CHAPTER 1
7 levels of classification

  When it comes to classifying living organisms, there is a universally accepted 7 level system. This system is based on the characteristics of the organism and the system starts out with very broad categories and works down to more specific categories. You need to know these seven levels in the correct order for Exam 1:    Kingdom, Phylum, Class, Order, Family, Genus, Species. To trigger my memory, I use this:  King Phillip Came Over For Grape Soda. In the traditional system for classification, there are only 5 Kingdoms.  Humans are in the Kingdom Animalia (Animal Kingdom).  Each category in the classification system gets more
specific, all the way down to the species.

Scientific name

  Each organism that has been classified has its own scientific name. The scientific name is the genus name and the species name.   The genus name is capitalized. The species name is not capitalized.  To signify that scientific names are in Latin, italics or underlining is used.   The scientific name for humans is Homo sapiens.   The scientific name for a well-studied bacterium is Escherichia coli (E. coli).  You will be seeing the scientific name of a lot of different bacteria in this course.

Cell Theory

  The Cell Theory is 3 statements that describe in general terms how living cells work.  These 3 statements sound obvious these days, but it took a long time in history for these three statements to be understood.
The cell is the basic living unit.  This sounds obvious these days, but until the 1600s people did not know about cells.   All living organisms are composed of one or more cells.  This concept was not fully understood until the 1700s.    Living cells must arise from pre- existing living cells.  This concept was not fully understood until the 1860s.  To trigger my memory here, I use BOP.   B=Basic living unit O=One or more cells    P=Pre-existing cells

2 criteria to be a living cell, plasma membrane vs. cell wall,  
    Prokaryotic vs. Eukaryotic

	There are two criteria to be a living cell:  1) must have all three of these things:  DNA, cytoplasm, and plasma membrane.  Some cells, like bacteria, do not have a nucleus but all cells have DNA.  Cytoplasm is mostly water, and the plasma membrane is a very flexible membrane that is sometimes called the cell membrane.  Keep in mind for later that a virus is not a living cell. Some viruses have DNA (some have RNA), but a virus never has cytoplasm or a plasma membrane.   2) must be able to reproduce and function independently.  Most living cells reproduce by dividing in half and cells can function independently by doing their own chemical reactions. Again, a virus is not a living cell and a virus cannot reproduce and function independently at all.  Plasma membrane vs. cell wall:    The plasma membrane is found in all cells; it is very flexible; and it encloses the cytoplasm.   The cell wall is found mainly in plants and bacteria; it is
 more rigid; and it is found just outside the plasma membrane.  Prokaryotic vs. Eukaryotic:  Only microbes called bacteria and archaea are Prokaryotic cells.  Archaea are like bacteria but have a different cell wall and metabolism.  Prokaryotic cells have no nucleus and they have no organelles.  Organelles are structures such as mitochondria that have some function for the cell. Eukaryotic cells are everything besides bacteria and archaea. They have a definite nucleus and they contain lots of organelles such as mitochondria.  

_________________________________________________________________

You should print out and refer to Exam 1 Diagram 1.

  This diagram starts out with a typical Prokaryotic cell called E. coli.  This is a single-celled organism that is rod-shaped. The outermost membrane is the somewhat rigid cell wall.  Just inside of that is the more flexible plasma membrane (cell membrane).  Inside the plasma membrane is cytoplasm (mostly water) and one molecule of DNA.  Notice, this cell has no nucleus and no organelles. The bottom diagram is a typical Eukaryotic cell called a human cheek cell.  We will see these cells from the inside lining of our cheeks in the lab class.  Here, the outermost membrane is the plasma membrane (our cells have no cell wall).  Inside the plasma membrane is cytoplasm, a nucleus containing DNA (drawn the correct size), and a mitochondrion (drawn way too big so we can see it).   There would be a lot more organelles in a real cheek cell, the mitochondrion is a reminder that Eukaryotic cells have plenty of organelles.  In real life, E. coli would be a tiny dot compared to the size of a cheek cell.
___________________________________________________________________
Three groups of microbes:  Prokaryotic, Eukaryotic, Noncellular

