Chapter Outline

I. Plants and Animals Are the Same but Different



______
A. Plants and animals have the most similarity at the lowest levels of organization.

B. Plant and animal cells consist of the same basic molecules—


carbohydrates, lipids, proteins, and nucleic acids.

C. The basic molecules account for the structure and function of living cells.

D. Macromolecules are obtained from plants, broken down into smaller 


molecules, and then used by animals to synthesize the same types of 


macromolecules.

E. Vitamins represent another similarity between animals and plants.


1. Vitamins made in plants have the same function in animals.


2. Vitamins are used to assist the same types of enzymes in both systems.

F. Enzymes are proteins that are found in both plants and animals.


1. Not all enzymes found in plants are present in animals (i.e., photosynthetic 



enzymes).

II. Fundamentals of Organic Chemistry
__________________



Critical concepts include: the central role of carbon, functional groups, and macromolecule formation. The organic molecules made by cells are biomolecules.
3.1 The chemistry of carbon makes diverse molecules possible

A. Organic chemistry is devoted to the study of carbon. 


1. Carbon is quite small, with a total of only six electrons.



2. Carbon must acquire four electrons to complete its outer shell.



3. It can share electrons with as many as four other elements, creating variety.




4. The C-C bond is quite stable and can result in carbon chains that are quite 




long.



5. Carbon can form branches and double bonds or triple bonds.


B. Biomolecules



1. There are four classes of biomolecules: carbohydrates, lipids, proteins, and 




nucleic acids.



2. The biomolecules in cells are quite varied and make the diversity of life 




possible.



3. Carbon is the essential ingredient in all biomolecules.


C. The carbon chain of an organic molecule is its skeleton or backbone.


D. Functional groups determine the reactivity of an organic molecule.



1. Functional groups are specific combinations of bonded atoms that always 




react in the same way.



2. Their function is independent of the carbon skeleton.



3. Major functional groups include:




a) Hydroxyl group = alcohols




b) Carbonyl group = aldehydes and ketones




c) Carboxyl group = carboxylic acids




d) Amino group = amines




e) Sulfhydryl group = thiols




f) Phosphate group = organic phosphates



4. Functional groups can influence the solubility of a molecule in water.




a) Hydroxyl groups increase solubility in water.




b) Hydrophilic molecules are soluble in water.




c) Hydrophobic molecules are not soluble in water.



5. Functional groups determine the activity of biomolecules in the body.


E. Isomers are organic molecules with identical molecular formulas but different 

arrangements of atoms.



1. Considered variations in organic molecules



2. Glyceraldehyde and dihydroxyacetone are isomers with different functional groups but the same numbers and types of atoms.

3.2 Molecular subunits can be linked to form varied large biomolecules
A. Polymers are the largest of the macromolecules.




1. Polymers form by linking smaller units called monomers together.



B. Dehydration reactions synthesize polymers from monomers.




1. These reactions remove the equivalent of one water molecule from the 


         substrates.



C. Hydrolysis reactions break down polymers into monomers.




1. These reactions add the equivalent of one water molecule to the substrate.




2. The water breaks or lyses a bond between monomer units in a polymer.



D. Enzymes are molecules that speed reactions by bringing reactants together.




1. The enzyme is unchanged by the reaction.

III. Carbohydrates________________________________________



Critical concepts include: the structure and function of simple and complex carbohydrates.

3.3 Simple carbohydrates provide quick energy

A. Carbohydrates have a carbon-to-hydrogen-to-oxygen ratio of 1:2:1, and a 



general formula of CH2O.

B. Simple carbohydrates are the sweet-tasting sugars.


C. Monosaccharides are single sugar molecules (monomers).



1. Typically have from three to seven C atoms



2. Often contain functional groups, such as hydroxyl groups that make it 




soluble in water



3. Glucose is a monosaccharide with six carbon atoms. 




a) There are three ways to represent glucose (Fig. 3.3A).




b) There are several isomers of glucose, including fructose and galactose.




c) Glucose is the major source of cellular fuel for all living things.



4. Ribose and deoxyribose have five carbon atoms. They are present in RNA 




and DNA, respectively.

