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Figure t Ebola virus. 
This virus causes an 
often-fatal disease and has. 
been recognized only 
since 1976. 

DK~ SeZ 

0s a Worus Ailve? 
Throughout the book, you have learned about the properties of life. 
All living things are made of cells, are able to grow and reproduce, 
and are guided by information stored in their DNA. The smallest 
organisms  that have these. properties are prokaryotes.. Viruses are 

segments of nucleic acids contained in a protein coat Viruses are not 
cells. Viruses are smaller than prokaryotes and range in size from 
about 20 nm to 250 nm (0:02-0.25 pm) in diameter. (One nanometer 
is equal to 0.0013im or 0.00000004 in.) Most viruses, such as the Ebola 
virus shown in Figure t, can be seen only with an electron micro-
scope. Viruses are pathogens—agents that cause disease. Viruses 
replicate by infecting cells and using the cell to make more viruses. 
Because viruses do not have all the properties of life, biologists do not 
consider them to be living. Viruses do not grow, do not have home-
ostasis, and do not metabolize. Because they cause diseases in many 
organisms, viruses have a major impact on the living world. 	- 

Discovery of Viruses 
Near the end of the nineteenth century, scientists were trying to find' 
the cause of tobacco mosaic disease, which stunts the growth of 
tobacco plants. Scientists filtered bacteria from the sap of infected 
plants.'They were surprised to find that the filtered sap could still 
cause uninfected plants to become infected. The scientists con-

cluded that the' pathogen is 
smaller than a bacterium. The 
pathogen was called a virus, a 
Latin word meaning "poison." 

For many years after this 
discovery, viruses were.tholight 
to be tiny cells: In 1935, biolo-
gist Wendell Stanley, of the 
Rockefeller Institute ,purified 
tobacco mosaic virus (TMV). 
He determined that the puri-
fied virus is a.crystal. Stanley 
concluded that TMV is a,chem- 
ical rather than an organism. 

Each particle of TMV is 
composed of RNA and protein. 
Scientists were able to separate 
the RNA from the protein and 
reassemble the virus. so  that it 
could infect plants.  

The virus protein coat, capsid, may contain either RNA or.DNA, 
but not both. RNA viruses include the human immunodeficiency 
virus (HIV'), which causes AIDS, influenza viruses, and rabies virus. 
DNA viruses include those viruses that cause warts, chickenpox, and 
mononucleosis. Many viruses, .such as .the influenza virus shown in 
Figure 2, have a membrane;  or envelope, surrounding the capsid. 
The envelope helps the virus enter cells. It consists-'of protein's, 
lipids, and glycoproteins (glie koh PROH:teen), which are proteins 
with attached carbohydrate molecules that are derived from the 
host cell. Some viruses also contain specific enzymes. 

Viruses exist in a variety of shapes.' Some viruses, such as the 
Ebola virus, shown in Figure 1, are long rods that form filaments. 
Spherical viruses, such as the influenza virus shown in Figure 2, 
typically are studded with receptors. These receptors help the virus 
enter cells.'A helical virus, like the tobacco mosaic virus shown in 
Figure 2, is rodlike in appearance, with capsid proteins winding 
around the core in a spiral. Polyhedral viruses have many sides and 
are roughly spherical. The capsid of most polyhedral viruses has 2.0 
triangular faces and 12 corners. This odd shape is an efficient one 
for containing a viral genome. Figure 2 shows the polyhedral shape 
of a adenovirus, which, can cause several different kinds of infec-
tions in humans. 

Viruses that infect bacteria, called bacteriophages, have a compli- 
cated structure. A T4 bacteriophage, for example, has a polyhedron 
capsid attached to a helical tail._A long DNA molecule is coiled within 
the polyhedron. 
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Figure 3 Bacteriophage 
infecting a bacterium. 
Bacteriophages (pink) first 
attach to a bacterial cell (blue) 
and then push their DNA into 
it. The cell then produces 
more viruses. 

Figure 4 Viral replication 
in bacteria. Bacterial viruses 
provide a model by which 
viruses replicate through the 
lytic cycle or lysogenic cycle. 

Viruses lack the enzymes necessary for metal olism and have no 
structures to make protein. Therefore, viruses must rely on living 
cells (host cells) for replication, as shown. in Figure 3. ,Before a virus 
can replicate, it must first infect a living cell. A plant virus, like 
TMV, enters a plant cell'through tiny tears do the cell wall at points 
of.injury. An animal virus enters its host cell by endocytosis. A bac-
terial. virus, or bacteriophage, punches a hole in -the bacterial cell 
wall and injects its DNA into the cell. 

