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A Closer Look at Bacteria

What do you think of when you hear the word bacteria?  Many of us probably think of disease or infection, but there is much more to bacteria than that. In fact, bacteria are everywhere, from the earth’s soil to the inside of our stomachs.  There is a bacterial world teeming all around us, but because bacteria are microscopically small, they cannot be seen by the human eye.  Today we’re going to take a closer look at these tiny organisms, starting with their most basic characteristics.

As you read, try to answer these questions:

1. What is a prokaryote?

2. Why is a bacterium’s shape important? (“bacterium” refers to one organism, “bacteria” refers to many)

3. How do bacteria reproduce?  Describe the process.

4. What are some of bacterial growth conditions?  Why do you think we refrigerate food?

5. Can you think of other ways bacteria are helpful?  If so, list them.

6. What is a pathogen?

7. What causes periodontal disease? What causes tooth decay or dental cavities?

8. Now that you know what plaque really is, why do you think brushing regularly helps prevent tooth decay?

Characteristics of Bacteria

Bacteria are single-celled, prokaryotic microorganisms.  A prokaryote is an organism that has no nucleus.  Why do we call a bacterium a cell if it has no nucleus? The reason is that it has a cell wall that holds everything together. Although prokaryotes are simple compared to larger organisms, prokaryotes are able to reproduce, move, and create energy as independent organisms. Bacteria do have DNA, it is just not bundled together in a visible nucleus.
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[image: image5.wmf]Bacteria are shaped in many different ways.   The three most common shapes are bacilli, cocci and spirilla. Bacilli are rod shaped bacteria, cocci are spherically shaped, and spirilla are long and spiral shaped  The shape of bacteria is determined by the cell wall and is important because it influences bacteria’s ability to obtain nutrients, swim through liquids, escape from predators, and attach to surfaces. Some kinds of bacteria have flagella (long tails) to help them move through a surrounding liquid.
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Reproduction
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Bacteria reproduce by a process called binary fission. “Fission” means to split (as in splitting atoms) and “binary” means “into two parts.”  During binary fission, one bacterial cell splits into two cells.  First the cell’s DNA copies itself. Then the DNA and its copy begin to separate from each other.  The single cell divides itself in two!  This method of reproduction is an asexual method because it does not require a male and female of the species in order to reproduce and the offspring are identical.
Under optimal conditions, bacteria can divide and grow very rapidly, in some cases doubling the population size in 10 minutes.   Many abiotic factors can affect bacterial growth, but some of the significant ones include pH level, temperature level, and energy and nutrient supply. Bacteria need energy and an adequate supply of nutrients to survive and thrive, just like us.  Bacteria get energy and nutrients from sources such as sugar, protein, starch, and fats.

The graph below shows how fast bacteria can grow (note that the Y axis is a logarithmic scale). In a fresh culture, bacteria grow very fast at first, and then the growth rate levels off and eventually declines as the bacteria exhaust their nutrient supply.
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Not only nutrient supply influences growth rate, but also the amount of acid or alkali in the growth medium. The measure of acid or alkali in a substance is done on a logarithmic scale known as “pH” and is indicated on a scale from 0 – 14 with 7 being neutral.  If pH is below 7, the substance is acidic.  If pH is above 7, the substance is alkaline.  Most bacteria grow best at neutral pH, but some can reproduce in an acidic environment, as well.  Different kinds of bacteria can grow at different temperatures, but most bacteria grow slowly at temperatures below 45° F and above 140° F.  

Helpful Bacteria

You may think of bacteria negatively because you know that many bacteria cause disease, but bacteria also do other things that are important and helpful!

Important for the Environment

Nitrogen is essential for plants to grow, and although there is a lot of nitrogen in the air, it is in a form that most plants cannot use.  Certain types of bacteria take nitrogen from the air and change it into a form that plants can use.  This kind of bacteria is called nitrogen-fixing bacteria.

Bacteria also help recycle things like fallen leaves by decomposing the leaves to make the nutrients contained in them available to other living systems.

Important for People
Believe it or not, there are beneficial bacteria living in your digestive tract!  These “gut flora” help you by preventing the growth of harmful bacteria, by helping you digest certain carbohydrates, and by training the immune system.  

While some kinds of bacteria cause disease, we use other bacteria to fight off those diseases.  Antibiotics are medicines used to kill bacteria, and some antibiotics are made by bacteria!

Scientists are able to genetically engineer bacteria to make medicines like insulin.  Our bodies need insulin to use sugars and other carbohydrates.  People who have diabetes cannot make enough insulin or any insulin at all, so they have to take insulin every day.  The insulin that bacteria make can be given to people with diabetes. Bacteria are often used in genetic engineering, because bacteria grow so fast but also because it is relatively easy to incorporate genes from other sources.
Harmful Bacteria

Have you ever had strep throat, food poisoning, or bacterial pneumonia?  These are examples of bacterial illnesses.  Pathogens are bacteria that cause disease.  Pathogenic bacteria enter a host organism and consume the nutrients of the hosts’ cells and in the process cause harm to the host.  
	Example Bacterial Diseases

	Tetanus

Leprosy

Bubonic Plague
	Scarlet Fever

Dental Cavities

Botulism
	Strep Throat

Ulcers

Anthrax


Pathogenic bacteria also cause damage by releasing harmful chemicals called toxins.  As mentioned earlier, bacterial diseases can be treated with antibiotics, and many can also be prevented with vaccines. 
Bacteria and Dental Health

Periodontal diseases are bacterial infections that affect the supporting structures of the teeth, like the gums and bones of teeth.  Periodontal diseases can range from simple gum inflammation to the loss of teeth.  The disease is caused by bacteria that stick to teeth, especially at the gum line.  These bacteria produce various chemicals that trigger an inflammatory response from your body.  Your body’s response is meant to be protective, but it also causes inflammation of the gums and the loss of periodontal tissue.
Tooth decay or dental cavities are also caused by bacteria that live in your mouth.  These cavity-causing bacteria convert the sugars in your mouth to acids through the process of fermentation.  The produced acid essentially eats away at your teeth’s enamel, eventually forming a cavity.
Although your mouth is full of bacteria, only some of the bacteria in your mouth cause periodontal disease or tooth decay.  The bacteria P. gingivalis and Streptococcus mutans have been linked to periodontal disease and dental cavities.  The bacteria in your mouth gather to form a sticky, cream-colored substance called plaque.

P. gingivalis is an anaerobic bacteria, meaning that it grows best in environments without oxygen.  When this anaerobic environment is generated by other oxygen consuming bacteria in the mouth, the P. gingivalis population begins to grow. 
Why Don’t Dogs Get Cavities as Often as Humans?

Dogs and other animals do not get cavities nearly as much as humans do, but why is that?  Can you think of any reasons?  

One reason is that dogs’ teeth are non-occlusal (pointed) surfaces, so it is harder for bacteria to find a good surface to adhere to.  A second reason is that dogs do not eat sugar, so they don’t have the kind of bacteria we do that create enamel-eating acid.  Theoretically, if you stopped eating sugar, you would not get cavities!






























Gram stain of S. mutans
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A bacterial cell dividing in two.
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