D. Disaccharides are carbohydrates containing two monosaccharides.


1. Disaccharides are formed via dehydration reactions.


2. Examples of disaccharides include maltose (glucose + glucose), sucrose 



(glucose + fructose), and lactose (glucose + galactose).

3.4 Complex carbohydrates store energy and provide structural support


A. Complex carbohydrates are polymers of monosaccharides, and therefore they 




are polysaccharides.




1. Examples include glycogen in animals and starch in plants. These function 





as short-term energy-storage molecules.





a) Glycogen is highly branched. 





b) The liver contains granules where glycogen is stored until needed.





c) The release of glycogen from the liver is under the control of hormones.





d) Starch exists as both a nonbranched and a branched form.



B. When an organism requires energy, polysaccharides are degraded to release 




sugar molecules.



C. Polysaccharides can also play a structural role.




1. Examples include cellulose in plants, chitin in animals and fungi, and 





peptidoglycan in bacteria. 





a) Cellulose is simply glucose, but chitin has an attached amino group. 





The structure of peptidoglycan is more complex.





b) Cellulose is the most abundant organic molecule on Earth.





c) The majority of animals lack the necessary enzymes for digesting 





cellulose and using it as an energy source. Therefore, it serves as dietary 





fiber.

IV. Lipids


________________________________________________

Critical concepts include: the functions, characteristics, and examples of lipids including fats, oils, phospholipids, steroids, and waxes.

3.5 Fats and oils are rich energy-storage molecules
A. Lipids are typically nonpolar organic molecules that are insoluble in water.

B. Fats and oils contain two types of subunit molecules: glycerol and fatty 



acids.


1. Glycerol is a compound with three –OH groups.


2. A fatty acid consists of a long hydrocarbon chain with a –COOH group 



at one end.


3. Because there are three fatty acids attached to each glycerol, fats and 



oils are sometimes called triglycerides.


C. Fatty Acids



1. Most contain 16 or 18 carbon atoms



2. Saturated fatty acids have no double bonds between the carbon atoms.



3. Unsaturated fatty acids have double bonds. 




a) The double bond creates a kink in the fatty acid chain, preventing close 




packing of the hydrocarbon chains. This accounts for the fluidity of oils.



4. Trans fats contain fatty acids that have been partially hydrogenated to 




make them more saturated, and thus more solid.




a) Trans fats are often found in processed foods.



5. Saturated and trans fats contribute to the buildup of abnormal lipid material 




called plaque inside blood vessels.

3.6 Other lipids have structural, hormonal, or protective functions

A. Additional important lipids include phospholipids, steroids, and waxes.


B. Phospholipids make up the membranes of the cell.



1. These lipids contain glycerol, two fatty acids, and a polar head group.



2. The fatty acids form the hydrophobic tail region of the molecule.



3. The hydrophobic tail regions attract each other to form a lipid bilayer.



4. The region exposed to water contains the hydrophilic polar head group.



5. The result is the formation of the cell’s phospholipid bilayers.


C. Steroids are lipids with skeletons of four fused carbon rings.



1. Cholesterol is a steroid that functions to stabilize the cell’s plasma 




membrane in animals.



2. Cholesterol is the precursor for testosterone and estrogen, sex hormones in 




animals. 




a) Testosterone is responsible for muscle development. For this reason, 




athletes sometimes take anabolic steroids (that resemble testosterone) to 




improve their athletic performance.



3. Cholesterol participates in the formation of plaque along cardiovascular 




walls.


D. Waxes are long-chain fatty acids bonded with long-chain alcohols.



1. These are solid at normal temperatures.



2. They are waterproof and resistant to degradation.




a) They often form a protective coating on exposed plant parts.




b) They are used for skin and fur maintenance in animals.




c) Honeybees produce beeswax to make their honeycomb.

How Biology Impacts Our Lives


3A Controlling Obesity



A. Obesity, an excess accumulation of body fat, is a serious medical condition.



B. It affects over 30% of adults and over 16% of children and adolescents in the 




U.S. today.



C. Obesity is judged by a person’s body mass index (BMI)—their weight in 




relation to height.



D. Two serious illness associated with obesity are diabetes type 2 and 




cardiovascular disease.