  Prokaryotic			Eukaryotic			Noncellular

  -bacteria and			Paramecium		Viruses
     archaea				Euglena
					Yeast
  
Once again, microbes called bacteria and archaea are Prokaryotic cells.  In the group of microbes called Eukaryotic, Paramecium and Euglena are microbes that live in fresh water and they are harmless. Yeast are an example of a single-celled Fungi.  Unlike bacteria, these Eukaryotic microbes have a nucleus and organelles.  Viruses are in a group of microbes called Noncellular.  Viruses are not living cells because: 1) They never have all 3:  DNA, cytoplasm, and plasma membrane.  Some viruses have DNA, but others have RNA.   A virus never has cytoplasm or a plasma membrane.    2) A virus cannot reproduce and function independently.  To reproduce and function, a virus must infect a host cell (such as our cell).  It is unfortunate for us that a virus is not a living cell.   If an infection is bacterial, we can take antibiotics that will kill the bacteria.   If an infection is viral, we must let the virus "run its course" until we get over the infection by way of our immune system.  We cannot kill viruses with medications because viruses are not alive.

Hooke, Redi, Leeuwenhoek
  Way back in 1665, a man named Hooke built and used one of the very first compound microscopes. This kind of scope tends to have 2 lens to magnify.  On his microscope, Hooke looked at a thin slice of cork from tree bark. He was surprised to find that the cork was made of lots of brick-shaped compartments that became known later as cells.   Quite accidentally, Hooke discovered cells (CONNECT: Hooke/cells).  This was very important to begin to understand that living things are made up of little units called cells. Back in 1668, there was a very popular theory called Spontaneous Generation. This theory said that living things could
generate from non-living things.  For example, flies generate from manure and maggots generate from meat.  At the time, a man named Redi was very skeptical about this theory. Redi tried an experiment where he put meat in 3 jars that were left open and he put meat in 3 jars that were covered with a lid.  If the theory called Spontaneous Generation was true, Redi should have eventually seen maggots in all 6 jars.  However, Redi only saw maggots in the jars that were open. Redi proved that maggots do not generate from meat. We now know what happens:  if flies get in there, they will lay eggs in the meat.  The fly larvae are the maggots.  At the time, most folks believed Redi:   maggots do not generate from meat. Redi shot down Spontaneous Generation for big things like maggots. (CONNECT: Redi/maggots) In 1673, a man named Leeuwenhoek created lots of simple microscopes.  A simple microscope only has one lens to magnify--it is a very good magnifying lens.  One day Leeuwenhoek looked at a drop of rainwater under his lens.  He was shocked to see living things swimming around that you cannot see with a naked eye.  Quite accidentally, Leeuwenhoek discovered microorganisms (CONNECT:  Leeuwenhoek/microorganisms. Leeuwenhoek wrote papers about these "microbes" and he gave lectures about them. Very importantly, he showed people with his magnifying lens the microbes swimming around—so they had to believe him.  Leeuwenhoek is considered to be the first microbiologist. Unfortunately, Leeuwenhoek never made the connection that some microbes make people sick and kill people.  That connection would be made nearly 200 years later.  

Needham, Spallanzani, Jenner, Nightingale
Once Leeuwenhoek discovered microbes, people began to wonder where microbes come from--who are their parents?  Some people, led by a man named Needham, believed that microbes generate from water. Needham tried an experiment where he let a flask of water sit around for a while. Then he took a specimen from the water and verified with a microscope the water contained lots of microbes.  Then he boiled the water to kill all the microbes.  He set the flask aside and a week later he took a specimen from the water and looked at it under a microscope. He saw lots of microbes swimming around.  His paper came out in 1745 saying that after he killed the microbes with boiling, they were back a week later because they generated from the water.  Needham wrote about what he called the "vital force". He said this invisible force probably comes from God and it allows microbes to generate from water. Needham believed the invisible "vital force" allows microbes to generate from water.  (CONNECT:  Needham/vital force)

