
Hepatitis – c:

What is a Virus? 

Viruses are the smallest known forms of life. Hepatitis C is only 50 nanometers across (a nanometer is one billionth of a meter). If you could put 200,000 hepatitis C viruses end to end, they would be only a single centimeter long.

  Viruses use host cells - bacteria, plant cells, or even human body cells - to reproduce themselves. Viruses insert their genetic material into a cell and transform it into a "factory" for making viruses. Sooner or later this kills the infected cell - causing disease. 

  Viruses usually infect only specific types of cells (frequently in just a single species) - like human lung cells (pneumonia) or human liver cells (hepatitis) - so different kinds of viruses cause different kinds of disease. 

  Viruses are responsible for a wide range of diseases in humans, ranging from the common cold and the flu to smallpox, AIDS, and hepatitis. 

  Human beings and other organisms have developed specialized defenses to protect us from viruses. Chief among these defenses is the immune system, which can disable and kill viruses. 

  Hepatitis C is a one of a special set of viruses, called RNA viruses, which can outmanuever the human immune system. They do this by mutating rapidly, often evolving faster than the immune system can develop an effective response to them. Infections by RNA viruses like Hepatitis C are hard to beat - and can be very dangerous.

Anatomy of the Virus 

In addition to being the smallest forms of life, viruses are also the most efficient, with the minimum amount of substance and genetic material needed to maintain their existence. Because viruses rely on host cells to provide the complex processes that support life, they need to store only a little information in their genetic material. The smallest recognized viruses, the aforementioned viroids and virusoids, are nothing more than a single strand of DNA or RNA, sometimes only 200-300 nucleotides long. A typical virus might contain only about 9000 nucleotides (a few complex viruses can have up to 100,000 or more), whereas human DNA is over 3 billion nucleotides long . Said another way, a typical virus's DNA could be abbreviated in one-letter sequences in the space of a few pages of this web site - a human's would comprise more than 500,000 pages. 

DNA is most frequently found as two strands wound together into the familiar double helix shape. However, some viruses can have only a single strand of DNA. In addition, viruses are the only organisms which can use RNA to contain their genetic information - all other classes of organisms use DNA. These viruses are known as the RNA viruses - the consequences of this will be made clear in a subsequent section dedicated to the RNA viruses. The gene functions of viruses basically fall into two categories - those which carry out a particular stage in the virus's life cycle (cell penetration, latency, or replication), and those used to copy its genetic material and repackage it in new viruses.

	




	Capsomeres attract each other in a certain pattern. The capsomeres of the tobacco mosaic virus form into a spiral. 


Almost all viruses (excepting the viroids and virusoids) surround their DNA or RNA with a protective coat, known as a capsid, which is built from simple proteins. The function of the capsid is to shield the sensitive genetic material from attack or alteration, and to help the virus locate and infect a host.

The virus's genetic information contains information for building the proteins which comprise the capsid. Individual proteins fit together like the pieces of a puzzle to form a building block called a capsomere. 

	



	Capsomeres self-assemble to form the cylindrical shell of the tobacco mosaic virus. 


Capsomeres are designed to attract each other and fit together in a certain way. When enough capsomeres are brought together, they self-assemble into a completed capsid that partially or fully encapsulates the virus's DNA or RNA. The assembled particle is known as a nucleocapsid. 

Virus's capsids occur in a variety of shapes and sizes. The tobacco mosaic virus uses capsomeres that stack together in an ascending spiral, forming a hollow cylinder with the genetic material contained inside. Most viruses' capsomeres (including hepatitis C) assemble into icosahedral (twenty-sided) crystalline forms that form a sphere encapsulating the genetic material. These viruses are particularly efficient in their form; the icosahedral shape is the most efficient shape that can be built from the smallest capsomeres, conserving host cell energy for the production of viruses. 

More complex viruses like hepatitis C surround their nuclecapsid with an additional envelope of lipid (fatty material), extruding only a few of their viral proteins through the envelope. The completed package is called a virion or viral particle - a mature, infective virus. 

Even complex viruses are extremely small - most human viruses are less than 150 nanometers in diameter. Hepatitis C is only about 50 nanometers in diameter. A nanometer is one billionth of a meter - if you could put 200,000 Hepatitis C viruses end to end, they would be only a single centimeter long. 

The Host Cell 

The cell, plant, animal, human, or otherwise, is the host and environment in which the virus lives and reproduces itself. Just as a virus is built from repeating structures of proteins, so multicelluar life - everything from plants to people - is built from repeating structures of cells. The cell is the most basic component of any complex organism - human beings included. 

In turn, a cell is composed of a variety smaller parts packaged together to form a fully functioning whole, in the same way that the human body is composed of its organs and other basic materials - muscle, blood, and skin - that make it a functioning whole.These cellular "organs" (called subcellular organelles) each have their own unique functions, and are packaged together with other basic materials that comprise the cell. 

The heart of any cell is ultimately its genetic information - the information needed to replicate the cell and control its behavior and processes. (These cell-level processes, in turn, aggregate to control the larger organism as well.)

This long strands of celluar DNA are wrapped around a core of proteins, producing a small compact unit. This genetic core of information controls the activity of the rest of the cell, and is walled off from the rest of the cell in a container called the nucleus. The wall that surrounds the nucleus is known as the nuclear membrane, and allows only a select group of molecules to pass in and out of the nucleus, mostly in the form of information used to communicate with the rest of the cell. 

Outside the nucleus lies the cell's cytoplasm - a plasma medium in which the contents of the cell are suspended - which is in turn contained within the cell's "skin", the plasma membrane. You could think of a cell as essentially like a jelly-filled bag, with the various organelles suspended within it.

Traversing the cytoplasm of the cell is a complex network of tubes called the endoplasmic reticulum. This "plumbing system" connects all of the different locations in the cell together, and seems to be used for the transport of molecules around the cell. Scattered throughout the cell are various organelles - cell structures which, much like the organs of the human body, each serve some specific purpose or function within the cell. 

