Honors Biology




Chapter 2: The Chemistry of Life
Objectives


1.
Understand how protons, electrons, and neutrons are arranged into atoms and ions.


2.
Know the various types of chemical bonds, the circumstances under which each forms, and the relative strengths of each type.


3.
Understand the essential chemistry of water and of some common substances dissolved in it.


4.
Be able to distinguish: acid, base, salt, and buffer.

 5.
Understand how small organic molecules, monomers, can be assembled into large macromolecules, polymers. 


6.
Know the general structure of organic monomers: a monosaccharide with six carbon atoms, a fatty acid, an amino acid, and a nucleotide. 


7.
Know the macromolecules, polymers, into which these essential building blocks can be assembled. 


8.
Know where these carbon compounds tend to be located in cells or organelles and the activities in which they participate.
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Science or Supernatural?



A.
The ancient Greeks thought that the oracle of Delphi delivered prophecies from Apollo.



B.
Scientists have discovered that the gases methane, ethane, and ethylene seeped into Delphi’s cave and caused the hallucinatory messages.


2.1
Atoms and Their Interactions



A.
Atoms and Isotopes




1.
Elements are forms of matter that can’t be degraded to something else.




2.
Atoms of each element are composed of three primary subatomic particles:





a.
Protons (p+) are part of the atomic nucleus and have a positive charge. 





b.
Neutrons are also a part of the nucleus; they are neutral. 





c.
Electrons (e–) have a negative charge. Their quantity is equal to that of the protons. They move around the nucleus.




3.
Each element has its own unique number of protons in its atoms.




4.
Isotopes are atoms with the same number of protons (for example, carbon with six) but a different number of neutrons (carbon can have six, seven, or eight).




5.
Some radioisotopes are unstable and tend to decay into more stable atoms.





a.
They can be used to date rocks and fossils.





b.
Some can be used as tracers to follow the path of an atom in a series of reactions or to diagnose disease.



B.
Electrons and Energy Levels




1.
Electrons are attracted to protons but are repelled by other electrons.




2.
Orbitals (visualized as shells), each of which contains one or two electrons, permit electrons to stay as close to the nucleus and as far from each other as possible.





a.
The shell closest to the nucleus has one orbital holding a maximum of two electrons.





b.
The next shell can have four orbitals with two electrons each, for a total of eight electrons.





c.
Atoms with “unfilled” orbitals in their outermost shell tend to be reactive with other atoms.




3.
A chemical bond is a union between atoms, formed when they give up, gain, or share electrons.





a.
A molecule is a bonded unit of two or more (same or different) atoms.





b.
Compounds are substances in which two or more different elements are combined in fixed proportions.





c.
A mixture contains two or more elements in intermingled proportions that can vary.


2.2
Bonds in Biological Molecules



A.
Ion Formation and Ionic Bonding




1.
When an atom loses or gains one or more electrons, it becomes positively or negatively charged—an ion.




2.
In an ionic bond, (+) and (–) ions are linked by mutual attraction of opposite charges, for example, NaCl.



B.
Covalent Bonding




1.
A covalent bond holds together two atoms that share one or more pairs of electrons.




2.
In a nonpolar covalent bond, atoms share electrons equally.




3.
In a polar covalent bond, because atoms share the electron unequally, there is a slight difference in charge between the two poles of the bond; water is an example.



C.
Hydrogen Bonding




1.
In a hydrogen bond, an atom or a molecule interacts weakly with a hydrogen atom already taking part in a polar covalent bond.




2.
These bonds impart structure to liquid water and stabilize nucleic acids and other large molecules.


2.3
Water’s Life-Giving Properties 



A.
Polarity of the Water Molecule




1.
Because of the electron arrangements in the water molecule, a polarity results that allows water to form hydrogen bonds with one another and other polar substances.




2.
Polar substances are hydrophilic (water-loving); nonpolar ones are hydrophobic (water-dreading) and are repelled by water.



