Bios 1063 Chapters 15/4-Evolution of Microbial Life

A. Our planet Earth formed 4.6 billion years ago.


B.  Life began 3.5 billion years ago with Prokaryotes-microscopic organisms. The Prokaryotes are domain Bacteria and domain Archaea.  The oldest prokaryotic fossils are 3.5 billion years old.  

Prokaryotes ruled on this planet for 2 billion years before the evolution of eukayotes. 


C.  Eukaryotes evolved approximately 1.5 billion years ago.  The oldest eukaryotic fossils are 1.5 billion years old.  

Accumulation of oxygen occurred in the atmosphere approximately 2.5 billion years ago because of cyanobacteria (blue green bacteria). These bacteria contained a pigment that could capture sunlight for Photosynthesis.  Photosynthesis gives off oxygen to the atmosphere.  

II. Prokaryotes-Smaller and less complex in structure from eukaryotes.

A.  The Structure, Function, and Reproduction of Prokaryotes

Cell structure is simple.  

Cell structures found in all bacteria:
1. cell wall determines gram positive or gram negative stained bacteria  This is a stain that doctors use when they take a throat culture.  A doctor by the name of Gram came up with this staining procedure.  Gram positive bacteria stain a purple color.  Gram negative bacteria do not stain a purple color, so they add another stain which makes them pink.  Gram negative bacteria tend to cause fevers, and are more resistant to antibiotics.  

2. cell or plasma membrane:  All living organisms have a cell membrane. The cell membrane regulates what enters and leaves the cell.

3. DNA (1 large circular DNA strand) forms the nucleoid region, 

4. cytoplasm-the space inside the cell is not empty, it has water, sugars, proteins etc and is called the cytoplasm.  
5. ribosomes Small structures (look like squished snowmen)  Ribosomes synthesize (makes) proteins (we will go into this in a little more detail in the next lecture on Wednesday).  

These structures are found in only in some bacteria (not all bacteria):

1. Flagella (tails) in some bacteria, tails are used for locomotion.  Some bacteria have 1 tail, some have 2 tails, and some have many tails.  

2. Pigment proteins to capture light for photosynthesis in cyanobacteria.  

3. Plasmids are small rings of DNA in the cytoplasm, which can code for antibiotic resistance in some bacteria-used in genetic engineering.

Bacteria are characterized by their shapes:

Three shapes-
Coccus or Cocci (pl)= round-shape




 Bacillus or bacilli =rod shape




Spriochetes=spiral shape

Staphy=bacteria are in clusters as in a Staphylococcus infection. (Staph infection) Staphylococcus bacteria would look like clusters of grapes.  

Strep= bacteria are in chains.
  Streptococcus infection (causes strep throat).  If you looked at the bacteria from a throat culture on a microscope, they would be long chains of round bacteria.  

Bacteria Reproduction-An asexual (asexual means without sex)  process They reproduce by a process called binary fission, the bacteria makes a copy of its large circular DNA and just separates into two smaller cells.
Environments usually limit resources and limit bacteria growth.

If there are no limiting resources bacteria can divide every 20 minutes. 1 cell could give rise to 15,000 cells in just 24 hours. 

Cyanobacteria are photoautotrophs, autotroph means self-feeder and photo-refers to how they make their food, in this case by photosynthesis.  So photoautotrophs make their own food via photosynthesis. 

Chemical Heterotrophs: Heterotrophs must take in food, they cannot make their own.  Chemical heterotrophs, are decomposers.  These bacteria feed themselves by decomposing organic molecules (chemicals) from dead plants, dead animals and feces.   

Although we know bacteria to cause illness, most prokaryotes are not pathogens and are important to our planet and our survival.   

IV.  Ecological Impact of Prokaryotes

A.  Bacteria that cause disease-pathogens-there are 2 ways that bacteria pathogens cause disease:

1. Exotoxins:   Bacteria do not hurt you, but the toxins they release are highly toxic to humans
2. Endotoxins:  Bacteria themselves cause damage; endotoxins are found in an extra lipid layer of the bacteria cell wall, which can induce fever, aches, septicemia-if it the bacteria gets into the blood.

B. Prokaryotes –Important in Chemical Recycling-Decomposers
Chemoheterotrophs-Decomposers recycle carbon and nitrogen

Some Bacteria can do something that no other life form can do.  They can Fix atomospheric nitrogen.  Our atmosphere is 79% nitrogen, yet we cannot use it.  Some bacteria have evolved special cells called Heterocysts.  These heterocysts remove nitrogen from the atmosphere and fix it into a usable form to make their proteins and DNA.  

Anabaena (a cyanobacteria found in Lake Pontchartrain) has Nitrogen fixation in Heterocysts.  Farmers (along the Mississippi River) put fertilizers on their crops.  Fertilizers are rich in phosphate and nitrogen.  When it rains there is runoff of the fertilizers into the Mississippi River from the farms.  The Mississippi river has high concentration of phosphate and nitrogen.  Anabaena makes its own food by photosynthesis, and it has its own nitrogen because of the heterocysts, so what limits its growth?  Its growth is limited due to phosphate.  It needs phosphate to make ATP and to make DNA.  If they open the spillway and divert water from the Mississippi River into the lake—we get an Anabaena bloom.
Mutualistic symbiosis in plant roots: Rhizobium is a bacteria with heterocysts that lives in plant roots.  It gives the plant Nitrogen; and the plant gives the bacteria shelter and sugars.

C.  Prokaryotes and Bioremediation-Sewage, oil spills

Removal of pollutants by living organisms is known as bioremediation.

We use prokaryotes for the removal of many pollutants. 

A. We use them in our sewage treatment plants to decompose the sewage.

B. We use them to help clean up oil spills.

C. We have found prokaryotes that grow in Acid and we plan to use it to help clean us some of our left over mining sites that have become toxic waste. 

D. We have even found some prokaryotes that can handle radioactivity and we are trying to find some way to see if they can help clean up our nuclear waste sites.  

