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Biophys. Biomol. Struct. 33:119-140.

Li, R., Sirawaraporn, R., Chitnumsub, R, Sirawaraporn.W., Wooden I 
Athappilly, F., Turley, S., and Hol, W . G . 2000. Three-dimensional 
structure of M. tuberculosis dihydrofolate reductase reveals oppor­
tunities for the design of novel tuberculosis drugs. J. Mol. Biol 
295:307-323.

Liang, P. H., and Anderson, K. S. 1998. Substrate channeling and 
domain-domain interactions in bifunctional thymidylate synthase- 
dihydrofolate reductase. Biochemistry 37:12195-12205.

Miller, G. R, and Benkovic, S. J. 1998. Stretching exercises: Flexibility 
in dihydrofolate reductase catalysis. Chem. Biol. 5:R105-Rll3.

Carreras, C. W., and Santi, D. V. 1995. The catalytic mechanism 
and structure of thymidylate synthase. Annu. Rev. Biochem. 
64:721-762.

Defects in Nucleotide Biosynthesis
Grunebaum, E., Cohen, A., and Roifman, C. M. 2013. Recent advances 

in understanding and managing adenosine deaminase and purine 
nucleoside phosphorylase deficiencies. Curr. Opin. Allergy Clin. 
Immunol. 13:630-638.

Fu, R., and Jinnah, H. A. 2012. Genotype-phenotype correlations in 
Lesch-Nyhan Disease: Moving beyond the gene. J. Biol. Chem. 
287:2997-3008.

Richette, P. and Bardin, T. 2010. Gout. Lancet 375:318-328.
Aiuti, A., Cattaneo, F., Galimberti, S., Benninghoff, U., Cassani, B., 

Callegaro, L., Scaramuzza, S., Andolfi, G., Mirolo, M., Brigida, L, 
et al. 2009. Gene therapy for immunodeficiency due to adenosine 
deaminase deficiency. New Engl. J. Med. 360:447-458.

Jurecka, A. 2009. Inborn errors of purine and pyrimidine metabolism./. 
Inherit. Metab. Dis. 32:247-263.

Nyhan, W. L., Barshop, B. A., and Ozand, P. T. 2005. Atlas of 
Metabolic Diseases. (2d ed., pp. 429-462). Hodder Arnold.

Scriver, C. R., Sly, W. S., Childs, B., Beaudet, A. L., Valle, D., 
Kinzler, K. W., and Vogelstein, В. (Eds.). 2001. The Metabolic and 
Molecular Bases of Inherited Diseases (8th ed., pp. 2513-2704). 
McGraw-Hill.

Nyhan, W. L. 1997. The recognition of Lesch-Nyhan syndrome as an 
inborn error of purine metabolism. J. Inherited Metab. Dis. 
20:171-178.

Wong, D. E, Harris, J. C., Naidu, S., Yokoi, F., Marenco, S., Dannals, 
R. F., Ravert, H. T., Yaster, M., Evans, A., Rousset, O., et al. 1996. 
Dopamine transporters are markedly reduced in Lesch-Nyhan 
disease in vivo. Proc. Natl. Acad. Sci. U.S.A. 93:5539-5543.

Neychev, V. K., and Mitev, V. I. 2004. The biochemical basis of the 
neurobehavioral abnormalities in the Lesch-Nyhan syndrome: 
A hypothesis. Med. Hypotheses 63:131-134.

Chapter 26
Where to Start
Vickers, К. C., and Remaley, A. T. 2014. HDL and cholesterol: Life 

after the divorce? J. Lipid Res. 55:4-12.
Lambert, G., Sjouke, B., Choque, B., Kastelein, J. J. R, and Hovingh, 

G. K. 2012. The PCSK9 decade. ]. Lipid Res. 53:2515-2524.
Brown, M. S., and Goldstein, J. L. 2009. Cholesterol feedback. 

From Schoenheimer s bottle to Scap’s MELADL. J. Lipid Res- 
50:815-827.

Gimpl, G., Burger, K., and Fahrenholz, F. 2002. A closer look at the 
cholesterol sensor. Trends Biochem. Sci. 27:595-599.



B29

Oram, J. F. 2002. Molecular basis of cholesterol homeostasis: Lessons 
from Tangier disease and ABCAl. Trends Mol. Med. 8:168-173. 

Endo, A. 1992. The discovery and development of HMG-CoA reduc­
, tase inhibitors. J. Lipid Res. 33:1569-1582.

Books
Vance, J. E., and Vance, D. E. (Eds.). 2008. Biochemistry of Lipids, 

Lipoproteins and Membranes. Elsevier.
Nyhan, W. L., Barshop, B. A., and Al-Aqeel, A. I. 2011. Atlas of 
I Metabolic Diseases. (3d ed., pp. 659-780). Hodder Arnold.

Scriver, C. R., Sly, W. S., Childs, B., Beaudet, A. L., Valle, D., Kinzler, 
K. W., and Vogelstein, В. (Eds.). 2001. The Metabolic and Molecular 
Bases of Inherited Diseases (8th ed., pp. 2707-2960). McGraw-Hill.

Phospholipids and Sphingolipids
Lee, J., Taneva, S. G., Holland, B. W., Tieleman, D. P., and 

Cornell, R. B. 2014. Structural basis for autoinhibition of CTP: 
phosphocholine cytidylyltransferase (CCT), the regulatory enzyme 
in phosphatidylcholine synthesis, by its membrane-binding 
amphipathic helix./. Biol. Chem. 289:1742-1755.

Tang, W. H. W., Wang, Z., Levison, B. S., Koeth, R. A., Britt, E. B., 
Fu, F., Wu, Y., and Hazen, S. L. 2013. Intestinal microbial metabo­
lism of phosphatidylcholine and cardiovascular risk. New Engl. J. 
Med. 368:1575-1584.

Pascual, E , and Carman, G. M. 2013. Phosphatidate phosphatase, a 
key regulator of lipid homeostasis. Biochim. Biophys. Acta 
1831:514-522.

Bennett, B. J., de Aguiar Vallim, T. Q., Wang, Z., Shih, D. M., Meng, 
Y., Gregory, J., Allay ее, H., Lee, R., Graham, M., Crooke, R., et al. 
2013. Trimethylamine-N-oxide, a metabolite associated with 
atherosclerosis, exhibits complex genetic and dietary regulation. 
Cell Metab. 17:49-60.

Claypool, S. M., and Koehler С. M. 2012. The complexity of cardiolipin 
in health and disease. Trends Biochem. Sci. 37:32-41.

Carman, G. M., and Han, G.-S. 2009. Phosphatidic acid phosphatase, 
a key enzyme in the regulation of lipid synthesis. J. Biol. Chem. 
284:2593-2597.

Bartke, N.. and Hannun, Y. A. 2009. Bioactive sphingolipids: 
Metabolism and function./. Lipid Res. 50:891-896.

Lee, J., Johnson, J., Ding, Z., Paetzel, M., and Cornell, R. B. 2009. 
Crystal structure of a mammalian CTP: Phosphocholine cytidylyl­
transferase catalytic domain reveals novel active site residues within 
a highly conserved nucleotidyltransferase fold. J. Biol. Chem. 
284:33535-33548.

Nye, С. K., Hanson, R. W., and Kalhan, 8. C. 2008. Glyceroneogenesis 
is the dominant pathway for triglyceride glycerol synthesis in vivo 
in the rat./. Biol. Chem. 283:27565-27574.

Biosynthesis of Cholesterol and Steroids
Radhakrishnan, A., Goldstein, J. L., McDonald, J. G., and Brown, M. 8. 

2008. Switch-like control of SREBP-2 transport triggered by small 
changes in ER cholesterol: A delicate balance. Cell Metab. 
8:512-521.

DeBose-Boyd, R. A. 2008. Feedback regulation of cholesterol synthesis: 
Sterol-accelerated ubiquitination and degradation of HMG Co A 
reductase. Cell Res. 18:609-621.

Hampton, R. Y. 2002. Proteolysis and sterol regulation. Annu. Rev. Cell 
Dev. Biol. 18:345-378.

Kelley, R. I., and Herman, G. E. 2001. Inborn errors of sterol biosyn­
thesis. Annu. Rev. Genom. Hum. Genet. 2:299-341.

Istvan, E. 8., and Deisenhofer, J. 2001. Structural mechanism for statin 
inhibition of HMG-CoA reductase. Science 292:1160-1164.

Lipoproteins and Their Receptors
Gustafsen, C., Kjolby, M., Nyegaard, M., Mattheisen, M., Lundhede, J., 

Buttenschon, H., Mors, O., Bentzon, J. F , Madsen, P., Nykjaer, A.,

Selected Readings

et al. 2014. The hypercholesterolemia-risk gene SORTI facilitates 
PCSK9 secretion. Cell Metab. 19:310-318.

Rye, К -A., Bursill, C. A., Lambert, G., Tabet, E , and Barter, P. J. 2009. 
The metabolism and anti-atherogenic properties of HDL. ]. Lipid 
Res. 50:8195-8200.

Rader, D. J., Alexander, E. T , Weibel, G. L., Billheimer, J., and 
Rothblat, G. H. 2009. The role of reverse cholesterol transport in 
animals and humans and relationship to atherosclerosis. ]. Lipid 
Res. 50:8189-8194.

Tall, A. R., Yvan-Charvet, L., Terasaka, N., Pagler, T., and Wang, N. 
2008. HDL, ABC transporters, and cholesterol efflux: Implications 
for the treatment of atherosclerosis. Cell Metab. 7:365-375.

Jeon, H., and Blacklow, 8. C. 2005. Structure and physiologic function 
of the low-density lipoprotein receptor. Annu. Rev. Biochem. 
74:535-562.

Beglova, N., and Blacklow, 8. C. 2005. The LDL receptor: How acid 
pulls the trigger. Trends Biochem. Sci. 30:309-316.

Oxygen Activation and P450 Catalysis
Stiles, A. R., McDonald, J. G., Bauman, D. R., and Russell, D. W. 2009. 

CYP7B1: One cytochrome P450, two human genetic diseases, and 
multiple physiological functions./. Biol. Chem. 284:28485-28489. 

Zhou, S.-E, Liu, J .-Р., and Chowbay, B. 2009. Polymorphism of 
human cytochrome P450 enzymes and its clinical impact. Drug 
Metab. Rev. 4:89-295.

