KNOWLEDGE SURVEY/STUDY GUIDE 
Fall 2009
This is a knowledge survey rather than a test. It is a learning aid for you and an assessment tool for your instructor and possibly for outside reviewers. The results from this are NOT part of your graded work. In a knowledge survey, you don't actually answer the questions or solve the problems provided, but you instead evaluate the degree to which you have present knowledge to answer a question or address an item. 
You MUST complete the Knowledge Survey using Moodle. However, you can read through the paper version and mark your answers ahead of time. Then return to the Moodle course, open the actual Knowledge Survey, and fill in your answers. Regardless of how you complete the Knowledge Survey, you will read each question and then indicate with either an A, a B, or a C in accord with the following instructions: 
· Mark an "A" as response to the question if you feel confident that you could answer the question completely for test purposes. 
· Mark a "B" as response to the question if you can truly answer at least 50% of it or know precisely where you could quickly (30 minutes or less) get the information. 
· Mark a "C" as response to the question if you don't know the answer or are not confident you could find the information to answer it completely. 
Keep these questions and use them as a study guide for the exams this semester. They are also a good way to monitor your increasing mastery of the material through the semester. This survey will be given again the last week of the semester. The questions are broken down by chapter. 
Chapter 1, Themes in the study of life
1. What are seven unifying themes in biology? 
2. What are the two main points Darwin made in The Origin of Species?

3. Explain the theory of natural selection.

4. Describe the steps of hypothesis-based science. 
5. In a scientific experiment, what is a control? 
6. What is the difference between a theory and a hypothesis? 
7. Formulate a hypothesis and design an experiment to test that hypothesis. 
Chapter 2, The chemical context of life
8. How do elements and compounds differ? Give an example of each.

9. What are the characteristics of the particles that compose atoms? 
10. What is the difference between atomic mass and atomic number? 
11. What are isotopes and radioisotopes? 
12. What are orbitals? 
13. How many electrons can inhabit an orbital? 
14. Why do electrons have potential energy? 
15. What are energy levels and what is the valence energy level? 
16. What is the octet rule? 
17. Describe an example of using the potential energy of electrons to do work. 
18. What are the characteristics of ionic and covalent bonds? 
19. What kinds of covalent bonds can form, and how do they form? 
20. How do hydrogen bonds form? 
Chapter 3, Water and the fitness of the environment

21. Describe the structure of water. 
22. What are the properties of water that are due to its ability to form hydrogen bonds? 
23. Distinguish between cohesion, adhesion, and surface tension.

24. Explain how evaporative cooling works.

25. Define solution, solvent, and solute. Give an example. 

26. Understand the ionization properties of water and pH.
27. What is a buffer, and how does a buffer work?

Chapter 4, Carbon and the molecular diversity of life
 28. Describe Miller’s 1953 experiment, its results, and their significance.
29. Explain how carbon’s electron configuration determines the kinds and number of bonds it can form.

30. Define isomer and give an example.

31. Define functional group and give an example.

Chapter 5, The structure and function of large biological molecules

32. Define monomer and polymer, and give examples.

33. Be able to describe dehydration synthesis and hydrolysis. 
34. What is the basic structure of a sugar? 
35. How are disaccharides and polysaccharides made? 
36. Describe the structure of amylose. 
37. What is the function of amylose? 
38. How is the structure of amylopectin different than amylose? 
39. What is the storage form of sugar in animals called? 
40. Compare the structure of glycogen to that of amylopectin. 
41. What is the structure of cellulose? 
42. Why is cellulose a good structural molecule? 
43. How is the structure of chitin different than cellulose? 
44. What structures are made of chitin? 
45. What is the structure of a fatty acid? 
46. What is the structure of triacylglycerol? 
47. Compare the structure of a phospholipid to that of a triacylglycerol. 
48. Why is the polar head group of a phospholipid attracted to water, while the fatty acid tails are not? 
49. Compare and contrast saturated and unsaturated fats.

50. Describe the structure of cholesterol. 
51. Why is cholesterol classified as a lipid? 
52. What is an enzyme?
53. What is the basic structure of amino acids? 
54. What are the different functional properties of amino acid R groups? 
55. How is a peptide bond formed? 
56. What are six major functions of proteins? 
53. In your own words, define the four levels of protein structure. 
54. Describe the patterns of hydrogen bonding that make the structure of an a helix different than a ß sheet. 
55. What happens during denaturation of a protein?

