AP Biology Exam Review “Ideal Responses”
1.  How do the unique chemical and physical properties of water make life on earth possible?
One property of water is its ability to stick to other water molecules, this is known as cohesion, this allows the water to be pulled by other water molecules up the stem of plants.
 Another property of water is adhesion which allows the water to stick to the side of xylem in the plant stems and keeps the water from falling back down to the roots due to the effects of gravity. Water also has a high specific heat, which means that it heats up and cools down very slowly and therefore keeps the temperature inside many organisms as well as global temperatures at a range suitable for life. Water also expands as it freezes which insulates the water beneath it allowing organism that happen to be living under the ice to survive until the ice thaws and the water warms back up. And because water is polar it will dissolve any polar molecules readily and is therefore a good means of transportation for bodily fluids like blood. Water is also clear in color and allows light to reach organisms that may be living deeper in water and make up the bottom of the food chain.

2.  Differentiate between an acid and a base and explain the pH scale.
Acids have increased concentrations of H+ ions and decreased concentrations of OH- ions. Bases on the other hand have and increased OH- ions and decreased H+ ions. The pH scale is a scale that determines how acidic or basic a solution is in relation to the concentration of H+ ions. The pH scale is a negative logarithm based on powers of 10.

3.  What is the role or Carbon in the molecular diversity of life?
Carbon forms the backbone of organic molecules that are abundant in living things (Carbohydrates, lipids, proteins and nucleic acids) and is extremely versatile.  Carbon is an element that is tetravalent and can form single bonded chains or double bonded chains with its self, it can also from single and double bonds with the other elements that are required for a living organism like Hydrogen and Nitrogen to form molecules needed to sustain life. The carbon molecules can also form chains with branches and can also form rings, which allow different molecules to be attached at various sites and create new molecules.   

4.  Draw a structural model of the 6 functional groups that are important to life.


Hydroxyl: -OH  Polar

Carbonyl: -C=O  Non polar

Carboxyl: -COOH  Polar, Acid

Amino: -NH2   Polar, Basic

Sulfhydryl: -SH  Polar

Phosphate: -PO4 Polar, Acid

Methyl: CH3 Non polar
5.  How do cells synthesize and break down macromolecules?
Cells synthesize macromolecules by using a condensation reaction to remove a water molecule between two monomers and joining them with an oxygen bridge. They break down macromolecules by hydrolysis, which adds a water molecule into the place where the oxygen bridges have been formed and separating the two monomers.

6.  What are the 4 groups of organic compounds that are biologically important and what are their functions?
The 4 main groups of biological compounds are Carbohydrate, lipid, protein, and nucleic acid.  Carbohydrates are sugars and starch that serve as fuel and structural components (cellulose) in organisms.  Lipid molecules store energy for the organism as well as structural materials for the organism (they are a main component of membranes). 

Proteins include all enzymes which control metabolism, some hormones for communication many structural components of the cell.  They are transport molecules like hemoglobin.  Protein provide structure like tubulin which is the major component of the cytoskeleton.  Immunoglobulins (antibodies) are proteins that fight disease.  Proteins like actin, myosin, dynein and kinesin are all involved in movement. 

Nucleic Acids are the genetic materials such as DNA and RNA, which direct the production of protein.  Dinucleotide such as NADH are electron carriers and single nucleotides like ATP can function as energy molecules

7.  List some common monomers and polymers of carbohydrates, lipids, proteins, and nucleic acids.

Some common monomers of carbohydrate are glucose and fructose
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Polymers of carbohydrates include are starch, glycogen, and cellulose. 

Common in lipids are animal fats (triglycerides), plant oils, phospholipids, waxes, carotenoids and steroids. 

Monomers are fatty acid chains either saturated (on top) or unsaturated (on bottom) and glycerol
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Lipid polymers are triglycerides


[image: image4]
In proteins have 20 monomer called amino acids. Amino group on left, carboxyl group on right and the variable R in the middle
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And nucleic acids have monomers known as nucleotides: Adenine, guanine, cytosine, thymine and uracil are common:
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Common polymers are DNA and RNA.

8. Describe the 4 levels of protein structure
.The Primary level of structure is a linear series of amino acids joined together by condensation reactions forming peptide bonds. The Secondary level is coiling or pleating of amino acids (either ( helix or ( pleat), and is stabilized by hydrogen bonding. The third or Tertiary level has a shaped that is determined by the overall folding in the secondary level. Hydrophobic interactions, hydrogen bonds, ionic interactions and disulfide bonds stabilize this level. The final or Quaternary level of protein structure is found in globular proteins where 2 or more polypeptide subunits intertwine to produce a 3D shape that is highly specific to its function.

9.  How do the laws of thermodynamics relate to the biochemical processes that provide energy to living systems?
The 1st law of Thermodynamics states that energy is never created or destroyed. The 2nd Law of Thermodynamics states that every time energy changes form there is an increase in entropy or disorder. In organisms every time the energy changes form as in cellular respiration (catabolism) or protein synthesis (anabolism), heat is given off increasing the entropy (disorder) of the universe.
10. What is the role of ATP in coupling the cell's anabolic and catabolic processes
The energy from catabolism (energy-yielding processes like respiration) goes into making ATP from ADP and Pi (free phosphate group). The ATP is then used for anabolism (building molecules, energy-consuming processes) and ATP is broken down to ADP and Pi (free phosphate group).  So when ATP is broken down (catabolism), polymers are built up (anabolism) and when organic molecules are broken down in respiration (catabolism), ATP is built up (anabolism).
11. How do enzymes regulate the rate of chemical reactions?

Enzymes regulate the rate of chemical reactions by helping facilitate the two reactants 

combine with less energy input due to proper orientation and microenviroments which makes reactions more likely to occur. Some enzymatically controlled processes are regulated by feedback inhibition, which means that the end product hinders the enzyme from making more product.  Enzymes lower activation energy, meaning that they lower the energy requirement for a chemical reaction. Enzymes can only hasten reactions that would occur anyway.
12. How does the specificity of an enzyme depend on its structure?

Enzymes are very specific as to what type of substrate it can work on due to the structure.  The specificity is like a lock and a key; however, enzymes can change shape (induced fit) when a substrate enters its active site. 

13. How is enzymes activity regulated?

Enzyme activity is affected by substrate concentration, enzyme concentration, temperature (optimal temperature  is 37o C for many enzymes), and pH. Enzyme inhibitors can slow or prevent enzyme activity. Competitive inhibitors are structurally similar to the substrate. They bind to and reduce the action of the enzyme.  Noncompetitive inhibitors called allosteric inhibitors bind to the enzyme not at the active site called and allosteric site and distort the shape of the active site so that substrate will not enter.  Allosteric activators bind to the enzyme at the allosteric site, making it active by changing the shape of the active site so that substrate may enter.  Cofactors are inorganic molecules (usually mineral) that help stabilize enzyme structure.  Coenzymes are like cofactors, but they are organic (vitamins).
14.  Why must cells remain relatively small?

Cells must remain relatively small so that the surface area to volume ratio remains large. The surface area is where oxygen can enter the cell.  The volume represents the distance the oxygen must diffuse to reach a mitochondrion (the site of cellular respirations.)  As a cell grows, the surface area increases (so the cell can bring in more oxygen), but the volume increases faster (so the oxygen must diffuse farther to reach a mitochondrion).  Therefore, at a certain size, the cell must divide or suffocate. Nucleus to cytoplasm ratio is also a factor.  If a cell’s volume is too large, RNA transcripts will not be able to reach ribosomes (the sites of protein synthesis.)  
15.  How does compartmentalization organize a cell’s functions?

The compartmentalization increases the likelihood of enzyme substrate collisions by reducing the area there is for the enzymes and substrates to move around in.  The compartments are called organelles.   With the decreased area, there will be an increase in interaction.  Compartmentalization organizes cells functions by a complex system of membranes.  These membranes provide correct environments for specific metabolic processes (enzyme systems, intracellular pH) 
16.  How are the structures of the various subcellular organelles relate to their function?  Teachers Note:  Pick an organelle or two and know its structure inside and out.  I have chosen the mitochondria.

