated at 3797

3. Complete Medium added as a third
layer after starvation period.
Colonies develop on subsequent
incubation at 37°C

FIG. 1, Plating method in the Starvation Technique.
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biotinless, ademineless strain - (bl w ad). The
advantage of using such different colour mutants are
obvious. The viability of the conidis of ssch strsin,
during a starvation experiment was followed merely by
counting the colonies of the respective colour coming
up after delayed enrichment. There was no need to
test the growth factor requireménts of the seperste
colonies, which, of course, saved e considerable amount

of time.
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3 Dying off rates of conidis of strains with

different nutritional reguirements, under starvetion

conditions.

1. The dying off rate of conidia of the biotinless

strain (bi).

A pilot experiment wes carried out to establish
the dying off rate of conidia of the biotinless strein
on minimal medium.

A thin layer of agar minimal medium was vnoured
into each of 27 Petri Diéhas. & conidial sus@ension
fioma 6 day old sub culture, was made up. A Haemo-
cytometer count was done and by arranging suitable
dilutions, a spere suspeunsion containing 800 shores ner
ml was prepared; 0.1 ml of this suspension was spread
dn to each of the plates giving an estimated count of
80 conidia per dish. Half an hour was allowed for the
spores to settle into the medium and then another thin
layer of agar minimal medium cooled at 50°C was poured
on to each plate. the plates were divided into nine
series (A to I), three plates in each series. On
solidification of the second layer of medium, the A
series had a third layer of minimal medium, supplemented
with biotin, added immediately. This wes the control
series, i.e. with no starvstion. All the »nlates were

then incubsted at 37971, Golonies were visible sfter 36
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hours on the control plates; these were marked,

colony counts were mace after 48 hours incubation

when sporulation had begun. The remaining series

(B to I) had minimal supplemented with biotin added
after periods of incubation ranging from 42 hours to
123 hours and colony counts were made as in the conirol
" series.

The experimental results (Table 1) showed that
after 96 hours starvation, the percentage of survivors
was about 1% of the control.

The next experiment which was conducted in a
similar fashion, confirmed the dying off rate of the
conidia from the biotin requiring mutant (see Table 2).
In this expefiment and in all subSequent experiments,
complete medium was added as a 3rd layer instead of
supplemented minimal medium.

One further experiment was carried out under
‘acid clean conditions. The minimal medium wss pre-
pared as has been described excepﬁ that shredded agar,
washed for several hours in tap water and then
thoroughly rinsed in distilled water, was used and the
glucose was redrystallised before use (see Materials
Part III). The results of the experiment are shown
in Table 3. |

1t appears from the results ofvthese three



TABLE l. Dying off rate of the conidia of the biotinless strain kept
for periods of € to 123 hours on minimal medium (starved of
biotin).

Period of | Haem. |Colony %age
Plate | Plate | Starvi,in| Estim. |Count |[Total Viability

Series.| WNos. Hours.. per per Colony taking

- Plate. |Plate. |Count. control
as 100%.
A 1 41

(econ- 2 0 80 45 132 100%

trol) 3 16 :
1 37

B 2 42 80 38 117 88.6%
3 L2
1 10

C 2 47 80 17 51 35.%
3 2L .
1 15 :

D 2 66 80 13 39 29.5%
3 11
1 3

E 2 71 80 L 15 11.4%
3 8
1 8

P 2 77 80 3 13 10.6%
2 2 .
1 2

G 2 90 80 3 6 La5%
3 1
1 0

H 2 96 80 1 1 0.5%
3 ' 0
1 0

I 2 123 80 0 0 0%
3 0




TABLE 2. Dyving off rate of conidia of the biotinless strain
kept for periods of from O to 92 hours on minimal medium.

Period | Haem. | Colony : + |Compar-| Zage
FPlate |Plate| of Estim.| Count |[Total |[Correc-| ative |Viability
Series| Nos. |Starvil. per per |Colony| tion |Colony | taking
in Hrs.| Plate.|Plate.|Count. |Factor.|Counts.| control
as 100%.

0 97 L7 192 1 192 100%
L2
47

"( con-
trol)

28
23 97 35 126 1 126 65.6%
31
32

: 31
28 97 35 128 1 128 66.7%
27

35

40 97 32 118 1 118 61.5%

WP | £\ Pof = | £\ poj - 4?\NLQ'A

|+
N
oY

=
N,

52 97 25 | 8 1 8 13.8%

23]
B{FJ £l

64 | 194 9| 49 2 2.5 | 12.5%

76 970 18 86 10 8.6 bo 5%

NN -F“\N
[
pS

o

92 | 970 10 0 oz

=31
S roj= |
olololo

o

# The correction factor is found by dividing the haemocytometer
estimate by the control haemocytometer estimate. Comparative
colony counts are then obtained by dividing the total colony
count by the correction factor.



- TABLE 3.

Lying off rate of conidia of the biotinless strain kept

for periods of from O to 100 hours on minimal medium.
(Experimentg conducted under acid clean conditions).

Plate
Series

Plate
Nos.

Period
of
Starvno

in Hrs.

Haem.
Fstim.
per
Plate.

Colony
Count
per
Flate.

Total
Colony
Count.

Correc-
tion
Pactor.

Compar-
ative
Colony
Counts.

‘age
Viability
taking
control
as 1007%.

(con~
trol)

105

59

62

58

67

246

246

100%

40

105

61

53

66

58

238

238

L6

105

212

212

86.2%

K

Fnrvnd EE IOV EY PR I s (U T CY PR B WY Py

53

105

166

166

67.5%

\»LO{J

6l

210

156

78

31.7%

RS

N

70

1050

380

10

38

15.5%

76

1050

121

10

12.1

L4e9%

87

1050

98

10

9-8 '

be 0%

-9k

1050

19

10

1.9

#‘\Nrolki FPO O o o | B

100

1050

21

10

2.1




exoveriments that the proportion of conidia of the
biotin requiring strsin which survive starvation is
the same whether biotin or compnlete medium is added at
the end of the starvation period and further that when
starvation is conducted under scid clean conditions,
the dying off rate of the conidia is not affected.

It is to be expected that trace amounts of biotin
would be present in minimal medium unless conditions
of strict acid cleanliness are observed and since
biotin 1s normally reguired in relatively minute
quantities by organisms which do not synthesise 1t,
it would of course be important to observe such acid
clean conditions if biotin was to be excluded from
minimal medium. The implications here are that the
amount of biotin required by the blotin reguiring mutant
is relatively so enormous that the metabolic processes
which lead to the dying off of the conidia uider star-
vation are unaffected whether starvaetion is conducted
under normally clean or acid clean conditions.

The data obtained in thé three experiments are
plotted on a graph (see Fig.2), where, plotting the
logarithm of percentage survivors against the perilod
of starvation, there is apparently an initial period of
up to 40 hours during which no apprecilable death of
conidia occurs; the conidia then begin to die off

ravidly in a logarithmic manner.



100+

(7]
o
o
2
>
(0 4
p }
(1)) 104
(T
(o)
wu
O
<«
',-
Z
w
O
(0 4
w
a -

|4

1 XXX

- 60 ‘ ' 120
STARVATION PERIOD IN HOURS

FIG, 2., The dying off rate of conidia from the biotin

requiring strain is shown with progressive
starvation on minimal medium. The results are
from the three experiments described in the
text. .



2o The dying off rate of conidia of the biotinless

thiszoleless strain (v bi bhi).

The results of g similer starvation exneriment to
that described, and involving, K the yellow spored biotin-
less, thiazoleless strain (y bi thi) are shown in
Table 4. Fig.3 illustrates that again there appears
to be a period before the conidia begin to die off
logarithymically. The logarithfmic slope is less
steep than that in Fig. 2 =so that, on minimal~mediﬁm,
the conidia of this strain survive longer than those

of the biotinless strain.

3. Reconstruction experiment involving the biotin-

less and the biotinless, thiazoleless strains.