Chief among these are the ribosomes, small organelles that line the inside portions of the endoplasmic reticulum (the cell's plumbing system). Ribosomes are the cell's "factories" - they are the place where all protein synthesis occurs. Messenger RNA (mRNA) messages from the nucleus are translated by the ribosomes, which build the encoded proteins. Newly made proteins are carried in vesicles, small bubbles of lipid, through the plumbing system of the endoplasmic reticulum to various locations throughout the cell.

Some of these proteins are carried to the Golgi apparatus, another cell structure where complex sets of enzymes modify the created proteins and other chemicals for use outside the cell. Once modified, they are transported by vesicles to the cell surface, the plasma membrane, where they are secreted into the outside environment. The plasma membrane is constantly creating small buds on its surface, releasing material manufactured by the cell into the outside environent, and creating new vesicles that carry elements from the outside environment into the cell, collecting information about what is happening outside. In this way, cells can communicate with each other, and have the ability to form complex life forms like human begins. 

Elsewhere in the cell lie the two other basic structures of the cell: the mitochondria, the

cell's "power plants" where energy is produced for use in the rest of the cell, and the lysosomes, specialized vesicles which break down proteins, mRNA, and other molecules and recycle them for use elsewhere in the cell. 

Between them, these structures account for the most important parts of cell function - information and control of cell functions, transport of materials and information within the cell, synthesis of material for use within or outside the cell, communication with the outside world, energy production, and waste disposal and recycling of material within the cell. 

However, these structures represent only a small portion of the varied structures in a typical cell. Many cells have specialized features which give them their particular characteristics or allow them to perform a certain function - like the organelles in plant cells that allow them to harness sunlight. Bacteria lack some of the basic structures discussed here, and are classified separately from plants and animals. However, it is the cell structures and processes discussed here that viruses use to subvert the normal operations of cells - and turn them against us. 

The Host's Defenses - the Immune System 

Viral infections are a considerable burden on their hosts, as they kill cells and disrupt the normal functioning of an organism. Complex organisms thus dedicate a great deal of energy to attacking viral infections in order to survive. Like most creatures, human beings have developed physical barriers - the skin, for example - which prevent viral entry. We also synthesize special enzymes which attack foreign matter (tears contain such an enzyme). Chief among these defenses, however, is the immune system. It is the immune system which allows us to live safely amidst billions of foreign and often hostile organisms. 

The human immune system is built around specialized cells, called white blood cells. There are 3 types of white cells: B-cells, and two types of T-cell, CD4 and CD8, which have very different functions.

B-cells produce antibodies - special proteins which recognize receptors on the protein coat of a virus and bind to them, effectively neutralizing the virus (it can no longer attach to a cell and reproduce). B-cells bombard viral particles with antibodies until they find one which works, and then manufacture large quantities of the effective antibody and release it into the blood . They also retain a memory of these antibodies - if the virus ever attempts to reinfect the body, B-cells quickly manufacture the 

	



	Scanning electron micrograph showing white cell killing an antibody-coated red cell. 


remembered antibody and wipe it out. This is called developing an immunity to a virus. It is for this reason that many diseases are a once-in-a-lifetime occurance, like measles or the mumps. A viral infection can only progress when the immune system is unable to successfully arrest its progress with antibodies. This has become the logical basis for vaccines: by introducing a seriously weakened or killed version of the infectious agent, the body can safely develop antibodies to it in advance - and when the live virus comes along, kill it before it causes any serious harm. 

The two types of T-cells are CD8 - often known as a "killer T-cell" - and CD4 - usually known as a "helper T-cell".

Killer T-cells recognize and kill foreign organisms and cells which have been infected by viruses. By destroying infected cells, CD8 T-cells prevent viruses from completing their reproductive cycle and producing thousands of new viruses. 

Helper T-cells, create special proteins required for the production of antibodies by B cells and for the activities of the killer T-cells. They thus help in the functioning of both arms of the immune system. HIV, the virus which causes AIDS, operates by attacking and killing helper T-cells - weakening the immune system to the point where it can no longer effectively resist infection. 

RNA Viruses 

The structure of the RNA viruses is basically the same as that of the other viruses that we have described - a core of genetic material, usually contained within a protective capsid of protein, and in many cases, and lipid envelope as well. The life cycle of the RNA viruses is also similar - attachment to the host cell, penetration, reproduction of genetic material, creation of the protective capsid, emergence from the cell. The major differences arise from the fact that the RNA viruses genetic information is stored, as their name suggests, in RNA, not DNA. This has important consequences in the life cycle of the virus - and gives it the potential to outwit the immune system. 

With the exception of the RNA viruses, all organisms store their permanent information in DNA, using RNA only as a temporary messenger for information. In part this has to do with the characteristic advantages of the DNA molecule and its replication. DNA is quite a stable molecule, not particularly reactive with other molecules, and the processes involved in its replication make very few mistakes during copying (between one in 1 million and 1 in 10 million). Most of these mistakes are normally corrected even when they do occur. This makes DNA an ideal format for the storage of information, for mutations (errors) only rarely occur, and most are not significant. 

By contrast, RNA is a quite unstable molecule, capable of reacting even with itself under the correct conditions. It also makes frequent mistakes during copying - averaging one mistake per 10,000 nucleotides each time it is copied, and has less of an ability to correct errors. Since in normal cells RNA molecules are not "blueprint" quality, the host cell does not check copied RNA as carefully as it does DNA to assure that it is free of errors. These properties make RNA very poorly suited for the storage of information - which explains why all other organisms use it only as a temporary messenger molecule. 

However, these very properties make RNA ideal for the storage of viral information. Once the immune system has learned to recognize an infecting virus and create antibodies against it (developed an immunity), it can quickly destroy it, so the virus can no longer use that host for reproduction. In order to reinfect that host - it must first change its nature enough that the immune system will no longer recognize it. In other words, it must mutate. 