The mitochondria have a double membrane consisting of two phospholipid bilayers.  The 
outer layer has transport protein that move pyruvate into the matrix.  The inner membrane
 is highly are folded into cristnae.  The innermembrane contain electron transport proteins  
and ATP sythetase. The fluid-filled matrix and it contains the enzymes needed for the 
Kreb’s cycle and is rich in electron carriers such as NADH and FADH2.
17.  How do organelles function together to carry out a life process such as ingesting and digesting a food molecule?
The cell will engulf its food through a process called phagocytosis.  During phagocytosis, the cell encloses food in a vacuole with a membrane that pinches off internally from the plasma membrane.  The nucleus must transcribe RNA for the production of hydrolytic enzymes which will be translated on a ribosome along the rough ER.  The inactive enzymes are transferred to a Golgi apparatus for activation and packaging. The resulting structure is a lysosome which will be carried by the motor protein kinesin to the food vacuole along the cytoskeleton and the lysosome will fuse and digest the materials inside the food vacuole. After digestion, the sugars, amino acids, and other monomers are dispersed to the cell. 
18  What are the functions of the cells main organelles?

· Nucleolus- Rich in RNA that is used for Ribosome synthesis

· Nuclear envelope- maintains shape of nucleus, controls what goes in and out

· Ribosomes- protein synthesis
· Endoplasmic Reticulum (ER) - protein transport (cisternae), membrane factory, lipid synthesis, carbohydrate metabolism, detoxification of drugs and poisons
· Golgi apparatus-modifying, sorting, and packaging substances for cell secretion
· Lysosome- hydrolysis of materials taken into the cell
· Vacuole-storage
· Mitochondria- cellular respiration, ATP generation
· Chloroplasts- photosynthesis
·  Nucleus- control of gene expression and DNA replication
19.  What is the current model of the molecular architecture of membranes?

The cell membrane consists of a fluid, phospholipids bilayer with embedded proteins.  The fluid phospholipids are free to move within the plane of the membrane.  The phospholipids have a hydrophilic head and a hydrophobic tail.  Integral proteins extend through one or both layers while peripheral proteins are on the membrane surface.  Cholesterol imbedded in the lipid portion of the membrane helps maintain stability by slowing the phospholipids when they are heated and by preventing them from bunching up when the membrane is cooled.
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21. How does the structural organization of membranes provide for transport and recognition?

 

Structurally membranes have a semi-permeable phospolipid bilayer in which non polar molecules can diffuse easily.  Membranes also have integral proteins that form channels across the membrane.   Transport proteins, enzymatic protein transporters, and signal proteins that all contribute to moving substances across the membrane. In addition, some oligosaccharide chains that extend from glycoproteins and glycolipid serve as identification tags that are specifically recognized by other cells.  Proteins called major histocompatibility complexes also aid in cell recognition by the immune system

. 22. What are various mechanisms by which substances cross membranes?
One way that substances cross the membrane is through diffusion. Diffusion is just the movement of solutes (dissolved molecules) from areas of high concentration to low concentration. Osmosis is the diffusion of water across a membrane from areas of high water potential to low water potential.  Facilitated diffusion uses transport proteins to move specific molecule across the membrane with the concentration gradient. No ATP is used during facilitated diffusion. There are ways of transport that require ATP. These processes are called mediated transport systems. Active transport is using transport proteins to bind with specific molecule to move it across the membrane against the concentration gradient. For large molecules, there is endocytosis.  Phagocytosis import large solids, pinocytosis imports liquids in solute.  Receptor mediated endocytosis allows peripheral protein in the outer phospholipid layer of the membrane to capture solute and gather at a coated pit for more efficient intake of solute.   For the export of large molecules, there is exocytosis.

23. Explain a redox reaction.

In a redox reaction, the loss of electrons from one substance is called oxidation, and the addition of electrons to another substance is called reduction. The substance that is oxidized is called the reducing agent, and the substance that is reduced is called the oxidizing agent. Because an electron transfer requires both a donor and an acceptor, oxidation and reduction always go together.   

24. What are the four main reactions of respiration and what are their reactants and products?

The four main reactions of respiration are glycolysis, pyruvic acid conversion, Kreb’s cycle, and the electron transport chain & chemiosmosis.

Glycolysis occurs in the cytoplasm : reactants; glucose Products; 2 pyruvic acids, 2 ATP & 2 NADH
Pyruvic acid conversion occurs in the matrix: reactants; pyruvic acidProducts; carbon dioxide, NADH, acetyl group which combined with CoA forming acetyl-CoA
Krebs cycle occurs in the matrix: reactants; acetyl-CoA Products; NADH+, FADH2, carbon dioxide, 2 ATP

Electron transport chain and chemiosmosis: reactants; NADH & FADH2, O2. Products; 34 ATP, water

26. How are organic molecules broken down by catabolic pathways?

Organic molecules can be broken down by; cellular respiration, deaminization, and beta-oxidation.  During aerobic respiration, glucose has CO2 removed during a series of decarboxilations and dehydrogenations in glycolysis, pyruvic acid conversiona and the Kreb’s cycle.  Hydrogen in the form of protons and electrons are carried by NADH and FADH2  to the electron transport chain.  Deaminization is where the amino group is removed, it is converted to urea.  The carbon chain enters the Krebs cycle.  Beta-oxidation is a reaction where fatty acids are split by enzymes into two 2 carbon acetyl groups.  The groups join with coenzyme A to produce acetyl coA and they enter the Kreb’s acid cycle.  

27.   What is the role of oxygen in energy-yielding pathways?
Oxygen is required after the NADH and FADH2 molecules, which are produced in the Kreb’s cycle, deliver electrons to the Electron Transport Chain. The oxygen serves as an electron acceptor at the end of the ETC and when it accepts two electrons and attracts two hydrogen ions forming a water molecule. Without oxygen to accept the electrons, the electron transport chain would back up and chemiosmosis couldn’t occur, which stops the production of ATP. 

28.   How do cells generate ATP in the absence of oxygen?

During fermentation, yeast convert glucose into ethyl alcohol, carbon dioxide, and 2 ATP.   Anaerobic bacteria use glycolysis to convert glucose to lactic acid and 2 ATP.  The lactic acid produces a sour flavor in foods processed by bacteria.  (Sour cream, sauerkraut, pickles & vinegar.)  Human muscle cells also use the anaerobic break down of glucose to get 2 ATP when muscle cells do not receive enough oxygen.  The lactic acid that builds up triggers muscle fatigue. 
29.   How does photosynthesis convert light energy into chemical energy?
A photon of light hits a photosystem II, which consists of reaction centers surrounded by light-harvesting complexes (chlorophyll molecules). When a photon of light hits a chlorophyll molecule in the light-harvesting complex, the electrons pass from chlorophyll molecule to chlorophyll molecule until it reaches the reaction center. The excited electron is then captured by the protein of the PSII electron transport train. The electrons lost from the photosystems are replaced by electrons from water that are produced by photolysis, or the splitting of a water molecule producing 2 hydrogen ions, 2 electrons and an oxygen atom.  The oxygen atom immediately combines with another oxygen atom, forming O2.  As the electrons move down photosystem II ECT  they provide energy for pumping the hydrogen ions into the thylakoid.  At the end of PSII, the electrons are then reboosted by the photosystem I reaction center and then travel down the PSI ETC where they are accepted by a NADP which produces a NADPH molecule. Chemiosmosis occurs when hydrogen ions in the thylakoid move through an ATP syntase and this process produces ATP. The NADPH and ATP molecules are chemical forms of energy then used in the dark reaction of photosynthesis.
30.   How are the chemical products of the light-trapping reactions coupled to the synthesis of carbohydrates?
In the second stage of photosynthesis the chemical products of the light-trapping reactions are coupled to the synthesis of carbohydrates. In the Calvin Cycle, CO2 reacts with RuBP to form a 6 carbon molecule. ATP is used to quickly split the 6 carbon molecule to form 2 three carbon molecules called PGA or 3-phosphoglycerate. ATP is again used to drive the phosphorylation of 3-phosphoglycerate to form 1,3-diphoglycerate. NADPH is used to reduce the 1,3-diphoglycerate to form G3P which is sometimes called phosphoglyceraldehyde or glyceraldehydes 3-phosphate. Two G3P molecules react to from fructose which loses a phosphate group and becomes glucose. Three other G3P molecules react with a hexose to form 3 RuBPs. Six turns of the Calvin Cycle are needed to produce one glucose. Every turn of the Calvin Cycle requires 3 ATP and 2 NADPH.