Williams, P. A., Cosme, J., Vinkovic, D. M., Ward, A., Angove, H. C., 
Day, P. J., Vonrhein, C., Tickle, I. J., and Jhoti, H. 2004. Crystal 
structure of human cytochrome P450 3A4 bound to metyrapone 
and progesterone. Science 305:683-686.

Chapter 27

Where to Start
Cahill, Jr. G. F. 2006. Fuel metabolism in starvation. Annu. Rev. Nutr. 

26:1-22.
Dunn, R. 2013. Everything you know about calories is wrong. Sci. Am. 

(3) 309:57-59.
Kenny, P. J. 2013. The food addiction. Sci. Am. (3) 309:44—49.
Taubes, G. 2013. Which one will make you fat? Sci. Am. (3) 309:60-65. 
Hardie, D. G. 2012. Organismal carbohydrate and lipid homeostasis. 

Cold Spring Harb. Perspect. Biol. 4:a006031.

Books
Kessler, D. A. 2010. The End of Overeating: Taking Control of the 

Insatiable American Appetite. Rodale.
Wrangham, R. 2009. Catching Fire: How Cooking Made Us Human. 

Basic Books.
Stipanuk, M. H. (Ed.). 2006. Biochemical, Physiological, & Molecular 

Aspects of Human Nutrition. Saunders-Elsevier.
Fell, D. 1997. Understanding the Control of Metabolism. Portland Press. 
Frayn, K. N. 1996. Metabolic Regulation: A  Human Perspective. 

Portland Press.
Poortmans, J. R. (Ed.). 2004. Principles of Exercise Biochemistry. 

Karger.
Harris, R. A., and Crabb, D. W. 2011. Metabolic interrelationships. In 

Textbook of Biochemistry with Clinical Correlations (pp. 839-882), 
edited by T. M. Devlin. Wiley-Liss.

Caloric Homeostasis
Woods, 8. C. 2009. The control of food intake: Behavioral versus 

molecular perspectives. Cell Metab. 9:489-498.
Figlewicz, D. P., and Benoit, 8. C. 2009. Insulin, leptin, and food 

reward: Update 2008. Am. J. Physiol. Integr. Comp. Physiol. 
296.R9-R19.



взо
SELECTED READINGS

Israel, D., and Chua, S. Jr. 2009. Leptin receptor modulation of adipos­
ity and fertility. Trends Endocrinol. Metab. 21:10-16.

Meyers, M. G., Cowley, M. A., and Münzberg, H. 2008. Mechanisms of 
leptin action and leptin resistance. Annu. Rev. Physiol. 70:537-556.

Sowers, J. R. 2008. Endocrine functions of adipose tissue: Focus on 
adiponectin. Clin. Cornerstone 9:32-38.

Brehma, B. J., and D ’Alessio, D. A. 2008. Benefits of high-protein 
weight loss diets: Enough evidence for practice? Curr. Opin. 
Endocrinol, Diabetes, Obesity 15:416-421.

Coll, A. R, Farooqi, I. S., and O ’Rahillt, S. O. 2007. The hormonal 
control of food intake. Cell 129:251-262.

Muoio, D. M., and Newgard, C. B. 2006. Obesity-related derange­
ments in metabolic regulation. Annu. Rev. Biochem. 75:367-401.

Diabetes Mellitus
Lee, J., and Ozean, U. 2014. Unfolded protein response signaling and 

metabolic diseases./. Biol. Chem. 289:1203-1211.
Yamauchi, T., and Kadowaki, T. 2013. Adiponectin receptor as a key 

player in healthy longevity and obesity-related diseases. Cell Metab. 
17:185-196.

Könner, A. C., and Brüning, J. C. 2012. Selective insulin and leptin 
resistance in metabolic disorders. Cell Metab. 16:144-152.

Zhang, B. B., Zhou, G., and Li, C. 2009. AMPK: An emerging drug tar­
get for diabetes and the metabolic syndrome. Cell Metab. 9:407-416.

Magkos, F., Yannakoulia, M., Chan, J. L., and Mantzoros, C. S. 2009. 
Management of the metabolic syndrome and type 2 diabetes 
through lifestyle modification. Annu. Rev. Nutr. 29:8.1-8.34.

Muoio, D. M., and Newgard, C. B. 2008. Molecular and metabolic 
mechanisms of insulin resistance and ß-cell failure in type 2 
diabetes. Nat. Rev. Mol. Cell. Biol. 9:193-205.

Leibiger, I. B., Leibiger, B., and Berggren, P.-O. 2008. Insulin signaling 
in the pancreatic ß-cell. Annu. Rev. Nutr. 28:233-251.

Doria, A., Patti, M. E., and Kahn, C. R. 2008. The emerging architec­
ture of type 2 diabetes. Cell Metab. 8:186-200.

Croker, B. A., Kiu, H., and Nicholson, S. E. 2008. SOGS regulation 
of the JAK/STAT signalling pathway. Semin. Cell Dev. Biol. 
19:414-422.

Eizirik, D. L., Cardozo, A. K., and Спор, M. 2008. The role of endo­
plasmic reticulum stress in diabetes mellitus. Endocrinol. Rev. 
29:42-61.

Howard, J. К., and Flier, J. S. 2006. Attenuation of leptin and insulin 
signaling by SOGS proteins. Trends Endocrinol. Metab. 9:365-371.

Lowel, В. B., and Shulman, G. 2005. Mitochondrial dysfunction and 
type 2 diabetes. Science 307:384-387.

Taylor, S. I. 2001. Diabetes mellitus. In The Metabolic Basis of Inherited 
Diseases (8th ed., pp. 1433-1469), edited by C. R. Scriver, W. S. Sly, 
B. Childs, A. L. Beaudet, D. Valle, K. W. Kinzler, and B. Vogelstein. 
McGraw-Hill.

Exercise Metabolism
Egan, B., and Zierath, J. R. 2013. Exercise metabolism and the molecu­

lar regulation of skeletal muscle adaptation. Cell Metab. 
17:162-184.

Hood, D. A. 2001. Contractile activity-induced mitochondrial biogen­
esis in skeletal muscle./. Appi. Physiol. 90:1137-1157.

Shulman, R. G., and Rothman, D. L. 2001. The “glycogen shunt” in 
exercising muscle: A role for glycogen in muscle energetics and 
fatigue. Proc. Natl. Acad. Sci. U.S.A. 98:457-461.

Gleason, T. 1996. Post-exercise lactate metabolism: A comparative review 
of sites, pathways, and regulation. Annu. Rev. Physiol. 58:556-581.

Holloszy, J. O., and Kohrt, W. M. 1996. Regulation of carbohydrate 
and fat metabolism during and after exercise. Annu. Rev. Nutr. 
16:121-138.

Hochachka, P. W., and McClelland, G. B. 1997. Cellular metabolic 
homeostasis during large-scale change in ATP turnover rates in 
muscles./. Exp. Biol. 200:381-386.

Horowitz, J. F , and Klein, S. 2000. Lipid metabolism during enduran 
exercise. Am. /. Clin. Nutr. 72:558S-563S.

Wagenmakers, A. J. 1999. Muscle amino acid metabolism at rest and 
during exercise. Diabetes Nutr. Metab. 12:316-322.

Metabolic Adaptations in Starvation
Baverei, G., Ferner, B., and Martin, M. 1995. Fuel selection by the 

kidney: Adaptation to starvation. Proc. Nutr. Soc. 54:197-212
MacDonald, I. A., and Webber, J. 1995. Feeding, fasting and Starvation- 

Factors affecting fuel utilization. Proc. Nutr. Soc. 54:267-274.
Cahill, G. F , Jr. 1976. Starvation in man. Clin. Endocrinol. Metab 

5:397-415.
Sugden, M . C., Holness, M . J., and Palmer, T. N . 1989. Fuel selection 

and carbon flux during the starved-to-fed transition. Biochem ] 
263:313-323.

Ethanol Metabolism
Nagy, L. E. 2004. Molecular aspects of alcohol metabolism: Transcription 

factors involved in early-induced liver injury. Annu. Rev. Nutr. 
24:55-78.

Molotkov, A., and Duester, G. 2002. Retinol/ethanol drug interaction 
during acute alcohol intoxication involves inhibition of retinol 
metabolism to retinoic acid by alcohol dehydrogenase. /. Biol. 
Chem. 277:22553-22557.

Stewart, S., Jones, D., and Day, C. P. 2001. Alcoholic liver disease: New 
insights into mechanisms and preventive strategies. Trends Mol. 
Med. 7:408-413.

Lieber, C. S. 2000. Alcohol: Its metabolism and interaction with 
nutrients. Annu. Rev. Nutr. 20:395-430.

Niemela, O. 1999. Aldehyde-protein adducts in the liver as a result of 
ethanol-induced oxidative stress. Front. Biosci. LD506-D513.

Riveros-Rosas, H., Julian-Sanchez, A., and Pina, E. 1997. Enzymology 
of ethanol and acetaldehyde metabolism in mammals. Arch. Med. 
Res. 28:453-471.

Chapter 28

Where to Start
O ’Donnell, M., Langston, L. and Stillman, B. 2013. Principles and 

concepts of DNA replication in bacteria, archaea, and eukarya. 
Cold Spring Harb. Perspect. Biol. 5:1-13.

Johnson, A., and O ’Donnell, M. 2005. Cellular DNA replicases: 
Components and dynamics at the replication fork. Annu. Rev. 
Biochem. 74:283-315.

Kornberg, A. 1988. DNA replication./. Biol. Chem. 263:1-4.
Wang, J. C. 1982. DNA topoisomerases. Sci. Am. 247(1):94-109. 
Lindahl, T. 1993. Instability and decay of the primary structure of 

DNA. Nature 362:709-715.
Greider, C. W., and Blackburn, E. H. 1996. Telomeres, telomerase, and 

cancer. Sci. Am. 274(2):92-97.

Books
Kornberg, A., and Baker, T. A. 1992. DNA Replication (2d ed.)- 

W. H. Freeman and Company.
Bloomfield, V. A., Crothers, D., Tinoco, L, and Hearst, J. 2000. Nucleic

Acids: Structures, Properties and Functions. U niversity  Science Books.
Friedberg, E. C„ Walker, G. C„ and Siede, W. 1995. DNA Repair and 

Mutagenesis. American Society for Microbiology.
Cozzarelli, N. R., and Wang, J. C. (Eds.). 1990. DNA Topology and Its 

Biological Effects. Cold Spring Harbor Laboratory Press.

