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Microorganisms matter. Although we

cannot see microorganisms without using a
microscope, billions of them live all around
us—on land, sea, and even deep underground.

Microorganisms live in all extremes, from near-boiling volcanic
springs to frozen polar ice, and from high mountain peaks to
ocean trenches. They also live on and in all plants and animals.
Microorganisms are often simple life-forms, but they are
essential to life on Earth. The main types of microorganisms
are bacteria and protists. Bacteria are single-celled organisms.
People often think of them as dangerous and disease-causing,
but most are not harmful. Many types of bacteria break down
dead organic matter, including food inside peoples ' intestines,

or guts.

Bacteria in the air have caused these lemons to rot. The
visible signs of mold on the surface of the lemons are
the fruiting bodies of a parasitic fungus growing inside
them.

Protists include green algae, amoebas, slime molds, and many
types of plankton (floating organisms). The group is very diverse
and includes many organisms that are related only distantly.
Some protists move around like tiny animals. Others seem more
like plants. Yet others are plantlike and animal-like at various

stages in their life.

Importance of microorganisms

Some microorganisms cause terrible diseases such as
tuberculosis and AIDS. Yet overall, we cannot do without
them. They are vital to Earth's ecosystems, and life would be

impossible without them.

Microorganisms are too small to see with the naked eye, so it

is not always obvious how important they are. They play many
different roles. Some microorganisms make their own food like
plants. Others hunt prey like animals, while yet others rot down
and recycle dead material. Plantlike microorganisms that float in
the oceans are particularly important. Just like true plants, they




use the energy in sunlight to turn water and carbon dioxide
from the air into food and oxygen by photosynthesis. These
microorganisms are eaten by others and form the base of a
food chain that leads to fish, whales, and even people. Many
single-celled protists are plantlike. Plantlike protists are often
called algae, or microalgae if they are single-celled. Not all the
microorganisms called algae are related.

Microorganisms and people

Bread, wine, and cheese are all made with help from
microorganisms. Industrial uses for microorganisms, or
biotechnology, include the manufacture of drugs, solvents
(dissolving liquids), and some types of plastics. Other uses
include the spreading of insect-attacking proteins to control

pests and using biological methods to clean up pollution.

These diatoms are single-celled microorganisms that
live in the ocean. They have complex shapes formed by
glassy skeletons with beautiful patterns.

Much of the knowledge gained in the fields of biochemistry,
genetics, and molecular biology has come from studying
bacteria and viruses. So too have many of the techniques used

in genetic engineering.

/
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& algae Plantlike, often single-celled, organisms.

& photosynthesis The conversion of water and carbon
dioxide into sugars in plants, using the energy of sunlight.

& Pprotist A single-celled organism with a nucleus and

k other organelles.
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Some bacteria cause diseases, but most
perform vital or useful functions—in the
digestive systems of animals and also in the
recycling of nitrogen.

There are more bacteria living on Earth than any other life-form.
They live in air, water, soil, and plants and animals. Evidence that
bacteria may have been the first organisms on Earth comes
from the fact that some bacteria live in harsh environments that
are probably similar to the conditions present on Earth when
life first began.

People usually think of bacteria as disease-causing germs.
However, the bacteria that cause diseases such as cholera,
tuberculosis, and the sexually transmitted infection gonorrhea
make up just a tiny portion of the bacterial world.

Bacteria thrive on the sulfur and high temperatures of
thermal pools in Yellowstone National Park. The yellow
color comes from pigments in the bacteria.

We depend on bacteria for many important functions in life,
including maintaining Earth's atmosphere as well as breaking
down decaying matter and releasing the nutrients they contain
back into the environment. They also digest food in the gut of
animals.

Recycling Earth's nitrogen is another important bacterial
activity. Plants need nitrogen to grow properly. Soil bacteria
make nitrogen available to plants by changing nitrogen gas
from the air into nitrates or nitrites in a process called nitrogen
fixation.

Size
Bacteria are among the smallest organisms on Earth. A human

body has billions of cells, but each bacterium (plural, bacteria)
is just one cell. A bacterium may be just a few nanometers long




SPHERICAL BACTERIA
are called cocci (singular,
coccus). They exist singly
or as chainsor blocks of
cells.

ROD-SHAPED BACTERIA
N\ are called bacilli (singular, bacillus).

COMMA-SHAPED BACTERIA
are curved rods called vibrio. They

cause cholera.
- T
L SPIRAL BACTERIA
» B ‘ may be single or
b form chains.

Bacteria come in many different shapes and sizes, but
the three most common are rods, spheres, and spirals.