A few years later, a man named Spallanzani came along and he was skeptical about the research done by Needham.  Spallanzani said there was one "tragic flaw" in the experiment done by Needham:  after he boiled the water in the flask, he did not cover the flask.  Spallanzani believed that since the flask was not covered, microbes fell from the air into the water in the flask.  Spallanzani tried an experiment where he verified with a microscope his flask contained lot of microbes.  Then he boiled to kill all the microbes, covered the flask, and set it aside.  A week later he came back, took a specimen of the water to a microscope, and saw nothing alive at all.  His paper came out in 1765 saying that microbes do not generate from water.  If the flask is covered and no microbes fall from the air into the flask, there will be no microbes present.  One day, Spallanzani was looking at a live, rod-shaped bacterium in a microscope.  He saw the bacterium start to get thinner in the middle, until there were two of them.  He had accidentally discovered a process that became known as binary fission (divide in two).  This is how bacteria reproduce and Spallanzani stated:  "microbes are their own parents--they come from themself by dividing in half". Spallanzani discovered binary fission and he believed microbes could not generate from water. CONNECT: Spallanzani/binary fission      It would be decades later before people realized who was right between Needham and Spallanzani.

Back in 1798, a man named Jenner did something that some people call the "biggest development in the history of science".  Jenner developed the first safe and effective vaccine (CONNECT: Jenner/vaccine). His vaccine was for a disease called smallpox.  All our vaccines today are based on the technique Jenner used way back then.  Some people call this the biggest development in the history of science because Jenner got us started using vaccines--which have saved hundreds of millions of lives over the last two centuries.

Florence Nightingale is probably the most famous nurse of all time.  Back in the 1850s, she was very concerned about a problem called wound infections.  Back then, they did not know what caused wound infections.  Back then, there was no such thing as antibiotics (penicillin was the first antibiotic ever used-- in 1941).  Nightingale traveled and collected data to find out how common wound infections were.  She found out that wound infections were very common everywhere--not just where she was working.  She began to believe that dirty conditions in patient treatment areas were contributing to the problem called wound infections.  In 1859, she published her findings in a book called "Notes on Nursing".   Nightingale greatly increased awareness about two things:    1) how common wound infections were everywhere, and   
2) how dirty conditions in patient treatment areas contribute to the problem called wound infections, forcing people to make
patient treatment areas much cleaner.