Afte? two seperately broken up suspensions of bi
and y bi thi strains had been'prepared and haemocyto-
meter counts done, the suspensioﬁs were diluted and
mixed so that the final suspension contained en
estimated 1400 bl conidlia and 400 y bl thi conidia.
24 plates of minimal medium were arranged in 6 series
cﬁ/%lates esch. 0.1 ml of the thoroughly mixed sus-
pension was spread on the control series and 0.2 ml
on the remaining plate series. After a Znd layer of
minimal medium had been added to all the plates and a

3rd layer of complete medium to the control nlstesg,



TABLE 4. Dying off rate of conidia of the biotinless, thiazoless
gtrain kept for periods from O to 139 hours on minimal

medium.
Period of | Haem. | Colony %age
Plate |Plate |Starv?.in| Estim. | Count | Total Viability
Series. | Nos. Hours. per . per Colony taking
Plate. | Plate. | Count. control
as 100%.
A 1 42
(con- 2 0 86 45 128 100%
trol.) 3 L1
1 23
B 2 5l 86 28 T4 57.8%
3 23
1 27
c P 66 86 28| 77 | 59.9%
3 22
1 25
D 2 71 86 19 71 55¢2%
3 27
1. 17 ,
E 2 77 86 | 51 39.8%
3 : 1 20
1 1 ’ '
F 2 87 86 11 43 33.6%
3 18
1 9
G 2 93 86 12 31 2L, 2%
3 10
1 1 .
H 2 115 86 1 5 3.5%
3 3
1 2
I 2 139 86 0 2 1.1%
3 0




10g

° o
o

(7] L
a
o
2
>
(2 4
D 101
(V)]
w
o
. w
)
< <
-
Zz
w
Q
@
w
Q

B

4

) 60 ] - 120
STARVATION PERIOD IN HOURS

FIG. 3, The dying off rate of conidia from the yellow

spored, biotinless, .thiazoleless strain when
starved on minimal medium,



a2ll the plates were then incubated at 37°0C. Lfter

36 hours the non-sporulsting colonies which grsw up

on the control plates were marked. These plates were
removed from the incubater after 48 hours, when
sporulation had begun and the number of colonies growing
on. each plate was rechecked.

The colour of the conidia was not distinguilshable
oh some of the smeller colonies but it was found that
if the plates Were left at room temperature for g
further 48 hours, conidial colour developed on all
colonies, although the colonies ﬁhemselves remained
compact. Further incubation st 37°C would of course
have also developed the conidial colour, but the
colonies would also have merged, meking it difficult
to distinguish them seperately. The green and yellow
colonies were then counted on each conbrol nlete and
checked with the total colony counts made sfter 48
hours incubation. A similar procedure wss followed in
the other plate series which were stérved for different
lengths of time. The experimental results (see
Table 5) were plotted, as before, in Fig. 4, which
illuétrates the greater viability of the yellow biotin-

less, thiazoleless conidia under starvation conditions.

4, Reconstruction experiment &nvolving the biotinless

and the white gpored blotinless, ademineless strsins.
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FIG. 4, Reconstruction Experiment: Conidia from the
strain with a double requirement (y bi thi =
biotin and "thiazole" requiring) die off less
quickly than conidia from the strain with a
single requirement (bi = biotin requiring)
when both types are starved on minimal medium
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This experiment was essentially the seme as the
one described sbove and the result_s are shown in Teble
G Again the strein with two reguirements survives .
the longer under conditions of starvation (see Fig. 5).

Plate 2 shows the results of a reconstruction
experiment involving the green spored blotinless strain
eand the white spored biotinless, adeﬁineless strain.

The ratio of doubly deficient colonies to singly

deficient colonies increases with the 1ength of star-

vation in minimal medium.
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FIG. 5. Reconstruction Experiment: Conidia from the
mutant with two requirements (bi w ad = biotin
and adenine requiring) survive longer on minimal
medium than conidia from the mutant with a
sinzle requirement (bi = biotin requiring)



Starvation Period on Minimal Medium.

0 Hrs. 72 Hrs. 96 Hrs.

. Plate 2. The dark coloured (green) colonies
have developed from conidia of the Toiotin requiring
mutant (hi) and the white colonies from conidia. of
the hiotin and adenine requiring mutant (hi w ad).
The proportion of spores plated for each strain was
the same in each case so that, as starvation pro-
gresses, the greater degree of survival of the
double nutritional mutants can he seen.
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4, Discussion and Conclusions.

It is apparent thst what Fries discovered con-

cerning the beheviour of strains of Ophiostoma

multiannulatum under starvation (Fries 1948s, 1948Db)

has been confirmed in the nutritionsl mutants of

Aspergillus nidulans so fer investigated. In the

latter fungus, conidia of a biotin requiring strain
have been shown to die off more rapidly in minimal
medium than do the conidia of another two different
strains each having one other nutritional requirement
(ademine and Tthiazole" fespectively) in addition to
that of 'biotin.

A oémposite plot of g1l the results obtained has
been made.in Fig. 6 which shows clearly the slower
dying off rates conidia of the two double nutritional
mutants have, relative to conidia of the biotin requir-
ing mutant.

Fries suggested that the reason for the longer
survival of more uhetorotrophic conidia might be that
they were in a deeper state of dopmanéy so that under
starvation conditions their metabolism.proceedéd at a
lower rate (Fries 1948a, 1948b).  This may also be

the case in those strains of Aspergillus nidulans whose

behaviour under starvation has been exsmined. Presum-

ably the metabolic rate of conidia from double nutri-
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FIG. 6, Combined results of all the experiments conducted
in the first part of this thesis. Conidia from
the two mutants with double requirements (y bi t+i

= biotin and "thiazole" requiring; bi w ad =
biotin and adenine rquiring) clearly survive
longer than conidia of the mutant with a single
requirement (bi = biotin requiring) when starv-
ation is conducted on minimal medium,



tional mutants is lower on minimal medium then of
conidia from the biotin requiring mutantj death
resulting from the non-satisfaction of grOWth.require~
ments will therefore be reached after s longer time in
the former case.

In view of the encouraging results with the
reconstruction experiménts, it was decided to try to
develop a technique for the 1solation of nutritional

mutants in Aspergillus nidulans meking particular use

of the bilotinless strain.

Summary:
1. The dying off rate of conidia of a biotinless

strain of Aspergillus nidulans, on minimal medium,

without bilotin, was measured and found to be logar-
ithmic after an initisel phase of no dying off. The
proportion of survivors is reduced to 0.8% after 96
‘hours at 37°C.

2. Reconstfuétion experiments with this strain and
two other strainskrequirihg "thiagole" and adeniné,
respectively, in addition to biotin, showed that
conidia df the latter strains survived starvation in

non-supplemented minimal medium for a longer period.
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PART IT. Development of 2 technicue for the iso-

letion oi Nutritional Mutants in ssnerzillius

nidulens, based on starvation.

l. Introduction.

Lederberg (1948) has evaluated the conditions
which have to be satisfied before mutagenic sctivity
cen be assigned to a physicel or chemicsl sgent. It
is not enough to show that the proportion of mutsnts
increases smong the survivors of any partiqular tresat-
- ment since these mutants might be selected by the
treatment from those present originally, as the result
of spontaneous mutation. Either itkhas to be shown
that there is an sbsolute inorease in the number of
mutants or that the agent used 1s non-selective.