31.  What kinds of photosynthetic adaptations have evolved in response to different environmental conditions?

One adaptation for hot, dry conditions is the C4 Pathway present in C4 Plants. This pathway occurs when carbon dioxide is assimilated into a four carbon compound by the enzyme PEP carboxylase.  PEP carboxylase is not attracted to O2  whereas rubisco will combine with O2 causing photorespiration.  Another adaptation is found in CAM plants.   Crassulacean Acid Metabolism plants close their stomates during the day which prevents water loss. At night the plants open their stomates to allow the plant to uptake CO2 and store it as an organic acid which are used during the day while light energy is available.  ***In C4 plants, carbon fixation and the Calvin cycle occur in different cells spatially separating rubisco from O2, in CAM plants, carbon fixation and the calvin cycle occur in the same cells, but at different times of day temporally separating rubisco and O2.    
32.  What interactions exist between photosynthesis and cellular respiration?
The reactants of photosynthesis are carbon dioxide and water. The products are glucose, water, and oxygen. The reactants of cellular respiration are glucose, water, and oxygen. The end products are carbon dioxide and water. Organisms that release carbon dioxide into the environment as a waste product of cellular respiration provide the carbon dioxide needed for organisms that rely on photosynthesis as a source of energy.  Organisms that release oxygen as a waste product of photosynthesis provide the oxygen needed for organisms that rely on cellular respiration as a source of energy.  

33.  How does the cell cycle assure genetic continuity?
During the cell cycle genetic continuity is during interphase and anaphase. During interphase the cell’s DNA is exactly replicated.  During anaphase one copy of the parent cell’s DNA is delivered to each daughter cell.  This results in daughter cells that are genetic clones to each other and the parent cell.  
34.  How does mitosis allow for the even distribution of genetic information to new cells?
The cell cycle is made up of two primary phases: interphase and mitosis. Mitosis is divided into five main phases; prophase, metaphase, anaphase, telophase, and cytokinesis. A cell spends most of its time in interphase during which the cell produced organelles (1st gap), replicates it DNA (S) and grows (2nd gap).  The cell then enters prophase where chromatin shortens and thickens into chromosomes, the nucleolus and nuclear membrane disappear, centrioles move to opposite ends of the cell, spindle fibers form, and the spindle fibers attach to the chromosomes at the kinectochore. The cell then enters metaphase where the spindle fibers align the chromosomes along the metaphase plate in the middle of the cell. After metaphase the cell enters anaphase during which chromosomes move to opposite ends as kinectochore moving its way along the spindle fibers. Then the cell enters telophase where the chromosomes uncoil into chromatin again and a new nuclear membrane and nucleolus form. Then the cell divides into two new cells during cytokinesis. Through this very precise process of DNA and cell replication, the cell’s DNA is assured continuity.

35.  What are the mechanisms of cytokinesis?
In animal cell cytokinesis a cleavage furrow forms a shallow groove near the old metaphase plate. A contractile ring of myosin microfilaments form and begin to move down actin filaments contracting until the cell pinches in two. Phospholipids within the membranes fuse as the remains of the spindle breaks and the cells are separated. In plant cell cytokinesis, Golgi vesicles containing cellulose, lignin, and other building materials fuse near the old metaphase plate producing a cell plate which grows laterally until they fuse with the cell wall separating the cells.

36.  How is the cell cycle regulated?
Cell division is inhibited when essential nutrients are lacking, poisons prevent protein synthesis, growth factors are lacking, cytoplasmic volume to genome size, and due to density-dependent inhibition. Cells will be stimulated to grow once they have passed the restriction point in late G1. If the cell is not destined to divide it leaves the cell cycle and enters the G0 stage or nondividing stage. A high concentration of Maturation Promoting Factor (MPF) is required to enter mitosis. MPF is a kinase which is an enzyme that activates other proteins that activate still other proteins that trigger the cellular changes in mitosis. MPF is made up of two associate proteins cyclin and cdk. MPF fluctuates in concentration during the cell cycle. Concentrations are high during mitosis and low in interphase. Cyclin is produced at a uniform rate during the cell cycle. As cyclin increases, it joins with cdk which produces active MPF. Active MPF initiates mitosis and stimulates a cyclin degrading enzyme. Destruction of cyclin reduces the amount of active MPF which ends mitosis.    

37.  How can aberrations in the cell cycle lead to tumor formation?
Some cancers can be caused by random spontaneous mutation, but most that cancers are caused by chemical carcinogens, physical mutagens (like X-rays), or certain viruses. Proto-oncogenes: normal cellular genes, code for proteins that stimulate normal cell growth/division. Oncogenes: cancer-causing genes arise from genetic change that leads to increase in either the amount of proto-oncogene’s protein product or intrinsic activity of each protein molecule. 3 ways this can happen: 
1) movement of DNA within genome (chromosomes have broken and rejoined 
       incorrectly, translocating fragments from one chromosome to another) 
2) amplification of proto-oncogene (increases # of copies of the gene in the cell)  

3) point mutation in a proto-oncogene (changes gene’s protein product to one that is      
 more active or more resistant to degradation than normal protein) 
38. What features of meiosis are important in sexual reproduction?

Meiosis produces the male and female gametes.  Meiosis reduces chromosome number of the diploid parent cell to the haploid number in the daughter cells.  These haploid cells, or gametes, join in fertilization and transfer the genetic information to the next generation.

39. Why is meiosis important in heredity?
Meiosis produces variation through crossover and independent assortment in each haploid cell the process produces.  Independent assortment, or how the chromosomes flop on the metaphase plate determines whether a maternal or paternal chromosome ends up in any given gamete.  Crossover is when the paterntal and maternal homologs exchange genes during synapsis which occurs in prophase I. 

40. What is crossover and how does it affect variation?

Crossover occurs in prophase I.  A group of 4 homologs (2 materal chomotids and 2 paternal chromotids) synapse (twist around).  At regions where the cross called chiasmas, the chromosomes will often break.  Frequently hen the breaks are repaired, an exchange of genetic material between the maternal and paternal chromotids has occured.  This results in a shuffling of maternal and paternal gene with now two chromotids alike.

41.     What are the similarities and differences between gametogenesis in animals and gametogenesis in plants? 
Male and Female Plant and Animal Similarities:  
Animal males produce 4 sperm in the process of meiosis.  Male plants produce 4 microspore mother cells in meiosis.  Female animals produce 4 cells in the process of meiosis and 3 polar bodies die.  Female plants produce 4 megaspores during meiosis and 3 die.    Male and Female Plant and Animal Differences: 

Following the meiotic division in animals, the spermatids mature in the epididymus.  After the meiotic division in male plants, the microspores undergo a mitotic division to form the pollen grain.  In female animals the 2nd meiotic division is delayed until the follicle begins to form.  In female plants, the surviving megaspore undergoes 3 meiotic divisions and a cytokinetic event producing the female gametophyte with 7 cells and 8 nuclei.  Teacher’s Note:  I have provided the details on the next page but I think the above is fine       

In Animals: MALES-perm formed in semeiniferous tubules of testes. 

Spermatogonia( Primary Spermatocytes ( undergo meiosis to form Secondary Spermatocytes( undergo meiosis to form Spermatids with ½ number chromosomes( mature in epididymus into sperm. FEMALES-egg formed in ovaries. *Oogonia( Primary Oocytes(undergo meiosis, and follicle develops around Prim. Oocyte(becomes Secondary Oocyte due to uneven cytokinesis( undergo 2nd meiotic division to form Ootid and polar body( Ootid matures into egg & polar bodies are reabsorbed. In Plants: MALES-have anthers with 4 pollen sacs containing Microspore Mother Cells(undergo meiosis to produce 4 haploid Microspores(divide by mitosis to form pollen grain *Made of 2 cells: Generative cell & Tube cell. FEMALES-egg formed in ovules containing Megaspore Mother Cells(undergo meiosis to produce 4 haploid Megaspores BUT only 1 survives!!!(undergoes mitosis, producing 8 haploid nuclei( 3 nuclei migrate to opposite sides and move to center (Polar Nuclei) (cell walls form around each group forming Embryo Sac( cell nearest ovule opening is Egg Cell. 

42.
How did Mendel’s work lay the foundation of modern genetics?
Principle of Dominance – one gene in a pair may prevent the other gene in the pair from being expressed. Dominant and Recessive genes. 

Organisms are diploid.  Each individual has two genes for each trait (one from each parent). Can be homozygous (having two genes that are same TT tt), or heterozygous (having two different genes Tt). The zygote receives two copies of every allele and chromosome. 

Principle of Segregation – members of each pair of genes separate on the chromosomes during the formation of gametes (he predicted meiosis!!!). This is the idea that the sex cell gets only one of the two alleles that are present in the body or somatic cells of the organism. The chromosome number is cut in half, and the zygote gets one set from each parent. 

Principle of Independent Assortment – the genes from two or more pairs of chromosomes segregate independently from one another during meiosis if they are on different chromosomes. In metaphase I of meiosis when the chromosomes line up on the metaphase plate they line up independently of each other. All the paternal do not line up on one side while all the maternal line up on the other. Each chromosome has a 50/50 chance, and they all work independently of one another.   
43.
What are the eight principle patterns of inheritance?
Epistasis – different genes interacting to control the phenotypic expression of a single trait.