B.
Water's Temperature-Stabilizing Effects




1.
Water tends to stabilize temperature because it can absorb considerable heat before its temperature changes. 




2.
This is an important property in evaporative and freezing processes.



C.
Water's Solvent Properties




1.
Water is an excellent solvent because ions and polar molecules (solutes) dissolve in it.




2.
The solvent properties of water are greatest with respect to polar molecules because “spheres of hydration” are formed around the solute molecules.



D.
Water's Cohesion




1.
Hydrogen bonding of water molecules provides cohesion (capacity to resist rupturing).




2.
Cohesion imparts surface tension and helps pull water through plants, for example.


2.4
Acids and Bases



A.
The pH Scale




1.
pH is a measure of the H+ concentration in a solution; the greater the H+ the lower the pH scale.





a.
The scale extends from 0 (acidic) to 7 (neutral) to 14 (basic).





b.
The interior of living cells is near pH = 7.




2.
Acids and bases differ.





a.
A substance that releases hydrogen ions (H+) in solution is an acid; for example, HCl.





b.
Substances that release ions such as OH– (hydroxide ions) and can combine with hydrogen ions are called bases.




3.
Salts in Water





a.
A salt is an ionic compound formed when an acid reacts with a base; example: NaOH + HCl ( NaCl + H2O.





b.
Many salts dissolve into ions that serve key functions in cells; nerve function, for example, is dependent on ions of sodium, potassium, and calcium.




4.
Buffers Against Shifts in pH





a.
A buffer system is a partnership between a weak acid and the base that forms when it dissolves in water.





b.
Buffer molecules combine with, or release, H+ to prevent drastic changes in pH.





c.
Carbonic acid is one of the body’s major buffers.

2.5

The Molecules of Life—From Structure to Function



A.
What Is an Organic Compound?




1.
Only living cells can synthesize carbohydrates, lipids, proteins, and nucleic acids.




2.
These molecules are organic compounds consisting of carbon and one or more additional elements, covalently bonded to one another.



B.
It All Starts With Carbon's Bonding Behavior




1.
Oxygen, hydrogen, and carbon are the most abundant elements in living matter.




2.
Much of the H and O are linked as water.




3.
Carbon can share pairs of electrons with as many as four other atoms to form organic molecules of several configurations.





a.
A ball-and-stick model depicts bonding of atoms; space-filling models convey a molecule's size and surfaces.





b.
Larger molecules are best visualized using ribbon models, such as those generated by computer programs.



C.
Functional groups are atoms or groups of atoms covalently bonded to a carbon backbone; they convey distinct properties, such as solubility and chemical reactivity, to the complete molecule. 



D.
How Do Cells Build Organic Compounds?




1.
Simple sugars, fatty acids, amino acids, and nucleotides are the four major families of small building blocks from which larger polymers can be formed.




2.
Enzymes are a special class of proteins that mediate five categories of reactions:





a.
functional-group transfer from one molecule to another,





b.
electron transfer electrons are stripped from one molecule and given to another,





c.
rearrangement of internal bonds converts one type of organic molecule to another,





d.
condensation of two molecules into one,





e.
cleavage of one molecule into two.




3.
In a condensation reaction, one molecule is stripped of its H+, another is stripped of its OH–; then the two molecule fragments join to form a new compound, and the H+ and OH– form water.




4.
Hydrolysis is the reverse: one molecule is split by the addition of H+ and OH– (from water) to the components.


2.6
The Truly Abundant Carbohydrates



A.
The Simple Sugars




1.
Monosaccharides—one sugar unit—are the simplest carbohydrates.




2.
They are characterized by solubility in water, sweet taste, and several –OH groups.




3.
Ribose and deoxyribose (five-carbon backbones) are building blocks for nucleic acids.




4.
Glucose and fructose (six-carbon backbones) are used in assembling larger carbohydrates.




5.
Other important molecules derived from sugar monomers include glycerol and vitamin C.



B.
Short-Chain Carbohydrates




1.
An oligosaccharide is a short chain of just a few sugar monomers.




2.
Disaccharides—two sugar units—are the simplest.





a.
Lactose (glucose + galactose) is present in milk.





b.
Sucrose (glucose + fructose) is a transport form of sugar used by plants and harvested by humans for use in food.




