Chapter 20

20.1 Viruses, Viroids, and Prions 

A. Viruses

1. are associated with a number of plant, animal, and human diseases;

2. can only reproduce by using the metabolic machinery of the host cell;

3. are Noncellular;

4. May have a DNA or RNA genome.

5. In 1884, Pasteur suspected something smaller than bacteria caused rabies; he chose a Latin term for “poison.”

6. In 1892, Russian biologist Dimitri Ivanowsky, working with the tobacco mosaic virus, confirmed Pasteur’s hypothesis that an infectious agent smaller than a bacterium existed.

7. With the invention of the electron microscope, these infectious agents could be seen for the first time.

B.  Viral Structure

1. A virus is similar in size to a large protein, generally smaller than 200 nm in diameter.

2. Many viruses can be purified and crystallized, and the crystals stored for long periods of time.

3. Viral crystals become infectious when the viral particles they contain invade host cells.

4.    The classification of viruses is based on

a.
their type of nucleic acid, including whether they are single‑stranded or double‑stranded;

b.
their size and shape; and


c.
the presence or absence of an outer envelope.

5. All viruses have at least two parts:

a. An outer capsid is composed of protein subunits.

b. An inner core contains either DNA (deoxyribonucleic acid) or RNA (ribonucleic acid), but not both.

1) The viral genome at most has several hundred genes; a human cell, in comparison, contains thousands of genes.

2) The viral envelope is usually partly host plasma membrane with viral glycoprotein spikes.

3) Viral particles have proteins, especially enzymes (e.g., polymerases), to produce viral DNA or RNA.

4) Not all viruses have an envelope; such viruses are called naked viruses.   

C.
Parasitic Nature


1.
Viruses are obligate intracellular parasites that cannot multiply outside a living cell; they must infect a living cell in order to reproduce.


a.
Animal viruses in laboratories are raised in live chick embryos or in cell tissue culture.


b.
Viruses infect all sorts of cells, from bacteria to human cells, but they are host specific.


1)
The tobacco mosaic virus only infects certain plants.


2)
The rabies virus infects only mammals.


3)
The AIDS virus, HIV, infects only certain human blood cells.


4)
The Hepatitis virus invades only liver tissues.


5)
The Polio virus only reproduces in spinal nerve cells.


2.
Virus Evolution


a.
Some believe that viruses originated from the very cells that they infect.


b.
For example, viral nucleic acids originated from the host cell genome.

c. Therefore, viruses evolved after cells came into existence; new viruses are probably evolving now.

d. Others suggest that viruses arose before the three domains.


3.
Viruses often mutate; therefore, it is correct to say that they evolve.


a.
Those that mutate are troublesome; a vaccine effective today may not be effective tomorrow.


b.
Influenza (flu) viruses mutate regularly.

D.
Viral Reproduction

1.
Viruses gain entry into and are specific to a particular host cell because portions of the capsid (or spikes of the envelope) adhere to specific receptor sites on the host cell surface.

2.
Viral nucleic acid then enters a cell, where viral genome codes for production of protein units in the capsid.

3.
A virus may have genes for a few special enzymes needed for the virus to reproduce and exit from a host cell.

4.
A virus relies on host cell enzymes, ribosomes, transfer RNA (tRNA), and ATP for its own replication.

E.
Reproduction of Bacteriophages 

1.
Bacteriophages (phages) are viruses that parasitize bacteria.

2.
The lytic cycle is a bacteriophage’s “life” cycle consisting of five stages:

a.
During attachment, portions of the capsid bind with receptors on the bacterial cell wall.

b.
During penetration, a viral enzyme digests part of cell wall; the viral DNA is injected into a bacterial cell.

c.
Biosynthesis involves synthesis of viral components and begins after the virus brings about inactivation of host genes not necessary to viral replication.

d.
During maturation, viral DNA and capsids are assembled to produce several hundred viral particles and lysozyme, coded by the virus, is produced.

e.
When lysozyme disrupts the cell wall, release of the viral particles occurs and the bacterial cell dies.