In microorganisms, improved methods of detecting
mutants have been used to determine whether or not
specific agents are nmutagenic. Mutetions to drug or
phage resistance in bacteris (Luria and Delbruck 1943,
Demerec 1945, Witkin 1947, Lederberg 1950) and back

mitation among nutritionsl mutants of Neurespora

(Ryan 1946, Giles and Lederberg 1948, Kolmarksnd
Westergaard 1949) are easily distinguishable, in either

case, from smong large populations of non-mutant tyreg,
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since it can be arrenged that only those mutant tynes
will grow. It then becomes ﬁogsible to test vast
numbers of cells so that even low mutegenic activity
can be detected. However, in the cese of bacteris,
until the nature of hereditory factors agé more con-
clusively established and until gemetical analysis
becomes possible in the strains under test, ceution
must be exercised 1in ascribing mutagenic activity to
speéific agents, in the normal sense (Auerbach 1949).
Using the back mutation method, Kolmark and

Westergaard (1949), Jensen, Kolmark and VWestergasard

(1949), and Giles and Lederberg (1948) heve demonstrated

that X rays, ultra violet light and certain chemical

agents are mutagenic in Neurespora. Certain criticisms

of the validity of the Neuresvora back mutation method

made by Grigg (1952) have apparently been satisfact-
orily answered by Kolmark and Westergaard (1952) (=ee
also Jinks 1952).

Apert from demonstrating an absolute inhcrease in
mutants, reqonstruction experiments in which srtificial
mixtures of mutant and non mutant cells are subjected
.to a2 supposedly mutagenic agent, afford a tentative
weay of distinguishing betﬁeen selection and mutegenesis.
In the later case, the killing ratesof mutant end non

mutant cells are similar (see VWitkin 1047).



38

In the studies to be described in this part of the
thesis, mutations were induced both by X rays and ultra
violet light. These sgents which have been used
extensively to produce mubtations in microorganisms,
appear to be non specific in their action (Muller 1940,
Mullér 1947). In comparing their effects it has been -
shown that X rays are more drastic in that they produce
a greater number of chromosone breaks, whereas the f
effect of ultra violet light is closer to the type of
nuclear changes which arise spontaneocusly (Stadler
1941). The physico-chemical actionsof these radiations
have been widely investigated in a desire to elucidate
the menner in which they induce mutations (Hollaender
and Emmons, 1941, 1946, Lea 1946, Catcheside 1948,
Muller 1950).

The mode of action of ionisging radiastions has
been éxplained by the 'tarzet' theory. Thig hynothesis
gupposes that a single ionisation produced within a
certain volume has a certaln probability of inducing
one mutation.- When X ray dosage 1s measured in.roentggn
units (a measure of the number of ionisations per unit
volume) then there is a linear relationship between
dosage and mutations produced emong survivors, a fact

- .

which supports the target theory.

Recent work has shown that radiochemical reactlons
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might be important in the mute-enic action of short
wave . radiations. For example, a reduction in oxygen
tension or the addition of certain substances which

can act as reducing agents, has the effect of increasing

the survival of cells of Escherichia coli on X ray

irradiation. Presumably molecular oxygen 1s required
in some radiochemical reactions. (Thoday and Read
1947, and Stapleton, Billen, and Hollaender 1952).

The present indications appear to be that although
ionisations might not act directly, the target theory
glves the best account of observable genetic changes.
(Horowitz and Mitchel 1951).

Ultra violet light in contrast‘to X rays, has a
véry low penetrating power and is effective in a
different manner. The ultra violet wave lengths
which aré most strongly mutagengc approximate to those

cics

3]

which are most absorbed'by nuclelc acids. These
are of primary importance in chromosomial make-up and
it would seem that ultra violet absorption by them 1is
the activating agency of mutagenesis (Hollaender and
Emmans 1041). Certain recent work has illustrated
~that peroxide and organic peroxidesplay some r®le in
ultra violet mutagenesis (Haas, Clarke, Yyss and Stone
19505. Irradiated broths retain mutagenic actlvity,
probably by the formation of orgenic peroxides (produced

through the intermediacy of peroxide formed during



irirsdiation). These orgenic peroxides have been shown

to be potent mutagens in Neurespors (Dicliey, Gleland

and Lotz 1949). However, since »nre-irradistion of
medla is only effective at wavelengths below 20002, the
results obtained cannot account fully for the effects
of direct ultra violet irradiation where the peagk of
mutagenic activity is at-2,6003 (Hollasander and Emmons
1941). The dosage/effect relationship in ultra violet
irradiation is obscure. It is known that there igs a
fall off in the pefcentage of mutants among survivors

after a certain dosage 1is reached. In Heurespore, for

_example, a killing rate above 99% produces a fall off
in mutation rate (Hollaender and Emmons 1641, Hollaender
Sansome, Zimmer and Demerec 1945). The explanation
has been offered that induced mutants may be more
sensitive to the killing effects of radiations
(Catcheside 1948).

It was discovered recently that visible light
reverses the lethal and mutagenic effects of ultra
violet. This phenomenenof vhotoreactivation was first

noticed in Strentomyces zriseus (Kelner 1949a), and has

since been described and more fully interpreted in
other microorgenisms (Dulbeggo 1949, Kelner 194D,
Novic and Slizard 1949, Erown 1951, =nd Newcombe and
Whitehead 1951). Certain photosensitive products of

u/v irratiation are apparently responsible for the
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reversible effect of light (Newcombe and “hitehead
1951). 1In investigations on heat reasctivation oif a
similar nature, an effect has been demonstrated only

in certain #scherichia coli strains (Stein =nd leutzer

1950, Anderson 1951).

The killing and mutagenic etffects of X rays do
not appear to be susceptible to either type of reacti¥-
ation (Dulbecco 1950, Anderson 1951).

Fqllowing the induction of mutation, methods
essentially similer to those employed in Neurespora

have
(Beadle and Tatum 1945) kas been used in the isolation

of nutritional mutants from many other microorganisms.
Other modified and imoroved technigues have also been
developed which will be discussed shortly.

Among the fungi, and apart from Neurospora,

natritionzl mutants have bteen isolated in Absidisas

glages (Giles 1947), Allomyces spcs. (Yaw 1950),

Aspergillus nidulsns and Aspergillus oryzae, (Ponte-

corvo 1946), Aspergillus terreus (Rapor, Coghill end

Hollaender 1945), Coprinus fimetsrius (Fries, L. 1948),

Glomerella cingulata (Market 1950), Ophiostom@ multi-

annulatum (Fries 1945), Penicillium netatum (Pontscorvo
and Gemmel 1944, Pontecorvo 1947 Tonner 1946) and

'Ustilago maydis (Perkin 1949). Nutritionsl mutents

have also been isolated in Actinomvces flaveolus (Kelner
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1947) and among the following bacteria, Acetobacter

‘melanogenum (Gray and Tatum 1944), Zchromobacter

fischeri (Farghally, Miller and MciElroy 1948),

Azotobacker agilis (Karlsson and Barker 1948),

Bacterium subtilis (Burkholder and Giles 1947),

Bacterium aerogenes (Devi, Pontecorvo and Higgin-

bottom 1947), Escherichia colli (Gray and Tatum 1944),

and Salmenella typhimurium (Plough, Young snd Grimm

1950). Similar mutants have been found in bacterio-
phage (Delbruck 1948), yeasts (Lindegren 1949) and the

unicellular algae Chlamydomonas moewusii (Lewin 1952)

and Chlorella spes. (Graniek 1949).

Beadle and Tatum (1945) have detailed the methods
which they employved In isolating nutritional mutants

from Neurospora. Macroconidia, asexual multinucleate

haploid spores, are treated with a mutagenic agent

and then applied to protoperithecia of the opvoosite
mating type. The ascospores which are produced after
sexual fusion and meiosis are haploid; these are
placed on to com@lete medium and the colonies which
grow up are isolated and tested for their growth factor

recuirements. Those which do not grow on Neurospors

minimel medium are classified as to their specific
growth factor requirements after further tests.

The ascospores recuire to be heat treated for
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germination to occur but it has been shown that chemicsl
activation is equally successful (imerson 1848).

