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Introduction

When is a life form not a life form? When it's a virus.

Viruses are strange things that straddle the fence between living and non-living. On the one hand, if they're floating around in the air or sitting on a doorknob, they're inert. They're about as alive as a rock. But if they come into contact with a suitable plant, animal or bacterial cell, they spring into action. They infect and take over the cell like pirates hijacking a ship.

Viruses are different from anything else found on earth and are mainly characterized by their size, shape, and half alive/half dead existence. 

The big difference between viruses and all else, is that fact that viruses are so small they can not be viewed without the help of an electron microscope. This is because viruses are, on average, smaller than a regular wavelength of visible light. In effect, the viruses can hide between light waves, thus making them colorless. They can not be seen by the naked eye or a regular microscope. Viruses are so small in fact, that the largest virus is equal in size to the smallest bacteria. The smallest virus measures only 20 nanometers in length. Because of their incredibly small size, viruses are extremely hard to study and understand. 

Shape is also a defining characteristic of viruses. The basic shapes viruses tend to take are rods, filaments, crystals, helixes, polyhedrons and spheres, with added extensions. Almost all human viruses are close to being spherical. Every virus carry proteins and nucleic acids in a protective coat. This protective membrane is called the capsid. Extensions on any virus are called antigens. The antigens allow viruses to identify, attack, and enter its target host. Viruses are not classifiably alive or dead. They seem to be in limbo between each state. Viruses exist this way because they are strictly parasites. That is, they can not survive and thrive without a host or group of host cells. The hosts provide viruses with all the chemicals and molecules they need to survive and reproduce. You might think of viruses' as robots that need to take over a factory to make more of themselves. Without that, the viruses are dormant. Viruses can lie dormant within any host or environment until the proper conditions for their activity are provided. This is why we sometimes say that viruses have incubation periods of certain lengths. Some viruses are also classified as 'persistent viruses'. Such viruses can enter and exit host cells without killing them. Even so, each different virus is stimulated by different conditions and they all have different, specific functions they affect in their host. They are mysterious and dangerous creatures.
What They Are..
A virus is basically a tiny bundle of genetic material—either DNA or RNA—carried in a shell called the viral coat, or capsid, which is made up of bits of protein called capsomeres. Some viruses have an additional layer around this coat called an envelope. That's basically all there is to viruses.
What They Look Like..
There are thousands of different viruses that come in a variety of shapes. Many are polyhedral <polly-hee-drul>, or multi-sided. If you've ever looked closely at a cut gem, like the diamond in an engagement ring, you've seen an example of a polyhedral shape. (Unlike the diamond in a ring, however, a virus does not taper to a point, but is shaped similarly all around.) Other viruses are shaped like spiky ovals or bricks with rounded corners. 

	[image: image3.png]



	  

	Ebola virus
Courtesy CDC
	


Some are like skinny sticks while others look like bits of looped string. Some are more complex and shaped like little lunar landing pods. 

Where They're Found
Viruses are found on or in just about every material and environment on Earth from soil to water to air. They're basically found anywhere there are cells to infect. Viruses have evolved to infect every form of life, from animal to plant and from fungi to bacteria. 

However, viruses tend to be somewhat picky about what type of cells they infect. Plant viruses are not equipped to infect animal cells, for example, though a certain plant virus could infect a number of related plants. Sometimes, a virus may infect one creature and do no harm, but cause havoc when it gets into a different but closely enough related creature. For example, the Hantavirus is carried by deer mice without much noticeable effect on the rodents. But if Hantavirus gets into a person, it causes a dramatic and frequently deadly disease marked by excessive bleeding.

Other Virus-Like Things
Viruses may be referred to often as the smallest infectious things. But there are some smaller contenders. Some of the agents of plant disease lack even a viral coat and are merely small strings of plain, or "naked," RNA. These particles are called viroids. They are believed to be a more primitive version of ordinary viruses. But maybe viroids aren't the smallest infectious agents all.

