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PREFACE

I believe that the most efficient method of writing a synopsis of 

my research is to divide the work into three chapters. The first chapter 

will be devoted to researched material concerning previous studies done 

with Neurospora crassa. It will be my purpose in this section to ex

plain the asexual and sexual types of reproduction associated with this 

fungus and to illustrate its value as a research organism in the field 

of genetics. Also, I will recount that past research which is pertinent 

to my own study, and which reflects similar conclusions.

The second chapter will be a summary of my own experimental research. 

In it will be found the materials and methods used in attempting to ful

fill my purpose. Also, all results of my experimentation will be listed 

in this section.

The concluding chapter will include a discussion of all experimental 

results and a statement of conclusion as a result of the interpretation 

of this data.
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CHAPTER I

I. LIFE CYCLE AND MUTATION 
IN NEUROSPORA CRASSA

INTRODUCTION

The pink bread mold Neurospora crassa has become one of the most 

extensively used materials for genetic studies today. This organism 

is easily grown and reproduces rapidly asexually. It is particularly 

suitable for investigation of problems relating to both genetics and 

biochemistry because it,has been proven to be an excellent material 

with which biochemical necessities can be shown by varying their en

vironment of supply. Also, Neurospora is an important research organism 

because its sexual reproduction involves nuclear fission and subsequent 

meiosis within one cell, Meiosis results in the limited number of 

eight ascospores being produced from each original nuclear fission.

By careful micromanipulation, each of these ascospores can be removed 

and cultivated separately making it possible to segregate the alleles 

or characteristics the organism exhibits. Generally, it can be said 

that the sexual process of Neurospora is one of the least complicated 

and, therefore, one that can be studied with the greatest ease and 

efficiency.

1
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ASEXUAL REPRODUCTION

Neurospora crassa is easily propagated asexually by simply 

placing a fragment of one of the threadlike hyphae of the organism’s 

mycelium on a cultural media suited to its growth. All cells in 

the vegetative stage are multinucleate with each nucleus containing 

a haploid number of seven chromosomes. The hypha fragment, placed 

on media, grows by cell division and forms a new mycelium. The hyphae 

finally form a conidiophore which reproduces asexually by simple 

mitotic divisions, forming chains of haploid asexual spores, called 

conidia. These spores become detached and germinate to form other 

haploid hyphae.

This haploid condition of the mycelium allows a direct determination 

of the genotype. Eecause these mycelia often attain a considerable 

size, a number of visible gene-controlled morphological characters 

are available for genetic studies.

It has been shown that the structure and manner of division of the 

nuclei of the vegetative mycelium in Neurospora crassa differs from 

that in most other .organisms. In other words, we are here dealing 

with a fungus in which the vegetative nuclei do not appear to divide 

in the manner of classic mitosis. In ungerminated conidia these nuclei 

appear as spheres of granular chromatin in which a more densely stained 

granule can often be distinguished. Nuclear division has never been 

observed in attached or free conidia. However, division does take place 

in the hyphal cells to which the basal conidia are attached, and a 

nucleus may migrate from this hypha into the basal conidia, and from
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here into other conidia. Therefore, conidia usually contain two nuclei, 

but it is not an exception to find only one or three nuclei, since these 

nuclei are received by migration from the hyphae (Bakerspigel, 1959)«

In germinating conidia, and in mycelia, nuclei are spherical or oval 

in shape and are composed of granular chromatin which surrounds less 

densely stained central bodies. Also, a more densely stained granule 

is present in the chromatin. At the beginning of asexual division, the 

chromatin becomes much more granular and contracts, eventually emerging 

as a mass of chromosomal filaments in various arrangements. Then, these 

filaments clump together to form an irregular cresent=shaped mass which 

begins to extend around the darker stained central body. When this 

chromatin has formed a bar-shape around the central body, it begins to 

separate at the mid region and the two portions move to opposite sides 

of the central body. As this separation continues, the central body 

also begins to elongate and finally constricts in the middle, forming 

two daughter nuclei, each with a chromatin mass and a central body 

(Figure l).

® <• i» 9ft ft® ft® » »

Figure 1, Nuclear Division in Vegetative Conidia
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This division takes only approximately ten minutes. The first ob

servable sign that division is about to occur is an increase in 

activity of the central body and the chromatin area surrounding it 

(Bakerspigel, 1959). This type of division is unique in that in

dividually recognizable chromosomes do not align themselves on a 

spindle or form a metaphase equatorial plate,

SEXUAL REPRODUCTION

Although sexual reproduction occurs less frequently in a natural 

situation than does asexual reproduction, it is important in Keuro

spora. This organism is Keterothallic in nature, which means that it 

is possible to assign every individual to one of two mating types 

which are arbitrarily designated as plus (+), and minus (-), Sexual 

spores are formed only when cells of opposite mating types unite in 

sexual fusion, Hyphae of some mycelia produce a protoperithecium 

with a multinucleate ascogonium embedded in it. After this incipient 

perithecium has reached a certain size, just visible to the unaided 

eye, it usually ceases to increase further if this "sex" is grown by 

itself. Soon, however, the ascogonium produces long hyphal branches 

which function as trichogynes at its tip. These tricnognous out

growths are the means by which nuclei of the other sex are brought in

to the ascogenous cells. The so-called other sex produces no definite 

male organs such as antheridia. Instead, the trichogynes are able to 

form a protoplasmic fusion with any part of the other sex; conidium, 

microconidium, or hyphas fragment (Dodge, 1935a). In fact, almost
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any hyphal element can supply nuclei to the trichogynes since there 

lias been a degeneration of male sex organs and the deletion of sexual 

function to less specialized parts of the thallus.