The Total Isolation method developed by FPontecorvo
(1947) for orgenisms with uninucleate haploid cells is
of course much less laborious than Beadle and Tétum's
original method since cells are plated out directly
following mutagenic, treatment without the laborious
methods of spermatising protoperithecia, etc., entailed

in Neurospora. However, in addition to bearing macro-

conidia Neurospora crassa also produces small sssexusal

spores known_as microconidia, These spores, which are
haploid and uninucleate can be plated out,diréctly
following mutagenic treatment (Tatum, Barrat, Fries an_d
Bonner 1950) so that Pontecorvo's method can in fact be

used in Neurospora, slthough certain difficulties have

to be overcome because of the spreading colonisl growth
and the readiness with which héterocaryons are formed
(Beadle and Coonradt 1944). However this can be over-
come by limiting the growth of the colony. A restricted
colony growth can be obtained eithér geneticelly as has
been done by Lindegren and Lindegren (1941), who used

a strain with a single gene difference, 6r by adding
substances to the medium which resﬁrict growth (Tatum,

Barrat, and Cutler 1948, 1949). These substances

include a synthetic detersent known as Tergitol =nd



sorbose. The limited growth of inositolless mubtants

of Neurosvora (Beadle 1944) and Ophiostoma multisnnu-

latum (Frieg 1949a) on certain concentrations of
inositol are exemples of other paremorphic effects.
Tatum @t al (1950) used an inositolless mutant in their
experiments in isolating nutritional mufants from
mitagenically trested microconidisa.

Improved methods of mutant isolation have been
described in ;ther microorganisms. Ledeberg and Tatum

(1946) introduced a delayed enrlchment technique using

kscherichia coli; an agar minimal plate was poured in

three layers to the middleleyer of which had been added
the mutagenically treated cells, while it was still in
the liquid state. This stratificatién keeps the cells
in a colohy from contaminating the entire onlate in the
next stép. After a short period of incubation, visible
colonies are marked; a fourth layer of comnlete medium
was added and the plates reincubated.  Any further
colonies which developed were isolated and tested ss
possible mutants. The principle of the method was
that non-mutants would grow up after the first incube-
tion and nutritional mutants after further incubation
with added complete medium. However, delayed growth
of non-mutant cells, following the mutegenic treatment,

prevented the technique from being wholly successful,
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althouslr there was an incresse in the nercentage of

mutants isclated. In 4dspergillus nidulans (Pontecorvo

1952) o similer method increased the percentagze of
mutants by a factor of two or three over the normal
Total isolation technique. Meyersburg, Pomver, and
Cutter (1949) have described a quick method for marking
the colonies which grow up after preliminsry incubation.
A photograph is taken on high speed/high contrast paper,
and after the second incubation, the plates are super-
imposed on the photographicpaper. Colonies not shown
on the paper are isolated. It is claimed that this
method saves a considerable amount of time when a 1arge
throughput is desired.

A limited enrighment method ﬁas been used in

Bscherichia coli (Davis 1949). The treated cells are

‘plated on to a medium containing, for example, a2 limited
amount of casein hydrolyséte. After a period of incu-
bation, sny tiny colonies are obéerved under a microscope
~and marked. Persistently tiny colonles (following
furﬁher incubation) are plcked up as possibie mutants.
It was found that over 50% of the isolates were in fact
mitants. The 1imited}émount of casein hydrolysate will
only allow amino acid requiring mutants to carry out
microscopic growth. A similar technicue has been

employed in Ophiostema multiasnnulation (Fries 1950).
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Another technique developed for bacteris makes
usge of the fact that the amtibiotic, penicillin, is
only active against growing bescteria. (Davis 1948,
Lederberg and Zinder 1948). Cells are incubated in
liquid minimal medlum containing penicillin (but see
below). The wild type cellg commence growth snd are
killed. Davis found over 80% of the surviving
colonies were nutritional mutants. Certain vprecsutions
are necessary‘for the workings of this method. Over-
crowding leads to syntrophic effects and also a direct
plating on to minimal medium, following mutagenic
treatment, yiélds no mutants. Apparently there is a
phenotypic lag in the adjustment of mutated cells to
their new genotype, so that an intermediate cultivation
is necessary (Davis 1950, see also Adelberg and Myeré
1952). A technigue based on these same principles
and using SOg2 as a killing agent has been apvlied by

Forbes (1952) in Aspergillus nidulans.

A filtretion method has been described in

Ophiostoma multiannulatum (Fries 1947). Treated conidia

are suspended in liocuid minimal medium for a time and
then filtered through a sultable filter. On suspension
in minimal medium, unmutated wild type conidla germinate
so that on filtration, the non-germinated mutant conidisa

pass more easily through the filter. 12 to 15% mutants
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were isolated by this technique as against 1 - 2%
mutants by Total Isolation methods. This techniaue

has been used in Aspergillus nidulans (Hockenhull

1948) .,
It has been shown thset if trested cells of

Achromobacter fischeri are incubated in the cold

(8°¢) then induced nutritionsl mutants have a selective
advantage over wild type célls (Farghally, Millar and
McElroy 1948). |

In the starvation technique which has been
developed for the isolation of nutritional mutants in .

- sAgpergillus nidulans, it will be seen that use is made

both of the technique devised by Lederberg and Tabtum
(1946) (see above) and of the bbgervations of Fries
(1948a, 1948h) on starvation cultures (Macdonald and
Pontecorvo 1950). The layer plating methods are very
similar to those employed by the former worksrs only
the delay period prior to enrichment with complete
medium is very much extended to allow the development
of any differential survival. effect. |

Conidia of the biotin requiring mutént of

Aspergillus nidulans are treated with a mutagenic

agent and layer plated on to agar minimal medium.

After suitable periods in this starvation medium,

complete medium is added and a rendom sample of



l1golates made from the colonies which develon. A
substantial number of these isolates bturn out %o be
nutritional mutants. The success of the technigue
aevends on the fact that mutant conidia which are
induced by the. treatment and have one other growth
factor requirement'in addition to biotin, survive
starvation for a longer period and are thus enriched.
Experiments are described in this part of the thesis
in which nutritional mutants were isolated by the
starvation technique,’foliowing X ray and u/v
irradiation.

A section is devofed to the methods which were
used to classify the large number of nutritional
mutants which were isolated. The methods employed by
most workers to characterise the growth factor reguire-
ments of nutritionsal mutants appear to be those of
Beadle and Tatum.(1945). ‘The colonies which ZTOW Up
on complete medium, followihg matagenic treatment are
isolated bn to complete medium slopes. These are
tested for growth on minimal medium, those which grow
being discsrded as non mitants. The remainder sre then
tested on various compew:_ents of the complete medium
and later, devending on the response to certain compe== -
nents, bested on substances known to be contained in the

various fractions.

Fries (1948b), however, has described a method in
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Opvhiostoma multiannulatum which avoids the wasteful
cultivation of non mutants on comnlete medium slones

Conidia from each colony growing after mutation h

)
)

been induced, are spotted in marked positions on Petri
dishes containing agar minimal medium (about 20 sSpots
per dish). Those sub cultures showing no growth
after incubation are then b= rescued on to complete
medium slopes, and later tested for their specific
requirements..

The Auxanograpﬁic method is of congiderable use in
mutant characterisation (Pontecorvo'1949a). A Petri
dish is poured with seeded agar minimal medium.
‘Various substanées can then be spotted in marked posi-
tions and growth round the spot where a particular
nutrient is placed indicates a requirement for that
subsfanoe. This technigue is also extremely useful in
showing up antagohistic and other effects between
different growth factors.

‘Both auianography and the methods of Fries have
been used in the characterisation of nutritional
ﬁutants iﬁ the work to be repownted.

Finally, the efficiency of the starvation method
is discussed and some comparisons are mede between the

type of mutants isolated by thils method and by other

technigques.



Z. Materizl sasnd Methods.

Material.

a) Strain used:

50

The blotin requiring mutant of Asvergillus nidulsns

which was used in the experiments described in Part I

was established as the parental cultare on minimal

medium supplemented with biotin.