Pasteur (SAPSV)
Mainly in the 1860s, Pasteur did a lot of things to move the field of Microbiology forward. I use SAPSV to remember what Pasteur did for Microbiology.  The first S stands for Spontaneous Generation. Pasteur took on this question:  Can microbes generate from water?  He tried to find out if Needham or Spallanzani had been correct a few decades earlier.  Pasteur created a meat infusion--a mixture of meat and water and put the meat infusion into a flask.  Over time, plenty of microbes will be in the meat infusion. He put the meat infusion into a flask and verified the meat infusion contained lots of microbes.  On the top of the flask, he put a glass tube that he bent into an "S" shape.  This glass tube was not sealed.  Pasteur had solved both problems with this kind of research.  If the "vital force" needs air to work, it has air (the glass tube was not sealed).  However, microbes cannot fall from the air into the meat infusion.  If microbes fall from the air into the glass tube, they get trapped at the curves of the S-shaped tube.  Pasteur boiled the meat infusion to kill all the microbes.  He came back about a week later and took a specimen from the meat infusion to a microscope.  He saw nothing alive at all.  He had proven that Spallanzani was correct--microbes cannot generate from water. Pasteur shot down Spontaneous Generation for microorganisms.  At the same time, he also proved the last statement from the cell theory to be true:  Living cells must arise from pre-existing living cells. In SAPSV, the A stands for Alcoholic Fermentation.  Back in the 1860s, the people who made beer and wine had two big problems:  1) The process to make beer or wine didn't always work.  Sometimes alcohol was produced in the process and sometimes alcohol was not produced.  
 2) the beer or wine they made back then went bad (sour) fast.   Pasteur was asked to solve both problems--and he did.  Pasteur figured out that microbes called yeast do a process called Alcoholic Fermentation to make the alcohol for beer, wine, etc. In the process called Alcoholic Fermentation, the yeast cells break down a sugar called glucose.  The source of this glucose depends on what you are making (wine: grapes,  beer: hops/barley).  When the yeast cells break down the glucose in the process called Alcoholic Fermentation, they make three products: ATPs, carbon dioxide gas (CO2), and ethanol.  The yeast cells use the ATPs as energy to stay alive. We sometimes use this CO2 to make bread rise.  We use this ethanol to be the alcohol in beer, wine, etc. Pasteur showed them how to always include a culture of yeast in the big container when making beer or wine so that alcohol would be made.  Pasteur also figured out that the process to make beer or wine left too many microbes alive.  These microbes reproduced (binary fission) and made the alcohol go bad or sour very quickly.  Pasteur invented a process to disinfect a liquid that became known as Pasteurization.  So, the P in SAPSV is Pasteurization.  If you disinfect something (beer, wine, milk, your bathtub) you kill most all microbes.  We think of pasteurization now days for milk, but Pasteur invented it first for beer and wine.  The process is very simple.  Heat the liquid up to a temperature of 71.6o C (about 170o F) for about 15 seconds.  This will kill most all microbes.  They tried this process back then and it worked very well:  the beer or wine did not go sour for a long time.  In SAPSV, the second S stands for Silkworm disease.  Back in the 1860s, the worms that spin silk were getting a disease and dying off in big numbers.  The silk industry was in big trouble.  They asked Pasteur to find the cause of this disease--and he did.   Pasteur found a microbe called a protozoan that was causing the silkworm disease.  He showed them how to keep the silkworms in a drier environment to avoid that microbe. This was the first time in history that someone had proven that a microbe was causing a disease.  Remember, this is the 1860s.  Leeuwenhoek discovered microorganisms in 1673.   In SAPSV, the V stands for vaccine. Pasteur created the term vaccine, and he created the first rabies vaccine.  We will discuss later what the term vaccine means, but Pasteur created that term.  As a child, Pasteur watched some people die of rabies.  They would froth at the mouth, go insane, and die a horrible death.  This frightened Pasteur very much.  A few decades later, Pasteur created the first rabies vaccine. Today, one of our two rabies shots is very similar to what Pasteur did. 

Lister
Back in the 1860s, Dr. Lister was a surgeon. The most common surgery he did (by far) was amputation.  Back then, a wound infection was usually treated by amputating that leg, hand, arm, etc.   They learned quickly that if they did not amputate, the infection would spread, and the person would die.  Dr. Lister was frustrated by all of the amputations he had to do, and he wanted to find something better.  He heard about the use of a disinfectant called phenol to make raw sewage stink less at the local sewage dump area.  They had no sewage system back then, just a sewage dump area at one end of town.  Dr. Lister asked himself these questions:   1) Does raw sewage stink because of microbes?,   2) Does phenol make raw sewage stink less because it kills microbes?,   3) Do microbes cause wound infections?,   4) Could phenol be an effective treatment for wound infections? Dr. Lister soaked his surgery instruments in phenol.  He also soaked his wound dressings in phenol. He created a lot of contact between phenol and the wound area on patients.  His experiment worked well. The phenol cut down on the number of wound infections in a big way. Phenol is called a disinfectant--which is any chemical that kills most all microbes.  Phenol is also considered to be an antiseptic--a disinfectant that is safe to use on living tissue.  Lister was the first person ever to use antiseptics in health care (CONNECT: Lister/antiseptics).  Now days, we do not use phenol to prevent wound infections. We use things that work even better, such as autoclave, alcohol and iodine (betadine).  However, Lister got us started with the idea of using antiseptics in health care to prevent infections.