At the point of fusion between the parts of the two sexes, a 

pathway is digested so that the nuclei of the "male" element is able 

to migrate into the "female" ascogonium. The two gamete nuclei thus 

come together, but they do not fuse. Instead, they undergo a series 

of mitotic processes. The trichogynes wither away and the ascogonium 

produces ascogoneous hyphae in which each cell is binucleate, con

taining one nucleus from each parent. Each terminal hyphal cell with 

its two nuclei undergoes the crozier formation (Kuspira and Walker, 

1962), In this process, the nuclei first divide and separate into 

cells. The end of the hypha becomes bent into a hook-like shape and 

is then recognizable as the crozier. The cell wall between the twc 

cells on the bend of the hypha is dissolved away, and a nucleus 

migrates in to make this cell binucleate. It is from this penultimate 

cell that an ascus will form (Singleton, 1953)«

The two nuclei of the penultimate then fuse, making a diploid 

cell, Meiosis occurs immediately, creating a cell with four haploid 

cells. This is followed by mitosis and division into cells (Figure 2).
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Figure 2, Ascospore Formation

Eventually, hyphae grow up around the sexual asci, forming a 

shell called a perithecium, or a fruiting body. Within this struct

ure, and between the asci, are also found some non-sexual hyphal

projections called paraphyses (Figure 3). .
r/o loir CA.A&.
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Figure 3. Perithecium Structure



The mature perithecium is a dark colored pyriform that is beaked.

It contains numerous octoporous asci and several paraphyses within 

it (Alexepouolos, 1962).

The sequence of changes in the shape and size of the ascus as 

it becomes differentiated into its final form is accompanied by 

correlated changes in chromosomal events. It is possible to use 

ascus morphology visible within low power magnifications as an index 

of nuclear development. For example, in the formation of the crozier, 

its shape and position indicate the chromosomal events occurring 

within it. When one nucleus lies in the tip of the crook, and the 

other in the basal portion, the chromosomes enter prophase and begin 

to form seven distinct chromosomal strands (Singleton, 1953).

When the asci become mature, they swell and cause the puffing of 

the perithecium. When the pressure has reached the maximum, the 

ascospores are expelled through the ascopore and leave the peri* 

thecium by way of the ostiolar canal. These spores are dark brown 

or black with ridged outer walls from which they received their name 

(Singleton, 1953). These sexual ascospores germinate well only after 

the application of heat or specific chemicals. When treated at a 

temperature of from 50° to 60° C for periods varying from 10 to 60 

minutes, the spores will germinate up to 100 percent. It is possible 

for germination to occur without such treatment; however, the percent

age germinating depends upon the condition of the spores and on the 

media used. Generally, it has been found that the spontaneous ger

mination rate is usually higher on media fortified with malt and yeast
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• extracts. Occasionally, the spontaneous rate may go as high as for 

treated spores (Emerson, 19^-8). These ascospores are in themselves 

haploid, and produce haploid mycelia which, in turn, again produce 

asexual conidiospores.

It is evident from the preceding discussion, that the methods of 

spore formation and dispersal are important not only from a nutritional 

and ecological point of view, but also from the standpoint of the 

organism as a breeding system. The self-fertilization restriction in 

Neurospora crassa maintains the level of heterosity in the population, 

Meiosis in the heterozygotes results in the production of a larger 

number of genetically different gametes and the fusion of these 

gametes results in genetically different zygotes (Lewis, I967), The 

linear arrangement of meiotic products, moreover, allows a direct 

study of gene segregation in tetraspore analysis, so that specific 

problems of linkage may be solved,

HETEROCARIOSIS

Heterocaryons arise through fusion of the hyphal cells of differ

ent individuals of Neurospora growing in proximity to each other.

The nuclei of the fused hyphae do not unite, but rather the cells are 

formed with two or several separate nuclei carrying different sets of 

genes. Therefore, no fertilization occurs, but through mitotic div

ision of the haploid nuclei the heterocaryons give rise to new hetero- 

caryotic mycelia (Sinnott, Dunn and Dobzhansky, 1958). These mycelial 

growths may exhibit a heterosis or hybrid vigor called heterocaryotic
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vigor. This occurs when one of the fugal mycelia that unite to form 

the heterocaryon contains a mutant gene, making the mold unable to 

synthesize some necessary element. If the other type of mycelium is 

able to synthesize this substance, the two types of Neurospora win 

grow well on a minimal media. Thus, it is possible in some rare in

stances for two uninucleate strains to survive and grow on media 

neither could normally live on (Beadle and Coonradt, 19^4), This 

trait can prove to be very useful in crossing mutant strains of 

Neurospora which form perithecia poorly and thus, are difficult to 

cross. The heterocaryons generally form protoperithecia abundantly 

and can be crossed with the opposite sex of either component strain 

(Beadle et al,, 19^).

MUTATIONS

Studies of mutation have been of great impor*tance in the develop

ment of our understanding of the nature of genetic material and its 

function (Adelberg, i960), Many types of mutagenic agents exist 

which can induce an accelerated mutation rate. Chemicals such as 

nitrogen gases and formalin, are very effective. Also, radiations 

from the electromagnetic spectrum are mutagenic in nature. Gamma 

rays and X-rays supply energy which disrupts the electrons of an atom 

and often cause the formation of a series of ionized particles. Ultra

violet radiation, which we will be most concerned with here, does not 

generally cause ionization, but rather results in energy excitation 

of the electrons. Larval stages of development and micro-organisms
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like Neurospora crassa are especially susceptible to mutation by 

ultra-violet radiations.

