Chapter 3—Macromolecules and the RNA World

Workshop/Homework Answers

Conceptual Review

2.
A portion of a protein that contains many hydrophobic amino acids will fold together, away from water, when placed in an aqueous solution. 

3.
Complementary base pairing makes the copying of RNA and DNA possible, because one strand provides the template for forming a new strand. 

Base-pairing rules in DNA mean that a guanine in the template strand will cause a cytosine to be placed in the new strand, and a thymine in the template strand will cause an adenine to be placed in the new strand. The new strand will be complementary to the original template strand. 

Copying the new strand will yield a strand that is identical to the original template strand. 
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4.
The type of bond formed when amino acids polymerize to a polypeptide is a peptide bond. The type of bond formed when nucleic acids polymerize to form RNA or DNA is a phosphodiester bond. Energy is required for polymerization to occur; because polymerization decreases entropy, polymerization is not a spontaneous reaction. 

5.
DNA's structure limits its catalytic abilities for several reasons: 

(1)
Lack of the –OH group on each #2 carbon of the deoxyribose sugar decreases its reactivity.

(2)
The double-strand nature of the molecule increases its stability.

(3)
The hydrophobic interior of DNA is difficult to disrupt due to "hydrophobic bonding" between the 
nonpolar nitrogenous bases that orient toward the center.

Proteins are the most effective catalysts because they are flexible and are the most variable in shape, structure, and folding patterns. They are composed of 20 different amino acids (instead of only four different nucleotide bases), so they can assume a great variety of shapes, with endless possibilities for different active site structures. 

Also, the 20 different amino acids vary from nonpolar to polar to charged, which lends reactive diversity to the active sites, enabling the great variety of proteins to interact with all different kinds of molecules. 

Applying Ideas

3.
Did life begin in a warm, shallow-water environment or at deep-ocean hydrothermal vents? The hypothesis that currently has the most experimental support is that life originated in warm, shallow waters. But hydrothermal vents have been studied only relatively recently, and eventually further studies will likely either confirm or refute this hypothesis. For now, the experimental data that have been obtained can be placed into the following categories according to the aspects of chemical evolution theory that they address: 


Experiments/Observations That Support the Hypothesis

The Four Steps of the Chemical Evolution Theory
Life Began in Warm, Shallow Water
Life Began at Hydrothermal Vents

Small carbon-containing molecules are reduced to form formaldehyde, hydrogen cyanide, and so forth.
Miller spark-discharge experiments in reducing environment

Bar-Nun and Chang experiments with oxidized gases
Wächtershäuser and Huber show that sulfur and carbon compounds found at vents will form small organic molecules at high temperature and pressure.

Amino acids, sugars, and nucleotides are formed from reactions involving reduced carbon-containing molecules.
Miller spark-discharge experiments

Discovery of amino acids and other substances on meteorites and on space dust landing on Earth
High kinetic energy at vents might provide energy needed to form these monomers, although this has not been directly demonstrated.

Monomers polymerize to form the polymers of DNA, RNA, and proteins.
Ferris et al.—formation of polymers on mineral clays
No experimental data have yet demonstrated that polymerization could occur at these conditions.

Some molecules develop the ability to self-replicate.
Bartel and Szostak experiments in test tube with self-ligation of RNA molecules
No experimental data have yet demonstrated the formation of catalytic molecules at conditions simulating hydrothermal vents.

(
Pyrite, a mineral clay, does occur at hydrothermal vents. It has been shown to assist in polymer formation under warm-water conditions, but not at high temperatures and pressure. (This information is not presented in the chapter).

(
Although most of the steps of chemical evolution have not been demonstrated under hydrothermal-vent conditions, abundant life does exist at the vents, thriving in an ecosystem that does not depend on photosynthetic organisms as the primary producers—unlike all other ecosystems on the surface of the Earth. No sunlight penetrates to these depths. This unusual circumstance has been an important point in developing the hypothesis that life may have evolved here independently of conditions at the Earth's surface. 
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