DNA Topology and Topoisomerases
Graille, M., Cladiere, L., Durand, D., Lecointe, F, Gadelle, D., Quevillon- 

Cheruel, S., Vachette, R, Forterre, R, and van Tilbeurgh, H. 2008.



взо В31
SELECTED READINGS

: modulation of adipos- 
1:10-16.

Israel, D., and Chua, S. Jr. 2009. Leptin receptor i
ity and fertility. Trends Endocrinol. Metab. 21........ -

Meyers, M. G„ Cowley, M. A., and Münzberg, H. 2008. MeAamsms of 
leptin action and leptin resistance. Annu. Rev. Physiol. 70:587 bbb.

Sowers, J. R. 2008. Endocrine functions of adipose tissue: Focus on 
adiponectin. Clin. Cornerstone 9:32-38.

Brehma, B. J., and D ’Alessio, D. A. 2008. Benefits of high-protein 
weight loss diets: Enough evidence for practice? Curr. Opin. 
Endocrinol., Diabetes, Obesity 15:416-421.

Coll, A. R, Farooqi, I. S„ and O ’Rahillt, S. O. 2007. The hormonal 
control of food intake. Cell 129:251-262.

Muoio, D. M „ and Newgard, C. B. 2006. Obesity-related derange­
ments in metabolic regulation. Annu. Rev. Biochem. 75:367-401.

Diabetes Mellitus .
Lee, J., and Ozean, U. 2014. Unfolded protein response signaling and 

metabolic diseases. J. Biol Chem. 289:1203-1211.
Yamauchi, T ,  and Kadowaki, T. 2013. Adiponectin receptor as a key 

player in healthy longevity and obesity-related diseases. Cell Metab. 
17:185-196. .

Könner, A. C., and Brüning, J. C. 2012. Selective insulin and leptin 
resistance in metabolic disorders. Cell Metab. 16:144-152.

Zhang, B. B„ Zhou, G„ and Li, C. 2009. AMPK: An emerging drug tar­
get for diabetes and the metabohe syndrome. Cell Metab. 9:407M16.

Magkos, F , Yannakoulia, M., Chan, J. L., and Mantzoros, C. S. 2009. 
Management of the metabolic syndrome and type 2 diabetes 
through lifestyle modification. Annu. Rev. Nutr. 29:8.1-8.34.

Muoio, D. M„ and Newgard, C. B. 2008. Molecular and metabolic 
mechanisms of insulin resistance and ß-cell failure in type 2 
diabetes. Nat. Rev. Mol. Cell. Biol. 9:193-205.

Leibiger, I. B„ Leibiger, B„ and Berggren, P.-O. 2008. Insulin signaling 
in the pancreatic ß-cell. Annu. Rev Nutr. 28:233-251.

Doria A., Patti, M. E„ and Kahn, C. R. 2008. The emerging architec­
ture of type 2 diabetes. Cell Metab. 8:186-200.

Croker, B. A., Kiu, H „ and Nicholson, S. E. 2008. SOCS regulator! 
of the JA K /STA T signalling pathway. Semin. Cell Dev. Biol. 
19:414-422. _  , r .

Eizirik, D. L„ Cardozo, A. K„ and Спор, M. 2008. The role of endo­
plasmic reticulum stress in diabetes mellitus. Endocrinol. Rev.

Howard,2J ^K., and Flier, J. S. 2006. Attenuation of leptin and insulin 
signaling by SOCS proteins. Trends Endocrinol. Metab. 9:365-371.

Lowel, B. B„ and Shulman, G. 2005. Mitochondrial dysfunction and 
type 2 diabetes. Science 307:384-387. .

Taylor S. I. 2001. Diabetes mellitus. In The Metabolic Basis of Inherited 
Diseases (8th ed., pp. 1433-1469), edited by C. R. Scriver, W. S. Sly, 
B. ChUds, A. L. Beaudet, D. Valle, K.W. Kinzler, andB. Vogelstein. 
McGraw-Hill.

Horowitz, J. F ,  and Klein, S. 2000. Lipid metabolism during endurance 
exercise. Am. J. Clin. Nutr. 72:5588-5638.

Wagenmakers, A. J. 1999. Muscle amino acid metabolism at rest and 
during exercise. Diabetes Nutr. Metab. 12:316—322. it

Metabolic Adaptations in Starvation
Baverei, G., Ferrier, B., and Martin, M. 1995. Fuel selection by the 

kidney: Adaptation to starvation. Proc. Nutr. Soc. 54:197-212.
MacDonald, I. A., and Webber, J. 1995. Feeding, fasting and starvation: 

Factors affecting fuel utilization. Proc. Nutr. Soc. 54:267-274.
Cahill, G. F , Jr. 1976. Starvation in man. Clin. Endocrinol. Metab. 

5:'з97-415. I
Sugden, M. C., Holness, M. J., and Palmer, T. N. 1989. Fuel selection 

and carbon flux during the starved-to-fed transition. Biochem. J. 
263:313-323.

Ethanol Metabolism |
Nagy, L. E. 2004. Molecular aspects of alcohol metabolism: Transcription 

factors involved in early-induced liver injury. A m u. Rev. Nutr. 
24:55-78.

Molotkov, A., and Duester, G. 2002. Retinol/ethanol drug interaction 
during acute alcohol intoxication involves inhibition of retinol 
metabolism to retinoic acid by alcohol dehydrogenase. J. Biol. 
Chem. 277:22553-22557.

Stewart, S„ Jones, D „ and Day, С. P. 2001. Alcoholic liver disease: New 
insights into mechanisms and preventive strategies. Trends Mol. 
Med. 7:408-413. . '

Lieber, C. S. 2000. Alcohol: Its metabolism and interaction with 
nutrients. Annu. Rev. Nutr. 20:395-430.

Niemela, O. 1999. Aldehyde-protein adducts in the liver as a result of 
ethanol-induced oxidative stress. Front. Biosci. LD506-D513.

Riveros-Rosas, ”  T ' ' 0— 4 —л®«™ F 1C)Q7 Fnzvmo
of ethanol 
Res. 28:453-471.

nduced oxidative stress, rrom. mosci,
is, H ., Julian-Sanchez, A., and Pina, E. 1997. Enzymologyl
il and acetaldehyde metabolism in mammals. Arch. Med.

Exercise Metabolism
Egan, B„ and Zierath, J. R. 2013. Exercise metabolism and the molecu­

lar regulation of skeletal muscle adaptation. Cell Metab. 
17:162-184.

Hood, D. A. 2001. Contractile activity-induced mitochondrial biogen­
esis in skeletal muscle. J. Appi. Physiol. 90:1137-1157.

Shulman, R. G„ and Rothman, D. L. 2001. The “glycogen shunt” in 
exercising muscle: A role for glycogen in muscle energetics and 
fatigue. Proc. Natl. Acad. Sci. U.S.A. 98:457-461.

Gleason, T. 1996. Post-exercise lactate metabolism: A comparative review 
of sites, pathways, and regulation. Annu. Rev. Physiol. 58:556-581.

Holloszy, J. O., and Kohrt, W. M. 1996. Regulation of carbohydrate 
and fat metabolism during and after exercise. Annu. Rev. Nutr. 
16:121-138.

Hochachka, P. W „ and McClelland, G. B. 1997. Cellular metabolic 
homeostasis during large-scale change in A TP turnover rates in 
m usclesj. Exp. Biol. 200:381-386.

Chapter 28

Where to Start , ;
O ’Donnell, M „ Langston, L. and Stillman, B. 2013. Principles and 

concepts of D NA replication in bacteria, archaea, and eukarya. 
Cold Spring Harb. Perspect. Biol. 5:1-13.

Johnson, A., and O ’Donnell, M. 2005. Cellular D NA replicases: Г 
Components and dynamics at the replication fork. Annu. Rev. 
Biochem. 74:283-315. Л

Kornberg, A. 1988. D N A  replication. ]. Biol. Chem. 263:1-4. ■
Wang J. C. 1982. D N A  topoisomerases. Sci. Am. 247 (1 ):9 4 -1 0 9 .^ ^И  
Lindahl, T. 1993. Instability and decay of the primary s t r u c t u r e d  

DNA. Nature 362:709-715. Щ
Greider, C. W „ and Blackburn, E. H . 1996. Telomeres, telomerase, and 

cancer. Sci. Am. 274(2):92—97.

Books
Komb

Crystal structure of an intact type II D NA topoisomerase: Insights 
into DNA transfer mechanisms. Structure 16:360-370.

I Charvin, G., Strick, T. R., Bensimon, D., and Croquette, V. 2005. 
Tracking topoisomerase activity at the single-molecule level. Annu. 
Rev. Biophys. Biomol. Struct. 34:201-219.

Sikder, D ., Unniraman, S„ Bhaduri, T ,  and Nagaraja, V. 2001. 
Functional cooperation between topoisomerase I and single strand 
DNA-binding protein. J. Mol. Biol. 306:669-679.

Fortune, J. M., and Osheroff, N. 2000. Topoisomerase II as a target for 
anticancer drugs: W hen enzymes stop being nice. Prog. Nucleic 
Acid Res. Mol. Biol. 64:221-253.

Isaacs, R. J., Davies, S. L., Sandri, M. L, Redwood, C., Wells, N. J., and 
Hickson, I. D. 1998. Physiological regulation of eukaryotic topoi­
somerase II. Biochim. Biophys. Acta 1400:121-137.

Wang, J. C. 1998. Moving one D N A  double helix through another by a 
type II D NA topoisomerase: The story of a simple molecular 
machine. Q. Rev. Biophys. 31:107-144.

Baird, C. L„ Harkins, T. T ,  Morris, S. K„ and Lindsley, J. E. 1999. 
Topoisomerase II drives D NA transport by hydrolyzing one ATP. 
Proc. Natl. Acad. Sci. U.S.A. 96:13685-13690.

Vologodskii, A. V., Levene, S. D., Klenin, К. V., Frank, K. M „ and 
Cozzarelli, N. R. 1992. Conformational and thermodynamic prop­
erties of supercoiled DNA. J. Mol. Biol. 227:1224-1243.