3.
Oligosaccharides, with three or more sugar monomers, are attached as short side chains to proteins or lipids.



C.
Complex Carbohydrates




1.
A polysaccharide is a straight or branched chain of hundreds or thousands of sugar monomers.




2.
Starch is a plant storage form of energy, arranged as unbranched coiled chains, easily hydrolyzed to glucose units.




3.
Cellulose is a fiberlike structural material—tough, insoluble—used in plant cell walls.




4.
Glycogen is a highly-branched chain used by animals to store energy in muscles and liver.




5.
Chitin is a specialized polysaccharide with nitrogen attached to the glucose units; it is used as a structural material in arthropod exoskeletons and fungal cell walls.


2.7
Greasy, Fatty—Must Be Lipids



A.
Fats and Fatty Acids




1.
Lipids are greasy or oily compounds with little tendency to dissolve in water.




2.
Fats are formed by the attachment of one (mono-), two (di-), or three (tri-) fatty acids to a glycerol.




3.
A fatty acid is a long chain of mostly carbon and hydrogen atoms with a —COOH group at one end.





a.
Unsaturated fats are liquids (oils) at room temperature because one or more double bonds between the carbons in the fatty acids permit “kinks” in the tails.





b.
Saturated fats have only single C—C bonds in their fatty acid tails and are solids at room temperature.




4.
“Neutral” fats are mostly triglycerides.





a.
They are a rich source of energy, yielding more than twice the energy per weight basis as carbohydrates.





b.
They also provide an insulation blanket for animals that must endure cold, harsh temperatures.



B.
Phospholipids 




1.
These are formed by attachment of two fatty acids plus a phosphate group to a glycerol.




2.
They are the main structural material of membranes, where they arrange in bilayers.



C.
Cholesterol and Other Sterols 




1.
Sterols have a backbone of four carbon rings but no fatty acid tails.




2.
Cholesterol is a component of cell membranes in animals and can be modified to form sex hormones (testosterone and estrogen) and vitamin D.



D.
Waxes 




1.
These are formed by attachment of long-chain fatty acids to long-chain alcohols or carbon rings.




2.
They serve as coatings for plant parts and as animal coverings.


2.8
Proteins—Diversity in Structure and Function



A.
Proteins function as enzymes, in cell movements, as storage and transport agents, as hormones, as antibodies, and as structural material.



B.
What Is an Amino Acid?




1.
Amino acids are small organic molecules with an amino group, a carboxyl group, and one of 20 varying R groups.




2.
All of the parts of an amino acid molecule are covalently bonded to a central carbon atom.



C.
Levels of Protein Structure




1.
Primary structure is defined as ordered sequences of amino acids, each linked together by peptide bonds to form polypeptide chains.





a.
There are 20 kinds of amino acids available in nature.





b.
The sequence of the amino acids is determined by DNA and is unique for each kind of protein.




2.
Secondary structure refers to the helical coil (as in hemoglobin) or sheetlike array (as in silk) that results from hydrogen bonding of side groups on the amino acid chains.




3.
Tertiary structure is the result of folding due to interactions among R groups along the polypeptide chain forming “domains.”




4.
Quaternary structure describes the complexing of two of more polypeptide chains. 





a.
Hemoglobin is a good example of four interacting chains that form a globular protein; keratin and collagen are complex fibrous proteins.





b.
Glycoproteins consist of oligosaccharides covalently bonded to proteins; they are abundant on the exterior of animal cells, as cell products, and in the blood.





c.
Lipoproteins have both lipid and protein components; they transport fats and cholesterol in the blood.


2.9
Why Is Protein Structure So Important?



A.
Just One Wrong Amino Acid...




1.
Alteration of a cell's DNA can result in the wrong amino acid insertion in a polypeptide chain.




2.
If valine is substituted for glutamate in hemoglobin, the result is called HbS.





a.
HbS molecules form large, rod-shaped aggregates that distort the red blood cells (in which they reside) into sickle-shaped cells that clog tiny blood vessels.





b.
Persons who inherit two mutated genes for the beta chain of hemoglobin can only make HbS and thus suffer from sickle-cell anemia.