(@ nanometer is 1 millionth of a millimeter) or as large as 0.75
mm in length. Bacteriologists (scientists who study bacteria)
view bacteria through microscopes because they are too small
to be seen with the naked eye. Bacteria are always single-celled,
but some types join up and form filaments or threads. These
threads may be visible to the naked eye. Even in bacteria that
live in groups the contents of each cell remain separate.

A typical bacterial cell is much simpler than an animal or plant
cell and is usually more than 100 times smaller. However,
there are some exceptions: The relatively huge bacterium

BACTERIA GROOPS

Bacteria are divided into two main groups. The two groups
are the eubacteria and the archaebacteria. The eubacteria
are the older group. Scientists are unsure exactly when

the archaebacteria split from the eubacteria. This major
division may have taken place as long as 3 billion years ago,
or it may have been much more recent; some scientists
think the split took place around 850 million years ago.
The two main bacteria groups are further separated into
several major divisions.

Epulopiscium fischelsoni is 0.5 mm long; it can just about be
seen with the naked eye. This bacterium lives in the gut of the
surgeon fish, where it feeds on the fish 's digested food.

Classification

Not long after bacteria appeared about 3.5 billion years ago,
they split into two groups, archaebacteria and eubacteria.

The groups are very different in terms of their structure

and metabolism (the way in which they carry out their life
processes). The name archaebacteria is misleading since
eubacteria are more ancient than archaebacteria (archae means
old). Scientists have studied eubacteria—which include most
of the known species of bacteria—much more thoroughly than

archaebacteria.

To date, scientists have recognized about 5,000 different types
of bacteria on Earth. However, this is just the tip of the iceberg
and there may be many millions more types of bacteria that
have not yet been discovered. Bacteria exist in a variety of
different shapes. Their shapes include rods, spheres, spirals,
and commas. Scientists mostly classify bacteria by genetic
characteristics (characteristics that are inherited from previous
generations) and by how the bacteria get their energy.
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Archaebacteria

Archaebacteria often live in environments that few other

organisms can exploit. These habitats include salty places,
inhabited by halophile (which means "salt-loving" ) bacteria,
hot places, inhabited by thermophile ( "heat-loving" ) bacteria,
or environments that are low in oxygen such as the sand or
mud of swamps, marshes, and estuaries. These are anaerobic
(oxygen-hating) bacteria. People use anaerobic bacteria to
decompose sewage and other waste. Similar types of bacteria
live in the guts of animals, including people, where they break

down food.

Halophiles live in very salty environments, such as the Great
Salt Lake in Utah. The bacteria contain high levels of pigments
(coloring) and are purple or red. Extreme thermophiles live

in very hot places, such as deep-ocean hydrothermal vents.
Sulfolobus is a thermophile bacterium that lives in hot sulfur
springs in Yellowstone National Park. It gets energy by breaking

down sulfur compounds.

BACTERIA AND FOOD PRODUCTION

Bacteria are used widely in the food industry to ferment
foods or alter their properties, making them more
flavorsome, digestible, or merely to improve their texture.
Fermentation is a natural chemical process in which
microorganisms, such as bacteria and yeast (a fungus), get
their energy by breaking down sugars to form alcohol and
carbon dioxide gas in an oxygen-free environment. Dairy
products, bread, vinegar, and pickled vegetables are some
of the foods we enjoy every day thanks to bacteria. Milk is
fermented to cheese, yogurt, and sour cream by the lactic
acid-producing bacteria Lactobacillus, Leuconostoc, and
Streptococcus. The bacteria change the taste and texture
of the products and even help them keep better: Some
cheeses can be stored for months at room temperature.

THE GRAM STAIN

Bacteria are identified using a staining technique called the
Gram stain, named after its developer Danish physician
Hans Christian Gram (1853-1938). Gram-positive bacteria
stain purple when exposed to the Gram stain. Gram-negative
bacteria are not stained by the purple dye. The Gram stain
reacts to differences in the structure of the bacterial cell
surface. Bacteria with an outer layer that contains a chemical

outer capsule

cytoplasm

plasma
membrane

called peptidoglycan are Gram-positive. The peptidoglycan
turns purple when exposed to the stain. Gram-negative
bacteria have less peptidoglycan and a further outer embrane
that keeps out the stain. Gram-negative bacteria can resist
antibiotics (drugs that kill bacteria) thanks to the extra outer
membrane.

Left: Gram-negative bacteria do not retain the violet
dye when tested. Below: Gram-positive bacteria retain
the violet dye and appear deep blue or purple.

peptidoglycan

cytoplasm