Prions
Do you recall hearing about Mad Cow Disease? This is an ailment that affects the animals' brains and is also called bovine spongiform encephalopathy <boh-vine sponge-ee-form en-sef-uh-la-puth-ee> because it makes the brain appear holey, like a sponge. There is a human form of this disease called Creutzfeldt-Jakob <kroits-feld ya-cob> disease. Some scientists now believe these brain illnesses are among a few diseases caused by an infectious agents called prions <pree-ons>. Prions are not even DNA or RNA, but simply proteins. They are thought to be misshapen or abnormal versions of proteins normally found in animals or people. Very little is known about prions. Scientists suggest that they spread when a prion comes into contact with the normal version of the protein and causes the normal protein to change shape and become a prion, too.

Taxonomy: Description is on the taxonomic level of family. Taxon contains the following Genera: Mastadenovirus; Aviadenovirus. 

Host: Taxon infects vertebrates. 

Genome: Linear; double stranded; DNA. Genome monopartite. Total genome 30000-42000 nucleotides long. Guanine + cytosine ratio very variable and ranges between 48-61 %. Genome sequence has terminal repeated sequences; inverted terminal repetitions (ITR). Terminal repeats at the 3'-end 50-200 nucleotides long. 5' terminus has a genome-linked protein (VPg). 

Morphology: Virions isometric; not enveloped. Nucleocapsids appear to be angular; 70-90 nm in diameter. Symmetry icosahedral. Surface capsomere arrangement obvious. 252 capsomeres per nucleocapsid (8-9 nm in diameter). Surface projections of nucleocapsid distinct; one or two filaments; restricted to (the 12 vertices of capsid, but often not detected in negative stains). Virions may occur together with a dependent virus; may provide helper functions to dependent virus. 