Koch (SHOPK)
Dr. Koch was a general physician in Germany.  In the 1870s, he was very frustrated by the fact that he did not know what caused his patient's infections, and he had no effective treatment or cure for these infections (remember, antibiotics did not start being used until 1941).  In his spare time, he set up a lab and worked on two big goals:  1) find the cause of his patient's infections, and 2) find a cure for his patient's infections.  For a while, Koch worked with a partner named Petri (the petri dish). Koch had great success at finding the cause of several diseases.  He found certain kinds of bacteria that cause diseases like anthrax, tuberculosis, and cholera.  He was the first person to ever prove that bacteria can cause disease.  He used lab rats to verify the cause of various diseases.  Unfortunately, he never had any success at all finding a cure for a disease.  He tried a cure for tuberculosis one time, but it did not work well.  However, along the way, Koch invented modern microbiology and modern microbiology lab as we know it today.  His lab techniques from the 1870s were so good they are still used today. I use SHOPK to remember what Koch invented for microbiology lab.  In SHOPK, the S stands for Staining bacteria. In real life, most microbes (including bacteria) are a clear cell. A clear cell is very difficult to see on a microscope slide.  Koch invented a process to stain bacteria so they can be seen on a slide.  In SHOPK, the H stands for Hanging drop prep.  In labs, it is very common to do a wet prep. This means you put one drop of specimen (such as pond water) on a slide and then add a cover slip.  A wet prep dries out very quickly and becomes useless for microscopic examination.  If you are doing research on live microbes such as trying to see binary fission happen, you need to look at the live microbes for hours. In that case, a wet prep will not work.  Koch invented a special slide called a hanging drop prep that can be used to study live microbes all day.  This special, hanging drop slide allows a drop of specimen (pond water) to hang down from a cover slip into a depression on the slide. As a hanging drop, it will not dry out for hours and hours.  This hanging drop prep is still used today for research on live microbes. In SHOPK, the O stands for Oil.  Koch invented the idea of using oil to improve the resolving power of a microscope.  In our lab, we will be putting 2-3 drops of oil on most of our slides.  The oil improves the resolving power--it gives us a clearer and sharper image to look at in the microscope.  Without the oil, bacteria would tend to look to "fuzzy" and unclear.  In SHOPK, the P stands for Pure cultures.  A pure culture is a culture of microbes (usually bacteria) that are all the same species.  Koch invented a process to grow pure cultures of bacteria on agar plates.  Agar is mostly ground up seaweed.  It can be mixed up and sterilized as a hot liquid, then poured into petri dishes. As it cools, it solidifies to the consistency of "firm jello".  It is universally used today to grow bacteria in labs.  Koch's process for growing pure cultures of bacteria is still used today, and we will discuss it in our lab class.  In SHOPK, the K stands for Koch's postulates. Koch's postulates is his process to prove that a certain microbe is causing a certain disease.  This process involves lab rats, and it is still used today.

Microbes in the Environment  (Discussion Question)
This topic has to do with how the bacteria that are all around us benefit us.  When a plant or animal dies, bacteria fall on this dead organism and start to break it down. Some of the nutrients go to the bacteria, but the rest are recycled to the soil, to be picked up by plants, fungi, etc. Nitrogen fixation is a process where soil bacteria take in nitrogen gas (N2), use it in their metabolism, and then release the nitrogen into the soil in the form of ammonia (NH3).  Plants absorb this ammonia as their main source of nitrogen to stay alive.  It may be surprising to realize the majority of antibiotics we take as medicine are made by bacteria.  Antibiotics are liquid waste products made by some bacteria and by some mold.  There are several food products (cheese, yogurt, pickles) that must be made using bacteria. Then, endosymbiotic bacteria have a mutualistic relationship with their host.  You can use the letters RAFE to trigger my memory for this discussion question.

Ideal answer:  Below is what students need to write out for this discussion question:

Recycling nutrients
	Decomposition:  microbes break down dead organisms, putting nutrients
                                         into the soil.
	
	Nitrogen fixation:     N2   Soil bacteria    NH3    Plants 

Antibiotics
	The majority are made by bacteria.

Food products
	Bacteria are required to make food products such as yogurt, cheese, 
           and pickles.

Endosymbiotic bacteria (bac that live inside a larger organism)
	These bacteria provide nutrients to the host, which in turn provides nutrients and protection to endosymbionts.
	Humans get nutrients from their gut bacteria.  Some animals such as cattle and termites require digestive microbiome to break down cellulose and plant polymers.
	             

  





  