B.
Proteins Undone—Denaturation




1.
High temperatures or changes in pH can cause a loss of a protein’s normal three-dimensional shape (denaturation).




2.
Normal functioning is lost upon denaturation, which is often irreversible (for example, a cooked egg).


2.10
Nucleotides and the Nucleic Acids



A.
Nucleotides are involved in metabolism, survival, and reproduction.




1.
Each nucleotide consists of a five-carbon sugar (ribose or deoxyribose), a nitrogen-containing base, and a phosphate group.





a.
Adenosine phosphates are chemical messengers (cAMP) or energy carriers (ATP).





b.
Nucleotide coenzymes transport hydrogen atoms and electrons (examples: NAD+ and FAD).




2.
Nucleotides also serve as building blocks for nucleic acids.



B.
Some nucleotides store and retrieve heritable information in cells.




1.
Nucleic acids are polymers of nucleotides.





a.
Four different kinds of nucleotides are strung together to form large single or double-stranded molecules.





b.
Each strand's backbone consists of joined sugars and phosphates with nucleotide bases projecting toward the interior.




2.
The two most important nucleic acids are DNA and RNA.





a.
DNA is a double-stranded helix carrying encoded hereditary instructions.





b.
RNA is single stranded and functions in translating the code to build proteins.

Suggestions for Presenting the Material

•
There is no escaping the fact that Chapter 2 contains chemistry. And chemistry is intimidat​ing—especially to any nonscience majors in your classes. The material in the book is elementary and written in a lucid manner, but the quality of presentation is up to the individual instructor.

•
Perhaps a quick survey of those class members who have and have not had high school chemistry will aid in adjusting your level of presentation.

•
One approach that might help your students in organizing this material is to write it in outline form on an overhead transparency. This may work especially well for this chapter because a large portion of the material consists of definitions.

•
The use of ball-and-stick models (see the “Enrichment” section below) is very helpful. If the lecture room is large, you may have to “tour” the room with the models for better viewing. There are excellent 3-D computer animations that may be available from your chemistry faculty.

•
If students become discouraged, assure them that several of these topics will be reinforced in future chapters (hopefully before the next exam).

•
The text gives careful attention to useful examples of isotopes, electron excitation, bonding, buffers, and water.
•
Using Figure 2.7 (pH scale) as your visual reference will help in explaining acid, base, and pH scale. Note particularly the pH values of common household products. Emphasize that acids and bases are not necessarily terms that describe corrosive substances!

•
The properties of water are important to life on Earth. Describe the polarity of water molecules; then proceed to the influence that water molecules have on cells and cellular environments.

•
The second half of this chapter is also “chemistry” but is more applicable to daily lives because it discusses the molecules of life such as carbohydrates, lipids, and proteins.

•
It is valuable to point out that carbon, hydrogen, and oxygen are the principal atoms in the “molecules of life.” Sulfur and nitrogen also participate in proteins and nucleotides.

•
Your students will of course recognize the molecules of life as major food groups. You can capitalize on this to generate student interest.

•
The extent to which each instructor requires the learning of molecular structure will vary. Perhaps you would like your students to be able to draw the molecules, but recognition will usually suffice for the student who is a nonscience major.

•
Make extensive use of the excellent overhead transparencies and CD ROM images available for this chapter. Soon your students will be able to recognize these molecules on sight.

•
Carbohydrates are easy to describe because they are built by assembling monomers into polymers. Lipids are a more diverse group and will need to be defined according to solubility rather than common structural features.

•
Proteins are complex because of: (a) the quantity of amino acid subunits and (b) the levels of structure, that is, primary to quaternary. Use a string of beads and a Slinky to help here (see the Enrichment section below).

•
You can preview the future lecture(s) on protein synthesis by stating: “Amino acids are in a pre​cisely defined sequence from one end of a protein to the other as dictated by the instructions in DNA.” How does the cell select from the 20 amino acid choices the proper one at the proper time?

