Unit I:  The Chemistry of Life

Chapter 1, Exploring Life:  Exploring life from small to big.  Biological diversity. Breaking down biological systems.  Inquiry and the scientific method.

*Pay special attention to the eleven themes that unify biology in Table 1.1 on page 27.

Questions you should be able to answer:

1. Due to increasing complexity, new properties emerge in with each step upward in the hierarchy of biological order.  Use this statement to explain the emergent properties of an organism from an atom.

2. Why is reductionism useful?  What are its limitations?

3. Explain negative feedback—give an example.

4. Explain positive feedback—give an example.

5. What are the three major domains of life, and what are their characteristics?

Major themes addressed in the chapter:

1. Evolution.  Explain how the idea of evolution arose, how natural selection plays into this idea and how the information can be used to construct a tree of life.

2. Energy flow and transfer.  Describe a situation where energy from the sun arrives at the producer and leaves the consumer as waste.

3. Scientific inquiry.  What are the various forms of scientific inquiry?

4. Science, Technology, and Society (STS). 

a. Pesticide applications are still a common method of controlling insects that attack agricultural animals and crops.  Many areas use pesticides to eliminate organisms known to spread deadly diseases to people.  Unfortunately, pesticides are not only harmful to the pests they are designed to kill. They also harm other animals including humans.  The decision to use pesticides involves comparing the benefits and risks of using the pesticide.  All pesticides used throughout the world today pose risks.  However, their current use in some areas indicates that their perceived benefits outweigh the risks.  This activity will ask you to make a decision about the use of an insecticide called DDT.  In two case studies, one in the United States and one in Africa, you will investigate whether DDT is an appropriate insecticide.  In the United States a variety of insecticides are available to control insect pests.  We will investigate whether the insecticide DDT is appropriate for use in controlling insects that plague cattle and other agricultural animals.  Three experts are available to provide information about the use of DDT for pest control.  Read the following three experts views to learn more about their views on DDT use.  Once you have reviewed the three positions, read the conclusion section.  The agricultural advisor states:  DDT is one of several insecticides available to treat insects plaguing agricultural animals. It is very inexpensive compared to the other insecticides.  It is probably more effective at killing insects than the other insecticides.  There are other practices used today in cattle raising that reduce the need for pesticides.  However, they are expensive to implement and maintain.  DDT has been very effective in the past at controlling insects that spread diseases from one animal to another as well as from animals to humans.  The public health advisor says:  In the United States, agricultural insect pests can be controlled without DDT today.  However, DDT does an effective job controlling insects that cause large losses of cattle.  DDT was highly instrumental in containing the populations of mosquitoes and lice that spread a variety of potentially fatal human diseases. However, there is concern that long-term exposure to DDT can lead to birth defects and cancers in humans.  The environmental scientists says:  Our reliance on DDT as an insecticide led to environmental disaster.  DDT ended up accumulating in the tissues of fish and birds that ate insects contaminated with DDT.  These fish and birds, as well as the animals that ate them, suffered a variety of birth defects and disorders as a result of DDT accumulation in their bodies.  Conclusions: Think of yourself as a politician or community leader who has to make a decision about the continued use of DDT in the United States.  How would you weigh the positions of the people who described its use in agriculture?  In making a decision, compare the benefits derived from using DDT to the economic and environmental costs.  After you have come up with a decision, read the answer to see what decision the United States government has made about the use of DDT in agriculture.  Do your conclusions match those of the government?  Answer: DDT was banned in the United States based on the known and potential harm it has on humans and wildlife.  Alternative, but more expensive, pesticides and insect control technologies that cause less environmental and health damage are currently used.  However, these pesticides and technologies are also being pulled from use because they have been shown to be potentially harmful.  The costs of replacing these pesticides are reflected in higher costs to farmers and consumers.