1. Diabetes type 1 occurs when the pancreas no longer produces insulin.




2. Diabetes type 2 occurs when the pancreas produces insulin, but the cells do 





not respond to it. 




3. Chronically high levels of insulin due to diet can lead to diabetes type 2.




4. Cardiovascular disease due to arteries blocked by plaque is also seen in 





obese individuals.





a) Plaque contains saturated fats and cholesterol.





b) Cholesterol is carried in the blood by low-density lipoprotein (LDL) 





and high-density lipoprotein (HDL). LDL is thought of as “bad” 





cholesterol.





c) Limiting cholesterol in the diet may be helpful.



E. Eating Sensibly




1. Obese persons should first attempt to lose weight by lowering their caloric 





intake and increasing their caloric output through exercise.




2. There are no quick and easy solutions for losing weight.




3. Weight loss and weight maintenance require permanent lifestyle changes.





a) Complex carbohydrates are preferred to simple carbohydrates.





b) Watch the type of fat in the diet. Unsaturated fatty acids can reduce the 





risk of cardiovascular disease.
V. Proteins _________________________________





Critical concepts include: functions, characteristics, and organization of proteins.

3.7 Proteins are the most versatile of life’s biomolecules

A. Proteins, which are polymers of amino acids, are of primary importance to the 



cell.


B. Functions in Animals 

1. Support

a) The silk protein in spider webs, keratin, and collagen all have support 


functions.

2. Metabolism

a) Enzymes bring reactants together, thus speeding up reactions.


b) Enzymes are specific for one particular reaction.

3. Transport

a) Channel and carrier proteins assist the movement of substances in/out 


of the cell.


b) For example, hemoglobin is a transport molecule within the blood of 


animals that carries oxygen.

4. Defense

a) Proteins called antibodies combine with disease-causing agents to 


prevent them from harming the body.

5. Regulation

a) Hormones are regulatory proteins that act as intercellular messengers to


 influence cell metabolism.


b) Insulin is a hormone that regulates the content of glucose in blood.

6. Motion

a) The contractile proteins actin and myosin allow parts of cells to move 


and muscles to contract.


C. Proteins are a major component of many tissues.


D. The monomer of a protein is an amino acid.



1. Amino acids have a unique carbon skeleton in which a central carbon atom 




bonds to a hydrogen atom, an amino group, an acid group, and a side 




chain (R group).



2. Amino acids differ from one another according to their particular R group. 



3. The R groups range in complexity and chemical properties.


E. Peptides



1. Proteins are large biomolecules composed of amino acid monomers.



2. A peptide is two or more amino acids bonded together, and a polypeptide 




is a chain of many amino acids joined by peptide bonds.



3. A protein may contain more than one polypeptide chain.



4. The covalent bond between two amino acids is called a peptide bond.




a) This is a polar bond because of the slightly positive charge on the 




nitrogen and the slightly negative charge on the oxygen.

3.8 The shape of a protein is necessary to its function

A. The shape of a protein is suited to its function. 


B. Environmental conditions, such as extremes of temperature and pH, can 



denature, or alter the shape, of a protein. A denatured protein can no longer 



perform its usual function.



1. Alcohols and salts of heavy metals can also denature proteins. 


C. A protein has at least three levels of organization and can have four.



1. Primary structure—the linear sequence of amino acids




a) The primary structure can be likened to a string of beads. 




b) Twenty different amino acids can form many different sequences.



2. Secondary structure—alpha helix or pleated sheet




a) The secondary structure is a certain orientation in space.




b) An alpha helix is a right-handed spiral.




c) A pleated sheet is a folding of the chain.



3. Tertiary structure—globular 




a) The polypeptide bends and twists in different ways, packing the 




hydrophobic portions to the inside and the hydrophilic portions on the 




outside.



4. Quaternary structure—more than one polypeptide chain




a) Not present in all proteins

How Life Changes


3B Molecular Evolution—A New Endeavor



A. Molecular genetics is a critical part of biology.



B. Biologists have determined the nucleotide sequence of many different 




organisms.



C. Comparing this information helps us determine how organisms are related to 




each other. This helps us decipher the history of life.