•
The nucleotide and nucleic acid section is obviously only a preview of more extensive information found in Chapters 9 and 10.

•
Some instructors may also want to include two more of the molecules of life, namely vitamins and minerals. If so, these are discussed in Chapter 24. 

•
Stress the importance of Table 2.1 as a useful summary of biological molecules.

Classroom and Laboratory Enrichment

•
Students often approach even basic chemistry with considerable trepidation, especially if they lack sufficient high school background in this area or have been out of school for several years. Emphasize the biological significance of chemistry; stress that an elemental knowledge of chem​istry is essential to understanding the structure and function of living things. Give students fre​quent opportunities to use new terms. Use overheads or diagrams; pause often and interject questions to gauge their level of understanding. 

•
Use as many models and diagrams as possible. If you wish to emphasize electron orbitals, use foam-and-stick models of the orbitals to make this concept seem clearer.

•
Students frequently have trouble visualizing atoms and molecules as real entities. To help them get a clearer mental picture of some of the basic atoms and molecules, use ball-and-stick models that are very large and easy to see from the back of the room. These models will help students to understand the size relationships among molecules. Overhead transparencies of ball-and-stick diagrams will also help. Such models and diagrams will be especially useful when covering the larger carbon compounds.

•
Present sketches of a polar covalent molecule and a nonpolar covalent molecule. Ask students to identify which molecule is polar and which is nonpolar and to explain their choices.

•
Ball-and-stick models are also useful for demonstrating the hydrogen bonding that occurs between water molecules and the latticework structure of ice.

•
Fill a large jar with water, then add salad oil. Shake the bottle, then allow it to sit on the front desk. Ask students to explain what has happened. Add a few drops of methylene blue (a polar dye) and sudan III fat stain (a nonpolar dye) to the jar and shake. Students will note that the water layer is blue and the oil layer is red; ask them why this is so.

•
Draw a pH scale on the board (or use an overhead transparency of Figure 2.7), and discuss pH val​ues of familiar substances.

•
If your class is small, demonstrate the use of a pH meter. For larger groups, pH paper can be used to give each student a chance to quickly determine the pH of some sample solutions.

•
If you are teaching in a room with a periodic table of the elements hanging on the wall, point out the major elements, or use an overhead transparency to show the same items.

•
Prepare a glass of iced tea (instant mix) with added sugar and lemon. Which ingredients are com​pounds? What are the components of the mixture?

•
Bring a package of “buffered” and “regular” aspirin to class. Ask students to discover the difference(s) in ingredients.

•
Using the names of the active ingredients on an antacid package, explain how they act as buffers to stomach acid.

•
Use ball-and-stick models that are very large and easy to see to illustrate some of the basic car​bon compounds. Overhead transparencies of ball-and-stick diagrams or “straight-stick” line drawings will also help students get a mental picture of each molecule. 

•
Use models, diagrams, or transparencies to demonstrate the functional groups you wish to emphasize. Stress the importance of knowing several characteristic functional groups by identifying those functional groups present in diagrams or models of real molecules.

•
To illustrate amino acid structure, draw a generalized amino acid stem (as shown in Figure 2.23 but with an empty spot at the R-group location) on an overhead transparency. Create different amino acids by changing the R groups, each sketched on a small piece of transparency material.

•
Use models or overhead transparencies to show condensation and hydrolysis. Show an example (such as the formation of a polypeptide in Figure 2.22), and ask students to state whether it is condensation or hydrolysis.

•
Show a ball-and-stick diagram or three-dimensional model of any protein. An enzyme would be a good example; ball-and-stick diagrams of enzymes are readily available. Students will be amazed at the large size of proteins when compared to carbohydrates and lipids.

•
Help students to understand nucleotide structure with models or diagrams. If students can get a good grasp of nucleotides now, they will have a better understanding of ATP and nucleic acids when these topics are covered in later chapters.