	



	The structure of a typical "antisense" RNA virus - in this case, influenza A. 


The unstable nature of the RNA molecule provides this mutagenic factor, allowing RNA viruses to evolve far more rapidly than DNA viruses, frequently changing their surface structures. These mutations make it more difficult for an organism to develop any kind of lasting immunity to the virus. Because each surviving virus can reproduce itself hundreds or thousands of times, mutations in the RNA sequence occur frequently. It has been estimated that a typical RNA virus may experience alterations of between .03 and 2 percent of its entire genome each year - evolving faster than any other living organism. Mutations occur randomly across the entire length of the viral RNA, and so of course most are not beneficial, producing viruses which lack a needed protein or are otherwise disadvantaged. However, because of the enormous number of offspring produced by each virus, even a high rate of mutation does not threaten the survival of the virus, and when advantageous mutations do occur, they are rapidly selected for and reproduced. This evolution is known as antigenic drift. 

There are in fact two kinds of RNA viruses - those that have a "sense" strand of RNA (coded information about how to build proteins) as their genetic material, and those that have an "antisense" strand (the paired opposite of the coded information). Hepatitis C is of the "sense" type. 

In order to copy their genetic material, RNA viruses cannot rely on the mechanisms for genetic replication already present in the cell as the the DNA viruses do. Cells have their own DNA transcriptase (an enzyme which copies DNA) which they use to replicate their own DNA. DNA viruses can simply coopt this process to replicate their DNA. However, there are no instances where cells would ever replicate RNA - so the viruses are on their own. This copying of RNA is accomplished by a special set of enzymes that comprise an RNA transcriptase. The primary difference between the "sense" and "antisense" RNA viruses is where this RNA transcriptase comes from. 

In order to express their genetic information, the antisense RNA viruses must first translate themselves into "sense" RNA - something which the host cell's ribosomes can read. Because the information is "antisense", there is no way for the virus to cause the cell to synthesize an RNA transcriptase - and so the virus must carry its transcriptase along with it. In some cases, it appears that these enzymes are packaged in the viral particle. This is true of the influenza A virus (the virus which causes flu), where many the needed enzymes are closely associated with the nucleic acid core of the virus. It must first transcribe itself to "sense" RNA that can be used as a template for the creation of new "antisense" viral RNA, and can also be read out by the cell's ribosomes to build viral proteins and so forth. 

Sense RNA viruses, by contrast, have an much more powerful approach. Because their information is stored in a sense strand, the viral RNA itself can be directly read by the cell's ribosomes, functioning like the normal mRNA present in the cell. The virus thus needs to carry nothing with it. It uses the cell's own ribosomes to synthesize the RNA transcriptase it will need for reproduction, and once this is done, it creates an antisense version of itself as a template for the creation of new viral RNA. The new viral RNA can itself be used to synthesize more RNA's and the necessary viral proteins. The fact that their genes can be directly read by their host cells means that these types of RNA viruses are incredibly simple, requiring only small amounts of genetic material to encode the information necessary for their survival, and requiring no additional enzymes to be packaged into their cores. Some of our most deadly viral enemies are of this type. Hepatitis C is such a virus. 
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There is one other significant subtype of RNA viruses which deserves mention here, simply for the elegance of the threat that they pose. These are the retroviruses.

Retroviruses Once the virus has been copied into the cell's DNA, it uses the cell's own processes to copy itself. The provirus is copied into messenger RNA, just like the DNA of the cell - and these mRNA copies are of course exact copies of the original viral RNA, and become the genetic cores of new viruses.

	



	HIV viruses at the surface of a cell. 


Passing down orders from the cell nucleus, the provirus builds the components for the retrovirus protein coat and the necessary enzymes, providing the packaging for new viruses. Migrating to the plasma membrane, the new viruses bud off from the membrane, encapsulating themselves in their lipid coats as they leave. 

Some retroviruses never kill their host cells, using the cell to reproduce themselves indefinitely within their hosts. Others permanently alter their host cells, causing cancers or other disorders. However, most of the retroviruses do eventually kill their host cell through processes which are not well understood.

The retroviruses are a specialized subset of the RNA viruses, with two important distinguishing features. First, all retroviruses have a lipid envelope surrounding their capsid. (This makes them particularly vulnerable to substances which dissolve oils, like detergents or alcohol - HIV, for example, can be easily killed by washing your hands.) Secondly, packaged with the genetic material in the viral core are several unique key enzymes - among them reverse transcriptase, integrase, and protease - that are essential to the virus's reproduction. Retroviruses (literally, "reverse viruses") - have earned their name from the unusual nature of the reproduction of their genetic material, a process which works in reverse of the normal cycle. 

After releasing their RNA and their core enzymes into the host cell, the viral RNA is copied into double-stranded DNA by the reverse transcriptase enzyme (the opposite of transcriptase, which converts DNA to RNA). Another enzyme, integrase, then transports the DNA copy of the virus to the cell nucleus - where the viral DNA is spliced directly into the cell's DNA. The choice of location for the splice is more or less a random choice, although there is evidence for a number of preferred sites. When complete, the new viral DNA is termed a provirus - integrated directly into the DNA of its host. The result of this is that the virus is now inherited by all the offspring of the cell - passed down directly in their DNA.

Your Liver 

  The liver is one of the most important organs in the human body. Our largest organ, it is centrally located in the abdomen. 

  The liver is intimately involved in almost every part of the body's processes. It has four particularly crucial functions:

  1) Fuel Management. The liver is vital to the management of the three major fuels used by the body: carbohydrate, fat, and protein. 

2) Nitrogen Excretion. The liver is the only organ capable of removing nitrogen from the body. Nitrogen is a basic component of proteins, the basic building blocks for most of the body's substances. As a result, the regulation, synthesis, and breakdown of protein - and thus life and health - is wholly dependent on liver function. 

