What The Heck is a Virus? 

First, let me tell you what a virus is NOT. A virus is not a bacterium, nor an independently-living organism. A virus cannot survive in the absence of a living cell within which to synthesize copies of itself (replicate/reproduce). Antibiotics do not harm viruses.

Well then, what IS it?  That's actually a tough question. A virus is not strictly alive, nor is it strictly dead.  A virus has some fundamental information (genes made of DNA or RNA) that allows it to make copies of itself. However, the virus must be inside a living cell of some kind before the information can be used. Viruses are very, very small relative to the size of a living cell. Therefore, the information the virus can carry is actually not enough to allow it to make copies (replicate). The virus uses the cell's machinery and some of the cell's enzymes to generate virus parts which are later assembled into thousands of new, mature, infectious viruses which can leave the cell to infect other cells. 

What does a virus look like?  Moving from the outside to the inside, here are some parts of a virus that are common to many different kinds of viruses: capsid, core, genetic material (DNA or RNA). The capsid is the outer shell of the virus which encloses the genetic material within. The capsid is actually made of many, many identical individual proteins which are assembled very precisely to form the capsid structure. Sometimes there will be a protein core underneath the capsid which also surrounds the genetic material. Some viruses may have an additional covering on the outside called an envelope. An envelope is kind of like skin around the outside of the virus. The envelope is actually a lipid bilayer (membrane) with proteins embedded within the membrane. If you examine a baseball, take it apart, you will see how some viruses are assembled. The cover of the baseball (envelope), the tightly-woven thread (capsid), and the rubber core (genetic material) can be used to represent the parts of some viruses. 

What do viruses actually do?  All viruses only exist and make more viruses. A virus first enters a cell.  Depending on the virus, either the entire virus enters the cell, or perhaps only the genetic material of the virus is injected into the cell. Then, the virus material essentially "takes over" the cell and nothing but viral parts are made, which assemble into many complete viruses. These viruses are mature and leave the cell either by a process called "budding" (just one or a few viruses at a time leave the cell) or by a process called lysis (the cellular membrane ruptures and releases all of the virus particles at once).

Is a Virus Alive?

Yes - They reproduce which is a definite form of organization. True, they can not do it on their own, yet all living systems are open systems and depend upon their environment for survival. It is just that the environment a virus requires is another living cell. This is actually true for many symbiotic and parasitic cells. 

No - A virus is not a living machine . It is only part of a machine, namely the blueprints. The virus only provides the plans, the cell has done the real work. Outside of its host the virus shows no living qualities.  The virus only provides the DNA or the m-RNA (the blue prints) while the living cell has to provide the living factory  (energy, enzymes, ribosomes, amino acids, nucleic acids, etc.)

Are Viruses Alive? 

Anyone with a cold or the flu virus feels as if they are under attack by some organism. But in the scientific community it's still an open-ended question. This is why viruses do not belong to a kingdom of living things. Just because a virus seems alive doesn't mean it is alive. After all, it's not even a single-celled organism.

A virus is little more than a strand of DNA or RNA covered by a protein coating. Viruses are a thousand times smaller than bacteria and come in a wide range of shapes. Some look like weird, tall spiders whereas others look like prickly porcupine-like soccer balls.

Chicken pox. Measles. Mumps. Polio. Rubella. 

Sound familiar? Your doctor probably gave you vaccination shots when you were a baby to protect you from these horrible diseases. 

One thing is for sure; viruses are very much a part of life on Earth and the human experience. Viruses infect animals, plants, and even bacteria. Humans are in a constant battle with viruses. HIV (the virus that causes AIDS), the Ebola virus, and the West Nile virus continue to make headlines and take millions of lives.

Other maladies, such as colds, the flu, chicken pox, measles, and hepatitis, are more common, but sometimes just as deadly. Symptoms vary depending on which kind of cell is under attack. Cold viruses attack the nose and throat, the rabies virus attacks the brain and nervous system, and the human immunodeficiency virus (HIV) attacks white blood cells in the bloodstream. Viruses can even cause some kinds of cancers and leukemia. 

To determine whether a virus is alive or not, we could compare the virus's characteristics to what many biologists consider the requirements of life. All living things have several common characteristics. Some nonliving things may have one or more of the characteristics but not all of them. For a virus then to be classified as alive it must:

Reproduce  Obtain and use energy  Grow, develop, and die  Respond to the environment

Viruses do have DNA or RNA, and DNA is the code for life. Having genetic material is an important step towards being classified as alive. DNA controls the evolution of the cell and the organism. Like living things, viruses evolve through time and thus can adapt to their environment. But unlike cells, viruses cannot use their genetic material by themselves. They need a living cell in order to function and reproduce; otherwise they are playing dead.

Because viruses are not cells, they can't divide by binary fission like bacteria. Yet they do reproduce themselves in an extraordinary way. Their structure enables viruses to attack a plant or animal cell called a HOST CELL. The protein shell protecting the virus's DNA is covered with spikelike protrusions. These spikes allow the virus to latch onto the cells they infect. Once hooked on, the virus injects its genetic material into the host cell. 