Fisher, L. M., Austin, C. A., Hopewell, R., Margerrison, M., Oram, M., 
Patel, S., Wigley, D. B., Davies, G. J., Dodson, E. J„ Maxwell, A., 
et al. 1991. Crystal structure of an N-terminal fragment of the 
DNA gyrase В protein. Nature 351:624-629.

Mechanism of Replication
Davey, M. J., and O ’Donnell, M. 2000. Mechanisms of D NA replica­

tion. Curr. Opin. Chem. Biol. 4:581-586.
Keck, J. L., and Berger, J. M. 2000. D NA replication at high resolution. 

Chem. Biol. 7:R63-R71.
Kunkel, T. A., and Bebenek, K. 2000. D NA replication fidelity. Annu. 

Rev. Biochem. 69:497-529.
I Waga, S., and Stillman, B. 1998. The DNA replication fork in eukary­

otic cells. Annu. Rev. Biochem. 67:721-751.
Marians, K. J. 1992. Prokaryotic D N A  replication. Annu. Rev. Biochem.

I ; 61:673-719.

DNA Polymerases and Other Enzymes of Replication
Kurth, L, and O ’Donnell, M. 2013. New insights into replisome fluidity 

during chromosome replication. Trends Biochem. Sci. 38:195-203.
Nandakumar, J., and Cech, T. R. 2013. Finding the end: Recruitment 

of telomerase to telomeres. Nat. Rev. Mol. Cell. Biol. 14:69-82. 
Singleton, M. Б - -

I 2000. C _
nism for sequential hydrolysis of nucleotides. Cell 101:589-600. 

Donmez, I., and Patel, S. S. 2006. Mechanisms of a ring shaped helica 
Nucleic Acids Res. 34:4216-4224.

Johnson, D .S.

эп, M. R., Sawaya, M. R„ Ellenberger, T ,  and Wigley, D. B. 
10. Crystal structure of T7 gene 4 ring helicase indicates a mecha- 
m for sequential hydrolysis of nucleotides. Cell 101:589-600.

shaped T7 helicase

ferg, A., and Baker, T. A. 1992. DNA Replication (2d e d - U  
W. H. Freeman and Company. r

Bloomfield, V. A., Crothers, D„ Tinoco, I., and Hearst, J. 2000. Nucle* 
Acids- Structures, Properties and Functions. University Science BooKŜ  
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in bacterial promoters: DNA binding by the alpha subunit of R 
polymerase. Science 262:1407-1413.

Cramer, R, Bushnell, D. A., and Kornberg, R. D. 2 0 0 1 . Structural basis 
of transcription: RNA polymerase II at 2.8 Ä resolution. Science
292:1863-1875.

matt, A. L., Cramer, R, Fu, J., Bushnell, D. A., and Kornberg, R- ; 
2001. Structural basis of transcription: An RNA polymerase 
elongation complex at 3.3 Ä resolution. Science 292:1876-1882. 

Tang, G., Campbell, E. A., Minakhin, L., Richter, C., Severinov, •» 
and Darst, S. A. 1999. Crystal structure of Thermus aquaticus core 
RNA polymerase at 3.3 A resolution. Cell 98:811-824.



взз

Campbell, E. A., Korzheva, N., Mustaev, A., Murakami, K., Nair, S., 
Goldfarb, A., and Darst, S. A. 2001. Structural mechanism 
for rifampicin inhibition of bacterial RNA polymerase. Cell 
104:901-912.

Darst, S. A. 2004. New inhibitors targeting bacterial RNA polymerase. 
Trends Biochem. Sd. 29:159-160.

Cheetham, G. M., and Steitz, T. A. 1999. Structure of a transcribing T7 
RNA polymerase initiation complex. Science 286:2305-2309.

Ebright, R. H. 2000. RNA polymerase: Structural similarities between 
bacterial RNA polymerase and eukaryotic RNA polymerase II. 
J. Mol. Biol. 304:687-698.

Paule, M. R., and White, R. J. 2000. Survey and summary: Transcription 
by RNA polymerases I and III. Nucleic Acids Res. 28:1283-1298.

Initiation and Elongation
Murakami, K. S., and Darst, S. A. 2003. Bacterial RNA polymerases: 

The whole story. Curr. Opin. Struct. Biol. 13:31-39.
Buratowski, S. 2000. Snapshots of RNA polymerase II transcription 

initiation. Curr. Opin. Cell Biol. 12:320-325.
Conaway, J. W., and Conaway, R. C. 1999. Transcription elongation 

and human disease. Annu. Rev. Biochem. 68:301-319.
Conaway, J. W., Shilatifard, A., Dvir, A., and Conaway, R. C. 2000. 

Control of elongation by RNA polymerase II. Trends Biochem. Sci. 
25:375-380.

Korzheva, N., Mustaev, A., Kozlov, M., Malhotra, A., Nikiforov, V., 
Goldfarb, A., and Darst, S. A. 2000. A structural model of tran­
scription elongation. Science 289:619-625.

Reines, D., Conaway, R. C., and Conaway, J. W. 1999. Mechanism and 
regulation of transcriptional elongation by RNA polymerase II. 
Curr. Opin. Cell Biol 11:342-346.

Promoters, Enhancers, and Transcription Factors
Merika, M., andThanos, D. 2001. Enhanceosomes. Curr. Opin. Genet. 

Dev. 11:205-208.
Park, J. M., Gim, B. S., Kim, J. M., Yoon, J. H., Kim, H. S., Kang, J. G., 

and Kim, Y. J. 2001. Drosophila mediator complex is broadly uti­
lized by diverse gene-specific transcription factors at different types 
of core promoters. Mol. Cell. Biol. 21:2312-2323.

Smale, S. T., and Kadonaga, J. T. 2003. The RNA polymerase II core 
promoter. Annu. Rev. Biochem. 72:449-479.

Course, R. L., Ross, W., and Gaal, T. 2000. Ups and downs in bacterial 
transcription initiation: The role of the alpha subunit of RNA poly­
merase in promoter recognition. Mol. Microbiol. 37:687- 695.

Fiering, S., Whitelaw, E., and Martin, D. I. 2000. To be or not to be active: 
The stochastic nature of enhancer action. BioEssays 22:381-387.

Hampsey, M., and Reinberg, D. 1999. RNA polymerase II as a control 
panel for multiple coactivator complexes. Curr. Opin. Genet. Dev. 
9:132-139.

Chen, L. 1999. Combinatorial gene regulation by eukaryotic transcrip­
tion factors. Curr. Opin. Struct. Biol. 9:48-55.

Muller, C. W. 2001. Transcription factors: Global and detailed views. 
Curr. Opin. Struct. Biol. 11:26-32.

Reese, J. C. 2003. Basal transcription factors. Curr. Opin. Genet. Dev. 
13:114-118.

Kadonaga, J. T. 2004. Regulation of RNA polymerase II transcription 
by sequence-specific DNA binding factors. Cell 116:247-257.

Harrison, S. C. 1991. A structural taxonomy of DNA-binding domains. 
Nature 353:715-719.

Sakurai, H., and Fukasawa, T. 2000. Functional connections between 
mediator components and general transcription factors of 
Saccharomyces cerevisiae. ]. Biol. Chem. 275:37251-37256.

Hroge, P., and Muller-Hill, B. 2001. High local protein concentrations 
at promoters: Strategies in prokaryotic and eukaryotic cells. 
Bioessays 23:179-183.

Ornale, S. T., Jain, A., Kaufmann, J., Emami, K. H., Lo, К., and 
Garraway, I. P. 1998. The initiator element: A paradigm for core

Selected Readings

promoter heterogeneity within metazoan protein-coding genes. 
Cold Spring Harbor Symp. Quant. Biol. 63:21-31.

Kim, Y., Geiger, J. H., Hahn, S., and Sigler, P. B., 1993. Crystal struc­
ture of a yeast TBP/TATA-box complex. Nature 365:512-520.

Kim, J. L., Nikolov, D. B., and Burley, S. K., 1993. Co-crystal structure 
of TBP recognizing the minor groove of a TATA element. Nature 
365:520-527.

White, R. J., and Jackson, S. R, 1992. The TATA-binding protein: 
A central role in transcription by RNA polymerases I, II and III. 
Trends Genet. 8:284-288.

Martinez, E. 2002. Multi-protein complexes in eukaryotic gene tran­
scription. Plant Mol. Biol. 50:925-947.

Meinhart, A., Kamenski, T , Hoeppner, S., Baumli, S., and Cramer, P.
2005. A structural perspective of CTD function. Genes Dev. 19: 
1401-1415.

Palancade, B., and Bensaude, O. 2003. Investigating RNA polymerase 
II carboxyl-terminal domain (CTD) phosphorylation. Eur. J. 
Biochem. 270:3859-3870.

Termination
Burgess, B. R., and Richardson, J. P. 2001. RNA passes through the 

hole of the protein hexamer in the complex with Escherichia coli 
Rho factor./. Biol. Chem. 276:4182-4189.

Yu, X., Horiguchi, T , Shigesada, K., and Egelman, E. H. 2000. Three­
dimensional reconstruction of transcription termination factor rho: 
Orientation of the N-terminal domain and visualization of an 
RNA-binding site./. Mol. Biol. 299:1279-1287.

Stitt, B. L. 2001. Escherichia coli transcription termination factor Rho 
binds and hydrolyzes ATP using a single class of three sites. 
Biochemistry 40:2276-2281.

Henkin, T. M. 2000. Transcription termination control in bacteria. 
Curr. Opin. Microbiol. 3:149-153.

Gusarov, L, and Nudler, E. 1999. The mechanism of intrinsic transcrip­
tion termination. Mol. Cell 3:495-504.

Riboswitches
Barrick, J. E., and Breaker, R. R. 2007. The distributions, mechanisms, 

and structures of metabolite-binding riboswitches. Genome Biol. 
8:R239.

Cheah, M. T., Wächter, A., Sudarsan, N., and Breaker, R. R. 2007. 
Control of alternative RNA splicing and gene expression by 
eukaryotic riboswitches. Nature 447:497-500.

Serganov, A., Huang, L., and Patel, D. J. 2009. Coenzyme recognition 
and gene regulation by a flavin mononucleotide riboswitch. Nature 
458:233-237.