Sub cultures were

made by mass transfer of conidia on to minimal medium

¢

with added biotin. In all the experiments 6 day old

sub cultures were employed which had been grown up at

379C.

b) Medias

Only media not hitherto described are listed. They

are routinely used in the Department of Genetics at

Glasgow.

Ultra complete mediums

The congtituents were the same as in routine

complete medium Withvthe following new constituents

added per litre of medium.

Hydrolysed Thymus

Nucleic Acid = ¢ 3 ml

(see below)

Hydrolysed Blood : 3 ml
Jorpuseles (see below)

Additional Vitamin : 1 ml

Solution (see below)

Casein Digest : 5 ml

‘(see below)

Hydrolysed Blood :
Plasma (see below)

3 ml
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This medium was made up in the same wsy as routine
complgte medium. A1l the extra constituents were
added with the other constituents, apart from the
vitamin solution which was added after filtration.

The preparation of the extra constituents:

Casein digest: Combine peptic and tryptic digest
of casein and equivalent to 125 mg ovaasein per ml.
pH c.6. Stored over chloroform at 4°C in dark, pre-
ferably for not more than three months.

Hydrolysed Thymus Nuelelc Acids This was pre-
pared iﬁ-exaétly the seme way as hydrolysed yeast nueleic
acid which has already been described (Part I. MNsterial
and Methods).

Hydrelysates of Blood: 25 ml of Burroughs Welcome
oxalated horse blood was centrifuged and plasma and
.oorpuscles were separated.

Corpusdles: Packed corpuscles were mixed with
25'ml 2N HC1l and autoclaved for 10 minutes at 15 1lbs
pressure. The mixture was then cooled and bfought to
pH 10 with NaOH,land filtered. The solution was then
diluted to 75 ml with H20, keeping the pH at 10 and
stored over chloroform at 4°C in dark, prefersbly for
not longzer than 2 months. Each 3 ml of this solution

was eculvalent to corpuscles in 1 ml of horse blood.

Plasma: The supernatant plasma (following
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centrifugation) wes mixed with 25 ml of ZN HC1l and
autoclaved for 10 minutes at 15 1lbs pressure, cooled,
the pH adjusted to 7 with NaOH and filtered. The
gsolution was then diluted to 50 ml at DH7 and stored
asg for oorpﬁscleS'hydrolysate.. 1 ml of this solution

was equivalent to plasma from 0.5 ml blood.

Additional Vitamin Solution:

Inositol 0.5 gms. Desthiobiotin 50 microgms.
Folic acid 5 mg. Ribeflavin 3 mg.

Pyridoxin 5 mg.

This was prepared in'thelsame'way as the vitamin
solution used in routine complete medium.

Supplemented Media.

In the plate test methods used in the character-
isation of nutritional mutants (and to be described
later), agar minimal medium, with added desthiobiotin
(5 microgms/litre), was supplemented with certain
fractions of vltra complete medium inciuding

Casein Hydrolysate) 5 ml of the standard solution
was reguired per 100 ml of medium for good growth of
amino acid requiring strains.

Vitemins) 0.2ml of normal and 0.2 ml of additional
vitemin solutions were used ver 100 ml of medium.

Aden ine) 5 ml of the 1.25 mg/ml solution was used
per 100 ml of medium.

Sodium Thiosulphate) 0.2 ml of & 50gm/100ml solution



was usged ver 100 ml of medium. This golution was
sterilised over a period of three days for % hour each
day at 95°C.

Sodium Sulphite) as for sodium thiosulphate.

c¢) Mutagenlc Agents.
X rays.

The X ray source was a Watson 90/30 Trolley. set
Type C (Power Mobiliﬁ - Austerity Model). The tube
was an alr cooled Aeromax 12. The wavelength was 0.53,
the filtration being equivélent to 0.5 mm Aluminium.
Irrediation was with a tungsten targek of 85KV and 4mA
and over.% hour, the time used, the dosage was approx-
imately 50,000 roentgen.

Ultra violet rays.

A Hanovia XI, low pressure mercﬁry lamp was
employed. The model had a 12 inch filter-jacketed
tube. The consumption was 30 watts and the maximum
operating intensity was reached within half an hour of
switshiné on, 87% of the output being in the 25378
region, which comes close to the pesk line for mutagenic
activity.

In the experiments to be described, irraaiation.was
done at distances ¢f 40 cms and 45 cms from the tube.

In each experiment the u/v dosage is expressed as a

killing rate calculated from viable counts after



irradiation relative to conidia plated (estimated

by haemocytometer).

Methods.
a) X ray irradiation: This mefhod is routine in the
Department okaenetics at Glasgow.

A squsare bf agar covered with a thick felt of
conidia was cut out from a six day old sub of the biotin
requiring mutant and placed in a sterile Petri dish
whose 1id was replaced by a cellophane cover. The
dish was then placed ih vosition en the E ray unit.
After the required dosage of 50,000 roentgen had been
given, the agar square was removed and placed on the
inside of a boiling tube containing a few ml of saline
and calzolene solutions. The conidia on the agar were
- washed down into the liquid with the aid of a Pasteur
pipette and the agar wes then discarded. The conidial
chains weré then broken up and the spore density
estimated by haemocytometer  count.

"b) Ultra violet irradiation:

A dense suspension of conidia wa§ made in saline
and calzolene solution and from this a final 10 ml
suspension was vprepared containing a million conidila
ver ml. Thls was poured into a flat Petri dish. The

depth of the liguid was 1l.5m.m. From previous datea



vallable 1t wes shown that, with the lamp at = distance
of 45 cm from the inside bottom of the dish (measured
firom the centre of the tube), an irradiation of 8
minutes gave a 95% kill, and at 40 cm an irradistion of
5 minutes gave a 75% kill. The Petri dish 1id was
removed during irradiation and the plate was rocked

for 5 seconds every 15 seconds to below the point when
splashing would occur. The conditions observed in all
experiments, with regard to the unavoidable exposure of
the conidia to light, were étandardised as much as

possible to equalise photoreactivation effects.
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3. X ray Irrsdiation.

A direct plating of irradiatiem conidis on to a
starvation medium would only be effective i1f there was
no delay in phenotypic expressions necesssry for

aiff

erential survival to operate. The obvious way to
decide was to irradiste conidia, plate out on starveation
medium and determine the proportion of mutants among
sufvivors as starvation progressed.

In the first experiment, conidia of the biotin

recuiring mutant of Aspergillus nidulans were X ray

irradiated (50,000 roentgen dosage) and plate embedded
in known numbers on the starvation medium, in this case
- minimel medium. The techniques involved hsave already
been described (see Fig.l). The control plates were
enriched with a top layer of ultra complete medium and
all the plates were then incubated at 37°C, the
starvatlion plates being enriched over inoreésing
periods of time. The complex ultra complete med ium
was used in the hope of isolating a very varled selection
of nutritional mutants.

The isolation methods and the characterisation of
nutritionsl mutants are described in a later section.

The results of this experiment showed that the ver-

centage of nutritional mutants among survivors does



increase very markedly as starvation progressed (Table
7). Another experiment carried out in & similer
manner confirmed these results (Table 8).

Details from both experiments.are summarised in
Teble 9.

Apparently the increase in mutant vercentage does
not continue beyond a certain period of starvation
(Plate 3). Presumably delayed germination.in o pro-
portion of the biotinless conidia may account for this.
Such a delay, produced by irradiation, is probably non
genetical (see Davis 1949). If a proportion of conidis
of the mother strain has germiﬁation delayed, then it
would be expected that this proportion would survive
starvation longer than the remaining conidias of the
mother strain. The general effect would be to increase
the survival of conidia of the mother strain on minimel
medium relative to nutritional mutant conidia. The
ratio of mubtant type to mother type will increase as
long as the mutants‘have a grester degree of survival
under starvation. From the experimental results, it
appears that ﬁpoint may be reached where any further
enrichment of mutant conidila is masked by long surviving
mother strsin conidis (presumsbly having long delayed
germination). .