ILyiklc Cycle 
The reproduction of bacterial viruses has been well studied. Once 
inside a cell, the virus will set out on one of two different paths: the 
lytic cycle or the lysogenic cycle. 

In bacterial viruses;  the cycle of viral infection, replication, and 
cell destruction is called the lytic cycle. After the viral genes have 
entered the cell, they use the host cell to replicate viral genes and to 
make viral proteins, such as capsids. ,The proteins are then assem-
bled with the replicated viral genes to form complete viruses. The 
host cell is broken open and releases newly made viruses. Though 
reproduction in bacterial viruses is illustrated here, these stages are 
common to infections by other viruses as well. The lytic cycle is 
shown in Figure 4. 

Lysoagenv c Cycle 
During an infection, some viruses stay inside the cells but do not 
make new viruses. Instead of producing virus particles, the viral . 
gene is inserted into the host chromosome and is called a-  provirus. . 

Whenever the cell divides, the provirus also divides, resulting in two 
infected host cells. In this cycle, called the lysogenic (lie soh JEHN 
ikk) cycle, the viral genome replicates without destroying the host 
cell. This cycle is shown in Figure 4. In some lysogenic viruses, a 
change in the environment can cause the.provirus to begin the lytic 
cycle. This results in the destruction of the host cell. r 

In animal cells, viruses can replicate slowly so that the host cell 
is not destroyed by the virus. For example, the virus that causes 
cold sores in humans hides deep in the nerves,9ff the face. -When the 
conditions in the body become favorable ,for the virus, such as 
when a person is under stress, the virus then begins to cause tissue 
damage that is seen as a cold sore or fever blister. 

Host Cell Specificity 
Viruses are often restricted to certain kinds of cells. For example, 
TMV infects tobacco and related plants, but does not infect animals. 
Scientists hypothesize that this specificity maybe due to the viruses' 
origin. Viruses may have originated when fragments of host genes 
escaped or were expelled from cells. The hypothesis that viruses 
originated from a variety of host cells may. explain why there are so 
many different kinds of viruses. Biologists think there are at least as 
many kinds of viruses as there are kinds of organisms. . . 

Tables i .IM ,ortant Viral Diseases 

How the disease is transmitted Disease . Description of illness 

AIDS Immune system failure 
Sexual contact, contaminated 
blood, or contaminated needles 

Common cold Sinus congestion, muscle aches, cough, fever Inhalation, direct contact 

Ebola High fever, uncontrollable bleeding. 'Body fluids 

Hepatitis A 
Flulike symptoms, swollen liver, 
yellow skin, painful joints 

Contaminated blood, food,-or water 

Hepatitis B 
Flulike symptoms, swollen liver, yellow skin, 
painful- joints; can cause liver cancer 

Sexual contact, contaminated 
blood, or contaminated needles 

Influenza (flu) 
Fever, chills, fatigue, cough, sore throat, . 
muscle aches, weakness, headache 

Inhalation  

Mumps Painful swelling in salivary glands Inhalation 
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Polio 	 NJ 
r  

Fever, headache, stiff neck, possible paralysis Contaminated food or water 

Rabies 
Mental depression, fever, restlessness, 
difficulty swallowing, paralysis, 
convulsions; fatal 

Site of infected animal 

Smallpox 	/ I  
} r  y 

Blisters, lesions, fever, malaise; blindness, 

disfiguring scars; often fatal 
Inhalation 

Yellow fever 
Rash, swollen glands, fever, fatal to developing 
infant In nrannant wnman 

Bite of infected mosquito  
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Read each question, and write you.r answer in the space pr vided. 
1. What properties of life does a virus lack? 

2. How did scientists studying the tobacco mosaic disease know that 
the infectious agent must be smaller than a bacterium? 

3. What property -of the infectious agent showed that it was a chemical? 

Gfa the space provided, v udte the leer of the description that hest matches the 
terin or phrase. 

	 4. capsid 

	 S. envelope 

	 6.. glycoprotei d 

	 7 bacteriophage 

a. a protein with an attached carbohydrate 
molecule 

h. the protein coat of a virus 

c. a virus that infects bacteria 

d. a membrane that surrounds 
the capsid of. some viruses 

in the space provided, explain .how the terms in each pair are related to each 

other. 

a. lytic cycle, lysogenic cycle 

~. provirus, pathogen 
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