Noncoding RNA
Cech, T. R. and Steitz, J. A. 2014. The noncoding RNA revolution- 

trashing old rules to forge new ones. Cell 157:77-94.
Peculis, B. A. 2002. Ribosome biogenesis: Ribosomal RNA synthesis as 

a package deal. Curr. Biol. 12:R623-R624.
Decatur, W. A., and Fournier, M. J. 2002. rRNA modifications and 

ribosome function. Trends Biochem. Sci. 27:344-351.
Hopper, A. K., and Phizicky, E. M. 2003. tRNA transfers to the lime­

light. Genes Dev. 17:162-180.
Weiner, A. M. 2004. tRNA maturation: RNA polymerization without 

a nucleic acid template. Curr. Biol. 14:R883-R885.

5'-Cap Formation and Polyadenylation
Shatkin, A. J., and Manley, J. L. 2000. The ends of the affair: Capping 

and polyadenylation. Nat. Struct. Biol. 7:838-842.
Bentley, D. L. 2005. Rules of engagement: Co-transcriptional recruit­

ment of pre-mRNA processing factors. Curr. Opin. Cell Biol. 
17:251-256.

Aguilera, A. 2005. Cotranscriptional mRNP assembly: From the DNA 
to the nuclear pore. Curr. Opin. Cell Biol. 17:242-250.



B34
SELECTED READINGS

Ro-Choi, T. S. 1999. Nuclear snRNA and nuclear function (discovery 
of 5' cap structures in RNA). Crit. Rev. Eukaryotic Gene Expr. 
9:107-158.

Bard, J., Zhelkovsky, A. M., Helmling, S., Earnest, T. N., Moore, C. L., 
and Bohm, A. 2000. Structure of yeast poly(A) polymerase alone 
and in complex with З '-dATP. Science 289:1346-1349.

Martin, G., Keller, W., and Doublie, S. 2000. Crystal structure of mam­
malian poly(A) polymerase in complex with an analog of ATP. 
EMBO]. 19:4193-4203.

Zhao, J., Hyman, L., and Moore, C. 1999. Formation of mRNA 3' ends 
in eukaryotes: Mechanism, regulation, and interrelationships with 
other steps in mRNA synthesis. Microbiol. Mol. Biol. Rev. 
63:405-445.

Minvielle-Sebastia, L., and Keller, W. 1999. mRNA polyadenylation 
and its coupling to other RNA processing reactions and to tran­
scription. Curr. Opin. Cell Biol. 11:352-357.

Small Regulatory RNAs
Winter, J., Jung, S., Keller, S., Gregory, R. L, and Diederichs, S. 2009. 

Many roads to maturity: Micro RNA biogenesis pathways and their 
regulation. Nat. Cell Biol. 11:228-234.

Ruvkun, G., Wightman, B., and Ha, I. 2004. The 20 years it took to 
recognize the importance of tiny RNAs. Cell 116:893-896.

RNA Editing
Gott, J. M., and Emeson, R. B. 2000. Functions and mechanisms of 

RNA editing. Annu. Rev. Genet. 34:499-531.
Simpson, L., Thiemann, O. H., Savill, N. J., Alfonzo, J. D., and 

Maslov, D. A. 2000. Evolution of RNA editing in trypanosome 
mitochondria. Proc. Natl. Acad. Sci. U.S.A. 97:6986-6993.

Chester, A., Scott, J., Anant, 8., and Navaratnam, N. 2000. RNA edit­
ing: Cytidine to uridine conversion in apolipoprotein В mRNA. 
Biochim. Biophys. Acta 1494:1-3.

Maas, 8., and Rich, A. 2000. Changing genetic information through 
RNA editing. BioEssays 22:790-802.

Splicing of mRNA Precursors
Caceres, J. F., and Kornblihtt, A. R. 2002. Alternative splicing: 

Multiple control mechanisms and involvement in human disease. 
Trends Genet. 18:186-193.

Faustino, N. A., and Cooper, T. A. 2003. Pre-mRNA splicing and 
human disease. Genes Dev. 17:419-437.

Lou, H., and Gagel, R. F. 1998. Alternative RNA processing: Its role in 
regulating expression of calcitonin/calcitonin gene-related peptide. 
J. Endocrinol. 156:401-405.

Matlin, A. J., Clark, F., and Smith, C. W. 2005. Understanding alterna­
tive splicing: Towards a cellular code. Nat. Rev. Mol. Cell Biol. 
6:386-398.

McKie, A. B., McHale, J. C., Keen, T. J., Tarttelin, E. E., Goliath, R., 
van Lith-Verhoeven, J. J., Greenberg, J., Ramesar, R. 8., Hoyng, С. B., 
Cremers, F. P., et al. 2001. Mutations in the pre-mRNA splicing 
factor gene PRPC8 in autosomal dominant retinitis pigmentosa 
(RP13). Hum. Mol. Genet. 10:1555-1562.

Nilsen, T. W. 2003. The spliceosome: The most complex macromolecu­
lar machine in the cell? BioEssays 25:1147-1149.

Rund, D., and Rachmilewitz, E. 2005. ß -Thalassemia. New Engl. J. Med. 
353:1135-1146.

Patel, A. A., and Steitz, J. A. 2003. Splicing double: Insights from the 
second spliceosome. Nat. Rev. Mol. Cell Biol. 4:960-970.

Sharp, P. A. 2005. The discovery of split genes and RNA splicing. 
Trends Biochem. Sci. 30:279-281.

Valadkhan, S., and Manley, J. L. 2001. Spi icing-related catalysis by 
protein-free snRNAs. Nature 413:701-707.

Zhou, Z., Licklider, L. J., Gygi, S. R, and Reed, R. 2002. Comprehensive 
proteomic analysis of the human spliceosome. Nature 419: 
182-185.

Stark, H., Dube, R, Fuhrmann, R., and Kästner, B. 2001. Arran
of RNA and proteins in the spliceosomal U l small nuclear ^?ment 
cleoprotein particle. Nature 409:539-542.

Strehler, E. E., and Zacharias, D. A. 2001. Role of alternative s ľ • 
in generating isoform diversity among plasma membrane 
pumps. Physiol. Rev. 81:21-50.

Graveley, B. R. 2001. Alternative splicing: Increasing diversity in the 
proteomic world. Trends Genet. 17:100-107.

Newman, A. 1998. RNA splicing. Curr. Biol. 8:R903-R905.
Reed, R. 2000. Mechanisms of fidelity in pre-mRNA splicing Г 

Opin. Cell Biol. 12:340-345.
Sleeman, J. E., and Lamond, A. I. 1999. Nuclear organization of pre- 

mRNA splicing factors. Curr. Opin. Cell Biol. 11:372-377.
Black, D. L. 2000. Protein diversity from alternative splicing: A 

challenge for bioinformatics and post-genome biology Cell 
103:367-370.

Collins, C. A., and Guthrie, C. 2000. The question remains: Is the spli 
ceosome a ribozyme? Nat. Struct. Biol. 7:850-854.

Self-Splicing and RNA Catalysis
Adams, P. L., Stanley, M. R., Kosek, A. B., Wang, J., and Strobel, S. A. 

2004. Crystal structure of a self-splicing group I intron with both 
exons. Nature 430:45-50.

Adams, P. L., Stanley, M. R., Gill, M. L., Kosek, A. B., Wang, J., and 
Strobel, S. A. 2004. Crystal structure of a group I intron splicing 
intermediate. RNA  10:1867-1887.

Stahley, M. R., and Strobel, S. A. 2005. Structural evidence for a two- 
metal-ion mechanism of group I intron splicing. Science 
309:1587-1590.

Carola, C., and Eckstein, F. 1999. Nucleic acid enzymes. Curr. Opin. 
Chem. Biol. 3:274-283.

Doherty, E. A., and Doudna, J. A. 2000. Ribozyme structures and 
mechanisms. Annu. Rev. Biochem. 69:597-615.

Fedor, M. J. 2000. Structure and function of the hairpin ribozyme. 
J. Mol. Biol. 297:269-291.

Hanna, R., and Doudna, J. A. 2000. Metal ions in ribozyme folding and 
catalysis. Curr. Opin. Chem. Biol. 4:166-170.

Scott, W. G. 1998. RNA catalysis. Curr. Opin. Struct. Biol. 8:720-726.

Chapter 30

Where to Start
Yusupova, G., andYusupov, M. 2014. High-resolution structure of the 

eukaryotic 80S ribosome. Annu. Rev. Biochem. 83:467-486.
Anger, A. M., Armache, J.-R, Berninghausen, O., Habeck, M., 

Subklewe, M., Wilson. D. N., and Beckmann, R. 2013. Structures 
of the human and Drosophila 80S ribosome. Nature 497:80-87.

Novoa, E. M., and Ribas de Pouplana, L. 2012. Speeding with control: 
Codon usage, tRNAs, and ribosomes. Trends Genet. 28:574-581.

Ibba, M., Curnow, A. W., and Söll, D. 1997. Aminoacyl-tRNA synthesis. 
Divergent routes to a common goal. Trends Biochem. Sci. 22:39-42.

Koonin, E. V., and Novozhilov, A. S. 2009. Origin and evolution of the 
genetic code: The universal enigma. IUBMB Life 61:99-l 11.

Schimmel, R, and Ribas de Pouplana, L. 2000. Footprints of 
aminoacyl-tRNA synthetases are everywhere. Trends Biochem. Sci. 
25:207-209.

Books
Rodnina, M. V., Wintermeyer, W., and Green, R. 2011 (Eds.). Ribosome 

Structure, Function and Dynamics. Springer.
Cold Spring Harbor Symposia on Quantitative Biology. 2001. Volume 

66. The Ribosome. Cold Spring Harbor Laboratory Press. 
Gesteland, R. F., Atkins, J. F , and Cech, T. (Eds.). 2005. The RH 

World (3d ed.). Cold Spring Harbor Laboratory Press.



B35

Garrett, R., Douthwaite, S. R., Liljas, A., Matheson, A. T., Moore, P. B., 
and Noller, H. F. 2000. The Ribosome: Structure, Function, 
Antibiotics, and Cellular Interactions. The American Society for 
Microbiology.

Aminoacyl-tRNA Synthetases
Kaminska, M., Havrylenko, S., Decottignies, P., Le Maréchal, R, 

Negrutskii, В., and Mirande, M. 2009. Dynamic organization of 
aminoacyl-tRNA synthetase complexes in the cytoplasm of human 
cells./. Biol. Chem. 284:13746-13754.

