Reading Guide:  The Origins of Life 

The Oldest Fossils
Earth's crust began to cool and solidify about 400 million years after the planet formed. Fossil evidence indicates that life existed about 3.5 billion years ago. These ancient fossils are found in dome-shaped rocks called stromatolites. Stromatolites are composed of thin layers of sediment pressed tightly together, resembling the layers of an onion. The structure of stromatolites is very similar to the layered mats formed by colonies of photosynthetic prokaryotes living today in salty marshes. Fossils resembling photosynthetic prokaryotes have been found in stromatolites that scientists have measured to be about 3.5 billion years old. Recall from Chapter 6 that prokaryotes are simple organisms that lack true nuclei and many of the organelles found in eukaryotes.

How Did Life Begin?
Many theories exist.  Every religion has a creation story; however, these stories cannot be scientifically tested. A Russian Biochemist named Alexander Oparin introduced a plausible theory of chemical development of life called abiogenesis.  Abiogenesis is not evolution.  Abiogenesis theorized how life got here, evolution explains the changes in life over time.

Oparin’s Theory:  Abiogenesis

1. The early atmosphere contained hydrogen, Methane, Ammonia and Water vapor

2. Violent atmospheric conditions caused much lightning; heat from molten rock, and ultraviolet radiation from the sun provided energy for chemical reactions to take place

3. Organic molecules such as Amino acids, lipids and nucleic acids accumulated in the oceans forming an organic soup

4. The organic compounds developed into the first cells which might have resembled anaerobic bacteria 
Evidence for Oparin’s  Hypothesis One important question is how organic compounds first formed before there was life on early Earth. Geologic evidence suggests that the young Earth was a very different place from the planet today. The atmosphere contained carbon monoxide, carbon dioxide, nitrogen, and water vapor, but little or no oxygen. Also, energy sources such as active volcanoes, lightning, and ultraviolet radiation from the sun were all more intense than they are today.  In 1953, Stanley Miller, a graduate student at the University of Chicago, designed an experiment that simulated conditions on early Earth. Miller placed gases in a flask to represent Earth's ancient atmosphere. He used electric sparks to represent lightning as an energy source. The experiment produced a variety of small organic molecules that are essential to life, including amino acids–the building blocks of proteins. This proved that organic compounds important to life could be produced under the conditions of early earth.  Many scientists have since repeated and extended this research. They have tested a variety of assumptions about available atmospheric gases and energy sources. Under many different conditions, these experiments have produced all 20 amino acids, several sugars, lipids, and even ATP.  Leslie Orgle proved that the nitrogenous bases found in DNA and RNA could be produced under the conditions of early Earth.
Formation of Organic Polymers Miller's experiment provided evidence that small organic molecules could have formed from chemical and physical processes on early Earth. The next question is how the large molecules characteristic of life–polymers such as polypeptides and polysaccharides–formed without living cells or enzymes being present. In other experiments, scientists have taken solutions of amino acids and dripped them onto the surface of hot sand, clay, or rocks. Heat vaporizes the water in the solutions, leaving behind high concentrations of amino acids. Some of the concentrated amino acids then bond together and form polypeptides. Clay, in particular, concentrates amino acids and other organic monomers and could have held monomers close together. These experiments suggest that organic polymers such as polypeptides could have formed under the conditions found on early Earth.

The RNA World" A defining characteristic of life is the process of inheritance, which is based on molecules that can copy themselves. Cells in today's world transcribe genetic information from DNA into RNA, which then directs the synthesis of enzymes and other proteins. This mechanism of information flow could have emerged gradually through a series of changes.

Following this thinking, the next question is, what was the original process of copying hereditary information? One hypothesis is that the first genes were short strands of RNA that could replicate without the help of enzymes. In laboratory experiments, scientists have observed short RNA molecules copy themselves in solutions containing nucleotides. This copying took place without enzymes or cells being present. The early history of life may have included an "RNA world," a period when RNA served as both the molecule that stored genetic information and the molecule that directed protein synthesis.

Formation of Pre-Cells Solutions of organic compounds such as RNA and polypeptides were still far simpler than a living cell. Life today depends on complex organic molecules interacting in an organized and coordinated manner. How did this greater organization and coordination develop? Some biologists hypothesize that early organic molecules became organized into increased levels of order by becoming encased in a membrane.

This hypothesis, too, is testable. Experiments conducted by David Deamer have shown that polypeptides can come together and form microscopic, fluid-filled spheres. If certain kinds of lipids are included in the solution, they form selectively permeable membranes similar to those of cells. Such molecular packages are called pre-cells. They are not living but do have some of the properties of living cells. It is important to keep in mind that even the simplest living organism is far more complex than any pre-cell produced in a laboratory so far and no living thing has ever been produced in a laboratory although several scientists will state that it is just a matter of time.

Answer the following questions on YOUR OWN SHHET OF PAPER.
 1.  When did the Earth’s crust cool and solidify?

 2.  We have fossil evidence that indicates that life is at least how old?

 3.  What are stromatolites?

 4.  What is the name of the scientific theory of how life got started?

 5.  What gases were present in early earth’s atmosphere?
 6.  What supplied the energy to convert those gases to organic compounds?

 7.  Who designed an experiment that simulated conditions on early Earth in 1953?
 8.  What did the experiment prove?

 9.  Who proved that the nitrogenous bases found in DNA and RNA could be produced under the conditions of early Earth?

10.  How could polymers form without enzymes on early earth?

11.  Why do scientists believe that the first genetic material was probably RNA?

12.  Who showed that pre-cells could form under the conditions of early Earth?

13.  Have living cells ever been produced in the lab?

14.  Do you think that this will ever happen?  Why?

