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Connect It

LESSON

Viruses, Bacteria, 
Protists, and Fungi3

Guiding Questions
• What are all living things made of?
• What are the characteristics of viruses,

bacteria, protists, and fungi?
• How do viruses, bacteria, protists, and

fungi interact with nature and people?

Connections
 Literacy  Cite Textual Evidence

 Math  Analyze Relationships

Academic Vocabulary
resistant

Vocabulary
virus
host
vaccine
bacteria
protist
parasite

HANDS-ON LABHANDS-ON LABHANDS-ON LAB
HANDS-ON LAB

Discover unicellular 
and multicellular organisms in pond water.

SEP Explain Phenomena Why might it be unwise to drink water straight from 
a pond?

 Write a checkmark on one individual of each kind of living thing you see. 

SEP Make Obsesrvations Describe the different types of organisms you see.
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Life in a Drop of Water
Figure 1 A single drop of pond 
water is home to many kinds of life.

Microorganisms
When people think of organisms, they picture plants or  
animals. Yet many of the organisms we come in contact with 
every day are so small that you need a microscope to see them. 
These microorganisms are vital for the survival of all plants 
and animals. Figure 1 shows some amazing microbes living in 
a single drop of pond water.

Protists are classified in Domain Eukarya and are simpler 
than the plants, animals, and fungi they are grouped with. 
However, organisms in Domains Archaea and Bacteria 
are less complex than protists. Archaea and bacteria are 
 unicellular microorganisms that do not have a nucleus. 
These  microorganisms are classified in different domains 
because of their different characteristics. 

Many archaea live in extreme conditions and make food from 
chemicals. You might find archaea in hot springs, very salty 
water, or deep underground. Archaea is a great example of 
how science is always changing. The domain Archaea was only 
proposed by taxonomists in 1977!

Bacteria have different structures and chemical processes 
than archaea do. Some bacteria are autotrophs, meaning they 
can make their own food. Other bacteria are heterotrophs 
who must find their food. Still other types of bacteria are 
 decomposers that absorb nutrients from decaying organisms. 
Bacteria are found in soil, water, and air. In fact, bacteria are 
found everywhere, even inside you.

 READING CHECK  Determine Central Ideas If you had a 
powerful microscope, how could you determine whether a cell was 
from a eukaryote?
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VIRUS

HOST CELL

The virus that causes a 
disease is isolated. The 
virus is then damaged 
by heat, and a vaccine 
is prepared from it.

After being injected 
with a vaccine, the 
body prepares defenses 
against the virus.

The body can now 
resist infection by the 
disease-causing virus.

Step 3  Cell bursts, 
releasing many new 
copies of virus.

Step 2 Cell 
makes copies 
of virus.

Step 1 Virus injects 
genetic material into 
host cell.

HANDS-ON LAB
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Influenza virus

Ebola virus

Bacteriophage

Investigate 
the size and scale of virus 
particles.

Viral Variety
Figure 2 Viruses come in 
many shapes. These images 
have been magnified and 
colorized to show details.

SEP Determine 
Similarities  Circle 
the virus that most closely 
resembles a cell. Explain 
your choice.

 

Viruses
You may have noticed that viruses were not included in the 
domains of living things. That’s because viruses are not 
alive. A virus is a tiny, nonliving particle that enters and 
then  reproduces inside a living cell. They lack most of the 
 characteristics of living things. Some viruses may look like cells, 
but they are not cells. Viruses cannot reproduce on their own. 
Instead, they cause the cells they enter to reproduce more viruses. 
Viruses do not use food for energy or to grow. They also do not 
respond to their surroundings or produce wastes.

Shapes and Names Viruses can be round or shaped 
like bricks, threads, or bullets. Some viruses even have complex, 
 robot-like shapes, as shown in Figure 2. Viruses are so small 
that they are measured in units called nanometers (nm), or one 
billionth of a meter. The common cold virus is 75 nm in  diameter. 
The diameter of a red blood cell—7,500 nm—is much larger. 
Scientists name some viruses after the disease they cause or after 
the area where they were discovered.

Reproduction A virus is very small and simple. All viruses 
contain genetic material with a protein coating. The genetic 
material contains chemical instructions for making more copies 
of the virus. To reproduce, a virus attaches itself to a host cell, as 
shown in Figure 3. A host is an organism that provides a source 
of energy or a suitable environment for a virus to live. The virus 
either enters the cell or injects its genetic material into the host 
cell. Inside the host cell, the virus’s genetic material takes over 
and forces the cell to make more copies of the virus! Finally, the 
host cell bursts open, releasing many new viruses which then 
infect other healthy cells, repeating the process.