Park, S. G., Schimmel, P., and Kim, S. 2008. Aminoacyl tRNA syn­
thetases and their connections to disease. Proc. Natl. Acad. Sci.
U.S.A. 105:11043-11049.

Ibba, M., and Söll, D. 2000. Aminoacyl-tRNA synthesis. Annu. Rev. 
Biochem. 69:617-650.

Sankaranarayanan, R., Dock-Bregeon, A. C., Rees, B., Bovee, M., 
Caillet, J., Romby, R, Francklyn, C. S., and Moras, D. 2000. Zinc 
ion mediated amino acid discrimination by threonyl-tRNA syn­
thetase. Nat. Struct. Biol. 7:461-465.

Sankaranarayanan, R., Dock-Bregeon, A. C., Romby, R, Caillet, J., 
Springer, M., Rees, B., Ehresmann, C., Ehresmann, B., and Moras, D.
1999. The structure of threonyl-tRNA synthetase-tRN A ^ com­
plex enlightens its repressor activity and reveals an essential zinc 
ion in the active site. Cell 97:371-381.

Dock-Bregeon, A., Sankaranarayanan, R., Romby, R, Caillet, J., 
Springer, M., Rees, B., Francklyn, C. S., Ehresmann, C., and 
Moras, D. 2000. Transfer RNA-mediated editing in threonyl- 
tRNA synthetase: The class II solution to the double discrimina­
tion problem. Cell 103:877-884.

de Pouplana, L. R., and Schimmel, P. 2000. A view into the origin of life: 
Aminoacyl-tRNA synthetases. Cell. Mol. Life Sci. 57:865-870.

Transfer RNA
Ibba, M., Becker, H. D., Stathopoulos, C., Tumbula, D. L., and Söll, D.

2000. The adaptor hypothesis revisited. Trends Biochem. Sci. 
25:311-316.

Weisblum, B. 1999. Back to Camelot: Defining the specific role of 
tRNA in protein synthesis. Trends Biochem. Sci. 24:247-250.

Ribosomes and Ribosomal RNAs
Klinge, S., Voigts-Hoffmann, F , Leibundgut, M., and Ban, N. 2012. 

Atomic structures of the eukaryotic ribosome. Trends Biochem. Sci. 
37:189-198.

Jin, H., Kelley, A. C., Loakes, D., and Ramakrishnan, V. 2010. 
Structure of the 70S ribosome bound to release factor 2 and a sub­
strate analog provides insights into catalysis of peptide release. 
Proc. Natl. Acad. Sci. U.S.A. 107:8593-8598.

Rodnina, M. V., and Wintermeyer, W. 2009. Recent mechanistic 
insights into eukaryotic ribosomes. Curr. Opin. Cell Biol. 
21:435-443.

Linman, J. D. 2008. The eukaryotic ribosome: Current status and chal­
lenges./. Biol. Chem. 284:11761-11765.

Wen, J.-D., Lancaster, L., Hodges, C., Zeri, A.-C., Yoshimura, S. H., 
Noller, H. F , Bustamante, C., and Tinoco, I., Jr. 2008. Following 
translation by single ribosomes one codon at a time. Nature 
452:598-603.

Korostelev, A., and Noller, H. F. 2007. The ribosome in focus: New 
structures bring insights. Trends Biochem. Sci. 32:434-441.

Brandt, F , Etchells, S. A., Ortiz, J. O., Elcock, A. H., Hartl, F. U., and 
Baumeister, W. 2009. The native 3D organization of bacterial poly­
somes. Cell 136:261-271.

•oitiation Factors
Sogaard, B., Sorensen, H. R, Mortensen, K. K., and Sperling-Petersen, 

H. U. 2005. Initiation of protein synthesis in bacteria. Microbiol. 
Mol. Biol. Rev. 69:101-123.

Selected Readings

Carter, A. R, Clemons, W. M., Jr., Brodersen, D. E., Morgan-Warren, 
R. J., Hartsch, T , Wimberly, B. T., and Ramakrishnan, V. 2001. 
Crystal structure of an initiation factor bound to the 30S ribosomal 
subunit. Science 291:498-501.

Guenneugues, M., Caserta, E., Brandi, L., Spurio, R., Meunier, S., 
Pon, C. L., Boelens, R., and Gualerzi, C. O. 2000. Mapping the 
fMet-tRNAfMet binding site of initiation factor IF2. EMBO J. 
19:5233-5240.

Meunier, S., Spurio, R., Czisch, M., Wechselberger, R., Guenneugues, M., 
Gualerzi, C. O., and Boelens, R. 2000. Structure of the fMet- 
tRNAfMet-binding domain of B. stearothermophilus initiation factor 
IF2. EMBO ]. 19:1918-1926.

Elongation Factors
Voorhees R. M., and Ramakrishnan, V. 2013. Structural basis of the 

translational elongation cycle. Annu. Rev. Biochem. 82:203-236.
Liu, S., Bachran, C., Gupta, R, Miller-Randolph, S., Wang, H., 

Crown, D., Zhang, Y., Kavaliauskas, D., Nissen, R, and Knudsen, 
C. R. 2012. The busiest of all ribosomal assistants: Elongation fac­
tor Tu. Biochemistry 51:2642—2651.

Schuette, J .-С., Murphy, F. V., Kelley, A. C., Weir, J. R., Giesebrecht, J., 
Connell, S. R., Loerke, J., Mielke, T , Zhang, W., Penczek, P. A., 
et al. 2009. GTPase activation of elongation factor EF-Tu by the 
ribosome during decoding. EMBO J. 28:755-765.

Stark, H., Rodnina, M. V., Wieden, H. J., van Heel, M., and 
Wintermeyer, W. 2000. Large-scale movement of elongation factor 
G and extensive conformational change of the ribosome during 
translocation. Cell 100:301-309.

Baensch, M., Frank, R., and Kohl, J. 1998. Conservation of the amino- 
terminal epitope of elongation factor Tu in Eubacteria and Archaea. 
Microbiology 144:2241-2246.

Krásny, L., Mesters, J. R., Tieleman, L. N., Kraal, B., Fucik,
V., Hilgenfeld, R., and Jonak, J. 1998. Structure and expression of 
elongation factor Tu from Bacillus stearothermophilus. J. Mol. Biol. 
283:371-381.

Pape, T., Wintermeyer, W., and Rodnina, M. V. 1998. Complete kinetic 
mechanism of elongation factor Tu-dependent binding of 
aminoacyl-tRNA to the A site of the E. coli ribosome. EMBO J. 
17:7490-7497.

Piepenburg, O., Pape, T , Pleiss, J. A., Wintermeyer, W., Uhlenbeck, O. C., 
and Rodnina, M. V. 2000. Intact aminoacyl-tRNA is required to 
trigger GTP hydrolysis by elongation factor Tu on the ribosome. 
Biochemistry 39:1734-1738.

Peptide-Bond Formation and Translocation
Rodnina, M. V. 2013. The ribosome as a versatile catalyst: Reactions at 

the peptidyl transferase center. Curr. Opin. Struct. Biol. 23:595-602.
Uemura, S., Aitken, C. E., Korlach, J., Flusberg, B. A., Turner, S. W., 

and Puglisi, J. D. 2010. Real-time tRNA transit on single translat­
ing ribosomes at codon resolution. Nature 464:1012-1018.

Beringer, M., and. Rodnina, M. V. 2007. The ribosomal peptidyl trans­
ferase. Mol. Cell 26:311—321.

Yams, M., and Welch, M. 2000. Peptidyl transferase: Ancient and 
exiguous. Chem. Biol. 7:R187-R190.

Vladimirov, S. N., Družina, Z., Wang, R., and Cooperman, B. S. 2000. 
Identification of 50S components neighboring 23S rRNA nucleo­
tides A2448 and U2604 within the peptidyl transferase center of 
Escherichia coli ribosomes. Biochemistry 39:183-193.

Frank, J., and Agrawal, R. K. 2000. A ratchet-like inter-subunit reorga­
nization of the ribosome during translocation. Nature 406:318-322.

Termination
Weixlbaumer, A., Jin, H., Neubauer, C., Voorhees, R. M., Petry, S., 

Kelley, A. C., and Ramakrishnan, V. 2008. Insights into transla­
tional termination from the structure of RF2 bound to the ribo­
some. Science 322:953-956.



B36
SELECTED READINGS

Trobro, S., and Äqvist, S. 2007. A model for how ribosomal release 
factors induce peptidyl-tRNA cleavage in termination of protein 
synthesis. Mol Cell 27:758-766.

Korostelev, A., Asahara, H., Lancaster, L., Laurberg, M., Hirschi, A., 
Zhu, J., Trakhanov, S., Scott, W. G., and Noller, H. F. 2008. 
Crystal structure of a translation termination complex formed 
with release factor RF2. Proc. Natl. Acad. Sci. U.S.A. 105: 
19684-19689.

Wilson, D. N., Schiuenzen, F., Harms, J. M., Yoshida, T., Ohkubo, T., 
Albrecht, A., Buerger, J., Kobayashi, Y., and Fucini, P. 2005. X-ray 
crystallography study on ribosome recycling: The mechanism of 
binding and action of RRF on the 50S ribosomal subunit. EMBO J. 
24:251-260.

Kisselev, L. L., and Buckingham, R. H. 2000. Translational termination 
comes of age. Trends Biochem. Sci. 25:561-566.

Fidelity and Proofreading
Zaher, H. S., and Green, R. 2009. Quality control by the ribosome fol­

lowing peptide bond formation. Nature 457:161-166.
Zaher, H. S., and Green, R. 2009. Fidelity at the molecular level: 

Lessons from protein synthesis. Cell 136:746-762.
Ogle, J. M., and Ramakrishnan, V. 2005. Structural insights into trans­

lational fidelity. Annu. Rev. Biochem. 74:129-177.

Eukaryotic Protein Synthesis
Hinnebusch, A. G. 2014. The scanning mechanism of eukaryotic trans­

lation initiation. Annu. Rev. Biochem. 83:779-812.
Wein, A. N., Singh, R., Fattah, R., and Leppla, S. H. 2012. Diphthamide 

modification on eukaryotic elongation factor 2 is needed to assure 
fidelity of mRNA translation and mouse development. Proc. Natl. 
Acad. Sci U S A . 109:13817-13822.