General Characteristics of Viruses
1. Depending on one's viewpoint, viruses may be regarded as exceptionally complex aggregations of nonliving chemicals or as exceptionally simple living microbes.
2. Viruses contain a single type of nucleic acid (DNA or RNA) and a protein coat, sometimes enclosed by an envelope composed of lipids, proteins, and carbohydrates.
3. Viruses are obligatory intracellular parasites. They multiply by using the host cell's synthesizing machinery to cause the synthesis of specialized elements that can transfer the viral nucleic acid to other cells.
Host Range:
1. Host range refers to the spectrum of host cells in which a virus can multiply. (narrow vs. broad)
2. Most viruses infect only specific types of cells in one host species, so they do not generally cross species barriers.
3. Host range is determined by the specific attachment site on the host cell's surface and the availability of host cellular factors.
Size:
1. Viral size is ascertained by electron microscopy.
2. Viruses range from 20 to 14,000 nm in length.
Viral Structure
A virion is a complete, fully developed viral particle composed of nucleic acid surrounded by a coat.
General Morphology
1. Helical viruses (for example, Ebola virus) resemble long rods and their capsids are hollow cylinders surrounding the nucleic acid.
2. Polyhedral viruses (for example, adenovirus) are many-sided. Usually the capsid is an icosahedron.
3. Enveloped viruses are covered by an envelope and are roughly spherical but highly pleomorphic (for example, Poxvirus). There are also enveloped helical viruses (for example, Influenzavirus) and enveloped polyhedral viruses (for example, Herpesvirus).
4. Complex viruses have complex structures. For example, many bacteriophages have a polyhedral capsid with a helical tail attached.
Nucleic Acid
1. Viruses contain either DNA or RNA, never both, and the nucleic acid may be single- or double-stranded, linear or circular, or divided into several separate molecules.
2. The proportion of nucleic acid in relation to protein in viruses ranges from about 1% to about 50%.
Capsid and Envelope
1. The protein coat surrounding the nucleic acid of a virus is called the capsid.
2. The capsid is composed of subunits, capsomeres, which can be a single type of protein or several types.
3. The capsid of some viruses is enclosed by an envelope consisting of lipids, proteins, and carbohydrates.
4. Some envelopes are covered with carbohydrate-protein complexes called spikes.
Taxonomy of Viruses
1. Classification of viruses is based on type of nucleic acid, strategy for replication, and morphology.
2. Virus family names end in -viridae; genus names end in -virus; specific epithets have not been assigned.
3. A viral species is a group of viruses sharing the same genetic information and ecological niche.
Isolation, Cultivation, and Identification of Viruses
1. Viruses must be grown in living cells.
2. The easiest viruses to grow are bacteriophages.
Growth of Bacteriophages in the Laboratory
1. The plaque method mixes bacteriophages with host bacteria and nutrient agar.
2. After several viral multiplication cycles, the bacteria in the area surrounding the original virus are destroyed; the area of lysis is called a plaque.
3. Each plaque originates with a single viral particle; the concentration of viruses is given as plaque-forming units (PFUs).
Growth of Animal Viruses in the Laboratory
1. Cultivation of some animal viruses requires whole animals.
2. Simian AIDS and feline AIDS provide models for study of human AIDS.
3. Some animal viruses can be cultivated in embryonated eggs.
4. Cell cultures are cells growing in culture media in the laboratory.
5. Primary cell lines and embryonic diploid cell lines grow for a short time in vitro.
6. Continuous cell lines can be maintained in vitro indefinitely.
7. Signs of viral infections are called cytopathic effects (CPE). Viral growth can cause cytopathic effects in the cell culture. Some viruses cause cytocidal effects (cell death), and others cause noncytocidal effects. Cytopathic effects include the stopping of mitosis, lysis, the formation of inclusion bodies, cell fusion, antigenic changes, chromosomal changes, and transformation.
Viral Identification
1. Serological tests are used most often to identify viruses.
2. Viruses may be identified by RFLPs and PCR.
Viral Multiplication
1. Viruses do not contain enzymes for energy production or protein synthesis.
2. For a virus to multiply, it must invade a host cell and direct the host's metabolic machinery to produce viral enzymes and components.
Multiplication of Bacteriophages
1. During a lytic cycle, a phage causes the lysis and death of a host cell.
2. Some viruses can either cause lysis or have their DNA incorporated as a prophage into the DNA of the host cell. The latter situation is called lysogeny.
3. The T-even bacteriophages that infect E. coli have been studied extensively.
4. During the attachment phase of the lytic cycle, sites on the phage's tail fibers attach to com-plementary receptor sites on the bacterial cell. 
5. During the penetration phase, phage lysozyme opens a portion of the bacterial cell wall, the tail sheath contracts to force the tail core through the cell wall, and phage DNA enters the bacterial cell. The capsid remains outside. 
6. During biosynthesis, transcription of phage DNA produces mRNA coding for proteins necessary for phage multiplication. Phage DNA is replicated, and capsid proteins are produced. During the eclipse period, separate phage DNA and protein can be found.
7. During maturation, phage DNA and capsids assemble into complete viruses.
8. During release, phage lysozyme breaks down the bacterial cell wall, and the multiplied phages are released.
9. The time from phage adsorption to release is called burst time (20 to 40 minutes). Burst size, the number of newly synthesized phages produced from a single infected cell, ranges from 50 to 200.
10. During the lysogenic cycle, prophage genes are regulated by a repressor coded for by the prophage. The prophage (temperate phage) is replicated each time the cell divides. 
11. Exposure to certain mutagens can lead to excision of the prophage and initiation of the lytic cycle. Lysogenic phage may also become lytic through spontaneous random events.
12. Because of lysogeny, lysogenic cells become immune to reinfection with the same phage and may undergo phage conversion (acquiring new properties).
13. A lysogenic phage can transfer bacterial genes from one cell to another through transduction. Any genes can be transferred in generalized transduction, and specific genes can be transferred in specialized transduction.
Multiplication of Animal Viruses