The effect of ultra-violet seems to be that as it is absorbed, 

it causes the formation of covalent bonds between adjacent pyrimi

dines of the same DNA strand. This may result in an inaccurate 

replication of this strand, or may even prevent any replication at all. 

However, most cells possess some type of repair mechanism. If an 

organism is not exposed to intense visible light after ultra-violet 

exposure, it is found to have higher death and mutation rates. This 

is due to the fact that when an organism is exposed to ultra-violet 

an enzyme is absorbed into the IMA, However, when intense visible 

light is projected onto the DNA structure, it breaks up the dimers 

and restores the CHA to normal form. It can be seen that this enzyme 

is switched off and on, with radiations in the visible light spectrum 

(Levine,I969).

THE IMPORTANCE OF BIOCHFMICAL MUTANTS OF NEUROSPORA CRASSA

A cell is able to utilize reactions which are not available to 

the scientist. The chemical reactions involved in the biosynthesis 

of such vital end products as vitamins and amino acids are not under

stood in any great detail. The difficulty in the analysis of these 

reactions lies in the fact that it is almost impossible to stop a 

chain of reactions at each step to determine the chemical nature of 

each intermediate in the chain. However, biochemical mutations of 

microorganisms have supplied material in which reaction chains are
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blocked genetically at successive steps of a sequential series of 

reactions. Biochemical investigations using such genetic strains 

clearly indicate that these strains are of great value in elucidating 

the nature of such biosynthetic intermediates.

Studies on the genetic control of biochemical reactions in 

Neurospora have led to the concept that a one-to-one relationship 

exists between a gene and a chemical reaction (Bonner,19^9).

This theory has very important and direct biochemical implications. 

Alternation of a single gene will block a single reaction. It has 

been found that mutations of different, single, nonallelic genes
s

which result in requirements for the same end product represent 

genetic blocks of different biosynthetic reactions in the chain of 

reactions leading to the synthesis of the end product. Mutant strains 

grown upon an exogenous supply of the end product will accumulate the 

intermediate products immediately prior to the genetic block, on the 

condition that the intermediate is not otherwise metabolized in the 

organism. Thus, genotypically different biochemical mutant strains 

requiring the same end product furnish material in which the con

secutive steps of the biosynthesis of this end product can be studied, 

and provide a possible means of accumulation of intermediates.

ONE GENE-ONE ENZYME HYPOTHESIS

The concept of a direct one-to-one relationship between genes 

and enzymes had been suggested by many authors prior to Beadle and 

.tatum* s introduction of Neurospora to genetics. Work with this
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organism provided the most solid and believable basis for this hypo

thesis, however, and placed us in a better position to trace the 

consequences of it, It will be most beneficial in this study to 

more explicitely define the meaning of this hypothesis. The concept 

is that of the gene whose sole activity, aside from self-duplication, 

is that of functioning in the synthesis of a particular enzyme or 

enzyme precursor (Horowitz and Leupold, 1951). This does not imply 

that other genes at other loci may not also function directly in the 

formation of the enzyme. Nor does it imply that the final phenotypic 

expression of a mutation is necessarily restricted to a particular 

structure or function of the organism involved. The ultimate effect 

of a mutation is the result of an enormous magnification of the 

initial gene change. This enlargement which originates at the gene 

is brought about through a system of reactions which rapidly branches 

out and intertwines with similar networks derived from other genes to 

create the final effect of the mutation. For this reason, it is im

possible to decide from the end effects alone whether the gene has one 

or many primary functions. A mutation which induces a deficiency of 

an amino acid, for example, must secondarily affect the synthesis of 

almost every protein of the cell and may actually affect end products 

in every structure and function of the organism (Horowitz et al., 1951)

It is possible in such a case to prevent the secondary damage and 

the resulting death of the above mutant by supplying the lacking amino 

acid. When given a sufficient quantity of the amino acid, the mutant 

becomes normal in growth rate, morphology, and fertility (Sinnott
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et al., 1958). In this instance, it is difficult to escape the con

clusion that the sole function of the gene is to play some essential 

role in the synthesis of the amino acid. When further biochemical 

analysis of the mutant is carried on, it is found that the range of 

action of the gene is even more limited than first studies indicated. 

It is restricted to a single chemical step in the synthesis. Within 

the mutant, a single reaction seems to be abolished, while all others 

proceed normally. It can be inferred from this that the role of the 

gene is to function in the synthesis of the enzyme which catalyzes 

this reaction.

To the present time it has not been possible to analyze all, 

or even a majority, of the known Neurospora mutants in the detail 

just outlined. However, in a few cases, the analysis has been carried 

even further by showing that the mutants are, in fact, lacking in 

specific enzymes. Of the nutritional mutants that are now recognized 

eighty-four percent require single, known chemical substances for 

growth (Horowitz et al., 1951)• Although the remaining sixteen per

cent have not as yet responded to any of the individual sustances 

tested, they do grow on a complex media which would indicate that a 

lack of a particular substance is the result of the genetic mutation. 

Some of these strains may also have multiple requirements resulting 

from multiple mutations or from the mutation of a multifunctional

gene.