Pleiotropy – ability of a gene to have multiple phenotypic effects

Muli-Factorial Inheritance – involving multiple genes and environmental factors

X-linked inheritance – gene on X chromosome, men automatically have phenotype of gene because XY (see number 46)

Codominance – full expression of both genes

Multiple Alleles – controlled by more than two genes (blood type)

Incomplete Dominance – one allele is not completely dominant over the other, so the heterozygote has phenotype that is intermediate. (see number 45)

Complete Dominance – Dominant gene prevents recessive gene to be expressed in phenotype (see number 44).  Both autosomal dominant and autosomal recessive 
44.
In humans, free earlobes are dominant to attached earlobes. Cross a man with attached earlobes with a woman who is a heterozygote.

F= gene for free earlobes            f=gene for attached earlobes

ff X Ff
f
f
	Ff
	Ff

	ff
	ff


F

f

genotype: ½ Ff; ½ ff

phenotype: ½ free earlobes; ½ attached earlobes
45. In snapdragons, a type of flower, red petals are incompletely dominant with white petals producing a flower with pink petals. Cross two pink snapdragons.
R=gene for red petals

       r=gene for white petals

Rr X Rr

R

r

	RR
	Rr

	Rr
	rr


R

r
genotype: ¼ RR; ½ Rr; ¼ rr

phenotype: ¼ red; ½ pink; ¼ pink
46.  In humans, the gene for colorblindness is an X-linked recessive. Cross a woman who is a carrier and a normal man. 
C=gene for color vision
     c=gene for color blindness

XC Xc  x  XCY

XC            Xc
	XCXC
	XCXc

	XCY
	Xc Y


XC
Y
genotype: ¼ XCXC; ¼ XCXc; ¼ XCY; ¼ Xc Y

phenotype: ½ color vision girls; ¼ color vision males; ¼ colorblind males
47.  How is genetic information organized in the eukaryotic chromosome?
  First, the two replicated DNA strands wind around histones and 8 histones group in a cube to form into a nucleosome. Then the nucleosomes coil around a chromatin fiber.  The chromatin fiber then begins to coil and the coils are folded.  The folds are arranged into loops and the looped areas continue to coil and fold, further compacting, into what we know as the chromosome. The two compact DNA/protein complexes are called sister chromatids and they are held together by a structure called the centromere.  
48.
How does this organization contribute to both continuity of and variability in the genetic information?
In mitosis the chromosomes help with continuity. When they wind down the DNA is less likely to be damaged.  Also the sister chromitids are identical so when the chromosomes line up on the metaphase plate and are pulled apart by the spindle fibers each daughter cell is getting an identical copy of the genetic code. Meiosis allows for variability. In prophase I the homologous chromosomes (the chromosomes that represent the same genes) form a tetrad and pieces of the chromosomes can cross over to the other. Also at metaphase I of meiosis when the chromosomes line up at the metaphase plate they assort independently of one another (see # 42). Also with meiosis sex cells are haploid. This means the zygote receives half its cells from the mother and half from the father increasing genetic variation. 
49.
How was DNA identified as the genetic material?
Oswald Avery did experiments with mice and Streptococcus Pnemoniae. He started by inserting heat killed “S” Streptococcus Pnemonie coat and live “R”, the mouse lived, so the hereditary material was not in the coat. He then used heat killed “S” cytoplasm and live “R”, this time the mouse died, so the hereditary material was somewhere in the cytoplasm. Then he injected heat killed “S” cytoplasm and live “R” and pepsin (digests proteins), the mouse died, so hereditary material was not protein. Next he injected head killed “S” cytoplasm and live “R” and RNAase(digests RNA), the mouse died, so hereditary material not RNA.  All that was left was DNA, to make sure Avery injected head killed “S” cytoplasm and live “R” and DNAase(digester of DNA), and the mouse lived. Therefore, DNA had to be the genetic material. (The heat killed “S” and live “R” goes back to Griffith’s experiments. The live “R” was transformed to live “S”). 
50.  Describe the shape and structure of the DNA molecule.
DNA is composed of Carbon, Oxygen, Hydrogen, Nitrogen, and Phosphorus. These atoms combine to form into a sugar, deoxyribose, a phosphate, and a nitrogen base. These three groups form what is known as a nucleotide, the building blocks of DNA.  There are four different types of nitrogen bases, adenine, thymine, cytosine, and guanine. The nucleotides are held together by phosphodiester bonds and form a spiral structure called a polynucleotide helix. There are two helixes in DNA, and they are held together by hydrogen bonds between the nitrogen bases. These bases pair specifically, A with T, C with G.  The two spiraling nucleotide strands that are hooked together are described as a double helix.  Also the two sides of the DNA molecule are antiparallel. One side runs 5’ to 3’, the other 3’ to 5’.  
51. How does the structure of DNA enable it to be replicated?
Since DNA bases pair specifically, when DNA splits down the middle into two separate strands, each strand can form a template for the construction of the other strand.  The details are below:
DNA can unwind with the help of helicases and can be held open with single-strand binding proteins. The DNA has areas where primase can place a RNA primer and then DNA polymerase III can run along and pair the bases specifically A with T, C with G from 5’( 3’ on the leading strand.  Because the lagging strand must be copied 5’( 3’ also, it is copied short pieces called Okazki fragments.  DNA polymerase I then change the RNA primer into DNA and DNA ligase will then join the fragments of DNA.
52. What mechanisms prevent mistakes in the DNA code?

Two ways a cell prevents mistakes in the DNA code are mismatch repair and nucleotide excision repair. In mismatch repair, cells use special enzymes to fix incorrectly paired nucleotides. This only happens if a mismatched nucleotide was not caught by the DNA polymerases that proofread it during synthesis. In nucleotide excision repair, a section of damaged or distorted DNA is cut out and DNA polymerase fills in the missing nucleotides. The DNA strand which has accumulated more ions is older and serves as a template for the repair.  The DNA is then resealed my DNA ligase. There are over 130 enzymes for DNA repair in humans.
53. What are the Structures of DNA and RNA how are they well-suited for its function? 
DNA is double stranded with specific complements to each nucleotide (A&T, C&G) along each strand, allowing each strand to split apart for DNA replication and transcription, in which RNA is produced.  The bases of DNA form a triplet code for a specific amino acid.  RNA nucleotides can pair specifically with DNA (C&G, T&A, A&U) producing a single stranded molecule which can leave the nucleus and attach to a ribosome . 4 nucleotides can produce 64 triplet codons for the 20 amino acids.  Therefore, some amino acids have more than one codon (redundancy), but no one codon ever codes for more than one amino acid (unambiguous).  3 of the codons code for stop which signals the end of the polypeptide.  t-RNA can also take a cloverleaf form with an amino acid attachment site and an anticodon.  
54. Describe Transcription and translation and differences between them?

Transcription- The process by which DNA is copied to RNA.

a. RNA polymerase must bind to DNA at a promoter; ie, TATA box.

b. RNA polymerase slides along the DNA molecule in a 3-5 fashion until hitting a start codon; 

ie TAC. ( This causes RNA’s first codon to be AUG as it adds nucleotides in a 5-3 fashion)

c. RNA copies DNA codons until it reaches a stop codon. 

End product of prokaryotic transcription is mRNA.

End product of eukaryotic transcription is hnRNA.

Translation- Conversion of mRNA to a polypeptide chain.

a. The mRNA leaves the nucleus and binds with the small ribosomal subunit.

b. The initiator tRNA brings the amino acid Methionine and binds to the mRNA at the start codon forming an initiation complex. 

c. The large ribosomal subunit joins at the initiation complex with the initiator tRNA in the P-site.

d. The mRNA codon is read and another tRNA brings the proper amino acid to the A-site. 

e. tRNA is 80 nucleotides long, clover leaf shaped, at the top of the 3' end is the amino acid attachment site the other end of tRNA molecule has a 3 base sequence called anti-codonwhere tRNA binds with mRNA codons. Aminylacytal tRNA synthase catalyzed the unionof tRNA molecules to specific amino acids.

f. When a new amino acid is put into the A-site, polypeptide transferase joins the acid to the pre- existing chain with a condensation reaction forming a peptide between amino acids. 

g. tRNA is discharged and removed from the E-site and next the mRNA codon is read in the A-site.

h. The process continues until it comes across a stop codon.

i. Releasing Factor binds to the stop codon freeing the polypeptide and dissociates the ribosomal subunits and the mRNA.