1. Animal viruses attach to the plasma membrane of the host cell.
2. Penetration occurs by endocytosis or fusion.
3. Animal viruses are uncoated by viral or host cell enzymes.
4. The DNA of most DNA viruses is released into the nucleus of the host cell. Transcription of viral DNA and translation produce viral DNA and, later, capsid protein. Capsid protein is synthesized in the cytoplasm of the host cell.
5. DNA viruses include members of the families Adenoviridae, Poxviridae, Herpesviridae, Papovaviridae, and Hepadnaviridae.
6. Multiplication of RNA viruses occurs in the cytoplasm of the host cell. RNA-dependent RNA polymerase synthesizes a double-stranded RNA.
7. Picornaviridae + strand RNA acts as mRNA and directs the synthesis of RNA-dependent RNA polymerase.
8. Togaviridae + strand RNA acts as a template for RNA-dependent RNA polymerase, and mRNA is transcribed from a new - RNA strand.
9. Rhabdoviridae - strand RNA is a template for viral RNA-dependent RNA polymerase, which transcribes mRNA.
10. Reoviridae (double capsid) are digested in host-cell cytoplasm to release double-stranded RNA for viral biosynthesis.
11. Retroviridae carry reverse transcriptase (RNA-dependent DNA polymerase), which transcribes DNA from RNA.
12. After maturation, viruses are released. One method of release (and envelope formation) is budding. Nonenveloped viruses are released through ruptures in the host cell membrane.
HOW VIRUSES INFECT 

Viruses do not possess any life sustaining characteristics, and do not require any nutrients. In fact, without a proper host viruses lie dormant indefinitely. Infection takes place when a virus comes in contact with its intended host. As soon as a virus encounters its victim, it attaches itself to the organism. Furthermore, most viruses prefer a certain type of host cell and a specific mode of entrance. Naked viruses, those without a structured casing, directly enter the cells while other types of viruses fuse themselves to the outsides of their victims and inject their genetic material inside the cell. Once the genetic material of a virus is transferred to the host cell, the virus can 'take over' by incorporating its DNA into the hosts DNA much like they used to do in the prehistoric days. The infected cell is essentially a factory in charge of virus manufacturing. In a process called budding, mature viruses leave the cell a few at a time. Lysis is the much more devastating cousin of budding. In lysis, the cell membrane of the host is completely destroyed, killing the cell. The new viruses are unleashed instantaneously. Almost all viral infections result in the death of the host, but in rare cases viruses leave their host cells alive. When this happens the cells are normally damaged beyond repair. With each successive transmission between hosts a virus is able to replicate itself thousands of times, and ensure the continuance of its reign of terror.

WHAT'S AN INFECTION? 

In normal cells, nucleic acids make up the all the genetic material found in the nuclei. Bundles of nucleic acids are collectively called genes, and they stick together to form chromosomes. There are a total of 46 chromosomes in every normal human cell nucleus. The smaller packets of nucleic acids make it possible for normal cells to manufacture proteins, enzymes, energy and heat. They also allow cells to carry out the everyday functions of life and pass on their characteristics to their offspring. If we take the time to inspect these nucleic acids more closely, we would see that they are specialized molecules known as DNA (deoxyribonucleic acid) and RNA (ribonucleic acid). These molecules are the basic building blocks of all life and act as the master plans for all the cells in a body. 

While DNA can be considered the director of operations, RNA specializes in carrying 'messages' from the nucleus to different parts of the cell. DNA is made up of many separate fragments that each contains different coded messages. In a process called transcription, a rough copy of the DNA's gene is decoded and written onto a strand of RNA. The result is a form of messenger RNA, which travels to each part of the cell carrying specific instructions and commands. This process is vital for the survival of cells in a body, and if something hampers its completion or alters the instructions, the results can be deadly.