This multifunctional gene theory denies the validity of the one 

gene-one enzyme hypothesis because it states that one gene controls
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not one, but several sequential steps in a synthetic pathway. This 

seems rather improbable, however, in view of the cumulative evidence 

from series of mutants which shows that when it is possible to define 

each step of the reaction precisely, each gene can be assigned to a 

particular step (Horowitz et al,, 1951). Another fact also casts 

doubt upon the one gene-one enzyme theory, A closer study of the 

mutants reveals that they are not, in all cases, restored to a fully 

normal phenotype when supplied with the required growth substance 

(Horowitz et al., 1951). A residual of non-lethal effects may remain. 

Some of these effects are fairly easily understood such as partial 

sterility when the mutant carries a chromosomal rearrangement. Other 

effects are not so easily accounted for. One of the commonest residual 

traits is a sensitivity toward certain natural substances, especially 

amino acids. As will be discussed later, the growth of many lysine- 

requiring mutants is competitively inhibited by L-arginine in the 

medium (Doermann, 1964), whereas the growth of the wild type Neurospora 

is not affected by the arginine. A significant feature of this 

phenomenon is that the inhibition may extend to a whole class of 

genetically different, but biochemically related, mutants. This in

dicates that the effect is not locus-specific, but it is inherent in 

the mechanism of utilization of the exogenously provided growth sub

stance.

A third type of residual effect has been found in the sterility 

in crosses in which both parents carry the same mutant allele. In this 

case, it is possible that the gene performs a specific function in
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connection with zygote formation or maturation, in addition to its 

vegetative function. Results obtained in some experiments indicate 

that this sterility can be overcome by supplementing the medium with 

at least a double quantity of the lacking substance (Horowitz et al,, 

1951). If this data is found to be accurate, it suggests that the 

sterility may result from a high metabolic requirement for this growth 

factor during the sexual process.

It is evident from this discussion that it is never possible, 

even in theory, to avoid all consequences of the mutation by supplying 

the deficient metabolite. The block in the synthetic pathway still 

remains, and can have an influence quite apart from the effects of 

the nutritional deficiency. In some instances, metabolic intermediates 

may accumulate behind the block, sometimes in large quantities. The 

presence of this build-up of the intermediate in abnormal concentra

tions can produce deleterious side effects, and may even exert a 

lethal action by interferring with reactions in other metabolic path

ways.

INDISPENSABLE JUNCTIONS IN NEUROSPORA

As would be expected, not all mutations that are produced can be 

detected by methods used today for this purpose. Three principal 

classes of biochemical mutants are not recoverable. The first class 

includes those requiring a substance which is absent from the "complete" 

medium used for recovering nutritional mutants. In the second class
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are found those requiring a substance which is unable to diffuse into 

the cell. The third class is composed of those mutants requiring a 

substance which, although present and diffusable, is not utilized be

cause of the inclusion in the medium of an inhibitor of the mutant 

being tested. These mutants which are incapable of growing on com

plete media are said to have lost an indispensable function. It has 

been suggested that if the frequency of indispensable functions is 

high, then the probability of detecting a gene with several primary 

functions is very low. Thus, the occurence of indispensable functions 

would almost totally prevent the detection of multifunctional genes 

and would erroneously support the one gene-one enzyme theory.

Temperature mutants are a class in which the mutant phenotype is 

fully expressed only within a particular temperature range. Generally, 

these exhibit a growth factor requirement when cultured at 35 degrees 

Centigrade, but grow in its absence at about 25 degrees Centigrade(Horo

witz et al., 1951). These are useful in studies on the indispensable 

function problem because it can be expected that the mutant will be 

recoverable in the temperature range within which it has no growth 

factor requirement, regardless of whether a dispensable or an indis

pensable function has been lost. Using these strains as a sampling 

device, it is assumed that genes controlling the indispensable are 

just as likely to yield temperature alleles as those controlling di 

pensable functions. Therefore, we can assume that the rate of mutation 

to indispensable functions in temperature mutants is nearly equal to
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that found in mutants of a normal strain. It is probable that genes 

controlling indispensable functions are just as likely to yield tem

perature alleles as those controlling dispensable functions. This 

assumption is supported by two considerations. First, the two types 

of functions are not natural classifications, but depend upon the 

composition of the media used to a great extent. Thus, there is no 

reason to assume that these genes governing the functions differ from 

one another in any fundamental way, Secondly, in temperature mutants 

whose specific requirement is known, there is no indication that any 

one kind of nutritional requirement is favored over others. Mutation 

seems to occur at random among genes controlling known biochemical 

synthesis (Horowitz et al., 1951).

BIOCHEMICAL MUTANTS OF NEUROSPORA CRASSA

Today, well over one hundred mutations involving separate loci 

have been identified. Requirements for each of the B vitamins with 

the exception of folic acid have been found. Nine of the ten amino 

acids essential for the growth of the rat have been found essential 

for various strains. Cystine, proline and serine requirements have 

also been found (Bonner, 19^9). Although most of the mutations to 

date involve vitamin and amino acid synthesis, this is primarily a 

reflection of the methods and types of complete media used for 

selecting mutant strains. It in no way indicates a greater muta

bility in the biochemical pathways leading to the formation of these
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substances. Since genes control chemical reactions by controlling 

the production of specific enzymes, efficient means of detection 

should elucidate mutations involving a wide variety of enzymatically 

catalyzed reactions.