56. What are the functions of chaperone proteins? 
57. What is the basic structure of a nucleic acid? 
58. What are the differences between DNA and RNA? 
59. What is the structure of the double helix? 
60. Why is DNA called a double helix? 
Chapter 6, a tour of the cell

61. How does a light microscope differ from an electron microscope?

62. What are the structures that are common to all cells? 
63. Why aren't cells larger? 
64. What are the characteristics of prokaryotic cells? 
65. How are eukaryotic cells different than prokaryotic cells? 
66. Describe the structure of the nucleus including the nuclear envelope and chromosomes. 
67. What are the components of the endomembrane system, and what are the functions of each component? 
68. How are the endomembrane components related to each other? 
69. Describe the structures and functions of mitochondria, chloroplasts and centrioles. 
70. Compare and contrast plant and animal cells.

71. Describe the components of the cytoskeleton and their functions. 
73. Describe the structure of the plant cell wall. 
74. Compare the structures of flagella and cilia. 
Chapter 7, Membrane structure and function

75. Explain how all the cell membrane components fit together in the membrane. 
76. What factors control the degree of fluidity of a lipid bilayer? 
77. Explain what is meant by the fluid mosaic model of membranes.
78. What are 6 possible functions for transmembrane proteins? 
79. What molecular properties will affect how they cross a biological membrane?
80. Define diffusion and use an example. 
81. Define osmosis and use an example.

82. Explain plasmolysis using the terms hypotonic and hypertonic.
83. What is the definition of active transport? 
84. Describe how a sodium-potassium pump works. 
85. Define electrochemical gradient.

86. Define cotransport and give an example.

87. How is receptor-mediated endocytosis different than bulk passage endocytosis? 
88. What is exocytosis? 
Chapter 8, an introduction to Metabolism
89. What is the definition of metabolism? 
90. How do biochemical pathways work? 
91. How are anabolic and catabolic pathways different?

92. What is the difference between potential and kinetic energy? 
93. What is the First Law of Thermodynamics? 
94. Describe one thing about your life that would be different if the first law of thermodynamics was not true. 
95. What is the Second Law of Thermodynamics? 
96. What is the mathematical definition of free energy (G)? Explain all the terms in this equation. 
97. Changes in free energy occur when chemical reactions take place. How do you determine how much the free energy changes? 
98. Why is it important to know the free energy change for a particular chemical reaction? 
99. What are endergonic and exergonic reactions?

100. What is the structure of ATP? 
101. Why are the phosphates the key part of the ATP molecule in regards to energy storage? 
102. What is the chemical reaction that cleaves ATP? 
103. What are the products of the cleavage of ATP? 
104. What are enzymes, and why do cells need them? 
105. What is activation energy, and why is it important for biological systems? 
106. How do temperature and pH influence the structure and functions of enzymes? 
107. What is the difference between a competitive and a noncompetitive enzyme inhibitor? 
108. What does it mean to say that an enzyme has different conformations? 
109. What is an active site? 
110. What is a substrate? 
111. How do substrates bind to the active sites of enzymes? 
112. What role do conformational changes play in reaction mechanisms? 
113. What is allosteric regulation?

Chapter 9, cellular respiration:  Harvesting chemical  Energy

114. What is the ultimate source of energy for biological systems and how is it made available for life on earth? 
115. What are the two basic metabolic processes and which one releases energy from the food we eat? 
116. Write the chemical equation for cellular respiration.
117. Write the equation for any biological oxidation-reduction reaction. Explain which molecule is oxidized, which is reduced and which gains energy. 
118. What is an electron transport chain?

119. What is the role of NAD+?

120. What are the three stages of cellular respiration?

121. Describe how ATP is made by substrate level phosphorylation. 
122. How much energy is invested in the investment stage of glycolysis?
123. How much energy is yielded in the energy payoff stage of glycolysis?

124. What is the end product of glycolysis? 
125. Where in the cell do the reactions of glycolysis take place? 
126. What happens to pyruvate before it enters the citric acid cycle?

127. What are the three things that happen during the oxidation of pyruvate, and which one of these is an energy releasing step? 
128. Where in the cell does pyruvate oxidation take place? 
129. What does it mean that the citric acid cycle is a cyclic pathway? 
130. What molecule is necessary for the citric acid cycle to begin? 
131. Where in the cell does the citric acid cycle take place? 
132. How much ATP, NADH, FADH2 and CO2 are produced per Acetyl CoA? Per glucose entering glycolysis?

133. At the end of the citric acid cycle, what has happened to the carbon atoms from the original glucose molecule? 
134. At the end of the citric acid cycle, what has happened to the energy in the glucose molecule? 
135. How is the energy in NADH released, and why is it harvested in steps, rather than all at once? 
136. What is oxidative phosphorylation?

137. Explain chemiosmosis, using labeled diagrams.

138. What is a proton-motive force?

139. Where is the electron transport chain located? 
140. What molecule is the final electron acceptor, and what product is produced when it accepts electrons? 
141. How is the H+ gradient used to synthesize ATP? 
142. Which stage of glucose catabolism is the major energy producer? 
143. Compare fermentation and aerobic respiration.
Chapter 10, Photosynthesis

144. Define autotrophs and heterotrophs.

145. Diagram and describe a chloroplast. 
146. What is the source of energy for photosynthesis? 
147. Write a basic, balanced equation for photosynthesis.