b. World War II introduced DDT worldwide for controlling insect pests affecting agriculture and human health.  In developing nations, most of the insects that are agricultural pests also spread debilitating diseases to humans.  As in other areas, the decision to use pesticides in developing nations is based on a costs and benefits analysis. Three African experts are available to provide you with information about the use of DDT for pest control in their country.  Read what the following three experts have to say to learn about their views of DDT use in this situation.  Once you have reviewed the three positions, read the conclusions.  The agricultural advisor says:  DDT is one of several insecticides available to control insects plaguing agricultural animals.  It is not nearly as costly to use as the others, and it is much more effective at killing insects. Pesticides are the only affordable method for controlling insects in Africa.  DDT has been very effective in the past for controlling the insects that cause diseases in agricultural animals.  The public health official says:  Using DDT to control agricultural pests in Africa has the added benefit of containing insects that spread diseases from agricultural animals and wildlife to humans.  It was very successful in controlling malaria and sleeping sickness in many parts of Africa.  These diseases have a high mortality rate and are very difficult and expensive to treat. The health effects of long-term exposure to DDT in humans are not evident in Africa.  The environmental scientist says:  Africa is not immune to the negative impact of DDT.  Many species of birds and small mammals have been decimated by DDT use.  If the DDT did not kill the animals outright, it caused severe birth defects that reduced their populations.  DDT may also harm African children by causing reproductive defects when the DDT is ingested from foods and from their mothers' milk.  DDT is known to accumulate in the fats of animals and may pass from the meat and milk to the children.  Conclusions:  Think of yourself as a political leader who has to make a decision about using DDT in Africa.  How would you weigh the positions of the people who described its use in African agriculture?  Make a decision based on the benefits derived from using DDT, as compared to the economic and environmental costs.  After you have come up with a decision, read the answer to see what decision many of the African governments have made about the use of DDT in agriculture.  Do your conclusions match those of the governments?  Answer:  DDT is still being used in Africa and other developing nations to control insects in various situations.  The long-term impacts of DDT on human health and wildlife are not as severe as the immediate harm caused by ineffective insect control.  Alternative pest control in Africa is cost prohibitive.  More expensive methods cannot be justified because neither farmers nor consumers could afford them.  General conclusions:  It is difficult to make decisions about human activities that have an impact on the environment.  When faced with this challenge, governments commonly use a decision model that compares the costs and benefits of using a technology.  Individuals within the society may not always agree with governmental decisions because of differences in how they weigh the value of each cost and benefit.  For example, an environmentalist would most likely value preserving a forest more than a land developer would.  Sometimes environmental quality has to be compared to economic growth and employment.  In the United States, for example, many states have chosen to sacrifice air or water quality to ensure employment.

5. Form fits function.  Use a skin cell, a muscle cell and a nerve cell to describe how form fits function for each.  

6. Regulation.  Explain how positive and negative feedback are used to control various systems in nature.

7. Science as a process.  How is inductive reasoning and hypothesis testing used to gain information about nature?

Chapter 2, The Chemistry of Life:  Elements and compounds. Atomic structure.  Chemical bonding.  Chemical reactions.

Questions you should be able to answer:

1. What is the difference between an element and a compound?

2. What elements are essential to life?

3. What is a trace element?

4. What is an isotope and how can it be used in science?

5. What is the difference between an ionic bond, a covalent bond, and a polar bond?

6. How is chemistry fundamental to the understanding of biology?

Major themes addressed in the chapter:

1. Energy transfer—How do electrons move from a lower energy level to a higher one?  What happens to this energy as the electron falls back to its original orbital?

2. Relationship of structure to function—How does the idea of Van der Waals interactions and a Gecko’s toes relate to form fitting function?

3. Regulation—Why are trace elements important to living organisms?  Give one example of a problem caused by deficiency in a trace element.

4. STS—Explain how radioactive tracers are used in medicine and why this is a benefit to society.

Chapter 3, Water:  Polarity and hydrogen bonding.  Emergent properties of water.  Acids and bases.

Questions you should be able to answer:

1. What is hydrogen bonding?

2. What are the four emergent properties of water, and how do they make Earth hospitable to life?

3. Explain the pH scale in terms of H+ concentration, OH- concentration, and overall pH.  

4. What is acid precipitation?

5. How do the unique chemical and physical properties of water make life on Earth possible?

6. Explain the following statement:  Water is the solvent of life.

7. Why are buffers important to life?

Major themes addressed in the chapter:

1. Science as a process—What sciences have contributed to our understanding of water?  How has our understanding of water improved our knowledge of life, its processes, and how it has evolved?

2. Energy transfer—How are the four emergent properties of water useful in maintaining life on Earth?  How are these properties related to energy transfer?

3. Relationship of structure to function—How does the structure of a tree take advantage of the properties of water and enable it to grow tall and provide nourishment to all parts of the tree?

4. Regulation—How do the properties of water help to regulate temperatures in and around a body of water?

5. STS—How has acid precipitation caused problems in nature?  In our society, do the benefits outweigh the costs in terms of how/why the acid precipitation is produced?

Chapter 4, Carbon:  Organic chemistry.  Bonding and the carbon atom.  The functional groups of molecules.