The first study with Neurospora as a genetic organism was under

taken by Beadle and Tatum, They isolated asexual conidia from the 

wild strain of Neurospora crassa and irradiated these spores with 

ultra-violet light. These treated spores were then placed with the 

untreated wild type of the opposite sex and ascospores developed. 

These were then grown on a complete medium for the organism, contain

ing all the vitamins, amino acids, and carbohydrates necessary to 

sustain growth, even if a mutation had occurred. A mycelial strand 

from each of these cultures was transferred to a minimal medium form 

which is the lowest denominator of media needed for the growth and 

life of a normal wild strain. It contains a simple sugar to serve 

as a carbon source, an inorganic form of nitrogen, simple inorganic 

salts, and one vitamin, biotin. If the ascospore mycelium grew on 

this minimal media, Beadle and Tatum assumed that no significant 

biochemical mutation had taken place to effect growth. In some 

cases, when the mycelia did not grow, they concluded that some bio

chemical change had interferred with synthesis and cultured the 

mutated organism on selective amino acid and vitamin media. If 

growth was observed on either of these, supplemental media for one 

type of amino acid or vitamin alone was then used. When growth was
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observed on one of these supplemental media, the researchers hypo

thesized that they had discovered the mutant strain which was unable 

to synthesize this particular substance. They then worked directly 

with this one mutant strain in an attempt to determine which enzyme 

reaction in the pathway to the end product was actually altered. For 

example, when they found that tryptophan synthesis had been blocked, 

they began their investigation with the study of the formation of 

the substance from indole and serine. In cases where they found an 

accumulation of these two acids, Beadle and Tatum hypothesized that 

an enzyme necessary to unite the two was absent. If one of the acids 

was completely lacking, they suspected a lack of enzyme activity 

further back along the pathway. Their experimentation and observe 

ations led them to conclude that the function of each gene is to pro

duce one enzyme,

BIOSYNTHESIS OF AMINO ACIDS

The competition and antagonism occurring in the synthesis of 

amino acids in Neurospora offers the opportunity to study the events 

directly and indirectly resulting from the action of genes. In many 

instances, the growth of the organism is inhibited by the addition
I

of one amino acid to the culture medium, and the inhibition is 

counteracted by the further addition of a second amino acid, Such 

interactions are not uncommon in mutant strains of Neurospora in 

which the synthesis of amino acids is blocked. For example, the 

lysine deficient mutants require lysine as a growth factor and are

co;. «
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competitively inhibited by arginine (Doermann, 19^). Over a wide 

range of concentrations, fifty percent inhibition occurs when lysine 

and arginine are supplied in equimolar proportions. Conversely, wild 

type strains are not inhibited by added arginine ten times greater 

than the concentration of lysine optimal to strains requiring lysine 

(finerson, 1950).

A somewhat different example of antagonism in the synthesis of 

amino acids lias also been reported. Bonner (19^6) has used, as his 

example, a strain differing from the wild type by a single mutant 

gene which requires both isoleucine and valine. Both of these amino 

acids must be supplied in a fairly definite ratio to obtain optimal 

growth. It is his interpretation of his results that a precursor of 

isoleucine, which he isolated as the deto acid analog of isoleucine, 

accumulates because of a genetic block between it and the final 

product. Further, this precursor competes with the corresponding 

precursor of valine in the final aminating stepiin the synthesis of 

that amino acid, creating a double efficiency.

The interactions of methionine and its precursors with threonine 

and its precursors are among the most complex studied in Neurospora 

to date. In this one system, are to be found most of the different 

types of interactions encountered in the organism. Here, we find 

competition for a common precursor. There are at least two different 

competitively antagonistic reactions between the end products of two 

lines of synthesis: methionine and threonine. There are two in

stances of competitive antagonism between a catalyst, p-aminobenzoic
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acid, and its analog,.sulfanilamide. In one of these, sulfanilamide 

blocks an essential reaction to give methionine, whereas in the other, 

it blocks a deleterious reaction which would apparently lead tc|a 

threonine deficiency (Emerson, 1950).

It is not really necessary that a reaction be blocked to result 

in the accumulation of an inhibitor. It may equally well accumulate 

as a result of a change inthe rate of some reaction. Mutations 

which do not completely block a reaction, but which change its rate, 

appear to be fairly common in Neurospora. In fact, many so-called 

temperature mutants may be of this type(Emerson, 1950). For example, 

in the sulfonamide requiring strain, the deleterious reaction is more 

pronounced at 35 degrees Centigrade than at 25 degrees Centigrade.

The complete response of this strain has been found to depend not only 

upon this reaction, but also upon the amounts of threonine, methionine 

and p-aminobenzoic acid produced. Since at 25 degrees Centigrade the 

sulfonamide requiring strain grows almost normally on an unsupple

mented medium, this means that at this temperature, the reactions 

leading to the production of threonine, methionine and p-aminobenzoic 

acid, and the deleterious reaction are so adjusted that a favorable 

balance between them is attained. The failure of this strain to grow 

on unsupplemented medium at 35 degrees Centigrade can be accounted 

for by the theory that the reactions concerned have different tem

perature sensitivities. Therefore, it seems most likely that this 

so-called deleterious reaction actually is present in the wild type, 

and tnat the mutant differs from the wild type by having an altered
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temperature sensitivity in this one reaction.