Nsturally the nutritional mutants themselves die



oft =8 stervation progresses, 2s can be seen in
7, where the logarithm of the number of nutritiona
mutants per one million vplated conidla 1s plotted

against the period of starvation.
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g X-rays 50000 *.
‘ o UV. 95% killed
X UV. 75% killed

2

%o MUTANTS AMONG SURVIVING

[e2} — ~——
40 80 120 160

HOURS OF STARVATION

\ Plate 3. After X ray and u/v irradiation of
conidia of the bilotin requiring mutsnt (bi) the
proportion of nutritionsl mutants among survivors
increases to between 40 - 60% after 140 - 160 hours
starvation from about 1 - 2% with no starvation.
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4, Ultra violet irradiation.

In two starvation experiments conducted on w/v
irrediatéd conidis, the dosage given vproduced in the
region of a 95% kill. In one other experiment a 75%
‘killing rate was produced.

The methods of uw/v irradiation, plating, starv-
ation, etc., have already been described.  As in the
X ray experiments, the plates were enriched with ultra

complete medium after starvation.

The experimental results confirm those already
obtained for X ray treated conidia. (Tables 10 - 13.
.Pig. 8. Plate 3). |

A 75% kill was used in the hope of minimising as
far as possible non-genetic delayed germination effects,
concofnitant with a reasonable initial number of mutents.
It appears that even at this dosage the percentage of
mitants did not increase beyond a certain point (Plate 3).

A comparison was made between reconstruction and
irrédiation dying off rates (Plate 4). The reconstruc-
tion resits are from various experiments described
betore and later, and the irrediation results from the
experiments degeribed in this section.

Irradiated biotinless conidis obviously survive

longer on a starvation medium then do non-irradiated
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bilotin conidia, a function of the slower dying off
rates of the induced mutants present in any irrasdiated
sample, and probably also of the delayed germination

of = proportion of the non-mutant conidia.
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RECONSTRUCTION 1RRADIATION 1
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Plate 4. In the graph on the left, the
conidia of strains bi and ybi, recuiring biotin,
are shown to die much fester on minimel medium
than conidia of strains derived from them (y i thi
and bl w ad) and reguiring "thiazole" and adenine
in sddition to biotin. & comparison of both graphs
shows that conidia of the bilotin requiring mutant
survive on minimal medium longer after mutagenic
treatment than with no treatment, due to the
increased proportion of mutants and probably also

to delayed germination effects.
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3. Routine identification of growth

L]

recuirements of nutritionsl mutents.

1

such, two general methods of charscterisation were used.

a) The Plate Test Method: This involves the testins

of mutant strains for ebility or otherwise to grow on

i,

';JO

the minimal medium sufficient for‘the parent strs
supplemented with fractions of complste medium. The
agar medium was poured into Petri dishes and twenty
strains could be tested in marked positions on esch
dish, In the starvation exveriments the parentsl
minimal medium was minimal medium with added cesthio-
biotin, This substence was used in plece of Tioctin
since the parent strein will utilise both equelly well
and it was hoped that 2 mutant mizht be isolatsd with g
metabolic block between desthiobiotin and biotin.

(¥o such rutant wes in fsct found).

b) Auxenograsphy: Conidia of s mutritionsl rutant

were seeded into azar medium (minimsl for the varent
strain) while it was still molten (but below 55°3). The
medium wes then poured into one or mors Petri dishss znd
on solidificstion was incubsted for sbout B houirs,
Growth fector substances were then spotfed in o

Iter furtrer incu-

Ity

j)

nositions on the dish or dishes =nd,
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bation, an area of growth round a particular mutrient
indicated a requirement for thet substance.
The rule is that when a large number of strsins
ave to be tested on a few substances, plate test
methods are used. In the opposite case, when o few
strainsg have to be‘tested on many different substances,
auxanography is used.

The isolation and characterisation of nutritionsal

mutants.

After the conidisa sufviving irradiation and starv-
ation had been grown on ultra complete medium for 36
hours, the plates were removed from incubation and
colony counts made. AT that time, the colonies had
not begun to spore so that mycelial isolates could
safely be made without fear of intercolony spore con-
tamination. These isolates were done with the aid of
a fork sheped needle (made by twisting two strands of
michrome wire together) and were placed in marked
positions on plates of minimal medium supplemented with
desthiobiotin, twenty isolates per dish. When the
colonies were rather dense, a2 random sample was taken
of those whioﬁ?ﬁisorete. No sttempt was made, at any
time, to select colonies either by their size or
morphological characteristics. The starvation experi-

mentg plates were then re-incubated and any further



colonies which developed were counted and those which
could be isolated were picked up as before, care being
taken to avoid intercolony spore contamination at this
noint.

The test plates were then incubated for 48 hours
and the non~growing colonies weré regcued on to ultra
complete medium slopes. These colonies were able to
survie on the tiny piece of complete medium‘which came
over with each isolate. The slopes were then incubated
for 5 to 6 Heys, when the majoritj had spored. Any
further plate tests were made by conidial inoculations
(apart, of course, from the non-sporing colonies, where
mycelia inoculations were used); these were done from
belowkwith the plafes inverted to prevent spere
scatter. Normally at this point, duplicate_plaﬁe
tests were made on parental minimal medium and ultra
complete medium so that morphological mutents, character-
ised by poor growth on both media, could be discarded.

Experience regulated further plate testing.

Since most of the mutants isolated from starvation
experiments were unable to utilise subphate, recuiring
sulphur in a more reduced form, the next series of
plate tests were done on the parental minimal medium
supplemented with thiosulphate, those mutants which

responded were then tested on a sulphite medium. The



next commonest typme of recuirement was for edenine, =o
thatbthose streins showing no growth on the thiosulvhote
plates were tested con parental minimel medium with
acdenine added. Those strains remaining were then
tested on casein hydrolysate and vitamin supplemented
plates. Stralns responding to either of the latter two
supplements were finally characterised by suxenography.

A diagrammatic representation of mutént ckaracter?
igation is shown in Plate 5 while Plates 6 - 8 ghow
actual nplate tests.

Nutritional mutants were listed as unclassified only
after they had been shown not to respond to the sub-
stances or groups of substances listed below. Hach

substance was tested singly, apart from when otherwise

mentioned, on auxanographlic plates.

a) Amino acids and related compounds.
L Arginine HC1 L Lysine HC1l - - L Ornithine 2 HC1
L Proline » DL Methionine | L Cystine
DL Phenylalanine Leucines (Natural) DL Leucine
L Tyrosine L Histidine HC1 DL Tryptovhane
L Glutamine I Asparagine ~ ,Lvastein
Glycine L Glutamic acid L Aspartic acid
DL Serine DL Threonine L Alanine
Anthrenilic acld L Citrulline Kynurenine

L Iscolsucine L Valine



ROUTINE CHA RACTE RIZATION OF 10O STRAINS

/[ 100 Minimal Medium Sdishes

|

—

M.M+ thiosulphate § «

%ﬁ:{i‘gm MM+adenine 2 .
218 |M.M+casein hydrol. 1 «

A\ MM+ sulphite 3.

PLATE TESTS

BI13] MM+ vitamins .

—

grow

AUXANOGRAPHY

1- 8 : AMINCACIDS

Plate 5. Diagrammatic representation of-
the methods used in characterising the growth
factor requirements of nutritional mutents isclated
by the starvation method.
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Plate 6. Isolates
made from 60 colonies,
arising on complete
medium from conidia sur-
viving mutagenic and
starvation treatment, on
to 3 plates of parental
minimal medium. 20
isolates (marked 1-20)
failed to grow and were
rescued on to complete
medium.