3) Water balance. The liver creates many of the components of blood - including those that control the distribution of water between the blood, cells, and tissues. 
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4) Detoxification. The body is constantly subjected to a variety of dangerous substances, both natural toxins (like alcohol, metals, and so forth) and man-made toxins (like chemicals, pollutants, and pharmaceutical agents). The liver has the unique ability to alter or break down these toxins, protecting the rest of the body. 
  Because of its central role, liver disease strikes at the very heart of the body's functions and processes, and can be life-threatening. You cannot live without a liver.

Energy Production in Biological Systems 

Our society depends on energy derived from burning fuels of various kinds in "engines" designed to release, capture, and deliver that energy in a useful form. Typically, wood, oil or coal are burned in the presence of oxygen (air) to liberate energy with the production of CO2 and water. These combustion processes typically occur quite rapidly and generally require relatively high temperatures. 

Biological systems operate on the basis of similar energetic principles. There are three types of fuel consumed by a living cell, carbohydrate, fat, and protein and living cells derive large amounts of energy from the "burning" (oxidation) of these fuels. These biological fuels are closely related to those used in mechanical engines and their consumption produces the same waste products, CO2 and water. Carbohydrate and wood are very similar (starch and cellulose are both composed entirely of glucose), fat and oil are both hydrocarbons, and protein is converted to a complex set of carbon based molecules. 

While the overall energetics are similar, the molecular processes of energy production in living cells are profoundly different. Unlike mechanical engines, living cells can produce energy very efficiently at temperatures of less than 100 degrees F while capturing that energy and coupling it to systems that carry out useful work with very little waste or loss. 

A detailed treatment of the reactions involved in energy production is not necessary for our purposes here. However, it is useful to note that all biological fuels ultimately are converted to one of a small number of intermediates in what is known as the Tricarboxylic Acid Cycle (TCA cycle; sometimes called the Citric Acid Cycle.) The name TCA was given to this cycle because a key intermediate is citric acid, a molecule that contains three carboxylic acid (COOH) groups.

The TCA cycle can be viewed as starting with a reaction in which a four carbon molecule (oxaloacetate) combines with a two carbon molecule (acetyl- CoA) to form a six carbon molecule (citrate). The following steps of the cycle involve a series of reactions in which two carbons are released as carbon dioxide (CO2) and the remaining four carbons are used to reform the original four carbon starting material, oxaloacetate. With every turn of the cycle, two carbons are oxidized to CO2 and the material (oxaloacetate) needed for another turn of the cycle is regenerated. 

The oxidation of carbon to CO2 is coupled to the reduction of other compounds. These in turn are oxidized (donate electrons) by a series of reactions coupled to a final step that consumes molecular oxygen to produce water. These reactions are all carried out in a small subcellular "organelle," the mitochondrion, and taken together lead to the production of a great deal of useful energy.

Management of Carbohydrate Metabolism 

glucose plays a central role in whole body metabolism as the concentration of glucose in the blood provides an important signal to the master system, the endocrine system, that regulates overall metabolic activity. 

A. Glucose Storage During the Fed State 

Glucose is a critical fuel for the function of some specialized tissues, particularly the central nervous system (CNS). Under normal circumstances the CNS uses only glucose as a source of energy, and is therefore completely depended on blood glucose. As described above, blood glucose levels rise following a meal and fall as the body enters the fasting state. Because of the essential role of glucose in supporting CNS function, it is vital that these changes in blood glucose concentration be managed in a way that prevents excessively low levels of glucose (hypoglycemia). Liver plays a unique role in achieving this goal. 

Glucose is stored in many tissues, generally for meeting the need for glucose during fasting, or when extra fuel is needed as during intense muscle activity. Storage is achieved through the synthesis of a large, highly branched complex carbohydrate molecule named glycogen. Glycogen is composed entirely of glucose molecules linked to one another is a highly regular way. It provides a compact storage molecule that can be quickly broken down when glucose is needed. 

Glycogen synthesis is limited in most tissues by means of an inhibitory feedback mechanism that limits the amount of glucose that is taken up by the cell. This is achieved by limiting the rate of conversion of glucose to glucose- 6-phosphate. This is the first step in the metabolism of glucose and the addition of a phosphate group "traps" glucose inside the cell. Glucose-6- Phosphate (G-6-P) can enter any one of three major pathways (three different series of biochemical reactions) involved in the overall metabolism of glucose. One of these pathways leads to the formation of glycogen. 

Unlike all other tissues, liver has not one but two ways of making G-6-P, each catalyzed by a different enzyme. One of these is identical to that of most other tissues and is feedback inhibited. The other is not regulated and, under conditions where the blood glucose levels are high (fed state), actively supports the formation of G-6-P. Together, these two mechanisms assure that the liver has lots of G-6-P available, and thus assure that glycogen synthesis in the liver is very active. Indeed, the liver accounts for approximately half of the total synthesis of glycogen in the human body with half of the total glucose stored being contained in liver. 

B) Glucose Release During the Fasting State
During the transition from fed to fasting, the concentration of glucose in the blood falls, signaling the need for additional fuel (fatty acid from adipose tissue) and signaling the need to prevent glucose levels from becoming too low. Once again, the liver plays a unique and critical role as it works to maintain blood glucose at a stable level. Two processes come into action; the breakdown of glycogen that was accumulated in the fed state, and the actual synthesis of more glucose. 

1) Glycogen Breakdown 

All cells capable of making glycogen (most cells of the body) can also break glycogen down, forming G-6-P. However, as mentioned above, so long as the glucose has a phosphate attached, it is trapped within the cell. In these cells, G-6-P is used as a fuel, used to support the production of energy from other fuels (fatty acids and ketone bodies), or used in other parts of metabolism. 

