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Viruses

The Nature of Viruses

A viron differs from a cell in that 

· It contains only one type of  nucleic acid

· reproduces through replication 

· lacks all metabolic machinery including making proteins

· Are obligate intracellular parasites
Viruses have a host range that includes:

Plants

Animals

Bacteria

Fungi

Protozoa  and Algae
Viral Structure


Viruses range in size from 20 to 300 nanometers

Capsid - protein coat


Consisting of capsomeres - protein sub-units that may be arranged in one of two ways:


HELICAL or ICOSAHEDRAL


Nucleic Acid core 
· All DNA viruses are double-stranded except for parvoviruses, which have ssDNA.

· All RNA viruses are single-stranded except for dsRNA reoviruses.

· The DNA or RNA may be linear or circular.

· Viruses carry genes necessary to instruct the host cell to make new viruses

· Most DNA viruses are budded off the nucleus.

· Most RNA viruses multiply in & are released from the cytoplasm.

· Viral infections range from very mild to life-threatening.

· Many viruses are strictly human in origin, others are zoonoses transmitted by vectors.

· Most DNA & a few RNA viruses can become permanent resident of the host cell. 

· Several viruses can cross the placenta & cause developmental disturbances.

· Viral Genome

· Hepatitis B virus contains only 4 genes.

· Herpesviruses contains hundreds of genes.
By comparison:

· E. coli contains 4000 genes.

· Humans have around 30,000 genes.

· Additional Substances in Viruses

· Some viruses come with pre-formed enzymes that are required for viral replication:

· Polymerases assemble DNA and RNA

· Replicases copy RNA

· Reverse transcriptase copies DNA from RNA
Enveloped or Non-enveloped

· Some viruses possess an envelope of lipids, proteins, and carbohydrates.

· Enveloped viruses susceptible to ether, 
chloroform, etc.

· The envelope may hide the symmetry.

· The envelope may contain spikes (carbohydrate-protein complexes ) that are used to adhere to the host cell.

Functions of Capsid/Envelope

· Protects the nucleic acid when the virion is outside the host cell

· Helps to bind the virion to a cell surface and assists the penetration of the viral DNA or RNA into a suitable host cell

General Structure of Viruses

Complex viruses: atypical viruses

· Poxviruses lack a typical capsid and are covered by a dense layer of lipoproteins.

· Some bacteriophages have a polyhedral 
How Viruses are Classified

· Main criteria presently used are structure, chemical composition, and genetic makeup.

· No taxa above Family (no kingdom, phylum, etc.) 

· Currently recognized: 3 orders, 63 families, and 263 genera of viruses

· Family name ends in -viridae, i.e.Herpesviridae 

· Genus name ends in -virus, Simplexvirus 

· Herpes simplex virus I  (HSV-I)

Cultivation of Viruses

· Bacteriophages - can be grown in bacterial suspensions or on culture of solid media

· Animal viruses

· living animals - rabbits, mice, guinea pigs, hamsters (virus preparation injected into brain, blood, body cavity, skin)

· embryonated eggs—chicken, duck, and turkey most common

· cell culture - primary or continuous

Viral Multiplication

T - even bacteriophages 

Lytic cycle -- attachment, penetration, biosynthesis, maturation/assembly, release

Lysogenic cycle of temperate or latent virus

· Lytic and Lysogenic Cycles of a Bacteriophage

· Lysogeny: The Silent Virus Infection

· Not all phages complete the lytic cycle.

· Some DNA phages, called temperate phages, undergo adsorption and penetration but don’t replicate.

· The viral genome inserts into bacterial genome and becomes an inactive prophage - the cell is not lysed.

· Prophage is retained and copied during normal cell division resulting in the transfer of temperate phage genome to all host cell progeny – lysogeny.
· Induction can occur resulting in activation of lysogenic prophage followed by viral replication and cell lysis. 
· Lysogeny 

· Lysogeny results in the spread of the virus without killing the host cell.

· Phage genes in the bacterial chromosome can cause the production of toxins or enzymes that cause pathology – lysogenic conversion. 

· Corynebacterium diphtheriae 

· Vibrio cholerae 

· Clostridium botulinum 

Assembly of a Bacteriophage

· Viral Multiplication
Animal Viruses 

· Steps in Animal Cell Viral Multiplication

1. Absorption - sites are distributed over the surface of the virus

2. Penetration - occurs by endocytosis or fusion for enveloped animal viruses

3. Replication 



a.  DNA - nucleus



b.  RNA – cytoplasm

4. Assembly and Maturation
5. Release
· Two Types of RNA Viruses (enveloped vs. naked)

· Animal viruses penetrate by endocytosis or fusion
Damage to Host Cell

Cytopathic effects - virus-induced damage to cells

1. Changes in size & shape

2. Cytoplasmic inclusion bodies

3. Nuclear inclusion bodies

4. Cells fuse to form multinucleated cells.

5. Cell lysis 

6. Alter DNA

7. Transform cells into cancerous cells

Persistent infections - cell harbors the virus and is not immediately lysed 

· Can last weeks or host’s lifetime; several can periodically reactivate – chronic latent state 

· measles virus – may remain hidden in brain cells for many years

· herpes simplex virus – cold sores and genital herpes

· herpes zoster virus – chickenpox and shingles

· Some animal viruses enter host cell and permanently alter its genetic material resulting in cancer – transformation of the cell.

· Transformed cells have increased rate of growth, alterations in chromosomes, and capacity to divide for indefinite time periods resulting in tumors.

Mammalian viruses capable of initiating tumors are called oncoviruses. 

· Papillomavirus – cervical cancer

· Epstein-Barr virus – Burkitt’s lymphoma
Prions and Other Infectious Particles

Prions - misfolded proteins, contain no nucleic acid

· cause transmissible spongiform encephalopathies – fatal neurodegenerative diseases

· common in animals:

· scrapie in sheep & goats

· bovine spongiform encephalopathies (BSE), aka mad cow disease

· wasting disease

· humans – Creutzfeldt-Jakob Syndrome (CJS)

· Extremely resistant to usual sterilization techniques

Other noncellular infectious agents

· Satellite viruses – dependent on other viruses for replication

· adeno-associated virus – replicate only in cells infected with adenovirus

· delta agent – naked strand of RNA expressed only in the presence of hepatitis B virus

· Viroids - short pieces of RNA, no protein coat; only been identified in plants, so far
Detection and Treatment of Animal Viral Infections

· More difficult than other agents

· Consider overall clinical picture

· Take appropriate sample 

· Infect cell culture- look for characteristic cytopathic effects

· Screen for parts of the virus

· Screen for immune response to virus (antibodies)

· Antiviral drugs can cause serious side effects
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