TRYPTOPHAN SYNTHESIS IN NEUROSPORA CRASSA

The unique aspects of the biosynthesis of tryptophan in Neuro

spora crassa is summarized below (Figure h).

tr-2 tr-4 tr-1
chorismic------- > anthranilic—-»PRA---------> CDRP---------> InGP------ > tryptophan

acid acid

Figure 4. Reactions Involved in the Biosynthesis of Tryptophan

PRA = N-(5* - phosphoribosyl) anthranilic acid

CORP = 1-(0 - carboxyphenylamine) - 1 - deoxyribulose - 5 - phosphate

InGF = indole - 3 - glycerol phosphate

In = Indole

tr = genetic loci controlling reaction

Studies have indicated that tryptophan can repress the formation of 

activities^-ssociated with the tr-2 and tr-3 loci, and possibly with 

the tr-4 and tr-1 loci also. It has been shown that the performed 

activity of the first reaction, which is associated with the tr-2 

locus, could be inhibited by tryptophan. Depending on the segment of 

the biosynthetic pathway examined, qualitative differences in the 

effectiveness of tryptophMn and its analogues as repressors or in

hibitors were observed. This suggests that the intermediate steps In 

the biosynthesis differ from the first and last steps in their sensi

tivity to repression (Lester, 1963).
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The tr-2 strain requires anthranilic acid, indole or tryptophan 

for growth because it is believed to lack a functional anthranilate 

synthetase which catalyzes the formation of anthranilic acid from 

chorismic acid. The tr-3 strain can grow only on tryptophan and 

it accumulates indole and indole - 3 - glycerol in cultures. This 

strain produces a defective tryptophan synthetase which can convert 

indole - 3 - glycerol phosphate to indole, but which cannot convert 

either of these compounds to tryptophan (Wiley end Matchett, I968).

The influence of the concentration of tryptophan in the germin

ation medium on growth and the indole - synthesizing activity leads 

to an important conclusion. A maximal yield of germinated conidia 

was obtained with a concentration of 0.12 to 0.16^-moles of L-trypto

phan afforded somewhat less than maximal growth (Lester, 19$2).

Thus, as the level of tryptophan approaches and exceeds a concentration 

for optimal growth, a marked diminution of, indole-synthesizing 

activity is constantly about twice that of indole, indicating that 

the ability to convert indole - 3 - glycerol phosphate (inGP) is not 

differentially influenced by tryptophan. The external levels of 

tryptophan did not greatly influence the intracellular levels of 

tryptophan in germinated conidia. This suggests that the observed 

differences in indole-synthesizing activities were not a consequence 

of inhibition of the indole-synthesizing system by intracellular 

tryptophan (Lester, I968). The quantitative differences in the 

sensitivity of the various reactions in tryptophan biosynthesis to 

repression by analogues of tryptophan suggest that the regulation
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of all the activities of tryptophan biosynthesis is not mediated by 

a common repressor or, possibly that the formation of the various 

activities is differentially affected by a single repressor, de

pending upon the type of tryptophan compound with which it is asso

ciated. Many biosynthetic pathways specifically directed toward a 

particulai’ end product are subject to regulation by an inhibitory 

action of the end product on the first reaction of the pathway. As 

discussed above, this type of regulation seems to be operative in 

Neurospora crassa.

The unidirectional transport of tryptophan across the cell mem

brane of Neurospora crassa is mediated by a distinct transport system 

which is similar in many respects to enzyme-catalyzed reactions. The 

similarities include structural and stereochemical specificity, 

typical enzyme saturation kinetics, and a decrease in transport 

activities at low temperatures (Wiley et al., 1968), The tryptophan 

transport sites appear to be specific for a family of <X~ amino acids.

When tryptophan is supplied to a growing culture, transport across 

the cell membrane occurs until the intracellular concentration of 

tryptophan exceeds the external concentration seven-fold (Wiley et al., 

1968). Thus, depending upon the external supply of tryptophan, large 

intracellular pools of tryptoplian may be formed. The rate of trypto

phan transport in Neurospora is regulated by the intracellular pool 

of tryptophan. When the organism is grown on a tryptophan-containing 

medium, there is a marked reduction in the transport of the substance. 

It has also been found that intracellular pools derived from indole
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are equally effective in reducing the rate of transport as externally 

supplied tryptophan (Wiley et al., 1968), The regulatory influence 

of tryptophan on the transport system appears to be a property of all 

amino acids transported by the tryptophan transport site or sites.

For example, since lysine and glutamic acid are riot transported by 

the tryptophan transport sites, they are ineffective in the regulation 

of tryptophan uptake. From all this, it can be inferred that the rate 

of tryptophan transport in Eeurospora is modulated through the main

tenance of a delicate balance between the synthesis and breakdown of

some component of the transport system.



CHAPTER II

II, EXPERIMENTAL STUDIES

INTRODUCTION

It has been my purpose in this study to attempt to determine the 

effects of ultra-violet light of various exposure times upon the 

organism, Neurospora crassa. Since ultra-violet radiation seems to 

be an effective mutagenic agent with regard to this particular organ 

ism, it was felt at the onset of the experiment that a definite 

variation in rates of mutation due to irradiation of different 

durations would be observable. Those mutant strains that were pro

duced were again exposed to ultra-violet radiation in an attempt to 

cause them to mutate back to the wild state or to develop some other 

form of deficiency which would be detectable through the cultural 

methods used,

MATERIALS

The organism Neurospora crassa

Cla s s: a scomycetes

Subcla s s: Eua scomycetidae

Series! Pyrenomycetes

Order: Sphaeriales

Family: Sordarlaceae

Genus: Neurospora

Species: crassa
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Two strains of the organism were used simultaneously - wild 

strain and albio strain.