Disease Many copies of a virus attacking your cells at once 
may cause a disease. Some viral diseases are mild, such as the 
common cold. Other viral diseases can produce  serious illnesses. 
Viruses spread quickly and attack the cells of nearly every kind 
of organism. Fortunately, scientists have developed vaccines to 
prevent many dangerous viral diseases. A vaccine is a substance 
used in vaccination that consists of pathogens, such as viruses, 
that have been weakened or killed but can still trigger the body 
to produce chemicals that destroy the pathogens. Figure 4 shows 
the vaccination process.

 READING CHECK  Distinguish Facts What makes viruses so 
dangerous and vaccines so important?
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VIRUS

HOST CELL

The virus that causes a 
disease is isolated. The 
virus is then damaged 
by heat, and a vaccine 
is prepared from it.

After being injected 
with a vaccine, the 
body prepares defenses 
against the virus.

The body can now 
resist infection by the 
disease-causing virus.

Step 3  Cell bursts, 
releasing many new 
copies of virus.

Step 2  Cell 
makes copies 
of virus.

Step 1  Virus injects 
genetic material into 
host cell.

Math Toolb x

Ebola Cases in West Africa, 2014
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A Viral Epidemic

When a virus sickens many people at the same time  
within a limited geographic area, the outbreak is called 
an epidemic. During the 2014–2015 Ebola epidemic  
in West Africa, people began to get sick faster and faster 
beginning in May. There were about 375 new Ebola 
cases at the beginning of June. By July first, there were 
about 750 new cases. 

3. Write an Expression Find the number of new

Vaccine Protection
Figure 4 Vaccinations can prevent 
measles and other viral diseases.

SEP Construct Explanations Why is 
it important to use a weakened virus in 
a vaccine?

 

1.SEP Identify Variables On the graph, circle the 
variable that depends on the other.

2.  SEP Interpret Data Explain the relationship 
between the number of cases reported and time. 

cases expected by September. Use an expression to 
plot the number of new cases for both September and 
October on the graph. Then finish drawing the line.

Virus Invasion!
Figure 3 A cell invaded by a virus  
becomes a kind of zombie. All the  
cell’s energy goes into making more 
and more new viruses.

SEP Apply Scientific Reasoning Which 
evolved first: viruses or living organisms? Explain.
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Bacteria
If life were a movie, bacteria would be both villains and 
heroes. Bacteria would also make up most of the supporting 
cast. Bacteria make up the great majority of organisms on 
Earth. Bacteria are very small; millions can fit into the period 
at the end of this sentence. The smallest bacteria are about the 
size of the largest viruses. Most bacteria are one of three basic 
shapes: ball, rod, or spiral. You can see some of these shapes in 
Figure 5. The shape of the cell helps scientists identify the type 
of bacteria.

Infectious Bacteria You have probably heard of E. coli,
Streptococcus (“strep throat”), and Staphylococcus (“staph”). 
They are types of infectious, or disease–causing, bacteria. 
Someone can become infected when the bacteria enter the 
 person’s body. The bacteria then grow and multiply quite 
quickly. Because these bacteria give off toxins (dangerous 
chemicals that damage surrounding cells and tissues), they 
can cause serious infections. Luckily, fewer than one percent of 
bacteria are actually infectious.

Bacterial Cell Structures Bacteria are single-celled
organisms, also known as prokaryotes, that lack a nucleus. 
Each cell is a separate living organism that performs all the 
functions needed for life. Figure 6 shows the structure of a 
typical bacterial cell. Bacteria have cell walls that protect 
them from attacks and keep them from drying out. Inside 
the cell wall is a cell membrane. The cell membrane controls 
what  substances pass into and out of the cell. Some bacteria 
have structures attached to the cell wall that help them move 
around. Flagella whip around like propellers to drive some 
bacteria toward their food.

Bacteria Shapes
Figure 5 The shape of a 
bacteria helps a scientist to 
identify it.

CCC Structure and 
Function Label the shape 
of each bacteria.

Model It
Bacterial Cell Structures
Figure 6 Structures in a bacterial 
cell help them function and survive.
SEP Develop Models  Use 
the descriptions below to label the 
structures. 

cytoplasm everything inside 
the cell membrane

genetic material string-like 
chemical instructions for cell

pili tiny hairs that help cell 
move and reproduce

ribosomes round structures 
where proteins are made

cell wall 

cell
membrane

flagellum

ribosomespili

cytoplasm genetic material

cytoplasm everything inside 
the cell membrane

genetic material string-like 
chemical instructions for cell

pili tiny hairs that help cell 
move and reproduce

ribosomes round structures 
where proteins are made

cell wall 

cell
membrane

flagellum
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Obtaining Food Some bacteria make their own food
from sunlight, like plants do. Other bacteria create food from 
chemicals. Chemicals from underwater volcanoes feed the 
 bacteria in Figure 7. A third group of bacteria take in food 
through their cell walls. Food for these bacteria could be milk, 
sugar, meat, or dead cells. Your digestive system is a good 
home for bacteria! Some bacteria use the energy from food to 
make poisonous chemicals called toxins. Toxins cause the pain 
and sickness you feel when you get food poisoning.