3.
With the lysogenic cycle, the virus incorporates its DNA into the bacterium but only later is phage produced.

a.
Following attachment and penetration, viral DNA becomes integrated into bacterial DNA with no destruction of the host DNA. 

b.
At this point, the phage is latent and the viral DNA is called a prophage.
c.
The prophage is replicated along with host DNA; all subsequent cells (lysogenic cells) carry a copy.

d.
Certain environmental factors (e.g., ultraviolet radiation) induce prophage to enter the biosynthesis stage of the lytic cycle, followed by maturation and release.

F.
Reproduction of Animal Viruses


1.
Animal viruses replicate similarly to bacteriophages, but there are modifications.


a.
If the virus has an envelope, glycoprotein spikes allow it to adhere to plasma membrane receptors.


b.
The virus genome covered by the capsid penetrates the host cell.


c.
Once inside, the virus is uncoated as the envelope and capsid are removed.


d.
Free of its covering, the viral genome (DNA or RNA) proceeds with biosynthesis.


e.
Newly assembled viral particles are released by budding.


f.
Components of viral envelopes (i.e., lipids, proteins, and carbohydrates) are obtained from the plasma or nuclear membrane of the host cell as the viruses leave.


2.
Retroviruses are RNA animal viruses that have a DNA stage.


a.
Retroviruses contain the enzyme reverse transcriptase that uses RNA as a template to produce cDNA; cDNA is a copy of the viral genome.


b.
Viral cDNA is integrated into host DNA and is replicated as host DNA replicates.


c.
Viral DNA is transcribed; new viruses are produced by biosynthesis and maturation; release is by budding.

G.
Viral Infections of Special Concern

1.
Viruses cause infectious diseases in plants and animals, including humans.

2.
Some animal viruses are specific to human cells: papillomavirus, herpes virus, hepatitis virus, and adenoviruses, which can cause specific cancers.

3.
Retroviruses include the AIDS viruses (e.g., HIV) and also cause certain forms of cancer.

4. Emerging Viruses

5. HIV is an example of an emerging virus: the causative agent of a disease that has only recently arisen and infected people.

6. In some cases of emerging diseases, the virus is simply transported from one location to another; e.g., West Nile virus and severe acute respiratory syndrome (SARS).

7. The high mutation rate of viruses also causes infectious viruses to emerge; e.g., AIDS and Ebola fever.

8. A change in the mode of transmission is yet another way infectious viruses could emerge.

H. Viroids and Prions

1. Viroids are naked strands of RNA, a dozen of which cause crop diseases.

2. Like viruses, viroids direct the cell to produce more viroids. 

3.    Prions (proteinaceous infectious particles) are newly discovered disease agents that differ from viruses    and bacteria.

I.
Flu Pandemic (Health Focus box)


1.    Flu Viruses

a.      A flu virus has an H (hemagglutinin) spike, which allows the virus to bind to its receptor. There are 16 known types of H spikes.

b.     The N (neuraminidase) spike attaches host plasma membranes so the mature viruses can exit the cell. There are nine known types of N spikes.

c.     These viral spikes can occur in different varieties called subtypes. 

d.     Many flu viruses are assigned specific codes based on the type of spike.

        1)     H5N1 (bird flu) virus gets its name from its variety of H5 spikes and its variety of N1 spikes.

e.      Our immune system only recognizes a particular variety of H and N spikes it has been exposed to. 

f.     When a new flu virus arises and there is little or no immunity in the human population, a flu pandemic may occur.


2.     Possible Bird Flu Pandemic of the Future

a.     The H5N1 subtype of the bird flu virus is of concern because it has the potential to reach pandemic proportions.

b.     H5N1 first infected waterfowl, then chickens, and now humans.

c.     This virus can attach to both a bird flu receptor and a human flu receptor.

d.     The virus can transfer from poultry to human, but has rarely been transmitted from human to human.

e.     However, with additional mutations, human to human transmission could be more common, and spread around the world.


3.     How to Be Prepared

a.     One of the easiest practices to prevent the spread of a flu virus is cleaning hands thoroughly and often using soap and water or alcohol-based sanitizer.

b. Keeping your hands away from your eyes, nose, and mouth can help prevent the virus from entering your body.

c.     Education will help prepare for a pandemic.

d.   For more information, visit www.pandemicflu.gov
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