Questions you should be able to answer:

1. What is the role of carbon in the molecular diversity of life?

2. What is vitalism?

3. Organic compounds were once thought to arise only within living organisms, but this idea was disproved when chemists were able to synthesize organic compounds in the laboratory.  Explain.

4. What makes carbon so useful in the formation of biological molecules?

5. What are the six main functional groups that are important in the chemistry of life?

6. How does carbon contribute to the continuity of life?
Major themes addressed in the chapter:
1. Science as a process—Explain how Stanley Miller’s experiment involving primitive Earth’s conditions falls under the category of science as a process.  Did his experiment use inductive reasoning or hypothesis testing?

2. Evolution—How do the properties of carbon contribute to the evolution of life on Earth?  How does the versatility of carbon contribute to the diversity of life?

3. Energy transfer—How does the ATP molecule make energy transfer possible and useful?

4. Relationship of structure to function—what role do the functional groups play in chemistry of life?

5. Interdependence in nature—How are the biological molecules in nature largely dependent on the element carbon?

6. STS—Thalidomide achieved notoriety 50 years ago because of a wave of birth defects among children born to women who took thalidomide during pregnancy as a treatment for morning sickness.  However, in 1998, the U.S. Food and Drug Administration (FDA) approved this drug for the treatment of certain conditions associated with Hansen’s disease (leprosy).  In clinical trials, thalidomide also shows promise for use in treating patients suffering from AIDS, tuberculosis and some types of cancer.  Do you think approval of this drug is appropriate?  If so, under what conditions? What criteria do you think the FDA should use in weighing a drug’s benefits against its dangers?
Chapter 5, Macromolecules:  Monomers, polymers, and macromolecules.  Carbohydrates.  Lipids.  Proteins.  Nucleic acids.

Questions you should be able to answer:

1. What is a macromolecule?

2. How do cells synthesize and break down macromolecules?

3. How do structures of biologically important molecules (carbohydrates, lipids, proteins, nucleic acids) account for their functions?  What is it about each of these molecules that makes them important to life?

4. The distinctive functions of starch and cellulose reflect structural differences in these two polysaccharides.  Explain.

5. What are the different levels of protein structure?

6. Why are phospholipids important to biology?

7. What is the difference between saturated fats and unsaturated fats?  How about trans fats?

8. What processes do enzymes use to break down polymers? 

9. Carbohydrates serve as fuels and building materials.  Explain.

10. What is DNA?  

Major themes addressed in the chapter:
1. Science as a process—Chapters 2-5 have shown the increasing levels of order among the hierarchy of life.  The chemistry of life has been broken down through the eyes of a reductionist with the goal of demonstrating how emergent properties arise with increasing order.  Furthermore, the complexity and diversity of large organic compounds have been broken down to demonstrate the usefulness of carbon to life.  The addition of functional groups to the carbon skeletons of macromolecules has furthered the usefulness of these large biological molecules.  This usefulness enables us to begin to understand the roles such compounds play within the cell in terms of structure and function.

2. Evolution—How are DNA and proteins used to demonstrated the common ancestry between organisms?

3. Energy transfer—What property of hydrocarbons and fatty acids make them useful in terms of energy transfer?

4. Continuity and change—What role does DNA play in the ongoing change of life?

5. Relationship of structure to function—How do the four levels of protein structure relate to their overall function?  How is the structure of phospholipids related to their function?  How is the structure of DNA related to its function?  

6. Interdependence in nature—How do cows, termites, and other organisms coexist with other organisms in nature?  How does this coexistence benefit each of the organisms?

7. STS—In the 1980’s, corn syrup producers developed a commercial method for converting much of the glucose in corn syrup to fructose, an isomer of glucose even sweeter than sucrose.  The resulting high-fructose corn syrup (HFCS) is about half fructose and is inexpensive.  It has replaced the sucrose formerly found in many prepared foods.  Companies such as Coca-Cola and Pepsi, once the two largest commercial users of sucrose in the world, have almost completely replaced sucrose with HFCS.  A number of economies of developing tropical countries were hurt when Coke, Pepsi, and other food and beverage companies began switching from sucrose (derived from sugar cane) to HFCS (derived from corn grown in developed countries).  Many developing countries are dependent on single cash crops like sugarcane or coffee for most of their export income.  Do the developed countries have a responsibility to protect the economies of developing countries from the impact of major product shifts like this one?  Why or why not?  Do consumers of the products have any say in the matter?  Why or why not?