Viruses are tiny packages of genetic material without a living cell enveloping them. The key to their power is the nucleic acid they possess. When a virus attacks and infects a vulnerable living cell, it pours its own DNA and/or RNA inside. Once inside, the hereditary material begins a virtual Coup d'йtat. It attaches itself to the cell's existing DNA and sets up a new command system. Now, instead of producing substances the cell needs to survive, it is forced to produce viral nucleic acid. One cell can be used to create thousands of new, mature viruses. The fastest virus only needs 24 minutes to explode a cell and release new virus particles. Cells are damaged and destroyed with each new birth, and chaos is all that is left in the wake.

Structure of viruses (on example of HIV) 

Schematic representation of the structure of HIV: 
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HIV is a fairly complex virus, although by no means the most complicated known. The virus is thought to contain 2 identical copes of a positive sense (i.e. mRNA) single-stranded RNA strand about 9,500 nucleotides long. These may be linked to each other to form a genomic RNA dimer. 

The RNA dimer is in turn associated with a basic nucleocapsid (NC) protein (p9/6). By analogy with other RNA viruses, this nucleoprotein filament may be helical, although this has not actually been determined in the case of HIV. 

The ribonucleoprotein particle is encapsidated by a capsid made up of a capsid protein (CA), p24. The capsid environment also contains other viral proteins such as integrase and reverse transcriptase. It also contains a wide variety of other macromolecules derived from the cell including tRNAlys3, which serves as a primer for reverse transcription. The capsid has an icosahedral structure. 

The capsid is in turn encapsidated by a layer of matrix protein (MA), p17. This matrix protein is associated with a lipid bilayer or envelope. The matrix protein may be: 

· a continuous shell attached to the envelope as in HIV 

· noncontinuous but associated with envelope 

· separate from the envelope. 

The HIV envelope is derived from the host cell plasma membrane and is acquired when the virus buds through the cell membrane. An envelope is a common feature in animal viruses but uncommon in plant viruses. In the case of herpesviruses, the envelope is derived from the nuclear membrane. Other viruses such as vaccinia derive an envelope from the golgi body. A viral envelope contains the lipid and protein constituents of the membrane from which it is derived. In addition it also contains viral proteins often forming spikes or peplomers. The major HIV protein associated with the envelope is gp120/41. This functions as the viral antireceptor or attachment protein. gp41 traverses the envelope, gp120 is present on the outer surface and is noncovalently attached to gp41. The precursor of gp120/41 (gp160) is synthesized in the endoplasmic reticulum and is transported via the golgi body to the cell surface.

Helical Nucleocapsids:
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TMV, an RNA virus, is a particularly well understood example of virus structure. Protein subunits can be placed around the circumference of a circle to form a disc. If the discs are stacked, then a tube is created with room for the nucleic acid down the middle. A closer examination of these virus structures shows that the coat proteins are not arranged cylindrically but helically. This is because of the propensity for nucleic acids to adopt helical structures. By arranging the protein subunits helically then equivalent bondings between the proteins and nucleic acid can be made- except for the two end subunits. All known filamentous viruses are helical. Typically they are 15-19nm wide. The length depends on the size of the genome but 300-500nm is within the normal range. The structure of TMV can be described in terms of the number of subunits per turn of the helix i.e. 16.3. The pitch or rise per turn of the helix i.e. 2.28nm and the axial rise per subunit i.e. 0.14nm. 

It is possible that the nucleoprotein filament of HIV has a similar structure. Nucleocapsid proteins are usually basic (+) proteins to neutralize and facilitate the packaging of acidic (-) nucleic acid. 
Icosahedral Nucleocapsids:

Electron microscopy suggests that many viruses are roughly spherical. A detailed examination shows that they are actually icosahedral. Icosahedral viruses are very common plant and animal viruses. The HIV capsid layer is thought to have an icosahedral structure. At the moment precise details of the HIV capsid structure are not known but some general considerations are described below: 
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The subunits of the capsid are located around the vertices or face of an icosahedron. An icosahedron has 20 equilateral triangles arranged around the face of a sphere. It is defined by having 2, 3 and 5 fold axis of symmetry. 
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There are several reasons why viruses adopt icosahedral symmetry.
One is that triangulating a dome into 20 is the best way of producing a shell of equivalently bonded identical structures. It is the minimum free energy structure. The real situation is more complicated than this, because all known viruses have more than 20 subunits. 60 subunits can obviously be arranged symmetrically around an icosahedron. Only a very few viruses have such a small number of subunits e.g. ØX174. This may be because it is difficult to maintain an integral particle with a small number of subunits. Viruses generally fit 60 x N subunits into their capsids. N is sometimes called the triangulation number and values of 1,3,4,7,9,12 and more are permitted. However more than 60 subunits cannot be arranged in an equivalent fashion around an icosahedron. 

Consider a T=4 virus: 
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The minimum free energy solution is to divide each triangle into 4 further triangles and place a subunit at each corner. There will be 12 x 20 subunits, i.e. 240 with 12 pentamers and 30 hexamers. They are obviously not equivalent, but 180 are and the remaining 60 are making similar contacts. They are said to be quasi equivalent. Protein subunits are not spaced independently but cluster because this maximizes the intermolecular interactions which stabilize the particle. To illustrate this consider a particle with 180 subunits, 3 kinds of clustering are possible: 
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· In turnip crinkle virus they cluster at the centre of edges giving 90 capsomers composed of dimers 

· In poliovirus they cluster at the centre of the triangle giving rise to 60 morphological structures or capsomers composed of trimers 

· In turnip yellow mosaic virus they cluster at the point of the triangles giving 20 hexamers and 12 pentamers, in all 32 capsomers. 

One consequence of this clustering is that bonds between subunits in a capsomer are stronger than bonds between capsomers which means they can be isolated for functional and structural studies.

 Summary: 

The structure of HIV is complex. Its overall shape is thought to be icosahedral. The glycoprotein spikes showed a skewed icosahedral symmetry which is thought to reflect the icosahedral structure of matrix. The triangulation number is 71(!). The capsid is also icosahedral and may contain 1890 subunits with a triangulation number of 63(!). The nucleocapsid may adopt a helical nucleofilament structure or may also be icosahedral (not known). 

RNA/RETROVIRUSES & DNA VIRUSES

Families of DNA viruses.
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Families of RNA viruses.
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The majority of viruses force hosts to do their bidding by regular DNA to RNA transcription. There are, however, other types of viruses called RNA viruses that follow a slightly different method. RNA viruses such as polio, are made up of messenger RNA instead of the regular DNA. They skip the step of incorporating their genetic material into the cell's DNA. Instead, they pretend they are part of the cell's regular messenger RNA and directly pass messages to other parts of the cell to start making viruses. 

Usually, viruses follow this method:

Incorporate DNA into cell's DNA 

DNA makes messenger RNA 

Messenger RNA directs the rest of the cell to make viruses. 

However, RNA viruses skips some steps:

Messenger RNA directs the rest of the cell to make viruses. 

Another type of RNA viruses called retroviruses are only able to take control of these cells in reverse. Retroviruses contain a shorthand code of directions coded on RNA strands. For these viruses to be able to replicate and produce protein, they have to convert RNA messages to DNA. Retroviruses contain a special enzyme called reverse transciptase, which allows this process to take place. Once the coded messages are translated into DNA, the virus' message is incorporated directly into the cell's genetic code. 

Retroviruses follow these steps:

RNA changes to DNA 

DNA is incorporated into cell's DNA 

DNA makes messenger RNA 

Messenger RNA directs the rest of the cell to make viruses. 

HIV, the virus that causes AIDS, is one of the better known retroviruses. Some scientists theorize that RNA viruses are the cause of cancer. Although it is not yet proven, this solution would explain how the form and function of cancerous cells are affected.