Survival Bacteria cannot move fast. They cannot escape
intense heat or hunt for food. In harsh conditions, some 
 bacteria survive by sheltering in place. A thick-walled shell 
forms around genetic material and cytoplasm, forming a tough 
endospore. The endospore can grow back into a full cell when 
conditions improve.

Bacterial Reproduction Bacteria also keep ahead
of predators by reproducing rapidly. Even if predators eat 
some individual bacteria, there are always more. Bacterial 
 reproduction is shown in Figure 8. Most bacteria reproduce 
asexually by growing and then dividing into two identical 
cells. Asexual reproduction in bacteria is called binary fission.

Bacteria can also pass genetic material to a neighboring 
 bacteria through conjugation. Conjugation occurs when two 
bacteria cells come together and exchange genetic  material. 
Conjugation does not produce more bacteria, but it does allow 
genetic information to spread. For  example, one bacterial cell 
could be resistant to antibiotics. The  antibiotic-resistant cell 
could pass the resistance on to other bacteria by conjugation. 
Soon, the whole bacteria population can become resistant and 
the antibiotic will stop working.

Bacterial Reproduction
Figure 8  Label the diagram with these 
terms: asexual reproduction, binary  fission, 
conjugation, and transfer of genetic 
material. Then, match the number in the 
diagram to the step it describes below.

genetic information from the other cell.

____ Cell splits into two identical cells.

____ Cell grows larger before dividing.

____ One cell passes some of its genetic 
information to another cell.

1 3

42

Observe and compare 
different unicellular 
organisms.

 INTERACTIVITY

Undersea Mystery
Figure 7 These “rocks” are 
layers of bacteria that have 
grown up around the mouth 
of the seafloor volcano.

Academic Vocabulary 
Resistant means able to 
work against or hold off an 
opposing force. When have 
you been resistant?

___ Cells separate; one now has some 
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32 Living Things in the Biosphere

Bacteria

Oxygen Production

Autotrophic bacteria 
release oxygen into 
the air. They added 
oxygen to Earth’s early 
atmosphere.

Health and Medicine

In your intestines, they help 
digest food and prevent 
harmful bacteria from 
making you sick. Some 
make vitamins. 

Environmental Cleanup

Some bacteria turn 
poisonous chemicals 
from oil spills and gas 
leaks into harmless 
substances. 

Food Production

Needed to turn 
milk into buttermilk, 
yogurt, sour cream, 
and cheese.

Bacteria can 
cause foods to 
spoil.

Environmental Recycling

In soil, bacteria that 
act as decomposers 
break down dead 
organisms, returning 
chemicals to the 
environment for other 
organisms to reuse.

In roots of certain 
plants, nitrogen-
fixing bacteria 
change nitrogen 
gas from the air 
into a form that 
plants can use. 

Literacy Connection
Cite Textual Evidence  
Would you classify  bacteria 
as harmful or helpful? 
Explain.
  

The Many Roles of Bacteria
Figure 9  Bacteria do other things besides make people sick. 
They have many important roles in nature and human life. There are 
many ways we interact with bacteria. Circle or highlight one or more 
examples of harmful bacteria.

 READING CHECK  Cite Textural Evidence According to what 
you have read, how do bacteria protect their genetic material and 
cytoplasm during harsh conditions?
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Protists
Protists are eukaryotic organisms that cannot be classified 
as animals, plants, or fungi. Figure 10 shows that protists 
have a wide range of characteristics. All protists live in moist 
 environments and are common where humans interact. Most 
protists are harmless, but some can cause illness or disease. 
Most harmful protists are parasites, organisms that benefit from 
living with, on, or in a host. Drinking water contaminated with 
these protists can cause fever, diarrhea, and abdominal pain. For 
example, a person can become ill after drinking water containing 
the protist Giardia. The protist attaches itself to the small 
intestine, where it takes in nutrients and prevents those nutrients 
from entering the human. The person gets ill from the disease 
giardiasis. Another parasitic protist travels with a mosquito. 
When a mosquito that is carrying the protist Plasmodium bites a 
human, the protist infects the red blood cells, causing malaria.

Diversity of Protists
Figure 10 Protists are 
classified in Domain Eukarya 
and Kingdom Protista. The 
three separate types are 
shown in the table below.