•
Protein primary structure can be demonstrated by a string of beads or a Christmas tree garland. Individual beads can be colored with felt-tip markers for greater clarity and distinction. Secondary structure (alpha helix) is adequately illustrated by use of a Slinky. You can even demonstrate tertiary structure by carefully folding a portion of the expanded Slinky.

•
Students have been exposed to many words related to those in this chapter, whether in print or broadcast media. Use this opportunity to explain complex carbohydrates, polyunsaturates, cholesterol, fiber, high-fructose syrup, dextrose, and anabolic steroids.

•
Select a variety of food products from your pantry and bring them to class. Ask students to check the ingredients list for forms of sugar. Can you find it in some very unlikely places, such as table salt?

Impacts, Issues Classroom Discussion Ideas 

•
How will your knowledge of carbohydrates, fatty acids, proteins, and nucleic acids help you in your study of biology? How will such information help you with personal health and diet issues?

•
What is a steroid? What steroids are sometimes taken by athletes? What are the obvious and hidden effects of these steroids on the body?

•
“The human body uses a lot of protein in its construction and function. Therefore, you should eat massive quantities to be even healthier.” Right or wrong? What could be some of the compli​cations of a “high protein diet”?

Additional Ideas for Classroom Discussion

•
Distinguish between a compound and a mixture, and an atom and a molecule.

•
What chemicals are in the human body? Ask students to name as many as they can; help them complete their list.

•
Discuss the role of electron excitation in photosynthesis.

•
What is the difference between polar and nonpolar covalent bonds?

•
Why do soft drinks have such a low pH? What ingredient is responsible for this low pH?

•
What is acid precipitation? What chemical reaction is responsible for the mildly acidic pH of nor​mal rainwater? What chemicals are responsible for acid precipitation?

•
What is a calorie? What are we measuring when we determine the calorie content of different foods?

•
What would happen to aquatic organisms living in temperate climates if water sank when it froze instead of floated?

•
What is meant by the phrase lipid bilayer? Where would you find lipid bilayers inside a living organism?

•
What is the difference between the composition of a molecule of a substance and an atom of that substance?

•
If atoms are beyond the reach of visualization even by “super” electron microscopes, how then do we know so much about their structure?

•
Water is the “universal solvent” for Earth. Do you know of any other compound that would serve as well, or better?

•
Some pain relievers are advertised as “tribuffered.” Is this a real advantage or just a sales gimmick?

•
Television commercials portray the “acid stomach” as needing immediate R-O-L-A-I-D-S. Is the stomach normally acid? How do you know when there is too much acid down there?

•
Compare the calorie contents of carbohydrates, lipids, and proteins.

•
Why do alcohols dissolve in water?

•
What is the difference between methyl alcohol and ethyl alcohol? How is each of these alcohols processed by the human body?

•
What is a complex carbohydrate?

•
Why don’t animal cells contain cellulose? Can you think of at least one reason why cellulose in an animal cell could be considered a drawback?

•
Why are saturated fatty acids solid at room temperature while unsaturated fatty acids are liquid?

•
What is the difference between a globular protein and a fibrous protein?

•
Why is sugar (in various forms) so prevalent as an additive in our packaged food products?

•
Which yields more energy, a pound of carbohydrate or a pound of fat?

•
Cellulose and starch both consist of chains of glucose units. One is a useful source of energy to hu​mans, the other is not. Identify which is which and why they differ.

•
Where is glycogen stored in the human body? What regulates interconversions of glucose and glycogen?

•
Television advertising implies that the ideal diet would include zero cholesterol. Is this feasi​ble? Would it even be desirable?

How Would You Vote? Classroom Discussion Ideas 

•
Monitor the voting for the online question. Have the students participate in a lively debate on the positive and negative aspects of tapping the natural gas reserves under the ocean floor.

Term Paper Topics, Library Activities, and Special Projects

•
How are hydrophobic substances such as fats broken down in the human digestive tract? What chemicals are released by the body to assist with fat breakdown?

•
Why are the cells lining the stomach able to withstand pH ranges between one and three?

•
How does the body measure blood pH? What are the homeostatic mechanisms that help the hu​man body to regulate blood pH? 