The virus's DNA takes control of the cell once it's within the cytoplasm and begins to make the cell produce virus DNA and other parts of viruses. The host cell is forced to expend all of its energy and resources to help the virus replicate and make hundreds more viruses. The poor, weak cell usually bursts like an overinflated balloon from all the viruses and is destroyed in the process. Then, the replicated virus attaches itself to a new, unaffected host cell, and the viral infection continues. 

Living things do more than just reproduce. They also must obtain food to fuel the cell's metabolic activity. Some organisms, such as animals, eat other living things for energy. Other organisms, such as plants, harness the Sun's energy to make their own food. Because viruses aren't cells and have no activity within it, it has no need for food. However, the virus-controlled host cell needs material and energy to reproduce the viruses. Maybe viruses can fit the requirement that life forms need to obtain and use energy.

All other living things also grow or get bigger. A virus does nothing inside its protein coat; therefore it does not grow. But some scientists argue that a virus's growth occurs inside the host cell where parts of viruses are built during reproduction. 

Plants and animals react to the environment. All living things have ways of sensing the world around them and can respond to changes in their environment. Do viruses react? Viruses cannot move themselves, but there are some differences in opinion that viruses do react to changes in the environment. 

Remember, the virus's DNA or RNA can evolve over time, thereby increasing its chances for survival and adapting to the environment. Like bacteria, they adapt through genetic mutations caused by rapid reproduction. That is why it is so hard to cure viral diseases. Viruses keep changing their DNA and protein coat to further their "life form" and keep ahead of the game.

As humans, we like to classify things because it helps us understand the physical world. Viruses must have a host cell to live and reproduce. Outside of the host cell, viruses are pieces of genetic molecules that can do nothing by themselves. Viruses are right on the border between living and nonliving. Some biologists currently see the virus as a nonliving infectious particle. Other biologists disagree and suggest they are alive because of what happens inside the host cell. 

Is Technology Good For You?
I ran across a small blurb about Eckhard Wimmer, of the State University of New York at Stonybrook.  He and some other folk had built artificial polio virus, said Scientific American, starting with mail-order chemicals. And it worked. It infected mice. 

Let’s move back for a second, and think about what a virus is. Basically it’s a long strand of DNA or RNA. Some viruses are long loose strands, like Ebola. Some ball into a glob and have protein coats around them. At the bottom they are strands of ribonucleic acids, the stuff that tells cells what to do. 

DNA is a sort of double chain of little chemical building blocks called nucleotides. The details aren’t critical here. The important thing is that everybody in biochemistry understands nucleotides, and they are widely available. They’re not evil. They’re like nails. You can buy them. 

Think of them as beads on strings. They come in four colors, so to speak, cytosine, guanine, adenine, and thymine. (OK, and uracil in RNA.) The language is technoglop, but the point is that if you string them together in the same order as natural DNA, the result is indistinguishable from natural DNA. 

Many viruses have been “sequenced.” That is, we know what the order of nucleotides is in them.  Wimmer, to show what bioterrorists might do, downloaded the sequence for polio from the Internet, and built the virus, using chemicals you can get from a biological supply house. When he injected it into the brains of mice, they got polio. The artificial strain wasn’t as contagious as the natural variety, but it functioned. 

Why is this important? Because it means that you don’t need a culture of a virus to release it into the world. In principle, all you need is the DNA sequence and some lab equipment that is getting better by the week. Then you can build viruses on your own. Think psychotic graduate students. 

Putting it otherwise, any virus whose sequence is known isn’t extinct. Further, when people can build viruses from sequences, governments cannot have monopolies on sequenced viral pathogens. 

Today in various journals of military affairs you see assertions that smallpox, officially pronounced extinct many years ago, exists in labs in Russia, maybe England, and America. People express concern that it might somehow escape or get into the hands of terrorists. But, if viruses can be strung together like tinker toys, it doesn’t matter whether these countries have a sequenced virus. Anybody, before too long anyway, will be able to make it. 

The next question is, can we create life?  Are viruses alive? Tricky question. On one hand, they are just boring polymers, drab chemical compounds that usually just sit there if they aren’t inside a living cell. On the other hand, inside a cell they take over the cellular machinery, make multiple copies of themselves, and often explode the cell so the new viruses can go infect other cells. They sound kind of alive. Whether they are predators or poisons isn’t very clear. 

If they are alive, then building one in a lab amounts to the creation of life. So far, life has always come from other life. Live women give birth to live babies, live trees produce live seeds that grow into live plants. Nobody has done it from scratch. 

On the other hand, if a virus isn’t alive, which is certainly an arguable position at this point, then recreating one would be like copying an aspirin tablet: Whoopee-doo.  Synthesizing viruses creeps up on a massive question: Is life just the juxtaposition of complicated chemical reactions? Or is there more involved? If you could take a cat, and copy it somehow, atom for atom (which is wildly impossible, but never mind), until you had two physically indistinguishable beasts—would the copied cat be alive, chase mice, and miss its litter box? Would it be a real cat? Or would it be a mass of gunk that you would want to throw out as soon as possible?