55. What are the similarities and differences between the Eukaryotic and Prokaryotic processes of protein production?

Hamilton’s note:  I forgot to ask you how prokaryotic and eukaryotic genomes differ.  So here is the answer:  The two are similar because they have the same bases and base pairings. They are different because prokaryotic DNA is usually circular and attached to the cell wall and eukaryotic DNA is usually linear and in the nucleus. The similarities between protein synthesis in Prokaryotes and Eukaryotes are that they both use transcription to produce RNA from their DNA and then the RNA codes for proteins in the ribosomes through Translation. 

However, the difference is that Eukaryotes, unlike Prokaryotes, do not produce m-RNA in transcription but hn-RNA or pre m-RNA which has bits of code in the sequence that code for nothing. These unwanted codes are called intron and the wanted is exon. 

56. How do Eukaryotes make m-RNA functional?
a)  To modify the hn-RNA, the intron must be removed from the strand. To rid themselves of the intron in the hn-RNA, they carry out the process of pre m-RNA splicing. In this process, snRNPs, a combination of protein and sn-RNA, attach to the intron forming a spliceosome. The spliceosome then cuts the intron and splices the cut ends of exon together forming a freshly made, intron-free m-RNA.

b) The 5' end of the molecule gets a GTP cap and the 3' end gets a poly-A tail. ( The cap prevents hydrolysis and aids in binding the molecule to the ribosome. The A-tail facilitates the export of the molecule out of the nucleus)

57. How can the Eukaryotic processes of splicing be applied to modern biological technology?
Biologists can take m-RNA after it has been processed and use the enzyme reverse transcriptase to produce c-DNA.  This DNA can then be inserted into prokaryotes and it can now be expressed because the intron has been removed.
58. Describe the Structure of a virus.

Viruses are genetic material in a protein coat and sometimes a membranous envelope.

59. List the major stages of viral reproduction.

a)  Lytic Cycle- Reproduction of a virus that culminates the death of the host cell

Attachment- virus attaches to the receptor site on the host. 

Entrance- Viral nucleic acid is injected into the host cell.

Replication- host DNA is hydrolyzed, viral DNA is replicated, viral components are manufactured.

Assembly- Viral components are assembled into mature viruses.

Lysis or release- Viruses direct the production of an enzyme that digests the host’s cell wall or the membrane bursts due to the number of viruses in the cell.

b) Lysogenic Cycle- Reproduce the viral genome without destroying host cell. This type of virus is a temperate virus. 

Attachment and Entrance are the same as in the lytic cyle
Integration - Viral DNA integrates itself into the host cell’s DNA forming a provirus which is latent. 

Cell Division- Host cell’s DNA is replicated for cell division, profage is replicated too, thus spreading the virus to new cells.

Activation- reverts back to lytic cycle. 

60. How does the viral genetic material cause the host cell to produce more viruses?

When lysogenic viruses activate, they splice their DNA out of their current host and hydrolyze the host’s DNA.  During assembly, they package their DNA into a protein coat; however, they also package some genes from their host’s DNA.  When they infect a new host and integrate their DNA, some of the prior host’s genes may be expressed.  This is called transduction.
61. What are some mechanisms by which gene expression is regulated in prokaryotes and eukaryotes? 
The two main ways of controlling metabolism:

a)  Regulation of enzyme activity called feedback inhibition.  The end product of an anabolic pathway may turn off its own production by inhibiting activity of an enzyme at the beginning of the pathway.  Useful for immediate, short-term response.

b) Regulation of gene expression.  Operons:  The Basic Concept

Operon- A regulated cluster of adjacent structural genes which code for polypeptides with related functions with an operator and promoter

Operons have a single promotor region to which RNA polymerase may attach, so genes are transcribed on an all or none basis.

Operator - a DNA segment between the promotor and structural genes which controls RNA polymerase access to structural genes.  It acts as an “on/off” switch.

Repressor protein - specific protein that binds to the operator and blocks transcription of the operon which prevents RNA polymerase form attaching to the promotor.

62. What are some current nucleic acid technologies?
Cloning of specific human genes in bacteria and pharm animals.  This technique allows these organisms to produce human protein  

Gel electrophoresis:  allows DNA fragments to be separated by size in an agarose gel with an electric current.  

Polymerase chain reaction:  Allows the amplification of specific genes or entire genomes  

63. What are some current applications of nucleic acid technologies?
Some applications of nucleic acid technologies are pest-resistant plants.  Herbicide resistant seed (Round up ready beans).  Transplasmogen Activator blood clot dissolving proteins for stroke victim, and production of human growth hormone and insulin.  Forensic applications:  DNA fingerprinting.  Gene therapies.
64. Why might these applications be problematic?
Creation of pathogens:  Disease causing organisms can be genetically engineered to be more lethal.  Ethical questions concerning eugenics:  Should we guide our own evolution?  Is the promise of helping individuals with degenerative nerve diseases using stem cells worth the destruction of an embryo?  Should companies be able to patent/own living things?  Patients can benefit from genetic screening, but insurance companies will charge more for preexisting conditions.  Are GMO crops safe for human consumption? 

65. What is the role of natural selection in the process of evolution?

Natural Selection is a mechanism of evolution. Charles Darwin introduced the idea. It is based on the theory that organisms with the best traits leave behind more descendants than those with average traits and a lot more than those with bad traits. Some observations that support this theory are:

· All species have a great potential fertility, so populations must increase exponentially.

· Natural resources are limited

· Individuals of a population vary in characteristics.  Variation is due to random fertilization, independent assortment, crossing over, and mutation.

· Organisms will struggle for limited resources

· Organisms who are most fit (able to exploit the limited resources) will live longer and have more offspring than those who are not as fit.  

66. How are heredity and natural selection involved in the process of evolution?
Heredity involves the process of inheriting random genes from mother and father. Natural selection is not random. Because of heredity organisms are selected either for or against. So evolution occurs because of the combination of the randomness of heredity and the rather choosy natural selection. 

67. What mechanism account for speciation and macroevolution?

Speciation is the development of new species. Macroevolution is the origin of taxonomic groups higher than the species level. This includes new species, new genera, new families, and even new kingdoms. Two processes involved in speciation is Anagenesis, and Cladogenesis. Anagenesis is the transformation of an unbranched lineage enough to justify renaming it as a new species. It involves the accumulation of changes and gradual transformation of a species. Cladogenesis is the branching of one species into two or more new species. This is a sudden change in the species and is also called the branching evolution. New species may result from a form of isolation; such as habitat isolation, behavioral isolation, or mechanical isolation. There is also allopatric speciation and sympatic speciation. Allopatric speciation relates to a geographic barrier which physically isolates a population and may cause the formation of a new species. Sympatric speciation has to do with intrinsic factors; such as chromosomal changes, nonrandom mating, etc. Some mechanisms of macroevolution have been continental drift, major adaptive break troughs, mass extinctions, etc. 

68. What different patterns of evolution have been identified and what mechanism are responsible for each of these patterns?
Some patterns of evolution that have been identified are convergent evolution, types of selection, and many other patterns. Convergent evolution is the independent development of similarity between species as a result of their having similar ecological roles and selection pressures. The wings of insects and of birds, for example, are analogous flight equipment that evolved independent and are built from entirely different structures. They were formed because of a mutual need. Stabilizing selection acts against extreme phenotypes and favors the more common intermediate variants. This mode of selection reduces variation and maintains the status quota. Directional selection is a mode o selection that favors individuals on one end of the phenotypic range. It is common during periods of environmental change or migration to a new habitat with different environmental conditions. Diversifying selection (disruptive selection) is a mode of selection that favors extreme over intermediate phenotypes. It can result in balanced polymorphism, as in the finch population of Comeroon where there are no individuals with bills of intermediate size. Small-billed birds feed mainly on soft seeds, whereas large-billed birds specialize in cracking hard seeds. Selection favors certain heritable traits via differential reproductive success. 

69. What is some evidence that organisms are related to one another?

Biogeography – island often have species that are indigenous yet closely related to species of the nearest mainland or neighboring island. For example the tropical animals of South America are more closely related to species of South American deserts that to species of the African tropics. 

The fossil Record – The oldest found and known fossils are prokaryotes which would be expected in evolution. Also there is a chronological appearance of the different classes of animals of vertebrates in the fossil record which shows they were not all created at the same time. 

Comparative Anatomy – many animals have homologous structures. This shows that evolution just modified the structure to fit that animal. Example: the appendages of a human, cat, bat, and whale are all very similar and show a common ancestor existed at one time. 

Comparative Embryology – In zygote development animals go through similar developments. Example: All vertebrate embryos go through a stage where they have gill pouches on the sides of their throats. 