•
Discuss strategies currently being considered by the United States and other nations to remedy acid precipitation. What suggestions would you make to help solve this problem?

•
Describe some of the roles played by ions in the human body.

•
Many elements have radioactive isotopes that are useful as tracers in biological systems. Show how 14CO2 can be used to follow the fate of carbon as it is incorporated into carbohydrate.

•
The structure of atoms can be deduced using nuclear magnetic resonance (NMR) and mass spec​trometer machines. Report on the principles underlying the performance of each of these in​struments.

•
Using a pH meter, test the degree of acidity/alkalinity of common household products. If the sub​stance is not a liquid, mix it with water according to package directions before testing.

•
Most of the content of human blood is water. However, synthetic blood has been made and tested. What is the base in this fluid? Is it a feasible substitute? Report on its advantages and dis​advantages.

•
Describe the effects of alcohol on the human body.

•
How are termites able to digest wood products?

•
What is aspartame? How is it processed by the body? Describe studies that have been done regarding its safety as a food additive.

•
What is dietary fiber? Describe its possible role as an anti-carcinogen.

•
Learn more about the recently synthesized artificial fats that can be used to replace fats in foods.

•
Why do women have a higher percentage of body fat than men? Can you think of any adaptive value for this characteristic?

•
Discuss the role of cholesterol in diet.

•
Describe how scientists discovered the structure of hemoglobin.

•
Search the body building magazines currently available for diet supplement advertising that might be misleading or outright false. Report on the distortions you find.

•
Prepare a historical report on the cultivation and use of plant fibers (cellulose) from various sources in the construction of clothing.

•
After searching for background information on the extent and variety of steroid use by athletes, interview persons who can give a local and inside perspective. Can you document any damage to heavy users?

Possible Responses to Critical Thinking Questions

1.

Hydrogen is possibly the most abundant element in the universe because it is the stuff of stars and planets.

2.

To change lead (atomic number 82) into gold (atomic number 79) would necessitate a change in the number of protons. This is not possible, for the very definition of an element tells us that this is a form of substance that is unchangeable.

3.

The explanation for why water in the pan heats more slowly than the metal of the pan can be complicated and explained in detail by a physicist. It can also be simple: water heats more slowly and cools more slowly because of the hydrogen bonds in the water molecules (see section 2.3 in the text). The extensive hydrogen bonding both within the water molecules and between the water molecules confers this and many other unique properties that make life and all of nature possible.

4.

The identification of the molecules are as follows:



a)
amino acid (see figure 2.23)



b)
carbohydrate (specifically glucose)



c)
polypeptide (glycine repeated 20 times)



d)
fatty acid (note the long chain of 16 CH2s)

5.

“Natural” vitamin C and synthetic vitamin C differ in one major way—COST! Chemicals are chemicals. Let’s look at simpler comparison. I go into the lab and react the following:





HCl  +  NaOH ( NaCl  +  H2O



After I evaporate off the water, I gingerly dip my finger into the beaker and taste my synthetic sodium chloride—salty! Alternatively, I go the ocean, collect some water, heat it, and crystallize out some natural sodium chloride—salty!



Now there may be subtle differences, but in reality they are both salt.  Similarly, vitamin C is ascorbic acid no matter how you obtain it.



You could devise an experiment by choosing an organism that requires vitamin C in its diet for growth (perhaps a yeast mutant or such). Set up at least three trials: 1) no vitamin C; 2) natural vitamin C; and 3) synthetic vitamin C. Record the growth results.

6.

Trans unsaturated fatty acids have more double bonds in the trans configuration; that is, the hydrogens adjacent to the double bonds are on opposite sides of the molecule. This puts zigzags or “kinks” in the tails of the fatty acids. Much research has shown that the trans fatty acids are not healthy. Just exactly why this is so is not entirely clear. It is known that they elevate harmful LDLs and lower beneficial HDLs. Furthermore, the trans fatty acids reduce the fluidity of the cell membranes and thus decrease functionality. As a speculation it may also be possible that the metabolic enzymes have been selected to deal with the cis form more efficiently than the trans form.
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