In the context of glycogen breakdown, once again the liver has a unique ability. Like other cells, the liver breaks glycogen down to glucose-6- phosphate. But only the liver has the ability to removing the phosphate group from G-6-P, forming free glucose. This free glucose easily leaves the liver and enters the blood. Since liver is the only tissue that can support blood glucose levels during fasting, it is easy to understand the importance of the ability of the liver to store large amounts of glucose as glycogen during fed periods when blood glucose is plentiful. 

2) Glucose synthesis (Gluconeogenesis) 

In most tissues, glucose is eventually degraded as part of cellular metabolism. However, during the fasting state when there is an ongoing demand for glucose by other cells, the liver is capable of synthesizing G-6-P from a variety of carbohydrates and from the carbon "skeletons" of many of the amino acids. This process, termed "gluconeogenesis," occurs at a high rate in liver and is, again, unique to liver cells. As above, the removal of the phosphate from G- 6-P forms free glucose, allowing this newly synthesized glucose to enter the blood. 

The release of glucose from stored liver glycogen and the synthesis of glucose by the liver acts to keep the blood glucose concentration stable during the fasting state. Taken together, these processes maintain blood glucose at a level adequate to support the activities of other tissues in the body, particularly the central nervous system. It is difficult to overstate the importance of the role of the liver in glucose storage and release to the healthy functioning of the whole body.

Protein Metabolism 

A. An Overview of Protein Structure 

An adequate level of dietary protein is an essential for good health. Protein molecules are composed of a family of twenty different smaller molecules. These are known collectively as "amino acids" since each contains both an acid group (COOH) and an amino group (NH3). While the twenty amino acids share this common structure, they differ from one another in that each has a different "side chain." The side chain gives each amino acid a different molecular shape. 

There are thousands of different kinds of protein molecules, each composed a a linked chain of amino acids arranged in a particular unique sequence. The particular sequence of differently shaped amino acids drives the folding of the chain in a highly specific manner. The unique folding pattern, determined by the unique sequence of amino acids, produces a protein molecule with a unique shape, and as a consequence a unique surface. Proteins have the ability to form the structural elements of cells by a kind of "self assembly" process in which particular proteins "recognize" one another, and because of their unique surfaces, come together to form more complex structures. 

In a similar way, the particular specialized surfaces of proteins can recognize small molecules and bring them together in a way that makes possible chemical reaction between these molecules. Such proteins carry the name "enzyme" and serve as very effective catalysts, making it possible for chemical reactions to occur at high rates at physiological temperatures (98.6 degrees F in humans.) In the absence of catalysis by a particular enzyme, a most reactions would occur only very slowly, or not at all. In addition, the protein surface provides a powerful kind of "guidance" to a particular reaction since it recognizes only two particular molecules, holds the molecules near one another in a highly specific way, and thus promotes only a single chemical reaction. 

You can see that protein molecules play critical roles in the cell. As enzymes and catalysts, they provide the molecular surfaces that determine the particular reactions that can occur within the cell, and thus regulate the overall set of reactions that make up cellular metabolism. As structural components they provide the molecular scaffolding for the cell and assist in arranging and ordering the spatial relationships between the different enzymes. 

Living cells have a constant and very active "maintenance and housekeeping" program where they are constantly synthesizing new protein molecules and degrading old ones. This process has two functions. First, it assures that cellular protein is in good repair as damaged and defective protein molecules are somehow (mechanisms are unknown) selectively identified and degraded. Second, the overall metabolism of the cell needs to be constantly adjusted and "tuned" as the body adjusts to changing levels of fuels and nutrients (fed and fasting states), levels of activity, time of day, etc. 

There is a large amount of protein turnover. In a human, approximately one pound of protein is degraded and resynthesized each day. Most of the amino acid liberated by protein degradation is used again in the resynthesis of new protein. But about 10% of the total amino acid is lost as it is converted to other important molecules involved in nervous system function, pigments, various hormones, and a variety of other essential activities. Amino acids are also used as fuel and, when present in excess in the diet, can be converted to fat for storage of excess calories. 

B. Liver and the Management of Amino Acid Metabolism 

Because of the universal importance of protein molecules to living cells, both plant and animal tissues can provide dietary protein. During digestion, the long chains of amino acids that make up complex protein molecules are disassembled to produce the twenty different single amino acids. These are taken up by cells in our digestive system, mostly in small intestine, and released to the blood where they are transported to all of the cells of the body. 

1) Amino Acid Metabolism in the Fed State 

Amino acids from the diet are used in three ways. They are uniquely used in the synthesis of new protein and in the fed state cells are actively synthesizing the structural and enzymatic proteins required for healthy functioning. As described in the section "DNA, RNA, Protein, and the Code of Life" the synthesis of these proteins is closely regulated by the expression of particular genes. And, of course, it is this selective regulation that determines which proteins are to be synthesized, and in a more global sense, the characteristics, abilities, and activities of each individual cell. 

When present in excess, amino acids are also used as fuel. The twenty different carbon skeletons of the twenty different amino acids are each metabolized through a more or less unique series of reactions. Said differently, the degradation of each amino acid occurs by means of a specific pathway. However, the end products of these pathways are the same as various intermediates in the breakdown of glucose. Thus, overall, amino acid degradation results in the production of acetyl-CoA or its precursors and several of the organic acids involved the the TCA cycle (tricarboxylic acid cycle) discussed above. This means that, like carbohydrate, the carbon atoms that make up the amino acids can be converted to CO2 with the production of energy need to support the life of the cell and the organism. 

Excess amino acids can also be converted to fat. Again the picture is similar to that for carbohydrate in that carbon structures derived from the amino acids can be converted to Citrate (a TCA cycle component.) Recall that citrate is the required first intermediate in the synthesis of fat. Since liver is the major site of fat synthesis, excess amino acids are taken up by the liver, converted to fat, packaged into transport structures (VLDL) and stored as fat in adipose tissue.