Plate 7. These 20
isolates were tested on
parental minimal medium,
(left) and on this
medium with thiosulphate
(right) . Isolates 16,
19 and 20 discarded as
non-mutants. Isolates
3., 6, 8 9, 10, 12, 13,
17 and 18 classified as
thiosulphateless and the
remainder tested as
below.

Plate 8. Remaining
| Isolates tested on
parental minimal medium

iwith adenine (top),

'vitamins (left) and with

casein hydrolysate (right).

Further characterisation
was carried out by
auxanography.
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b) Vitemins.

Ca Pantothenate Riboflavin Pyridoxih

Inositol Nicotinic scid Nicotinamide

Biotin Desthiobiotin Aneurin

Paraminobenz?éc Folic acid Choline HCL
aci ‘

c) Purines, Pyrimidines, and their nucleosides.

Adeﬁine HC1 Adenosine Guanosine
Guanine Uridine Cytidine

Phenylalanine, p-aminobenzoic-.acid, tyrosine,
and enthranilic acid were made up in a saturated
solution and tested together

Leucine, isoleucine and valine were spotted in
triangular fashion to facllitate the detection of
interactions.

Out of 501 mutritional mutants tested, only eight
remained unclassified; of these, seven respond to
casein hydrolysate and probably require two seperate
amino‘acids. There is some evidence that the remaining
.8train requires sompenents from yeast nucleic acid |
hydrolysate and from casein hydrolysate.

Tables 14 - 16‘show the classification of the

nutritional mutants from starvation experiments.
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6. The Lfficiency of the Starvation Method and

a comparison of mutants obtained with other technicues.

For comparative purposes, o 1list of nutritional

mutants obtained from Aspergillus nidulens both by

Total Isolation and Starvation Methods is shown in
Table 17 and 17A. Most of the wotal Isolat;on data has
been very kindly méde available by Dr. G. Pontecorvo and
Dr. J.A. Ro?er (see Pontecorvo 1852).

In en initial comparison between Total Isolation,
Delayed Enrichment (Pontecorvo 1952, ¢.f. Lederberg and
Tatum 1946) and 8tarvation Techniques, the over all
efficiency of the starvation method can be clearly
seen (Plate 9). A more particular compsrison between
Total Isolation and Starvetion Methods shows large
guantitative differences, when the mutants are dis-
tributed into certain main groups (Plate 10). The
most striking quantitative differences are shown by
sulphiteless and ademineless mutents. From Total
Isolation date available, these two mutant groups are
in fact léss numerous than mutants requiring vitamins
or smino acids (Fig 10). The vast quantitative
distortion in the spectrum of mutents after starvetion
by both sulphite and ademine recguiring strains cen

only be reasonably explained by their being very much
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EFFICIENCY OF DIFFERENT TECHNIQUES FOR THE
ISOLATION OF MUTANTS IN ASPERGILLUS NIDULANS.

X-RAYS 60.000 r. U.V.
95% killed

TOTAL DELAYED STARV. BTARV,

ISOLAT. ENRICH. 396 h.| »96 h.
ISOLATES | 3438 | L 34 ™
MUTANTS 81 4 94 309
Percent | 2.4% 5.6% 27% 398

Plate Q. The efficiency of the starveation
technique is very much greater than that of other.
technigues for the isolation of nutritional mutents.
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Plate 10. The spectrum of mutants obtsined
with the starvstion technigue covers the same
cuelitstive range as Toteal Isolation. There 2rs,
_»,sm\ve“f, 13?‘5-@ qusaz ‘Eitc'ﬁ;l’a’ﬁ diffs




better able to survive stafvation treatment than any
other group of mutants. |

A more careful enalysis of svecific recquirements
illustrates that there are also cualitative differences
present (see Tables 17 and 174). For example, when
the mutents which grow on arginine were examined for
thelr responées to ornithine and proline, it was shown
that all the srginine requiriné-mutants isclated by the
starvation method wouid also grow both on ornithine and
proline; ‘whereas, smong those picked up by Total Iso-
lation methods, é requirement for arginine or ornithine
but not proline was most common, although the other two
types were also present (i.e. those which would only
grow on srginine and those which srew equally well on
erginine, ornithine andbproline). Mutants unable to
utilise nitrate but which grow on nitrite or a more
reduced form of nitrogen, are also absent from the
starvation isgolates.

Another comparison which can be made is that of
the relative>efficiency of the starvation method over
different starvation periods (Tsble 18, Figs. 9-12).

It is clear that the veriod of stervation is of
conéiderable importance with regards to the efficiency
of the technique for the isolation of any one group of

mutants. From the experimental results, those mutents
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far exampls, the technigue becomes more efficisnt For
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done.




[T °TqR] WOIJ ©YEp UOTHBTOSI

Teq05 TT® Sopnroul

3G ot 8°8 cz*z €9'9%2 | <22 0 TO*TT | G*0T¢ G112t 000T zod +»
022 K T €1 T 0 g ™T aq wGh T9T-0%T
96°gh¢ 0 8L ¢9°GT | T2°¢ 0 W0t | 16°002 8¢ 60T 000T aod *:
HET 0 ¢ 9 2 0 N LL A Q¢ 6¢T-8TT
89° /4T 8¢*¢ ozt | STO0T | O 0 419G | ThehlL TL*Th 000T Jad ¢
T¢T ¢ TT 6 0 0 G 99 LS JASS] LTT-96
82°02 €G¢ wQH 9/*2 ot*0 | w5z | ow*0 GT°1 G2 000T aod ¢+
)
98 1z 2 2T z T z G T 9eeT ,Hogme0v
¥
‘sjusgny sjueyny SUTWe3 TA SPTOY Mmz moz lmoww umom saut ‘ *SJI Ut
Te30% pPotg outury -pTWTIAT | S938TOST wIB1g
-T88 ug o *oN (¢]
FESTTOU -:09 3utpuodsex sjuejn ///mmmﬁhﬂm J A @0%&@&
*QT HIEVL

*SpOTJI8d UOT}BAJIRLE

JUSISJJTP UT 90USINDOO0 ITolj 0} S€ DPOTJLISEe[O SFUBHY| T[eUo 13 TAFNN




301

w

w /
-

<

J .
o

W

- 20'
()

(s 4

w

Q.

(V)]

-

Z

<

o |

S 10
T )
o)

o

Z

FIG. 10.

1234567 1234567 1234567 1234567

0 Hrs, 296=117 Hrs, 118-=139 Hrs, 141~ {
Total Tsoln. 2 160 firs.
" Data

This is similar to fig. 9, but the ordinate scale
has been adjusted to show the quantitative
variation more clearly in groups of mutants other

than those requiring sulphite, or purines or

pyrimidines,
The abcissa notations are the same as in fig, 9.
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FIG. 9., The quantitative spectra of groups of mutants .

are shown over different starvation periods,
Large quantitative differences are apparent.
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FIG. 12, The quantitative variation in each group of

mutants is shown over different periods of
starvation, The abcissa notations are as in

£ig. 11,
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F1G. 11, The quantitative distribution of two groups of
mutants is shown over different starvation
periods,
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7. Discussion and Conclusions.

In his starvation experiments, Fries suspended

mntrested conidia from individusl strains of Onhiostona

multiannulatum in a liquid starvation medium and after

periods ranging ffom about 30 to 50 days at 25°C, plated
out suspensions on to complete medium, isdlating and
testing those single colonies which developed from
surviving conidia. On the asverege close on 1% of the
isolates proved to be nutritional mutants (Fries 1948a,
1948b) .

In the starﬁation method which has been developed

for the isgolation of nutritional mutants in Aspergillus

nidulans and which has been described in this part~of
the thesis, Fries' methods have been telescoped somewhat
and the experimental manipﬁlations rendered more simnle.
The efficiency of the starvation method has also been
greatly increased notebly by pre-treatment of conidia of
the mother strain with u/v or X rays prior to starvstion.