Molecular Biology – the genetic code is very similar and all organisms uses the basic pattern of passing on their genetic information. Also many organisms share many of the exact same proteins.

70. How do scientists study evolutionary relationships among organisms?
By studying fossils, biogeography, comparative embryology, and molecular biology, scientists can see the relationships between organisms and that organisms had common ancestors. Further explanation of these is seen in question 69.  
71. How is this information used in classifying organisms?
Homologous structures allow us to see common attributes in various organisms. For example all the forelimbs of mammals are basically the same. Also many organisms have vestigial organs, organs that they don’t use for anything, however they are still present. For example a whale has hipbones, yet doesn’t use them for any use. Organisms that have similar anatomies tend to be in the same classes. In the fossil record organisms that were found at the same layer and were alive during the same time periods tend to be very similar and grouped together in the same classes. Animals that live in the same climate, even on different land masses, tend to have very similar makeups. They tend to be classified into the same classes. Finally, looking at patterns of DNA organism that are in the same classes the organisms tend to have very similar genetic codes. 

72. What are the current biological models for the origins of biological macromolecules?
Stanley Miller and Harold Urey’s experiments supported Oprins hypothesis by,  using an apparatus that modeled the conditions that were present on early earth. A warmed flask of water simulated the primeval sea. The “atmosphere” consisting of H2O, H2, CH4, and NH3. Sparks were discharged to represent lightning. A condenser cooled the atmosphere, raining water and any dissolved compounds back to the miniature sea. As material circulated through the apparatus, the solution in the flask became murky brown. After a week Miller and Urey analyzed the contents of the solution and found a variety of organic compounds, including some of the amino acids that make up the proteins of organisms. Sidney Fox found that proteinoids (abiotically synthesized polypeptides) could be formed with many conditions from early earth. Then clay, hot sand, and rocks that contain metals can catalyze dehydration synethsis, forming monomers into a polymer. RNA was probably the first genetic material because it is more simple than DNA. Also RNA can base pair in the presence of Zinc. Coacervates can also form spontaneously from drops of polypeptides, nucleic acids and polysaccharides, which model common cells, however they are not life. 

73. What are the current models for the origins of prokaryotic and eukaryotic cells?

Prokaryotic cells were thought to evolve from protobionts, and continue to evolve into more and more complex molecules. Eukaryotic cells were thought to evolve from prokaryotes in two different ways. The first is the idea is called Autogenous  Model: 

All the compartmental space in a eukaryote was developed by specialized infoldings of the prokaryotic plasma membrane and eventually these infoldings broke off and became part of the cell. Another thought is called serial endosymbiosis, this is the idea that mitochondria and chloroplasts were at once their own organism and lived with the cell in a symbiotic relationship. As time went on the organism would become so dependable on the cell that they became one.

74. What are representative members from the Monera, Fungi and Protista kingdoms and what are the characteristics of each group? 

Answer: The kingdom Protista contains unicellular eukaryotic organisms that are both autotrophic and heterotrophic. This kingdom contains both phytoplankton and zooplankton. Most organisms in the Protista kingdom reproduce asexually and fresh water protists have contractile vacuoles to maintain water balance. The kingdom Monera contains all prokaryotes, and the kingdom Fungi contains multicellular eukaryotic organisms that are heterotrophic and have cell walls. Most members of the kingdom Fungi are decomposers and they can reproduce either asexually by using spores or sexually. The mushroom is representative of the kingdom Fungi. 

75. What adaptive features have contributed to the success of plants on land?

When plants moved on the land they had to develop new ways to obtain and retain water. One way they found to retain water is by secreting a waxy layer on their leaves called a cuticle. Even though this layer helped to prevent water loss it posed a problem for gas exchange so the plants developed small openings usually on the underside of the leaf through which they could exchange gasses. These openings are called stomata. Another problem that plants faced when they moved on land was how to reproduce. They solved this problem by packaging their gametes in gametangia so gametes would not dry out and they would not have to have water to travel. To obtain water plants developed rhizoids which were extensions of the epidermal cells to add surface area for water absorption. The addition of lignin to cell walls provided support for plants on land. 

76. What are the representative members of the phyla and subphyla of the plant kingdom?
The three phyla of the plant kingdom are Algae (aquatic), Bryophytes (nonvascular mosses liverworts and hornworts), and Tracheophytes (vascular plants). The Tracheophytes are divided into seedless and seed producing. The seedless plants are divided into psilophyta (psilotum) , sphenophyta (horse tails), lycophyta (club mosses),  and pterophyta (ferns). The seed producing plants are divided into gymnosperms (conifers) and angiosperms (flowering plants). 

77. What are the distinguishing characteristics of the phyla and subphyla of the animal kingdom?
The distinguishing characteristics of the phyla and subphyla of the animal kingdom are that they are multicellular and eukaryotic, they are heterotrophic and lack cell walls, most are capable of movement at some point in their lives, the cells are organized into tissues, and some animals have organs and organ systems. 
78. What are the 8 major phyla of the invertebrates and what characteristics differentiate each group? 
The 8 major phyla of the invertebrates are porifera, cnidaria, platyhelminthes, nematoda, annelida, mollusks, echinoderms, and arthropods. The distinguishing characteristic of the phylum porifera (sponges) is that the animals have very porous bodies. Porifera also have radial symmetry, they are multicellular, all are aquatic and most are marine, and the adults a sessile or attached while the larva are free living. The phylum cnidaria (jellyfish) contains animals with stinging cells called nematocytes. These animals also have radial symmetry, all are aquatic and most are marine, and they are the first animals to have muscle and nerve tissue. The phylum platyhelminthes contains flatworm with bilateral symmetry, who are flattened dorso-ventrally, and have three living layers of tissue the ectoderm, mesoderm, and endoderm. Some animals in this phylum also show cephalization or the concentration of nerve tissue at the anterior end. Nematoda contains roundworm with radial symmetry. Most in this phylum are plant and animal parasites. They contain a psuedocoelom or a layer between the mesoderm and internal organs that is filled with fluid and they are covered by a cuticle which prevents the host from digesting them. The phylum annelidia contains segmented worms. These animals have a true coelom or a body cavity lined with cells and tissue that hold the organs in place. They also contain bilateral symmetry and they are the first group to have true organ systems. The phylum molluska  (Clams, Snails & Squid) contains animals with soft bodies that are divided into three sections the head foot, the visceral mass which contains digestive, excretory and reproductive organs, and the mantle which is a membrane that surrounds the visceral mass and secretes the shell. These animals are mostly marines but some are terrestrial. The phylum echinoderm contains animals with spiny skin, radial symmetry, and endoskeleton of limy plates, and a water vascular system of tube feet. The phylum arthropod contains animals with jointed appendages, hard exoskeletons made of chitin, segmented bodies, an open circulatory system, and animals that respire through gills, book lungs, or spiracles.

79. What are the five classes of arthropods and what characteristics determine each group?

The five classes of the phylum arthropod are; arachnids, crustacea, chilopoda, diplopoda, and insecta. Arachnids are animals like spiders, scorpions, ticks, mites, and horseshoe crabs. Arachnids have two body segments the cephalothorax which contains the head and chest area where the 8 legs are attached. The abdomen contains the other organs. Arachnids also have chelicerae which are poison fangs and pedipalps which aid in chewing. Crustacea contains animals like crayfish, lobsters, crabs, shrimp, and barnacles. The crustacea also have two segments and each segment has paired appendages. The crustacea have protective exoskeletons called carapaces. Chilopoda contains animals like the centipede which has a flattened body with one pair of legs per segment. The first segment has poisonous claws which kill prey and the head is separate from segments and has simple eyes and a pair of antennae. Diplopoda contains animals like millipedes that have rounded bodies with two pairs of legs per segment. These animals live in moist areas and secrete a foul smelling liquid in defense. Insecta is the last class and it contains animal with three body segments, three sets of legs, a head with antennae and compound eyes, and they carry on gas exchange through spiracles and tracheal tubes.

80. What are the major classes of the phylum chordata? 
The major classes of the phylum chordata are agnatha, chondrichthyes, osteichthyes, amphibia, reptilia, aves, and mammilla. 
81. What features distinguish each of the classes?