148. Describe the electromagnetic spectrum.

149. What is an absorption spectrum? An action spectrum? How are they related?

150. What are the components in a photosystem? 
151. Where are H+ ions pumped out of the stroma and into the thylakoid space? 
152. Do the same electrons that traveled through photosystem II also travel through photosystem I? 
153. Where is NADPH synthesized? 
154. Where do the chlorophyll molecules in photosystem II get electrons to replace the electrons that are transferred during photosynthesis? 
155. Why do photosynthetic organisms release oxygen gas? 
156. How is ATP synthesized in chloroplasts? 
157. What is the Z scheme?

158. Compare and contrast cyclic and non-cyclic photophosphorylation.

159. Where do the light dependent reactions take place? 
160. Describe the carbon fixation reaction. 
161. Why do the light independent reactions need ATP and NADPH? 
162. How do plants make glucose from glyceraldehyde 3-phosphate? 
163. What is photorespiration? Why is it a problem?

164. What is rubisco?

165. Explain how C4 and CAM are improvements on C3 carbon fixation.
Chapter 12, the Cell cycle

166. What is a genome?

167. How do gametes and somatic cells differ?

168. What is chromatin?

169. Draw and label a duplicated chromosome, include the sister chromatids and centromere.

170. Compare and contrast mitosis and cytokinesis

171. What is the difference between a haploid cell and a diploid cell? 
172. What is the difference between homologous chromosomes and sister chromatids? 
173. How are sister chromatids held together? 
174. Draw and label the cell cycle. Describe what happens in each phase.

175. Draw and label each stage of mitosis.  Describe what happens in each stage.

176. What is the mitotic spindle composed of, and what is its function? 
177. What are kinetochores? 
178. Describe the movement of the chromosomes through the stages of mitosis. 
179. Do prokaryotes undergo mitosis? 
180. Describe the replication of the prokaryotic chromosome.

181. Describe the evolution of the mitosis.

182. How is the cell cycle regulated?

183. What are cyclins and cyclin-dependent kinases?

184. What is MPF and how does it relate to the cell cycle?

185. Explain some internal and external signals at checkpoints in the cell cycle.

186. Explain what happens with cancer cells in light of the cell cycle.
Chapter 13, Meiosis and sexual life cycles

187. What are gametes, and what is their chromosome number (ploidy)? 
188. What is a gene?

189. What is a locus?

190. Compare and contrast asexual vs. sexual reproduction.

191. What is the difference between somatic cells and germ line cells? 
192. What is a karyotype? How can it be used?

193. What is the difference between autosomes and sex chromosomes?

194. How do haploid and diploid cells differ?

195. What is fertilization?

196. Describe a zygote. What is its ploidy?

197. Define meiosis.

197. Draw and label the three main sexual life cycles.

198. Compare and contrast gametophytes and sporophytes.

199. Draw and explain the stage of meiosis.

200. Compare and contrast mitosis and meiosis.

201. Describe the formation of the synaptonemal complex. 
202. At which stage of meiosis does synapsis occur? 
203. Describe the process of crossing over. 
204. When can crossing over result in new combinations of genetic information? 
205. What is a chiasma, and what is its function during meiosis? 
206. At what stage of meiosis does the reduction in chromosome number occur? 
207. Describe the movement of the chromosomes during meiosis. 
208. What is independent assortment, and why does it generate so much diversity among offspring of sexually reproducing organisms? 
209. What is random fertilization? 
210. Why does random fertilization increase the amount of diversity produced by independent assortment? 
211. What is the contribution of crossing over to the generation of diversity? 
212. What is the significance of genetic diversity? 
Chapter 14, mendel and the gene idea

213. What is blending inheritance, and why is it a problem for evolution?

214. Describe 4 reasons why garden peas were an excellent experimental organism for Gregor Mendel. 
215. Describe the technique by which Mendel carried out self-fertilization and cross-fertilization experiments. 
216. How are F1 generation individuals produced? 
217. What are the definitions of dominant and recessive traits? 
218. Compare and contrast genotype and phenotype. Use an example.
219. How do the genotypes compare to the phenotypes of F1 individuals? 
220. How are F2 generation individuals produced? 
221. Compare the phenotypic ratio and genotypic ratio of the F2 individuals. 
222. What is an allele? 
223. What does it mean for an individual to be homozygous or heterozygous for an allele? 
224. Describe the 4 points of Mendel's model of heredity. 
225. Be able to use a Punnett square to predict the genotypes and phenotypes of a monohybrid cross. 
226. What is the definition of Mendel's 1st law of heredity, the Law of Segregation? 
227. Why do the predictions made by Punnett squares depicting monohybrid crosses demonstrate the Law of Segregation? 
228. What is the difference between a monohybrid and a dihybrid cross? 
229. What is a test cross? Give an example.