The method in Asperpzillus nidulans is to layer plate the

treated conidia of the biotin reguiring mutant on to
mihimal medium and«after-é to 6 days at 37°C, add a top
iayer of complete medium. Over 40% of the isolates
made from the individual colonies which develop are

mutritional mutants.
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Delayed phenotypic expressioné are not uncommon
among certain bacterisl mutants (Demerec and Letearjet
1946, Davis 1948, and Newcombe and Scott 1949) end ss
has been mentioned, it was concelvable that on subject-
ing conidia with newly induced nutritional deficiencies
to the effects of immedliate starvation, s phenotypiec
lag might occur in their reaction to the environment
-and continue 1ong enough to allow those conidia to die
off as quickly as the parental biotinless strain. The
fact that, in genersl at least, no such effect was
found might be an exﬁression of the lack of cavacity
of conidis to store growth factors which, after mutation,
they are no longer able to synthesise; since if suffi-
cient of such growth factors were present for normsl
germination to proceed then presumably there would in
fact be a phenotypilc i&g.

Oout of 501 nutritional mutants which were isolated
by the starvation method, all but 8 were completely
characterised and were shown to require one other growth
factor in addition to the biotin requiremént common to
all. These results are of interest in connection with
Horowitz's appreach to the one gene/one enzyme
hypothesis (Horowitz 1950). The origin of this
hypothesis is not clear, but the idea is implied in the

works of Garrod, Onslow, Haldane and others, and has
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been more recently formulated by Beadle {1946). Since
then, he has reclarified the conception of the hypothesis
which‘he now calls the one gene/one function hypothecsis,
to take into account the fact that the specifity of
nuclelc acids, non enzymatic proteins and perhaps other
compounds are gene controlled (Béadle 1951). The
suggestion is that a given gene is concerned in =
primary way with but one single enzyme. Whether a gene
may act as a template in the production of alsbecifio
enzyme or not can only be conjectured but the hypothesis
implies that an enzyme cannot arise de noyvo in the

" absence of the corregponding gene. The hypothesisvis
then that all the genes in an organism are each concerned
in a primary way with individual enzyﬁes or functions.

In Neurospora many mutants with single growth

factor deficlencies have been shown by genetical anslysis
to differ by single genes from wild type. Out of 484
independently occuring nutritional mutants, which have
been obtained in this organism, 405 or 84% recuire one
sinéle growth‘factor and it can be reasonsbly assumed
that in these 465 mutants one gene 1s concerned with but
one function (Horowitz 1950). The requirements of the
remaining 16% have not been worked out but these will
probably include mutants having recuirements for single

growth factors not so far tested and mitents with two




senerate gene mutations.

[0}

the question arises whether sll the genes in

Neurospore are unifunctional? One sappreach is to

male a search for multifunctional genes.

Many gene functioﬁs must be irreparable from the
environment and if it is assumed that the distribution
of such functions 1s random between unifunctional =nd
multifunctional genes, then the possibillity of finding
the latter type genes will be less than the former.
Horowitz (1950) has attempted to estimate the frection
of irreparable gene functions by reference to so called
'temperature! mutants in Neurospora. At 25°C some
mutants grow on minimel medium but at a higher témper—
ature (35°C) they will only grow on complete medium and
are found to have specific Single growth faector reguire-
ments at this temperature. Other mutants which elso
grow normally at 25°C on minimal medium.are found to be
unaeble to grow at 35°C, even on complete medium.
Presumably in the latter case, functions which are nét
repareble from the environment have been lost when
growth is at 35°C.  The proportion of the two tyves of
mitants 1s 1 § 1 approxzimately. If the asssumption is
mede that the 1ikelih§od of genes muteting to temner-
atures olleleg is the seme whether they have rensrsble

or irrensrable functions, then a messure of the fre-




guency of both functions is availsble. That i¢ to say
of ell gene functions, apvroximately half ere irrensrable
under the expyerimental conditions invelved. On this
besis 1t becomes possible to corrccet dsbte 2llovinz for
the fact that unifunctional genes are more iikely to be
recovered than multifunctional genes. Assuming thst

the unclassified 16% of mutritionsl mutants in Neurosnors
were mutents of bifunctional genes, Horowitz (1950)
estimated the correct frequency of unifunctionsl renes

as follows:-

84 . 0.84

Observgd frequency = 34 ¢ 16

Corrected frequency = Si i

i.e. about 73% of the genes in Neurospora ars
unifunctional. This estimate agrees very closely with
the result obtained when the Poisson distribution is
apvlied to account for genes with more Than two Ifunctions
in the unclassified 16%. It would appear urlikely
that selectlon is the cause of szuch s high frequency

of unifunctional genes being recovered and since the
figure obtained could be a minimia one, the evidenoe is
not necesssrily inconsistent with 211 genes being
vnifunctional.

Making similar gssumpiions, the evidence in
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sven more suggestive that 211 the genes in these micro-

organisms sre unifunctional. In Ophiostoma 435 out of

463 or 94 mutants reguire single growth factors (Fries

1647) and in Asvergillus 98% of the 501 mutsants

isolated after starvation each require one growth factor.

The use of a complex medium in the hobe of isolating
a great variety of muténﬁs does not recommend itself.

As has been mentioned{ out of 501 mutants isolated only
8 remain uncharacterised; seven of the latter gsrew on
casein hydrolysate supplemented minimal (and prcbebly
are double‘mutants having two growth factor recuirements)
while there is some evidence that the remaining strain
requires components of both yeast nucleic acid and
casein hydrolysates. Probably none of these nutritional
mutants have growth factor requiremenfs of an unusual
nature and, although blood hydrolysates were'incorpor—
ated in the complete mediﬁm, no mutants requiring haem
derivatives were in fact isolated.

It ié becoming increasingly clear that certain
types of mutants can never be isolated when complete
media are used, evén although they'can survive when the
required growth factor alone is supplied exogenously.
Such mutants are inhibited by other substances present
in the complete media (e.f. Lein, Mitchell and

Houlshan 1948). Fortunately other techniques have




been devised which will be discussed in the intro-
duction to Part IV of this thesis, and the starvation
method has also been adepted so that these typesof
mutents can be picked up. These sgelective stervation
methods will be described in Part IV.

The efficiency of the starvation method over
other isolation techniques has been smply demonstrated.
The obvious conclusions to be drawn from the large
quantitative differences in the types of mubtants
~isolated after starvation, when compared with those
from Total Isolation, is that there is a sekction in
progress for certain nutritional mutants by virtue of
their slower dying off under starvation. It would
aprear that the dying off rates of strains requiring
one other growth factor in addition to biotin are not
due solely to their increased degree of heterotrophy
as Fries (1948a, 1948b) has suggested buﬁ dependent
also on the specific additional requirement.  This
will Dbe discussed more fully in the next part of the
thesis.

The qualitative differences are also of some
interest. Presumably those mutants not found after
starvation die off relatively cuickly.

Certain mutants have been 1lsolated after starvation

and not by Total Isolation, and include those which




recuire vnhenylalanine, isoleucine, pyridoxin, efr, Thig
is almost certainly due to the comvaratively small number
of mutants wﬁichAwere obtained by the latter method. It
is extremely unlikely that any mutants not obtrinable by
‘Total Isolation would come up after starvation unless
verhaps if delayed germination was concomitant with a
growth factor recuirement. There is no evidence of this
among any of the mutants isolated.

It has been suggested that the cualitative and
quantitative spectrum of nutritional mutants obteined
in microorganisms is a méasure more éf geﬁe stebility
than .of the particular action of a mﬁtagenic agent and
furthermore that the genes most susceptible to change do
not necessarily control the seme biosynbhetic processes
as evidenced by the distribution of nutritional mutsnt
types in various fungl and bacterila. {Tatum, Darrat,
Fries end Bonner 1950).

For instance, in Neurospora crassa the commonest

types of nutritional mutants are those requiring

methionine adenine, arginine and lysine (Tatum et al

1950), whereas in E