The distinguishing features of the class agnatha are that they have no jaws, they are all parasites, they have smooth bodies with no scales, cartilage skeletons, dorsal and ventral fins, nobody fins, open gills, and an oral disc with sharp rasping teeth. The features of the class chondrichthyes are that they have cartilage skeletons, jaws with rows of continually repeating teeth, placiod scales that don’t overlap, they have body fins, open gill slits, a lateral line system that detects vibrations in water, and a keen sense of smell. The class osteichthyes’ major features are light weight overlapping scales, hard bone skeleton, an operculum which is a bony gill cover, and a swim bladder for buoyancy. The features of the class amphibia are mucus glands, they are cold blooded, they have two life stages, and most have four limbs, with 2 strong webbed back legs for jumping and swimming. The features of the class reptilia are large lungs, a heart with a septum, equal sized legs with claws, scales with keratin to prevent water loss, amniotic egg (land egg that won’t dry out) and they are ectothermic. The features of the class aves are feathers, amniotic eggs, scaled legs and claws, low density bones, bilateral organs, four chambered heart, large highly efficient lungs with air sacs, they are endothermic, they have a well developed cerebellum for coordination, well developed eyes, complex breeding behavior, and feathers which shape wings into air foils for propulsion and lift. The features of the last class mammilla are that they are hair covered for warmth, mammary glands produce milk for young, they are endothermic, have a four chambered heart, muscular diaphragm for breathing, internal fertilization, large brains, long periods of parental care, and highly differentiated teeth.
82.  How does the organization of cells, tissues and organs determine the structure and function of plant systems?
There are lots of possible answers with a minimum of 6 parts.  Then I settle down and start to think.  For organization of cells, I’ll pick sieve tube members, for organization of tissues, I’ll pick xylem/phloem, and for organization of tissues, let’s go with the stem.  Remember you must discuss the structure and function of each (hence the 6 parts). 

Sieve tube members are living cells that make up phloem.  The function of sieve tube members is to transport sap from cell to cell.  Sieve tube member’s structure enables this because the ends of the cells contain a porous sieve plate which allows the flow of cytoplasm containing sap. Also, sieve tube members contain transport protein which actively import and export sugar. Phloem is composed of a long row of sieve tubes with xylem surrounding them.  The function of phloem is to move sugar from source (where it is produced) to sink (where it will be stored or used).  As sugar is actively transported from a source, the water potential (Ψ) within the sieve tube is lowered and water enters the phloem from the xylem.  This increases the pressure within the phloem and pushes the sap into the next sieve tube (bulk flow).  When the sugar reaches the source, it is actively transported out.  Within the stem, there are vascular bundles which are composed of xylem and phloem.  Due to this structure, stems can transport water from root to leaves and sugar from leaf to root.          
83.  How do the structure and function relate in the various plant organs?   

This is a “you pick it question.”  Pick the plant organ of your choice and then describe the function of the organ.  Next, explain how the structure of the organ allows it’s function.  I will choose a plant root, but if you are more comfortable with a stem or a leaf, they will work just as well!  Answer:  The function of a plant root is to absorb water & minerals, store food and anchor the plant.  The outer layer of cells in a root is called the epidermis.  The epidermis has many long extensions of the cell wall called root hairs.  The root hairs give the root a large surface area which facilitates osmosis and absorption of minerals.  Lying directly underneath the epidermis is a layer of ground tissue which is composed mainly of cortex cells which store sugar and covert them to carbohydrate.  In the middle of the root is the stele which contains xylem and phloem which transport water and food respectively.  Around the stele is a layer called endoderm which is sealed by casparian strips which block apoplastic routes into the root.  Therefore, the endoderm is responsible for determining what materials enter the plants vascular system.  Just inside the endoderm is the periderm which allow lateral roots which help absorb water and anchor the plant.  Near the tip of the root is a meristematic region in which new cells are produced.  The new cells near the bottom of the meristem become part of the root cap which protects the meristem as the root is driven into the ground.  The cells near the top of the meristem elongate and then mature.  The elongation of these cells drives the root into the ground and allows the root to firmly anchor the plant as grows.

83.  How does water move through plants?

Teacher’s Note:  The answer to this one is simple yet complex.  You might first jump into a description of the transpiration-cohesion-tension mechanism and certainly this should be included, but the simple guiding principle behind all water movement is water potential.  
Water moves in a plant from areas of high water potential (Ψ) to low water potential.  Soil water has a higher water potential than the epidermis cells with root hairs. Water will follow an apoplastic (between root cells) or symplastic (through cells) route to the stele.  As water enters, root pressure builds and starts to move the water up.  But water is not pushed up a stem.  It is pulled through the transpiration-cohesion-tension mechanism.  Transpiration occurs as water moves from the air spaces within the leaf out a stomate.  This occurs because the air within the leaf has a greater Ψ than the air surrounding the leaf.  Mesophyll cells have a greater Ψ than the airspace within the spongy mesophyll.  As the mesophyll cells lose water a negative pressure or tension builds within the cells and their Ψ lowers.  The tension and low Ψ draws water from the xylem cells within the veins of the roots which have a higher Ψ.  Adhesion also plays a role in the movement of water in a plant.  Water molecules are polar and form hydrogen bonds between each other.  As water is pulled from the xylem into the leaf, an unbroken chain of water molecules are pulled up the xylem.  The water molecule will also hydrogen bond to the narrow xylem tube (cohesion) to prevent gravitational pull from pushing them back down to the ground.  (Note:  you could probably include a discussion of stomatal opening and closing if time allowed and it would go something like this)  Guard cells flank stomata and control stomatal diameter by changing shape.  When turgid, guard cells buckle due to microfibrils.  This causes the stomate to open. When flaccid, guard cells sag and close stomate  Change in turgor pressure is accomplished by the uptake of potassium ions. Uptake of potassium lowers water potential causing water to enter.  Closing occurs when potassium ions leave 
85.  How do flowering plants reproduce and develop?
Pollination is the transfer of pollen from the anther to the stigma by animals, wind or water. When the pollen lands on the stigma, the tube cell starts to form a tube down to the ovule.  The generative cell divides and forms two sperm which go down the pollen tube.  One sperm fertilizes the egg forming a zygote while the other sperm fertilizes the polar nuclei forming the endosperm (nutritive tissue) The outer tissue of the ovule hardens forming the seed coat containing the endosperm and the zygote which will undergo mitosis until it forms the embryo.  The ovary swells and becomes the fruit while the reproductive structures wither and fall off.  The function of the fruit is to aid in dispersal of the seed by wind, water, air or animal.  Once the seed is dispersed it must undergo a period of vernalization which prevents premature germination.  Germination is a process in which the seed starts to grow after a period of dormancy.  Moisture and warmth are two factors which start the process.  Moisture allows enzymes within the embryo to hydrate and assume their correct conformation and warmth increases kinetic energy allow more enzyme/substrate collision.  The embryo will grow, consuming stored carbohydrate until its first leaves are above ground and begin photosynthesis.
86.  What is the adaptive significance of alternation of generations in the major groups of plants?
Teachers Note:  When I read this question, it makes me wonder whether they want me to discuss the alternation of generation in each major plant group.  Then I remember that I only have 22 minute and I realize that the grading rubric will be designed to talk about all plants.

Answer:  the life cycle of all land plants alternate between two different multicellular bodies, with each generation producing the other.  A diploid multicellular organism called a sporophyte carries out meiosis and produces haploid organisms called gametophytes.  Gametophytes produce haploid gametes through mitosis that combine through fertilization and produce a diploid sporophyte.  The adaptive significance of alternating generations is that fact that it exploits the advantages of both sexual and asexual reproduction.  Sporophyte produce haploid spores which do not require fertilization yet they shuffle maternal and paternal chromosomes and genes.  Gametophytes produce gamete which must unite, but in doing so, variation is again introduced.

87.  What are the responses of plant to environmental cues, and how do hormones mediate them?  
In a forest or other natural setting where plant crowding can occur, it is of vital importance that a plant is able to grow towards light.  The movement of plants to light is called phototropism and it is triggered by the hormone called IAA (indoleacetid acid).   Hormones are compounds produced in one part of the body that are then transported to another part of the body and trigger a response.  The shoot of a grass seedling is enclosed in a sheath called the coleoptile.  The coleoptile distributes IAA in greater quantity to cells on the dark side of the shoot.  IAA stimulates cell elongation in plant cells.  Therefore, the cells on the dark side of the plant receive more IAA and elongate.  This results in the grass plant bending towards light.

88.  How does the organization of cells, tissues and organs determine the structure and function in animal systems? 
Teachers Note:  Once again, a lot of ways to go.  Stick with the systems you know best 

The function of the digestive system is to take food (polymers of carbohydrate, protein, lipid and nucleic acid) and convert them to monomers which can be readily transported across the digestive track to the blood for distribution and storage.  The mucosa of the stomach is a mosaic of cuboidal epithelia with goblet cell, chief cells and parietal cells.  The goblet cell secrete mucus which lubricates and protects the cells lining the stomach.  Chief cells secrete pepsinogen, an inactive precoursor of the enzyme pepsin. 