Rhoads, R. E. 2009. eIF4E: New family members, new binding part­
ners, new roles./. Biol. Chem. 284:16711-16715.

Marintchev, A., Edmonds, K. A., Marintcheva, B., Hendrickson, E., 
Oberer, M., Suzuki, C., Herdy, B., Sonenberg, N., and 
Wagner, G. 2009. Topology and regulation of the human 
eIF4A /4G /4H  helicase complex in translation initiation. Cell 
136:447-460.

Fitzgerald, K. D., and Semler, B. L. 2009. Bridging IRES elements in 
mRNAs to the eukaryotic translation apparatus. Biochim. Biophys. 
Acta 1789:518-528.

Mitchell, S. F , and Lorsch, J. R. 2008. Should I stay or should I go? 
Eukaryotic translation initiation factors 1 and 1A control start 
codon recognition./. Biol. Chem. 283:27345-27349.

Amrani, A., Ghosh, S., Mangus, D. A., and Jacobson, A. 2008. 
Translation factors promote the formation of two states of the 
closed-loop mRNP. Nature 453:1276-1280.

Sachs, A. B., and Varani, G. 2000. Eukaryotic translation initiation: 
There are (at least) two sides to every story. Nat. Struct. Biol. 
7:356-361.

Kozak, M. 1999. Initiation of translation in prokaryotes and eukaryotes. 
Gene 234:187-208.

Bushell, M., Wood, W., Clemens, M. J., and Morley, S. J. 2000. 
Changes in integrity and association of eukaryotic protein synthesis 
initiation factors during apoptosis. Eur. J. Biochem. 
267:1083-1091.

Das, S., Ghosh, R., and Maitra, U. 2001. Eukaryotic translation initia­
tion factor 5 functions as a GTPase-activating protein. J. Biol. 
Chem. 276:6720-6726.

Lee, J. H., Choi, S. K., Roll-Mecak, A., Burley, S. K., and Dever, T. E. 
1999. Universal conservation in translation initiation revealed by 
human and archaeal homologs of bacterial translation initiation fac­
tor IF2. Proc. Natl. Acad. Sci. U.S.A. 96:4342-4347.

Pestova, T. V., and Hellen, C. U. 2000. The structure and function of 
initiation factors in eukaryotic protein synthesis. Cell. Mol. Life 
Sci. 57:651-674.

Antibiotics and Toxins
Belova, L., Tenson, T , Xiong, L., McNicholas, P. M., and Mankin A S

2001. A novel site of antibiotic action in the ribosome: Interacti 
of evernimicin with the large ribosomal subunit Proc Natl A °ľ 
Sci. U S A . 98:3726-3731. ' ' Cad-

Brodersen, D. E., Clemons, W. M., Jr., Carter, A. R, Morgan-Warren 
R. J., Wimberly, B. T , and Ramakrishnan, V. 2000. The structural 
basis for the action of the antibiotics tetracycline, pactamycin and 
hygromycin В on the 30S ribosomal subunit. Cell 103:1143-1154 

Porse, B. T., and Garrett, R. A. 1999. Ribosomal mechanics, antibiot­
ics, and G TP hydrolysis. Cell 97:423-426.

Lord, M. J., Jolliffe, N. A., Marsden, C. J., Pateman, C. S., Smith, D. S 
Spooner, R. A., Watson, P. D., and Roberts, L. M. 2003. Ricin! 
Mechanisms of toxicity. Toxicol. Rev. 22:53-64.

Protein Transport Across Membranes
Akopian, D., Shen, K., Zhang, X., and Shan, S. 2013. Signal recognition 

particle: An essential protein-targeting machine. Annu. Rev 
Biochem. 82:693-721.

Nyathi, Y., Wilkinson, В. M., and Pool, M. R. 2013. Co-translational 
targeting and translocation of proteins to the endoplasmic reticu­
lum. Biochim. Biophys. Acta 1833:2392-2402.

Janda, C. Y., Li, J., Oubridge, C., Hernández, H., Robinson, C. V., and 
Nagai, K. 2010. Recognition of a signal peptide by the signal recog­
nition particle. Nature 465:507-510.

Cross, B. C. S., Sinning, I., Luirink, J., and High, S. 2009. Delivering pro­
teins for export from the cytosol. Nat. Rev. Mol. Cell. Biol. 10:255-264.

Shan, S., Schmid, S. L., and Zhang, X. 2009. Signal recognition particle 
(SRP) and SRP receptor: A new paradigm for multistate regulatory 
GTPases. Biochemistry 48:6696-6704.

Johnson, A. E. 2009. The structural and functional coupling of two 
molecular machines, the ribosome and the translocon. J. Cell Biol. 
185:765-767.

Pool, R. P. 2009. A trans-membrane segment inside the ribosome exit 
tunnel triggers RAMP4 recruitment to the Sec61p translocase. J. 
Cell Biol. 185:889-902.

Egea, P. E , Stroud, R. M., and Walter, P. 2005. Targeting proteins to 
membranes: Structure of the signal recognition particle. Curr. Opin. 
Struct. Biol. 15:213-220.

Halič, M., and Beckmann, R. 2005. The signal recognition particle and 
its interactions during protein targeting. Curr. Opin. Struct. 
ВгоМ 5:116-125.

Doudna, J. A., and Batey, R. T. 2004. Structural insights into the signal 
recognition particle. Annu. Rev. Biochem. 73:539-557.

Schnell, D. J., and Hebert, D. N. 2003. Protein translocons: 
Multifunctional mediators of protein translocation across mem­
branes. Cell 112:491-505.

Chapter 31

Where to Start
Ptashne, M. 2014. The chemistry of regulation of genes and other 

things. /  Biol. Chem. 289:5417-5435.
Pabo, C. O., and Sauer, R. T. 1984. Protein-DNA recognition. Annu. 

Rev. Biochem. 53:293-321.
Ptashne, M., Johnson, A. D., and Pabo, C. 0 . 1982. A genetic switch in 

abacterial virus. Sci. Am. 247:128-140.
Ptashne, M., Jeffrey, A., Johnson, A. D., Maurer, R., Meyer, B- J > 

Pabo, C. O., Roberts, T. M., and Sauer, R. T. 1980. How the 
lambda repressor and Cro work. Cell 19:1-11.

Books
Ptashne, M. 2004. A Genetic Switch: Phage 3 Revisited (3d ed.). Cold 

Spring Harbor Laboratory Press.



B37

^IcKnight, S. L., and Yamamoto, K. R. (Eds.). 1992. Transcriptional 
Regulation (vols. 1 and 2). Cold Spring Harbor Laboratory Press.

Modish, H., Berk, A., Kaiser, C. A., Krieger, M., Bretscher, A., Pleogh, H., 
Amon, A., and Scott, M. P. 2012. Molecular Cell Biology (7th ed.).
W. H. Freeman and Company.

DNA-Binding Proteins
Balaeff, A., Mahadevan, L., and Schulten, К. 2004. Structural basis for 

cooperative DNA binding by CAP and lac repressor. Structure 
12:123-132.

Bell, C. E., and Lewis, M. 2001. The Lac repressor: A second genera­
tion of structural and functional studies. Curr. Opin. Struct. Biol. 
11:19-25.

Lewis, M., Chang, G., Horton, N. C., Kercher, M. A., Pace, H. C., 
Schumacher, M. A., Brennan, R. G., and Lu, P. 1996. Crystal 
structure of the lactose operon repressor and its complexes with 
DNA and inducer. Science 271:1247-1254.

Niu, W., Kim, Y, Tau, G., Heyduk, T , and Ebright, R. H. 1996. 
Transcription activation at class II CAP-dependent promoters: Two 
interactions between CAP and RNA polymerase. Cell 87:1123-1134.

Schultz, S. C., Shields, G. C., and Steitz, T. A. 1991. Crystal structure 
of a CAP-DNA complex: The DNA is bent by 90 degrees. Science 
253:1001-1007.

Parkinson, G., Wilson, C., Gunasekera, A., Ebright, Y.W., Ebright, R. E., 
and Berman, H. M. 1996. Structure of the CAP-DNA complex at 
2.5 A resolution: A complete picture of the protein-DNA interface. 
]. Mol. Biol. 260:395-408.

Busby, S., and Ebright, R. H. 1999. Transcription activation by catabo- 
lite activator protein (CAP)./. Mol. Biol. 293:199-213.

Somers, W. S., and Phillips, S. E. 1992. Crystal structure of the met 
repressor-operator complex at 2.8 Ä resolution reveals DNA recog­
nition by ß-strands. Nature 359:387-393.

Gene-Regulatory Circuits
Johnson, A. D., Poteete, A. R., Lauer, G., Sauer, R. T , Ackers, G. K., 

and Ptashne, M. 1981. Lambda repressor and Cro: Components of 
an efficient molecular switch. Nature 294:217-223.

Stayrook, S., Jaru-Ampornpan, R, Ni, J., Hochschild, A., and Lewis, 
M. 2008. Crystal structure of the lambda repressor and a model for 
pairwise cooperative operator binding. Nature 452:1022-1025.

Arkin, A., Ross, J., and McAdams, H. H. 1998. Stochastic kinetic 
analysis of developmental pathway bifurcation in phage lambda- 
infected Escherichia coli cells. Genetics 149:1633—1648.

Post-transcriptional Regulation
Kolter, R., and Yanofsky, C. 1982. Attenuation in amino acid biosyn­

thetic operons. Annu. Rev. Genet. 16:113-134.
Yanofsky, C. 1981. Attenuation in the control of expression of bacterial 

operons. Nature 289:751-758.
Miller, M. B., and Bassler, B. L. 2001. Quorum sensing in bacteria. 

Annu. Rev. Microbiol. 55:165-199.
Zhang, R. G., Pappas, T , Brace, J. L., Miller, P. C., Oulmassov, T , 

Molyneaux, J. M., Anderson, J. C., Bashkin, J. K., Winans, S. C., 
and Joachimiak, A. 2002. Structure of a bacterial quorum-sensing 
transcription factor complexed with pheromone and DNA. Nature 
417:971-974.

Soberon-Chavez, G., Aguirre-Ramirez, M., and Ordonez, L. 2005. Is 
Pseudomonas aeruginosa only “sensing quorum”? Crit. Rev. 
Microbiol. 31:171-182.