Consequences of Liver Disease 

We started this discussion by emphasizing the importance of the liver to our health. We have seen that the liver is responsible for critical portions of our metabolism. If the liver becomes seriously diseased, as it does in Hepatitis C, a number of essential metabolic processes are compromised. These include: 

1) The ability of the body to store and synthesize glucose, compromising: 

  Central nervous system function and mental processing 

  The overall ability of the body to manage and use fuels leading to fatigue and a general sense of "not feeling well" 

2) The ability of the body to store and use calories stored as fat with: 

  Wasting 

  Fatigue 

3) The ability of the body to manage amino acid metabolism and to remove nitrogen from the body with: 

  Decreased synthesis of glucose leading to CNS function and fatigue 

  Accumulation of nitrogen wastes with resulting toxicity to many tissues  ) Disturbances in water distribution with 

  Edema 

  Generalized alteration of cell function with resulting fatigue and malaise 

  Circulatory malfunction 

5) Loss of the ability to detoxify and eliminate foreign substances 

Because of its crucial role, liver disease strikes at the very heart of the bodyÕs functions and processes. You cannot live without a liver.

What is Hepatitis C? 

  There are at least six viruses known to cause liver disease: hepatitis A, B, C, D, E, and G, which vary in their severity and characteristics. Hepatitis C can lead to serious, permanent liver damage, and in many cases, death. 

  The Hepatitis C (HCV) virus was identified in 1989. Unlike the other types of viral hepatitis, hepatitis C is very difficult for the immune system to overcome.

As a result, most Hepatitis C infections (80-90%) become chronic and lead to liver disease, including cirrhosis (scarring of the liver tissues) and liver failure. Hepatitis C infection is typically mild in its early stages, and it is rarely recognized until it has caused significant damage to the liver. The cycle of disease from infection to significant liver damage can take 20 years or more.

  Blood transfusions account for nearly 10% of all cases of Hepatitis C. Prior to 1990, there were no tests for hepatitis C in donated blood, and the risk of infection was between 8 and 10%. Since 1993, risk has been negligible. 

  Almost any direct or indirect exposure to infected blood can transmit the virus. This includes I.V. drug use and poorly sterilized medical instruments, blood spills, unbandaged cuts or injuries, and tattooing or body piercing, as well as less obvious sources of blood, such as shared razors or toothbrushes, or body secretions (such as mucous) that may contain small amounts of blood. In about 10% of all cases, no risk factors have been identified. 

  Heterosexual and homosexual activity, particularly with multiple partners and in the absence of protective measures, can transmit the virus. Close contact between household members has also been implicated. 

  The symptoms of Hepatitis C are often very mild, at least in the early stages of infection and can be virtually undetectable. The most common symptom, commencing sometimes years after initial infection, is fatigue. Other symptoms include mild fever, muscle and joint aches, nausea, vomiting, loss of appetite, vague abdominal pain, and sometimes diarrhea. Many cases go undiagnosed because the symptoms are suggestive of a flu-like illness which just comes and goes. 

  When the disease progresses and damages the liver badly enough, the symptoms become commensurate with cirrhosis and liver failure, including jaundice, abdominal swelling (due to fluid retention called ascites),and finally coma. 

  There is no vaccine for Hepatitis C at present, and because of the virus's frequent mutation, it may be a long time before one becomes available. However, because of Hepatitis C's slowly progressive infection, infected patients have long life expectancies, and with proper treatment, many of them can recover completely.

The Hepatitis C Epidemic 

  It is suspected that around 4.5 million people in the United States are infected with hepatitis C, and over 200 million around the world. 

  This makes hepatitis C one of the greatest public health threats faced in this century, and possibly one of the greatest threats to be faced in the next century. Many times more people are infected with hepatitis C than HIV (the virus that causes AIDS). Without swift intervention to curtail the spread of the disease, the death rate from hepatitis C will surpass that from AIDS by the turn of the century and will only get worse.

  Hepatitis C, in combination with the less common hepatitis B, now accounts for 75% of all cases of liver disease around the world. Liver failure due to hepatitis C is the leading cause of liver transplants in the United States. 

  Particular racial, ethnic, and income groups are at higher risk of infection, probably because of higher rates of other cofactors, but possibly also because of unidentified modes of transmission. In the United States, blacks have the highest incidence rates, followed by Native Americans, Hispanics, and whites. Similarly, low income groups seem to have the highest risk of infection. Other specific risk groups include health care workers, military veterans, I.V. drug users, alcoholics (for reasons unknown), and prisoners (rates of infection in some prisons have exceeded 80%). 

  The average lifetime cost for hepatitis C has been estimated at about $100,000 for individual patients that do not undergo liver transplants. The lifetime health care costs for the more than 4.5 million Americans infected, excluding liver transplants, will be more than $400 billion.

Protect Yourself ….[?????] Medical outlook!!

Protect yourself and others from Hepatitis C:

· use caution and wear gloves when touching or cleaning up blood on personal items, tissues, tampons or other items; 

· clean up spilled blood with a strong disinfectant, and keep skin injuries bandaged; 

· don't share razors, toothbrushes, pierced earrings, or other personal items with anyone; 

· use condoms if you have multiple sexual partners, or when having sex with an infected person (some physicians believe that the risk of sexual transmission is low enough that this should be discretionary with a long-term partner). 

· don't share chewing gum or pre-chew food for a baby; 

· make certain any needles or other sharp implements for drugs, ear piercing, manicuring or tattooing are properly sterilized 

· remember that blood products are in many cases not tested for hepatitis C outside of the United States and Europe. 

· If you feel that you or another family member are at risk for being infected with hepatitis C or any other form of hepatitis, get tested! A simple blood test can put your mind at ease and protect the health of your family.???

The Hepatitis C Virus 

Although its means of transmission is fairly well documented, the hepatitis C virus itself largely remains a mystery. Hepatitis C is extremely small, even for a virus - it is only about 50 nanometers in diameter. A nanometer is one billionth of a meter - if you placed 200,000 hepatitis C viruses end to end, they would be only a single centimeter long. (They are so small that they have no color - they are in fact smaller than the wavelength of visible light.) However, what is known about hepatitis C underscores the type of threat that it poses. 