Parietal cells secrete hydrochloric acid.  Once in the lumen of the stomach, the low pH caused by HCl, converts pepsinogen to pepsin which begins to hydrolyze protein.  Underneath the mucosa is the submucosa which is rich in blood vessels.  Compounds like water and alcohol, which do not require digestion, are absorbed directly into the blood vessels in the submucosa.  Under the submucosa is the musculara made of smooth muscle tissue.  Stimulated by the hormone gastrin or food entering the stomach, the musculara contracts mixing the contents of the stomach and forming a soupy material called chyme.  Chyme is released through the pyloric sphincter into the small intestine.  Therefore, specific cells and tissue of the stomach aid in production of chyme and the beginning of protein digestion.

89.  How are structure and function related in various organ systems?   
The function of the circulatory system is to transport food and oxygen to every cell of the body and remove carbon dioxide and nitrogenous wastes.  The circulatory system is composed of blood, blood vessels and a heart to pump the blood.  The blood is composed of plasma and red blood cells which contain hemoglobin and carbonic anhydrase.  Hemoglobin can bond reversible with oxygen and therefore enables the transport of oxygen.  Carbonic anhydrase convert carbonic acid (which is formed when cabon dioxide and water mix) into bicarbonate and hydrogen ions.  These products are very soluble in plasma.  The heart contains four chambers which separates the oxygen and deoxygenated blood.  Valves within the heart prevent backflow of blood.  Arteries leading away from the heart have thick layers of muscle tissue which allow them to withstand the higher blood pressure in veins.  The muscle tissue can also contract to increase pressure to fight the gravitational pull of blood to the ground when standing up.  The arteries lead to arteriole which eventually end in capillaries beds in all the tissues of the body.  The capillary beds have sphincter muscles to direct the flow of blood.  The capillaries are one cell thick which facilitates the diffusion of CO2 and O2.  On the venus side of the circulatory system, veins contain valves which prevent the backflow of blood and aid circulation.  
91.  What are the responses of animals to environmental clues and how do hormones mediate them.

When a stressful situation occurs, the adrenal medulla located on top of the kidneys will release adrenaline (epinephrine).  Adrenaline is a powerful hormone that affects most of the body’s systems.  They cause the liver cells and skeletal muscle cells to breakdown glycogen.  The liver releases glucose into the blood.   Fat cells release fatty acids to be used as fuel.  In the circulatory system, heart rate and stroke volume is increased.  Capillary bed in the digestive system, skin and kidneys are closed while beds within skeletal muscle, heart and brain are opened.  In the lungs bronchioles are dilated to facilitate oxygen delivery to body cells.  All of these reactions give the body a rapid bioenergetic boost to help it meet the stress.      

92)  What are the major biomes in the biosphere?

The major terrestrial biomes in the biosphere are tropical forests, deserts, savannas,  grasslands, coniferous (boreal) forests, deciduous forests, and tundra’s.
93) What factors differentiate between the biomes?
Tropical rain forests have hot temperatures and abundant rain fall.  Plant growth is lush and there is a tremendous amount of biodiversity.

Deserts are noted for there lack of rainfall and large swings in temperature.  Many animals are nocturnal and plants have developed methods of retaining water.  (Thick cuticles, shallow root systems, C4 pathways, CAM plants, reduced leaves, no leaves or only producing flowers and leaves after rainfall. 

Savannas are characterized by their two seasons.  A wet season where plant growth is lush and a dry season with little or no plant growth .  Plains animals such as giraffes, gazelles and lions are plentiful.

Grasslands are noted for reduced rainfall.  The are usually found on the leeward side of mountain ranges.  Hot summers and cold winters are common.  Top soil erosion is a problem.  Grasses and range animals are plentiful.  Grasslands are important for wheat production.

Coniferous (Boreal) forest or taiga is a biome with many evergreens.  Spruce, pine and fir are abundant.  Long cold snowy winters and short summers are common. Elk, deer, moose, bears, and wolves as well as many birds are common animals in the coniferous forest.

Deciduous forest, as the name implies is characterized by many Deciduous trees.  Maples, beech, elm, oaks and hickory are common.  Hot summers and cold winters are usual.  Animal life is widely varied. 
Tundra has long, bitter cold winter and a short summer growing season.  The ground a meter down is frozen year round (permafrost).  Vegetation grows close to the ground (mosses, lichens and grasses are common.  Polar bears, musk ox, reindeer, caribou and rodents are common.   
94) What models are useful in describing the growth of a population?

J-curve populations have a high biotic potential.  J-curve species have a lag phase followed by and exponential growth phase.  The population will then overshoot the carrying capacity of the ecosystem by a large amount resulting in a huge population crash.
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 S-curve species have a lower biotic potential.  S-curve species have a lag phase followed by and exponential growth phase, but because of their lower biotic potential, they do not overshoot the carrying capacity by a large margin and their population size will stabilize around the carrying capacity of the ecosystem 
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95) How is population size regulated by biotic and abiotic factors?

Biotic factors such as the population sizes of predators and prey affect one another.  The number of producers will determine the number of primary consumers (herbivores), secondary consumers (carnivores) and tertiary consumers (top carnivores).  Organisms such as insect pollinators will affect plant population.  The number and kind of decomposers will also affect plant populations

Abiotic factors such as temperature, soil nutrient, rainfall amount, light intensity, stress, waste accumulation determine the size and the biodiversity of the community.       

96) Describe how some populations can interact? (i.e. Mutualism, commensalisms, parasitism, predation, competition)
Populations interact through mutualism, commensalisms, parasitism, predation, or competition. Mutualism is an interspecific interaction that benefits both species, (ant and acacia trees). Commensalism is an interaction between species that benefits one of the species but neither harms nor helps the other, (remora and a shark).  Parasitism is a symbiotic interaction in which one organism, the parasite, derives its nourishment from another organism, its host, which is harmed in the process, (Mosquito and human). Predation is an interaction between species in which one species, the predator, kills and eats the other, the prey, (Fox and rabbit).  Competition is when species compete for a particular resource that is in short supply. (bears competing for denning space)       

97) What are the major stages of succession?

There are three major stages of succession. They are pioneer ( mosses, grasses, weeds, bacteria & fungi with low nutrient need) which add humus and build soil, seral, ( these are the intermediate species like bushes and shrubs), and climax, (the relatively stable community that regenerates itself. ie a deciduous forest ).  

98) How is energy flow through the ecosystem related to the trophic structure?
Energy enters the ecosystem as solar radiation.  Producers (photosynthetic autotrophs) convert light energy to chemical energy in the process of photosynthesis.  Herbivores then consume the plants and carnivores consume the herbivores for energy.  This pathway of energy though the ecosystem is called a food chain.  Only 10% of available energy is passed to the next trophic level.  (See diagram below)
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However, in nature, many food chains interconnect forming a food web (see below)


[image: image11] 
100)  How do elements (i.e. Carbon, Nitrogen, Phosphorus, and Oxygen) cycles through ecosystems?
Carbon cycle, Burning of fossil fuels, wood, cellular respiration, and decomposition puts C02 in the atmosphere. Photosynthesis by plants brings the C02 out of the atmosphere. Oxygen Cycle, animals take in oxygen from the atmosphere exhale CO2 back into the atmosphere and primary consumers use the CO2 for respiration and oxygen is the product of their respiration and is put back into the atmosphere through the process of transpiration
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Nitrogen cycle, nitrogen  occurs with the help of nitrogen fixing bacteria, plants use the nitrogen to grow herbivores eat the plants, humans eat the herbivores, animals urinate and nitrogen is put back into the ecosystem.
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Phosphorus cycle, weathering of rocks gradually adds phosphate to soil, some gets into groundwater and surface water and may reach the sea, producers and incorporated into biological molecules may be eaten by consumers and distributed through the food web. The phosphorus is then returned to soil or water through either decomposition of biomass or excretion by consumers, and the process continues.
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101)  How do organisms affect the cycling of elements and water through the biosphere?
Plants and animals take in water.  Water move back into the environment through transpiration in plants and through urination in animals.   In addition, the biotic community is constantly exchanging elements with the abiotic environment through cycling.  Examine previous diagrams for specific examples. 

102)  In which ways are humans affecting biogeochemical cycles?

Humans divert water for irrigation and cities and build dams for the generation of hydroelectric power.  Humans burn fossil fuels putting excess amounts of CO2 into the atmosphere, and causing global warming.  Humans mine and remove phosphates to produce fertilizers and then use the fertilizers in different ecosystems.  Many humans farm an remove nutrients from the soil and never replace the nutrient triggering soil depletion.   
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