230. What is the genotype of a true-breeding pea plant that has round, yellow seeds? 
231. Predict the possible gamete combinations for any dihybrid cross of your choice. 
232. Use a Punnett square to predict the genotypes and phenotypes of the offspring of your dihybrid cross. 
233. What is the definition of Mendel's 2nd law of heredity, the Law of Independent Assortment? 
234. Why do the predictions made by Punnett square analysis of dihybrid crosses demonstrate the Law of Independent Assortment? 
235. Show how to use the rules of probability to solve complex genetic problems with three or more characters.

236. Compare and contrast complete dominance, incomplete dominance and codominance. Use examples.

237. Define pleiotropy. Explain an example.

238. Define epistasis. Explain an example.

239. Explain polygenic inheritance and quantitative characters.

240. Explain what is meant by P = G X E.

241. Use pedigree analysis to solve inheritance problems.

242. Compare and contrast recessively and dominantly inherited genetic disorders. Use examples.

243. Describe fetal testing for genetic disorders.

Chapter 15, The chromosomal basis of inheritance

244. Explain the chromosomal basis of Mendel’s laws.

245. Why do fruit flies make ideal model organisms for genetic research?
246. Compare and contrast wild type traits with mutant phenotypes.

247. Explain the chromosomal basis of sex.

248. What is a sex-linked gene?

249. Explain X inactivation in females.

250. What is linkage?

251. What is genetic recombination?
252. Explain how the frequency of parental types and recombinants can be used to create linkage maps.

253. What is nondisjunction? Explain how it leads to abnormal chromosome number using a diagram.

254. Define polyploidy and explain how it may arise.

255. Explain deletions, duplications, inversions, and translocation.

256. What is genomic imprinting and why is it an exception to the standard chromosome theory.

257. Explain how the inheritance of organelles is an exception to the standard chromosome theory. 

Chapter 16, the molecular basis of inheritance
258. How many chromosomes are in a normal human somatic cell? A gamete?

259. Describe Frederick Griffith’s experiment and its significance.

260. Describe the Chase/Hershey experiment and it s significance.

261. What is transformation?

262. Explain Chargaff’s rules and their significance.

263. What are the components of a nucleotide? Draw one. 

264. What are the base-pairing rules? 
265. How do purines and pyrimidines differ?

266. Why are the bases held in the middle of the DNA structure?

267. Explain the semiconservative model of DNA replication

268. What are the chemical differences between DNA and RNA? 
269. How is a phosphodiester bond made? 
270. Why is it important that the pH of the different compartments of a human body remain constant? 
271. Why does the cell need two different kinds of nucleic acids? 

272. Describe the structure of a double helix. 
273. How are the two nucleic acid strands held together? 
274. What are the orientations of the two nucleic acid strands in the double helix? 
275. What enzymes are required for replication of DNA, and what are the functions for each of these enzymes? 
276. Describe the order in which these enzymes must function in order for a DNA molecule to be replicated. 
277. Why is the leading strand replicated continuously, but the lagging strand is not? 
278. What are Okazaki fragments?
279. What are telomeres? What do they do?

280. What is a replication bubble, and why are there so many of them on a chromosome? 
281. What is the twisting problem during replication, and how is it solved? 
282. How is DNA packaged into chromosomes?

Chapter 17, From Gene to protein

283. What is meant by gene expression?

284. Explain Beadle and Tatum’s “one gene – one enzyme” hypothesis.

285. What is the central dogma of gene expression? 
286. Compare and contrast transcription and translation.

287. What enzyme carries out transcription? 
288. What is the mechansim for transcription of RNA? 
289. What is the difference between the template strand and the coding strand of DNA? 
290. What is a promoter site, and what sequences are found in promoter sites? 
291. What happens during the initiation, elongation and termination stages of transcription? 
292. What posttranscriptional modifications are made to the RNA molecule after transcription, and what are the purposes of those modifications? 
293. What is the triplet genetic code? 
294. If there are only 20 amino acids, why do cells use 64 codons? 
295. What are the three kinds of RNA molecules, and what are their functions? 
296. Explain what happens during the initiation, elongation and termination stages of translation. 
297. What are introns and exons, and where are they found on chromosomes? 
298. What are snRNPs and spliceosomes, and how do they function to remove introns? 
299. Describe the structure and function of ribosomes.

300. Why do genes have introns and exons? 

301. What is the definition of a mutation? 
302. What are the consequences of mutations in somatic cells versus germ line cells? 
303. What are base substitutions, and how are they caused? 
304. What are some potential consequences of base substitutions? 