Culture Media; Minimal Media (50x normal strength) (Kuspira et al,, I962)

Na^ citrate, 5~iH20 150 gm.

KH2PC^, anhydrous 250 gm.

NH^NO-., anhydrous

MgSO,,, 7 H 0
4 2

CaCl2, 2 H20

100 gm.

10 gm.

5 gm.

Trace elements (see below) 5 ml.

Biotin 0.25 mg.

Distilled water 750 ml.

Add chloroform (2 ml.) as a preservative. Dilute 50 - fold with 

distilled water before using and add 20 gm. of sucrose per liter 

of medium.

Trace Element Solution (lOx strength) (Kuspira et al., I962)

Citric Acid, 1 il^O 5.00 gm.

ZnS04, 7 H2C

Fe(KH^)2, 6 H2C

cusov 5 h2o

500.00 gm.

1.00 gm.

0.25 gm.

MnSOj,, 1 H20 0.05 gm.

HoBCr>, anhydrous 0.05 gm.

Na2Mo02, 2 H20 0.05 gm.

Distilled water 95.00 ml.

Dilute 10-fold before use.
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Gomplete Medium (Kuspira et al», I962)

Supplement minimal medium with 0.5$ yeast extract and 0,5$

hydrolyzed casein. As carbon source use 10$ sucrose plus 1$ glycerol.

Supplemented Media (Kuspira et al,, I962)

For each supplemented medium, a single substance (i.e,, amino

acid, vitamin, or nucleic acid) is added to the minimal medium,

Amino acids and nucleic acid components (puines, pyrimidines, etc.) 

are added at a concentration of 50 mg,/liter. Vitamins are added at 

concentrations of one-half to two mg./liter.

Selective Media (Kuspira et al., 1962)

The amino acid medium consists of 10C ml. of minimal medium plus

500 mg, casein hydrolysate and 5 mg. of L-tryptophan.

The vitamin medium consists of 100 ml. of minimal medium to

which 1 ml. of each of the following solutions is added (mg./lOO ml.

of distilled H?O)j mg,/l00 ml,

Ca pantothenate 20

Choline chloride 20

Folic acid 0.0004

Jnositol 40

Nicotinic acid 20

F-aminobenzoic acid 5

Fyridoxine hydrochloride 5

Riboflavin , 10

Thiamin hydrochloride 10

Yeast nucleic acid 50
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sing Medium (Kuspira et al., I962)

K2HP04 0.35 gm.

kh2po2, 0.65 gm.

MgSfy, 7 H2C 0.50 gm.

jtfaCl 0.10 gm.

Biotin 5.0c

Trace elements (see above) 1.00 ml.

Distilled water 1000.00 ml.

Sucrose 20.00 gm.

KNO3 1.00 gm.

pH 6.5

Solidified Medium (Kuspira et al., I962)

To prepare minimal-, complete- or crossing-solidified medium,

use lfc sucrose plus 1$ glycerol as a carbon source and solidify with 

1.5$ agar.

METHODS

1. Culture wild and albino strains on minimal media to attain 

good conidia formation and to be certain that no spontaneous nutritional 

mutation has taken place.

2. Isolate conidial spores. Use a brush with all but one bristle 

removed. Touch brush to culture and streak a plate of complete medium.

3. Treat culture with ultra-violet irradiations of various 

lengths.
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Subculture each colony as soon as it appears, on another 

complete medium.

5. Subculture from the #2 complete to minimal media.

6. If no growth appears in step #5, culture on selective 

mediums for amino acids and vitamins.

7. If growth appears on one of these selective media, transfer 

the colony to supplemental cultures, each of which contains one single 

component of the selective media,

8. Cross the mutant with the parent strain on crossing medium.

9. Expose the mutant strain to ultra-violet irradiationcof

maximum duration.

RESULTS

Table 1. Effects of ultra-violet irradiation of asexual spores 

on growth of conidial colonies on complete media.

Ten plates were irradiated in each instance.

Strain "A" (wild) Strain "a” (albino)

Duration Growth (number of plates Growth (number of plates
showing growth) showing growth)

0 (control) 10 10

30 sec. 10 10

1 min. 10 10

5 min. 10 10

15 min. 10 10

l hr. 10 9

2 hr. 10 10
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Table 2. Growth of irradiated colonies on minimal media.

Strain "A" Strain "a"

Duration Growth (# of plates
showing growth)

Growth G of plates
showing growth)

0 10 10

30 sec. 10 10

1 rain. 10 10

5 min. 10 10

15 rain. 10 10

1 hr. 10 9

2 hr. 9 10

In the following tables, 3 through 6, the "+" sign indicates relative

amount of growth, "0" no growth.

Table 3. Growth of mutants on selective

Growth

media.

Strain "A"

Amino Acid Selective Vitamin Selective

2 hr, mutant

Strain "a"

0 + + + +

1 hr. mutant 0 0

(+) indicates good growth 

(0) indicates no groxrth
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Table Growth of Strain "A" on supplemental vitamin medias

MEDIA Growth

Ca pantothenate 0

Choline ciiloride c

Folic acid 0

Inositol 0

Nicotinic Acid 4- 4- + + +

p-aminobenzoic acid 0

F^ridoxine hydrochloride 0

Riboflavin 0

Thiamin hydrochloride 0

Yeast nucleic acid 0

±able 5. .Growth of Mutant "A" after 2 hour exposure to ultra' 

violet irradiation.