D. Our knowledge of taxonomy and evolution have been transformed by 




molecular studies.



E. Bacterial laboratory studies




1. Mutations are “the raw material of evolution.” Studying the occurrence of 





mutations allows biologists to study evolution.




2. In 1988, at Michigan State University, genetically identical E. coli bacteria 





were placed in 12 flasks.





a) The environment has been held constant and no new bacteria have ever 





been added.





b) The original bacteria have produced 45,000 generations.





c) Periodically, bacteria are removed from the flask and cultured to detect 





any genetic mutations.





d) A new species has evolved with the ability to digest citrate.



F. Studies in the wild




1. Monkey flowers have pink and red flowers. The pink flowers are mainly 





pollinated by bumblebees, and the red flowers are mainly pollinated by 





hummingbirds.




2. The gene YUP is responsible for the color difference.




3. Researchers altered the YUP gene and studied pollinator visits. 

VI. Nucleic Acids________________________






Critical concepts include: the role, organization, and differences of DNA/RNA and the role of ATP as an energy source.

3.9 DNA stores coded information

A. Genes are hereditary units composed of DNA (deoxyribonucleic acid). Genes 



control the structure and function of cells and organisms by coding for 



proteins.


B. A nucleotide is a molecular complex of three types of molecules: a phosphate, 



a pentose sugar, and a nitrogen-containing base. A nucleic acid is a polymer 



of nucleotides. 


C. Both DNA and RNA (ribonucleic acid), its helper, are nucleic acids.


D. Structure of DNA



1. DNA is double-stranded.



2. Sugar and phosphate molecules make up the sides of the ladder structure of 




DNA.



3. Hydrogen bonded bases make up the rungs of the ladder.




a) The bases are held together by hydrogen bonds.




b) T always pairs with A and G always pairs with C. These are called 




complementary bases.


E. Every organism has a particular sequence of paired bases. 


F. A DNA molecule can have thousands to millions of bases, and a particular 



gene is a segment of those.


G. The base sequence of all the genes of an organism is called the genome.


H. RNA is single-stranded and contains the 5-carbon sugar ribose. The bases in 



RNA are G, A, C, and U instead of T.


I. A molecule of RNA is synthesized from a segment of DNA that constitutes a 



gene.



1. The RNA nucleotides pair complementarily with those of the gene.



2. U bonds with A.



3. There are several types of RNA, but messenger RNA (mRNA) is of 




interest because it is a copy of a gene that codes for proteins.


J. After mRNA is synthesized, it moves to where proteins are made in the cell.


K. The sequence of bases in RNA determines the sequence of amino acids in a 



protein.


L. Genetic information flows from DNA to mRNA to protein.


M. A genetic mutation is a change in the sequence of bases in a gene.



1. A mutation can result in an altered amino acid sequence in a protein.


N. Without mutations, evolution would be impossible because mutations can 



result in adaptive changes.


O. The genetic disorder sickle-cell disease exemplifies how even a seemingly 



harmful mutation can be adaptive.



1. The red blood cells are sickle-shaped because of an amino acid substitution 




in the sequence of hemoglobin.



2. In those who inherit two copies of this mutation, these sickle-shaped cells 




clog the flow of blood in small blood vessels, causing pain, organ damage, 




and a low red blood cell count. 



3. In those who only inherit one copy of this mutation, the red blood cells 




become sickle-shaped only on occasion. However, the sickle shape causes 




the malarial parasite to die, giving these people an advantage.



4. This is the reason sickle-cell disease is more common where malaria is 




prevalent.
3.10 The nucleotide ATP is the cell’s energy carrier

A. Adenosine triphosphate (ATP) is a high energy molecule in the cell.



1. It is composed of the base adenine and the sugar ribose, a compound termed 




adenosine, plus three phosphate groups.



2. The last two phosphate bonds are unstable and easily broken.



3. The last phosphate bond is usually hydrolyzed to form adenosine 




diphosphate (ADP) and phosphate, with the release of energy.



4. ADP plus phosphate are more stable than ATP.


B. Cells couple the energy released by ATP breakdown to energy-requiring 



processes.


C. Cells “spend” ATP when they need something done. Therefore, ATP is called 



the energy currency of cells.

