AP Biology

Life’s beginning on Earth according to scientific findings
(Associated Learning Objectives: 1.9, 1.10, 1.11, 1.12, 1.27, 1.28, 1.29, 1.30, 1.31, and 1.32)
I. The four steps necessary for life to emerge on Earth. (This is according to accepted scientific evidence.)

A. First: An abiotic (non-living) synthesis of Amino Acids and Nucleic Acids must occur.

1.  The RNA molecule is believed to have evolved first. It is not as molecularly stable as DNA though.
2. The Nucleic Acids (DNA or RNA) are essential for storing, retrieving, or conveying by inheritance molecular information on constructing the components of living cells..

3. The Amino Acids, the building blocks of proteins, are needed to construct the “work horse” molecules of a cell.

a. The majority of a cell or organism, in biomass (dry weight of an organism), is mostly protein.
B.     Second: Monomers must be able to join together to form more complex polymers using energy that is obtained from the 
                                     surrounding environment.
1. Seen in monosaccharides (simple sugars) making polysaccharides (For energy storage or cell walls of plants.)

2. Seen in the making of phospholipids for cell membranes.
3. Seen in the making of messenger RNA used in making proteins using Amino Acids.

4. Seen in making chromosomes out of strings of DNA molecules. (For information storage.)
C. Third: The RNA/DNA molecules form and gain the ability to reproduce and stabilize by using chemical bonds and complimentary bonding. 
1. Adenine with Thymine OR Uracil.

2. Guanine with Cytosine.

3. The single strands of DNA/RNA molecules are held together by covalent bonds.

4. The two sides of the DNA double helix are held together by Hydrogen bonds. (To be discussed later in this unit.)
D. Fourth: The evolution of a protobiont (means “first life form”) membrane of phospholipids and proteins to keep the
             “cell” intact.
II. The scientific supporting evidence for the above steps. (These are laboratory testable experiments; not “hunches” or guesses without proof.
A. Step 1 - Abiotic synthesis – The Stanley Miller and Harold Urey Experiment (1953) supports this claim.
1. The experiment took the inorganic gases hypothesized to have been in early Earth’s atmosphere, H2, CH4, NH3, and water vapor and formed a variety of organic molecules, such as amino acids and oils. These organic molecules are the building blocks of all life forms. The energy source for the formation was an electrical spark that was to represent lightning in the early atmosphere. The gases hypothesized to be present in the early Earth’s atmosphere came from data associated with analyzing active volcanoes eruptions. Volcanoes would have been very active and present in the early Earth time period, as well as still today. These organic molecules would have accumulated in the Earth’s early oceans over millions of years and thus making possible the formation of more complex structures, as seen in step 2.
B. Step 2 –Complex polymer formation – Researchers have shown that by exposing Pyrite (fool’s gold), sand, or clay 
              to the intense heat of sunlight, and in the presence of the tidal actions of the oceans, that complex polymers can 

              form from the simple building blocks of amino acids and oils, from step 1, which are dissolved in water. These

              complex polymers would then also have accumulated in the Earth’s oceans over millions of years and then making 
              possible the formation of more complex structures in Step 3.
C. Step 3 – RNA formation and reproduction – The experiments of Thomas Cech and Sidney Altman have shown that 
              small strands of RNA molecules can act as enzymes (biological catalyst for chemical reactions). The enzymatic
              RNA molecules are called Ribozymes. These small strands of RNA would have been the product of step 2. RNA is 
              great for being enzymatic; as well as temporarily, storing and transmitting molecular information (as seen in protein 
              synthesis using messenger RNA). Over millions of years, a more stable and longer lasting molecule would have
              evolved. This molecule, DNA, would become, over millions of years, the more stable and longer lasting means for 
              storing molecular information and transferring this important information from a cellular generation to the next in
              the process of binary fission/mitosis. This would “create” the ability to reproduce cells or organisms, which would
              come into existence with step 4.
D. Step 4 - Protobiont membrane formation – Experiments have shown that lipids and other organic molecules, from 

              steps 1-3, can form membrane bound structures, similar to cell membranes. This formation allows for complex 
              molecular interactions to occur in a safe, inner “environment” away from the outside “environment”. In simple 
              terms, you have an “inside” area separated from an “outside” area by a lipid (oil) based structure referred to as a
              membrane. Over millions of years of evolution these enclosed environments would become the first Prokaryotic
              cells. These Prokaryotic cells would posses DNA and RNA molecules inside them. The RNA would be used to 

              construct Ribosomes, which are needed to link Amino Acids together in the making of proteins. The DNA would be

              for storing that protein “making” information as well as passing it on to the next generation. Thus life could come 

              into existence, according to science by these means over billions of years.