MEDIA Growth

Complete + + + + +

Minimal 0

Amino Acid1 0

Vitamin + 4-4-4-4-

Ca pantothenate 0

Choline chloride 0

Folic Acid 0

Inositol P 0

Nicotinic Acid 4- + + + 4-
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Table 5. (cont*d»)

MEDIA Growth

P-aminobenzoic Acid 0

Pyridoxine hydroclAoride 0

Riboflavin 0

Thiamin hydrochloride 0

Table Growth of Ascospores resulting from cross of mutant 

with parent strain„

Ascospore Numbers

Media 1 2 3 3 6 7 3

Complete + + + + + + + 4

Minimal + + + + 0 0 0 0

Amino Acid + + + + Q 0 0 c

Vitamin + + + + + + + +

Ca pantothenate + 4 + + 0 c ' 0 0

Choline chloride + + + + c 0 0 0

Folic Acid + + + + c 0 0 c

Inositol + + + + c 0 c 0

Nicotinic Acid 4 + + + + 4- + +

P-aminobenzoic Acid + + + + c 0 0 0

Pyridoxine hydrochloride 4 + + + 0 0 0 c

Riboflavin + + + + 0 c 0 0

Thiamine hydrochloride + + + + c c 0 0

-



DISCUSSION

It would seem that the effects of ultra-violet irradiation of 

Neurospora crassa of two strain types did not affect the amount or 

rate of growth of the organisms on complete media (Table l). In the 

instance of the lack of growth in one or the one—hour strain "a" 

organisms, it is not certain what caused this response. It is prob

able that no conidium was picked up from the original culture when 

streaking was done before the irradiation. However, there is also a 

slight possibility that the mutagenic light caused a lethal mutation 

in the organism.

When the irradiated growths were transferred to minimal media, 

it was found that one of the strain "A" cultures exposed for two 

hours showed no growth at all. Also a velvet transplant was made of 

the one-hour mutant of strain "a". This did not attain growth on the 

minimal media. These two mutants were then transferred to selective 

media. Mutant "A" attained a good growth on the vitamin selective 

media, indicating that it liad changed into a vitamin deficient strain. 

It did not grow on the amino acid media. The mutant "a" did not grow 

on either of the media. Therefore, at this point, the "a" strain 

was dropped from further experimentation. If the conidium had truly 

undergone a mutation, the material it lacked for growth would not be 

found with the teclmiques and methods I employed.

From the proceeding data it is evident that the mutant is 

vitamin deficient. When cultured on minimal media each supplemented
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with one individual vitamin, it was observed that the mutant grows 

only on a nicotinic acid medium, indicating that it had lost the 

ability to synthesize this substance for its own growth. Thus, it 

is a nicotinic deficient mutant strain because it grows on a nico

tinic acid medium and on no other (Table h).

An attempt was then made to induce another mutation in this 

mutant strain by exposing ten plates to ultra-violet light for two 

hours. It was hoped that this process would result in the mutation 

of the nicotinicless locus back to the normal wild form. However, no 

further mutation resulted. Therefore, it can be seen that for a 

total of 180 plates irradiated for various durations of time, only 

one definite mutant resulted. This means that only 0.556$ of the 

conidia irradiated actually mutated.

Other experimenters have also discovered the nicotinic deficient 

strain present in their cultures and have given it the mutant strain 

number of 3^16, and have determined that it accumulates the compound 

quinolinic acid. Apparently, the locus of the mutation is found on 

the first chromosome (Sinnott et al,, 1958),

This mutant "A” strain was then successfully crossed with the 

normal albino strain "a" in only one culture. The perithecia were 

opened and the asci removed. Then with the aid of a dissecting micro 

scope, the ascospores were teased out of their encashment in order, 

and transferred to blocks of 4 percent agar and washed with sodium 

hyperchlorite. These ascospore agar blocks were transferred to 

complete media, and allowed to grow. They were then grown on various
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types of media, and the results recorded in table 6, Taking into 

account that the eight ascospores are produced from two daughter 

cells, it would he expected that the first four ascospores would 

be of one genetic type and the last four of another, unless some 

chromosomal crossing-over had occurred. In the cross done here, 

apparently no crossing-over took place since the first four and 

the last four ascospores each responded as a unit.



CHAPTER III

CONCLUSION

The development and functioning of an organism consists es

sentially of an integrated system of chemical reactions controlled 

in some manner by genes. The research plan set out was basedcon the 

assumption that the ultra-violet treatment will induce mutations in 

genes concerned with the control of known specific chemical reactions 

If the organism must be able to carry out a certain reaction to sur

vive on a given medium, a mutant unable to do this will obviously be 

lethal on this medium. Therefore, the ability to synthesize growth 

factors of amino acids and vitamins should be lost through gene 

mutation. The rusuits of this research support this hypothesis.

The primary goal of this work was to determine the effects of 

different durations of exposure to ultra-violet light. Prom the 

data gathered, it is almost impossible to state any hypothesis in 

this regard. Only one verifiable mutation resulted. Although this 

occurred from a conidium given two hours exposure to ultra-violet, 

this, single mutation is not sufficient evidence to conclude that 

the rate of mutation increases proportionally with the length of 

time an organism is exposed to ultra-violet light.

A major conclusion that I have reached from this study is that 

there is a tremendously large possibility for the use of Neurospora
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as a tool in the field of genetics,, Understanding the biosynthesis 

of substances at the fungi level can give great insights into the 

processes involved in the functioning of higher organism.
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