Hepatitis C is an RNA virus - which means that it mutates frequently. Once an infection has begun, hepatitis C creates different genetic variations of itself within the body of the host. The mutated forms are frequently different enough from their ancestors that the immune system cannot recognize them. Thus, even if the immune system begins to succeed against one variation, the mutant strains quickly take over and become new, predominant strains. As a result, the development of antibodies against HCV does not produce an immunity against the disease like it does with most other viruses. More than 80% of the individuals infected with HCV will progress to a chronic form of the disease. 

As a result of this, hepatitis C is usually not self-limited as a disease. In more than 85% of all cases, whether they progress to chronic liver disease or not, the infected individual carries the virus for life. This means that they also remain contagious for a lifetime, able to transmit the virus to others. And because of the long progression of the illness, even patients who will eventually die as a result of hepatitis C carry the virus for decades before it takes their lives. Most epidemics are self-limiting - they spread rapidly, but over a short period of time the affected population either dies or develops an immunity to the disease, and it stops spreading. Not so with hepatitis C. Much like HIV and AIDS, it lasts a lifetime, and kills slowly - giving the virus plenty of time to spread. 

There are six basic genotypes of HCV, with 15 recorded subtypes, which vary in prevalence in different regions of the world. Each of these major genotypes can differ significantly in their biological effects - in terms of replication, mutation rates, type and severity of liver damage, and detection and treatment options. However, these differences are not yet clearly understood. 

The 21 current variations in genotype, complicated by the constant mutation of the virus within infected individuals, represents a major challenge for the development of treatments and vaccines against HCV - and even for reliable detection of the virus. There is no guarantee that a treatment, test, or vaccine against one strain will be effective against all of them. Moreover, individuals cured of one strain will be prone to reinfection by any of the other strains.

The Life Cycle of Hepatitis C 

The hepatitis C virus must attach to and infect liver cells in order to carry out its life cycle and reproduce - this is why it is associated with liver disease. While little is known about the exact natural processes of hepatitis C, like other viruses, it must complete eight key steps to carry out its life cycle:

1. The virus locates and attaches itself to a liver cell. Hepatitis C uses particular proteins present on its protective lipid coat to attach to a receptor site (a recognizable structure on the surface of the liver cell). 

2. The virus's protein core penetrates the plasma membrane and enters the cell. To accomplish this, hepatitis C utlilizes its protective lipid (fatty) coat, merging its lipid coat with the cellÕs outer membrane (the coat is in fact composed of a fragment of another liver cell's plasma membrane). Once the lipid coat has successfully fused to the plasma membrane, the membrane engulfs the virus - and the viral core is inside the cell. 

3. The protein coat dissolves to release the viral RNA in the cell. This may be accomplished during penetration of the cell membrane (it is broken open when it is released into the cytoplasm), or special enzymes present in liver cells may be used to dissolve the casing. 

4. The viral RNA then coopts the cell's ribosomes, and begins the production of materials necessary for viral reproduction. Because hepatitis C stores its information in a "sense" strand of RNA, the viral RNA itself can be directly read by the host cell's ribosomes, functioning like the normal mRNA present in the cell. As it begins producing the materials coded in its RNA, the virus also probably shuts down most of the normal functions of the cell, conserving its energy for the production of viral material, although it occasionally appears that hepatitis C will stimulate the cell to reproduce (presumably to create more cells that can produce viruses), which is why hepatitis C is often associated with liver cancer. The viral RNA first synthesizes the RNA transcriptase it will need for reproduction. 

5. Once there is adequate RNA transcriptase, the viral RNA creates an antisense version (the paired opposite) of itself as a template for the creation of new viral RNA. The viral RNA is now copied hundreds or thousands of times, making the genetic material for n8. The newly formed viruses travel to the inside portion of the plasma membrane and attach to it, creating a bud. The plasma membrane encircles the virus and then releases it - providing the virus with its protective lipid coat, which it will later use to attach to another liver cell. This process of budding and release of new viruses continues for hours at the cell surface until the cell dies from exhaustion. 

Each surviving virus - those which are not destroyed by the immune system or other environmental factors - can produce hundreds or thousands of offspring. Over time, this endless cycle of reproduction results in significant damage to the liver, as millions upon millions of cells are destroyed by viral reproduction or by the immune system's attacks on infected cells.

ew viruses. Some of this new RNA will contain mutations. 

6. Viral RNA then directs the production of protein-based capsomeres (the building blocks for the virus's protective protein coat). Ribosomes create the proteins and release them for use. 

7. The completed capsomeres assemble around the new viral RNA into new viral particles. The capsomeres are designed to attract each other and fit together in a certain way. When enough capsomeres are brought together, they self-assemble to form a spherical shell, called a capsid, that fully encapsulates the virus's RNA. The completed particle is called a nucleocapsid.

8. The newly formed viruses travel to the inside portion of the plasma membrane and attach to it, creating a bud. The plasma membrane encircles the virus and then releases it - providing the virus with its protective lipid coat, which it will later use to attach to another liver cell. This process of budding and release of new viruses continues for hours at the cell surface until the cell dies from exhaustion. 

Each surviving virus - those which are not destroyed by the immune system or other environmental factors - can produce hundreds or thousands of offspring. Over time, this endless cycle of reproduction results in significant damage to the liver, as millions upon millions of cells are destroyed by viral reproduction or by the immune system's attacks on infected cells.

Disease Progression ….the fear factor!!

The symptoms of hepatitis C are difficult to recognize, for they are progressive in nature and often very mild, at least in the early stages of infection. For more than six months following initial infection, the disease is virtually undetectable. 

