Baker's Yeast and Its Life Cycle

What Are Yeast, Anywav?

Yeast are simple fungi. The term "yeast" refers more to a life-style than to a

phylogenetic classification. Yeast refers to
the unicellular phase of the life cycles of
many different fungi, but it is used more
commonly as a generic term for fungi that
have only a unicellular phase. The
organisms most often called "yeast," such as
common baking or brewing yeast, are strains
of the species Saccharomyces cerevisiae
(Fowell 1969a). As fungi, they are
classified as ascomycetes, a group which
also includes a number of other popular
genetic organisms, such as Neurospora and
Sordaria (Fincham & Day 1971). Except
when we refer to other species of yeast by
name, we will use the term "yeast" to refer
to Saccharomyces cerevisiae.

Yeast have simple nutritional needs.
Unable to carry out photosynthesis, they
require a reduced carbon source which can
be as simple a compound as acetate. In
addition, they also require a nitrogen source
such as ammonium sulfate. Yeasts can use a
variety of organic nitrogen compounds,
including urea and various amino acids. The
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FIGURE 1: Morphology of Yeast Cell
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is the vitamin, biotin. Of course, they also
require a variety of salts and trace elements.
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Another characteristic of most yeast, including S. cerevisiae, is that they divide by
budding, rather than by binary fission (Byers 1981). A small bud emerges from the surface of
the parent cell and enlarges until it is almost the size of the parent (see Figure 1). While this is
happening, the chromosomes of the parent replicate. At mitosis, when the nucleus divides, one
of the nuclei is transferred to the bud, and then the two cells separate.

Schizosaccharomyces pombe, another popular yeast, is remarkably similar to S.
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cerevisiae, except that it grows as cylindrical cells that elongate and split in half by binary
fission, much like bacteria. Its cell division is so convenient to observe that this veast also has
potential for use in teaching biology.

The yeast life cycle, like that of all higher organisms, includes a step known as meiosis,
where pairs of chromosomes separate to give new combinations of genetic traits.

Ascomycetes, such as baker's yeast, are popular for genetics research because the
ascospores they produce in each ascus are the products of meiosis. When yeast are nutritionally
stressed, for example by deprivation of either a carbon source or a nitrogen source, diploid yeast
will sporulate. The diploid nucleus goes through meiosis, producing four haploid nuclei which
are then incorporated into four stress-resistant ascospores, encapsulated in the ascus(see Figure
1). This packaging of the four meiotic products makes genetic analysis particularly simple.

The ease with which baker's yeast can be maintained as either haploid cells or diploid
cells is another characteristic that makes them attractive to geneticists.

What Are Yeast Good For?

People have used yeast, undoubtedly one of the earliest domesticated organisms, for
controlled fermentation of food and drink and for leavening in baking throughout recorded
history. Today, they are also used in a variety of commercial fermentation and biomass
conversion processes. Their usefulness is based on their ability to convert sugars and other
carbon sources into ethanol in the absence of air (anaerobic), and into carbon dioxide and water
in the presence of air (aerobic). Ethanol is a valuable alternative to petroleum as a fuel and as a
raw material for the manufacturing of many important commercial chemicals.

Yeast is also good food. It is rich in protein and is an uncommonly good source of the B
vitamins. It provides a valuable source of nutrients that are important in low-meat or vegetarian
diets. But while few emanations from the kitchen are quite as tantalizing as the yeasty aroma of
baking bread, most people agree that pure yeast tastes pretty bad.

Other genera of yeast also have practical uses. Some can use hydrocarbons, such as
petroleum, as a carbon source. These organisms can literally convert petroleum into protein.
They are being used to remove petroleum as a pollutant from the environment and to convert
low-grade hydrocarbons into protein for consumption by animals.

Is There Anything Bad About Yeast?
Yeast can indeed be germs. In fact, one extremely common pathogenic yeast, Candida
albicans, is carried by most people in a benign form (Fincham & Day 1971). While in normally
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healthy people it is harmless, in those whose immune response is weakened, it can become
infectious and turns into a serious pathogen. These infections are particularly hard to control in
humans because yeast metabolism is so similar to ours. Drugs that are toxic to the yeast are also
toxic to people. Another particularly nasty pathogenic veast, Cryptococcus neaformans,
produces a life-threatening meningitis. These yeasts are known as "opportunistic pathogens"
because they are a serious threat only to people with impaired immune responses like those who
have AIDS.

How Do Yeast Grow?

Both haploid and diploid yeast cells divide by budding (see Figure 2). The cell division
cycle begins with a single, unbudded cell (Pringle & Hartwell 1981; Byers 1981). This cell buds,
the bud grows to nearly the size of the parent cell, the nucleus divides, and the two cells separate
into two unbudded cells. The cycle then begins again for both of the cells. The result is an
exponential increase in the number of cells with a doubling time equal to the mean cell-division-
cycle time. This varies with the strain, the growth medium, and the temperature, but can be as
short as one hour. At this rate, a single cell can grow into a barely visible colony in one day.

The growth behavior of yeast cultures is similar to that of bacteria. When a growth
medium is inoculated, the cells require a period of preparation before they start dividing.
Following this lag period, which may be up to several hours, they rapidly enter the exponential
phase during which their number and mass double at equal time intervals. After a period of
growth at a relatively constant exponential rate, some environmental condition becomes growth
limiting so that the rate of increase diminishes and growth eventually stops. The population and
mass become constant. The culture remains stationary and the cells remain viable for several
hours; if the culture is refrigerated, the cells remain viable for months. Eventually the cells die,
and at room temperature or warmer they will undergo autolysis. Their own digestive enzymes
become active and they literally digest themselves, reducing their proteins and nucleic acids to
their simpler components, while producing a particularly unpleasant stench.

Normal yeast can grow either aerobically in the presence of oxygen or anaerobically in
the absence of oxygen. Under aerobic growth conditions, they can support growth by oxidizing
simple carbon sources, such as ethanol, acetate or glycerol. If they have adequate oxygen, they
will completely oxidize their carbon sources, usually sugars, to carbon dioxide and water.
However, under anaerobic conditions, deprived of oxygen, yeast can convert sugars only to
carbon dioxide and ethanol, recovering less of the energy. In either case, growth will be limited
by some essential nutrient or the accumulation of the toxin.

Yeast grow equally well in liquid media or on a nutrient surface such as an agar plate or
an exposed surface of some kind of food. In liquid, they must be stirred or shaken if they are to
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remain aerobic; otherwise, they settle to the bottom of the container, consume the dissolved
oxygen, and grow anaerobically. On a nutrient surface in a ventilated container, they grow
aerobically with each cell forming a visible colony of up to 100 million cells within 2 or 3 days.
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FIGURE 2: Cell Division Cycle of Saccharomyces cerevisiae
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