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ABSTRACT

Effects of nutritional alterations (carbon source, zinc) on

nuclear division and protein synthesis during apomictic and meiotic

differentiation i~ Saccharomvces cerevisiae strain 1ge1 were

investigated. The -approach taken has led to identification of:

physiological prerequisites for both developmental routes, land~ark
" '. l'

---cytological and mplecula: events controlling the manner of nuclear

division and spore production, other environmental modifications

suppressing apomixis, and the period of sporulation during which a

decision is made concerning the manner of differentiation.

Unlike cells cultured under meiosis~promoting conditions, cells..
cultured under apomixis-prom?ting conditiDoS exhibited e~tensive protein

synthesis during the first 3 h of sporulation. Cycloheximide treatment

of -the latter cells induced meiosis'and maximum yields of meiotic'asci

resulted when the treatment w~s given for the first 3 h in sporulation

medium.,. - Temperatur,e shock treatments administered during early hours

unqer sporulation-inducing conditions also increased the frequency of

meiosis. Thus ~~ data indicate that the- decision concerning which

developmental route, apomictic or meiotic, a given cell ,will follow is
1 _ '\ • .,

made shortl<i' after transfer of ceils to sporulation medium.

Electrophoretic analysis of labeled proteins synthesized during

sporulation revealed ~~nds unique to both ~evelopmental routes •
•

A nove~ microcytochemical staining procedure was developed ~o

•
determine sites of zinc accumulation in vegetative and sporulating
~
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yeast. !he procedure was used to monitor tntracellular distribution of

zinc during_sporulation in an effort to integrate cytological with
•

molecular data. The micronut;ilite translocated from vacuolar to

nuclear compartments during the early critical period of sporulation.

Possible roles of zinc were considerec and several hypotheses were

offered to explain the restoration of meiosis in apomictic mutants by

environmental ~nipulation.
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INTRODUCTION

Life Cycle of Saccharomyces cerevisiae

With genetical and cytological evidence, Winge (1935) and Winge

and Laustsen (1937, 1939) demonstrated the alternation of haploid and

diploid generations in Saccharomyces yeasts. When the four spores from

a single ascus were isolated and cultivated, genetic segregati~n for,

morphological characters was evident. It was concluded that segregation~

by reductional nuclear division preceded ascospore formation and that
. .. ~ .

the cells of cultures derived from single spores' were haploid.

Furthermore, during or shortly after ascospore germination

diploidization coul~ occur through conjugation between haploid cells

followed by nuclear fusion. Like haploid cells, diploid cells so formed

could multiply asexually by budding. Lindegren and co-workers (1949)

confirmed these observations and in addition, established the existence

of a mating system in Saccharomyces cerevisiae. When the four spores

from a single ascus were cultivated, four non~sporogenic haploid

•colonies developed, two of which were of one mating type (designated a)

and the other two were of opposite mating type (designatea 0). The

existence of such a mating system was indicated by the consistent

observation that haploid cells of one mating type could fuse only with

haploid cells of the other mating type. Diploid cells remained diploid

under condftions favouring vegetative growth, but when transferred to a

medium favouring sporulation, they differentiated i~to asci containing
~

four haploid ascospores, two of which were a and two of ~ mating type •

1
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The life cycle of a typical d~ploid strain of Saccharomyces

cerevisiae is given ~n Figure 1.

The ability to undergo the two succeSS1ve meiotic nuclear

divisions and form uninucleate h~ploid'spores per ascus requires the

presence of both a and ~ mating type alleles (Roman and Sands, 1953).

'Using an ~~ haploid disomic strain of S. cerevisiae, Roth and Fogel

(1971) reported that cells require the simultaneous presence of both a

and ~ alleles for premeiotic DNA synthesis. Although haploid strains of

either ~ or ~ mating type and diploid strains homozygous (~/~ or ~~)

for the mating type alleles are capable of vegetative reproduction by

mitotic nuclear division and budding, they do not undergo premeiotic DNA

synthesis when transferred tc( a medium ,favouring"sporulation and

consequept1i recombination, nuclear division by meiosis and ascospore

formation do not occur (Roth and Lusnak, 1970). Diploid strains

heterozygous (~~) for the mating type alleles are competent to undergo

premeiotic DNA synthesis, recombina~ion, the two successive meiotic

nuclear divisions and ascospore formation. Thus heterozygosity for the

mating type alleles is a necessary prerequisite for meiosis and

sporulation in S. cerevisiae .. -

Nutritional Requirements for the Phases of the Life Cycle of

Saccharomyces

The alternation of haploid and diploid phases in the life cycle

of Saccharomyces y:.-asts is dependent upon the' nutritional conditions to

which cells are' exposed. De Seynes (1868)" who was the first to observe

endospore formation in yeast, noted ,that it occurred when the growth
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Figure. 1: Life c cle of Saccharomvces showin alternation of haoloid
with diploid generations after Grewal, 1972 •

A,B,C: Budding of a vegetative cell with mitotic division of the
diploid nucleus.

D: Four haploid nuclei resulting from meiotic division of the
diploid nucleus.

E: Four haploid spores in an ascus, two of which are ~ mating
type and two ~ mating type. ~

F: Ascus after a few hours in germination medium; spores swell
and the ascus wall degenerates (- - - - -). •

G: Plasmogamy and karyogamy between spores of opposite mating
type.

H: Mitotic division of diploid nucleus and production of first
bud.
























































































































































































































































