The most common symptom, commencing sometimes years after initial infection, is fatigue. Other symptoms include mild fever, muscle and joint aches, nausea, vomiting, loss of appetite, vague abdominal pain, and sometimes diarrhea. Many cases go undiagnosed because the symptoms are suggestive of a flu-like illness which just comes and goes, or these symptoms are so mild that the patient is unaware of anything unusual. A minority of patients notice dark urine and light colored stools, followed by jaundice in which the skin and whites of the eyes appear yellow. Itching of the skin may be present. Some people may lose 5 to 10 pounds. 

Individuals infected with HCV are often identified because they are found to have elevated liver enzymes on a routine blood test or because a hepatitis C antibody is found to be positive at the time of blood donation. In general, elevated liver enzymes and a positive antibody test for HCV (anti-HCV) means that an individual has chronic hepatitis C. A very small percentage of patients may recover from acute hepatitis C, but their anti-HCV test will remain positive.

Low level infection, in which the infected individual is virtually asymptomatic but still highly contagious, may continue for years, even decades, before progressing significantly. However, more than 80% of infected individuals eventually progress to the chronic stage of the disease, which seems to eventually result in cirrhosis (scarring of the liver tissue), and end-stage liver disease. This appears to take, on average, about 20 years to develop. 

At this point, the symptoms are commensurate with liver disease or liver failure, including jaundice and abdominal swelling (due to fluid retention called ascites), depending on the severity of the liver disease and whether or not cirrhosis has developed. Some patients with cirrhosis do well over time, while others die in 10 and sometimes 5 years. Disorders of the thyroid, intestine, eyes, joints, blood, spleen, kidneys and skin may occur in about 20% of patients. Primary liver cancer can also develop from hepatitis C, a late risk factor which seems to be present 30 years or so after infection.

Living With Hepatitis C …the medical Dracula!!

Living with hepatitis C can be a difficult and frustrating experience. Constant fatigue and low-level illness is common, and the symptoms can increase the emotional toll of dealing with long-term disease. Available treatments are painful, uncomfortable, and often worse than the symptoms of the disease itself. However, because of the long course of the infection, infected patients have long life expectancies, and with proper treatment, many of them can recover completely. 

Coping with fatigue is a common problem for infected individuals. Finding a happy balance between relaxation and activities is helpful. Frequently, short naps between activities or outings prevent overwhelming fatigue at the end of the day, and limiting tiring activities on a day-by-day basis seems to help people find time to regroup. 

	



	Many vitamins and common pharmaceuticals are toxic unless rendered harmless by the liver. 


Many things can worsen damage to the liver. It is important to avoid increasing the stress on an already overworked and damaged liver. Alcohol, in particular, must be avoided. Studies have shown that alcohol massively increases damage to the liver in hepatitis C victims. Other dangerous substances include many toxins, such as copper, many over-the-counter and prescription drugs, including aspirin, and vitamins, including Vitamin A. 

Many infected individuals find that the hardest thing about hepatitis C is the social stigma associated with the disease, and others' fears of becoming infected as a result of contact. Traditionally, hepatitis has been regarded as a disease of the poor and a disease of alcoholics, and these prejudices have outlived the progression of hepatitis into the population at large.

In truth, the risk of transmission to co-workers or other household members seems to be quite low, and even sexual transmission is rare. The CDC recommends the use of sexual prophylactics by anyone infected with hepatitis C or any other sexually transmissible disease, but common contact is not dangerous. While it should be kept in mind that there is no known mode of transmission for approximately 10% of cases, this should not be taken as a statement that it can be easily casually acquired. Routine precautions around blood, and avoiding the sharing of toothbrushes, razors, and other personal items should provide adequate protection.

Prospects for treatment: Medical treatment!!

There is no vaccine for hepatitis C at present, and it may be a long time before one becomes available. The great variation in genotypes with hepatitis C, as well as its frequent mutation, makes the development of treatments and vaccines extremely difficult. Liver transplantation may be life-saving in end-stage liver disease, but is costly and involves continuing health care following the procedure. This treatment option is further complicated by a shortage of liver donors. For HCV-positive patients under going transplantation, re- infection is almost universal. 

There are a number of drug treatments becoming available for hepatitis C. Infected individuals should consult with their physician to see about the availability and effectiveness of these treatments, as well as the possibility of participating in experimental drug trials.

Worldwide Prevalence …Biological Weapon???

Hepatitis C is a global disease. While not every nation in the world has had adequate means to survey its population for incidence of the virus, enough statistics have been compiled to demonstrate the enormous threat posed by hepatitis C. Hepatitis C, in combination with hepatitis B, now accounts for 75% of all cases of liver disease around the world. 

Hepatitis C shows significant genetic variation in worldwide populations, evidence of its frequent rates of mutation and rapid evolution. There are six basic genotypes of HCV, with 15 recorded subtypes, which vary in prevalence across different regions of the world. Each of these major genotypes may differ significantly in their biological effects - in terms of replication, mutation rates, type and severity of liver damage, and detection and treatment options - however, these differences are not yet clearly understood. 

Figures from epidemiological studies in different regions of the world show wide variance in HCV prevalence patterns, though it is clearly evident that the incidence of HCV is higher among less developed nations. The prevalence of hepatitis C is lowest in Northern European countries, including Great Britain, Germany and France. According to one survey, the prevalence of HCV antibodies in blood donors averages less than 1% for the region. (However, other studies have suggested that rates of infection may be much higher, comparable to rates in the U.S. - approximately 2.5%). Higher rates have been reported in Southeast Asian countries, including India (1.5%), Malaysia (2.3%), and the Philipines (2.3%). The incidence in Japan was 1.2%. Alarming rates were reported for many African nations, reaching as high as 14.5% in Egypt. 

These studies, when added together, suggest that over 200 million people around the world are infected with hepatitis C - an overall incidence of around 3.3% of the world's population. Statistically, as many people are infected with HCV as are with HIV, the virus that causes AIDS. Without large scale efforts to contain the spread of HCV and treat infected populations, the death rate from hepatitis C will surpass that of AIDS by the turn of the century and will only get worse.
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