Identify Use information 
in the chart to identify the 
three photos of protists 
below. Write the name of 
each type of protist in the 
space provided.

 READING CHECK  Cite Textual Evidence Tasha and Marco
examine a cell through a microscope. Tasha suggests that the cell 
is a protist. Marco thinks it might be a bacterium. What evidence 
would prove Tasha right?

 Animal-like Protists Plant-like Protists Fungi-like Protists

Food
Heterotrophs Autotrophs; some also 

heterotrophs
Heterotrophs

Features
Unicellular Unicellular or multicellular Unicellular, but often live 

in colonies 

Movement
Free-swimming Free-swimming or 

attached
Move during some part of 
life cycle

Reproduction Asexual and sexual Sexual and asexual Asexual

Examples

Amoebas: surround and 
trap food particles
Giardia: common parasite, 
has eight flagella

Red algae: seaweeds peo-
ple eat, known as nori 
Dinoflagellates: glow in 
the dark

Slime molds: brightly col-
ored, grow in garden beds
Water molds: attack plants, 
such as crops

Discover 
unicellular and multicellular 
organisms in pond water.
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Fungi
What’s the largest organism ever to exist on Earth? Good 
guesses would be a dinosaur, a blue whale, or a giant tree. 
These are wrong. The biggest living thing is a honey  fungus 
 colony growing under a forest in Oregon. The colony is larger 
than a thousand football fields! Like all other fungi, the 
honey fungus has eukaryotic cells with cell walls. Fungi are 
 heterotrophs that feed by absorbing food through their cell 
walls. Most of the honey fungus is unseen underground. The 
cells of fungi are arranged into hyphae, or threadlike tubes. 
Hyphae, like those shown in Figure 11, give fungi structure and 
allow them to spread over large areas. Hyphae also grow into 
food sources and release chemicals. Food is broken down by the 
chemicals and then absorbed by the hyphae. Some fungi act as 
decomposers and consume dead organisms, while others are 
parasites that attack living hosts.

Fungal Reproduction Fungi occasionally send up 
reproductive structures called fruiting bodies. Some fruiting 
bodies are the familiar mushrooms that you eat or see growing 
in damp environments. Fruiting bodies produce spores that 
are carried by wind or water to new locations. Each spore that 
lands in the right conditions can 
then start a new fungal colony.  
Fungi can also reproduce  
sexually when hyphae from 
two colonies grow close  
together and trade  
genetic information.

 Reflect Think back
to a time when you or 
someone you know 
had a fungal infection. 
What symptoms did the 
infection cause? What 
made the infection  
go away?

Structure of a Honey Mushroom
Figure 11 The part of a mushroom you can see 
above ground is tiny compared to the network  
of hyphae underground.

Hypothesize What is a possible relationship 
between the fungus and the tree root?

 READING CHECK  Determine Central 
Ideas What is the purpose of fungal spores?
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2. SEP Construct Explanations Why would

1. CCC Energy and Matter Why would a

Fungi: Friend or Foe?
Figure 12  Circle or highlight evidence of harm in the image descriptions.

Penicillium Mold

Grows on food products.

Spoils food.

Produces chemicals used in antibiotics.

Some produce poisons or cause allergic

reactions.

 Mycorrhiza

Grows around plant seeds

and roots.

Brings water to plant and

eats plant sugars.

Helps plants grow.

Lichen

Forms partnership with
autotrophic algae or bacteria.

Provides water, shelter, and minerals,

while partner provides food.

Produces chemicals used in dyes, perfumes,

and deodorant.

Provides food for animals in harsh environments.

 Yeast

Eats carbohydrates, turning

them into alcohols and carbon

dioxide.

Helps to bake bread and make beverages.

Causes diaper rash and yeast infections.

Destroys stored foods.

Shiitake Mushroom

Grows on and consumes
dead logs.

Provides nutritious food.

Breaks down dead wood and makes

nutrients available for living things.

Fungi Files
Use research to develop 
medicine needed for 
someone that is ill.

 INTERACTIVITYRoles of Fungi Fungi come in many forms and have
varying lifestyles. We depend on fungi for many services.  
Figure 12 explores some of the ways that fungi are helpful and 
harmful. At the same time, fungi can destroy our property and 
food and make us sick. You’ve probably heard of athlete’s foot and 
ringworm. These are both common rashes—mild skin infections 
caused by fungi in the environment. They are easily treated. 
Some fungi, however, can cause serious diseases. In fact, more 
people die each year from fungal infections than from malaria 
and certain common cancers. There are no vaccines to prevent 
fungal infections.

fungi be better than seeds at absorbing water?

fungus growing on a rock need a partner to 
provide it food?
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