Historical Aspects
Lewis, M. 2005. The lac repressor. C. R. Biol. 328:521-548.
Jacob, R, and Monod, J. 1961. Genetic regulatory mechanisms in the 

synthesis of proteins./. Mol. Biol. 3:318-356.
Ptashne, M., and Gilbert, W. 1970. Genetic repressors. Sci. Am. 

222(6):36-44.

Selected Readings

Lwoff, A., and Ullmann, A. (Eds.). 1979. Origins of Molecular Biology: 
A Tribute to Jacques Monod. Academic Press.

Judson, H. 1996. The Eighth Day of Creation: Makers of the Revolution 
in Biology. Cold Spring Harbor Laboratory Press.

Chapter 32

Where to Start
Liu, X., Bushnell, D. A., and Kornberg, R. D. 2013. RNA polymerase 

II transcription: Structure and mechanism. Biochim. Biophys. Acta 
1829:2-8.

Kornberg, R. D. 2007. The molecular basis of eukaryotic transcription. 
Proc. Natl. Acad. Sci. U.S.A. 104:12955-12961.

Pabo, C. O., and Sauer, R. T. 1984. Protein-DNA recognition. Annu. 
Rev. Biochem. 53:293-321.

Struhl, K. 1989. Helix-turn-helix, zinc-finger, and leucine-zipper 
motifs for eukaryotic transcriptional regulatory proteins. Trends 
Biochem. Sci. 14:137-140.

Struhl, K. 1999. Fundamentally different logic of gene regulation in 
eukaryotes and prokaryotes. Cell 98:1-4.

Korzus, E., Torchia, J., Rose, D. W., Xu, L., Kurokawa, R., Mclnerney, 
E. M., Mullen, T. M., Glass, C. K., and Rosenfeld, M. G. 1998. 
Transcription factor-specific requirements for coactivators and their 
acetyltransferase functions. Science 279:703-707.

Aalfs, J. D., and Kingston, R. E. 2000. What does “chromatin remodel­
ing” mean? Trends Biochem. Sci. 25:548-555.

Books
McKnight, S. L., and Yamamoto, K. R. (Eds.). 1992. Transcriptional 

Regulation (vols. 1 and 2). Cold Spring Harbor Laboratory Press.
Latchman, D. S. 2004. Eukaryotic Transcription Factors (4th ed.). 

Academic Press.
Wolffe, A. 1992. Chromatin Structure and Function. Academic Press.
Lodish, H., Berk, A., Kaiser, C. A., Krieger, M., Bretscher, A., Pleogh, H., 

Amon, A., and Scott, M. P. 2012. Molecular Cell Biology (7th ed.). 
W. H. Freeman and Company.

Chromatin and Chromatin Remodeling
Sadeh, R. and Allis, C. D. 2011. Genome-wide “re”-modeling of 

nucleosome positions. Cell 147:263-266.
Lorch, Y., Maier-Davis, B., and Kornberg, R. D. 2010. Mechanism of 

chromatin remodeling. Proc. Natl. Acad. Sci. U.S.A. 
107:3458-3462.

Tang, L., Nogales, E., and Ciferri, C. 2010. Structure and function of 
SW I/SNF chromatin remodeling complexes and mechanistic 
implications for transcription. Prog. Biophys. Mol. Biol. 
102:122-128.

Jenuwein, T , and Allis, C. D. 2001. Translating the histone code. 
Science 293:1074-1080.

Jiang, C., and Pugh, B. F. 2009. Nucleosome positioning and gene regu­
lation: Advances through genomics. Nat. Rev. Genet. 10:161-172.

Barski, A., Cuddapah, S., Cui, K., Roh, T.Y., Schönes, D. E., Wang, Z., 
Wei, G., Chepelev, L, and Zhao, K. 2007. High-resolution profiling 
of histone methylations in the human genome. Cell 129:823-837.

Weintraub, H., Larsen, A., and Groudine, M. 1981. ß-Globin-gene 
switching during the development of chicken embryos: Expression 
and chromosome structure. Cell 24:333-344.

Ren, B., Robert, F , Wyrick, J. J., Aparicio, O., Jennings, E. G., 
Simon, L, Zeitlinger, J., Schreiber, J., Hannett, N., Kanin, E., et al. 
2000. Genome-wide location and function of DNA-binding 
proteins. Science 290:2306—2309.

Goodrich, J. A., andTjian, R. 1994. TBP-TAF complexes: Selectivity 
factors for eukaryotic transcription. Curr. Opin. Cell. Biol. 
6:403-409.



B3Ô
SELECTED READINGS

Bird, A. R, and Wolffe, A. P. 1999. Methylation-induced repression: 
Belts, braces, and chromatin. Cell 99:451-454.

Cairns, B. R. 1998. Chromatin remodeling machines: Similar motors, 
ulterior motives. Trends Biochem. Sci. 23:20-25.

Albright, S. R., and Tjian, R. 2000. TAFs revisited: More data reveal 
new twists and confirm old ideas. Gene 242:1-13.

Urnov, F. D., and Wolffe, A. P. 2001. Chromatin remodeling and 
transcriptional activation: The cast (in order of appearance). 
Oncogene 20:2991-3006.

Luger, K., Maděr, A. W., Richmond, R. K., Sargent, D. F , and 
Richmond, T. J. 1997. Crystal structure of the nucleosome core 
particle at 2.8 À resolution. Nature 389:251-260.

Arents, G., and Moudrianakis, E. N. 1995. The histone fold: A ubiqui­
tous architectural motif utilized in DNA compaction and protein 
dimerization. Proc. Natl. Acad. Sci. U.S.A. 92:11170-11174.

Baxevanis, A. D., Arents, G., Moudrianakis, E. N., and Landsman, D. 
1995. A variety of DNA-binding and multimeric proteins contain 
the histone fold motif. Nucleic Acids Res. 23:2685-2691.

Transcription Factors
Green, M. R. 2005. Eukaryotic transcription activation: Right on 

target. Mol. Cell 18:399-402.
Kornberg, R. D. 2005. Mediator and the mechanism of transcriptional 

activation. Trends Biochem. Sci. 30:235-239.
Clements, A., Rojas, J. R., Trievel, R. C., Wang, L., Berger, S. L., and 

Marmorstein, R. 1999. Crystal structure of the histone acetyltrans- 
ferase domain of the human PCAF transcriptional regulator bound 
to coenzyme A. EMBO J. 18:3521-3532.

Deckert, J., and Struhl, K. 2001. Histone acetylation at promoters is 
differentially affected by specific activators and repressors. Mol. 
Cell. Biol. 21:2726-2735.

Dutnall, R. N., Tafrov, S. T., Sternglanz, R., and Ramakrishnan, V. 1998. 
Structure of the histone acetyltransferase Hatl : A paradigm for the 
GCN5-related N-acetyltransferase superfamily. Cell 94:427-438.

Finnin, M. S., Donigian, J. R., Cohen, A., Richon, V. M., Rifkind, R. 
A., Marks, P. A., Breslow, R., and Pavletich, N. P. 1999. Structures 
of a histone deacetylase homologue bound to the TSA and SAHA 
inhibitors. Nature 401:188-193.

Finnin, M. S., Donigian, J. R., and Pavletich, N. P. 2001. Structure of 
the histone deacetylase SIR2. Nat. Struct. Biol. 8:621-625.

Jacobson, R. H., Ladurner, A. G., King, D. S., and Tjian, R. 2000. 
Structure and function of a human TAFII250 double bromodo- 
main module. Science 288:1422-1425.

Rojas, J. R., Trievel, R. C., Zhou, J., Mo, Y., Li, X., Berger, S. L., Allis, 
C. D., and Marmorstein, R. 1999. Structure of Tetrahymena GCN5 
bound to coenzyme A and a histone H3 peptide. Nature 401:93-98.

Induced Pluripotent Stem Cells
Takahashi, K., Tanabe, K., Ohnuki, M., Narita, M., Ichisaka, T , 

Tomoda, K., and Yamanaka, S. 2007. Induction of pluripotent 
stem cells from adult human fibroblasts by defined factors. Cell 
131:861-872.

Takahashi, K., and Yamanaka, S. 2006. Induction of pluripotent stem 
cells from mouse embryonic and adult fibroblast cultures by 
defined factors. Cell 126:663-676.

Park, I. H., Arora, N., Huo, H., Maherali, N., Ahfeldt, T , Shimamura, A., 
Lensch, M. W., Cowan, C., Hochedlinger, K., and Daley, G. Q. 2008. 
Disease-specific induced pluripotent stem cells. Cell 134:877-886.

Yamanaka, S. 2009. A fresh look at iPS cells. Cell 137:13-17.
Yu, J., Hu, K., Smuga-Otto, K., Tian, S., Stewart, R., Slukvin, 1.1., and 

Thomson, J. A. 2009. Human induced pluripotent stem cells free of 
vector and transgene sequences. Science 324:797-801.

Nuclear Hormone Receptors
Downes, M., Verdecia, M. A., Roecker, A. J., Hughes, R., Hogenesch, J. B., 

Kast-Woelbem, H. R., Bowman, M. E., Ferrer,]. L., Anisfeld, A. M.,

Edwards, et al. 2003. A chemical, genetic, and structural analysis of 
the nuclear bile acid receptor FXR. Mol. Cell 11:1079-1092 

Evans, R. M. 2005. The nuclear receptor superfamily: A Rosetta sto 
for physiology. Mol. Endocrinol. 19:1429-1438.

Xu, W., Cho, H., Kadam, S., Banayo, E. M., Anderson, S., Yates, J R jjj 
Emerson, B. M., and Evans, R. M. 2004. A methylation-mediator 
complex in hormone signaling. Genes Dev. 18:144-156.

Evans, R. M. 1988. The steroid and thyroid hormone receptor sune 
family. Science 240:889-895.

Yamamoto, K. R. 1985. Steroid receptor regulated transcription of spe 
cific genes and gene networks. Annu. Rev. Genet. 19:209-252.

Tanenbaum, D. M., Wang, Y., Williams, S. R, and Sigler, P. B. 1998 
Crystallographic comparison of the estrogen and progesterone 
receptor’s ligand binding domains. Proc. Natl. Acad. Sci. U.S A 
95:5998-6003.

Schwabe, J. W., Chapman, L., Finch, J. T., and Rhodes, D. 1993. The 
crystal structure of the estrogen receptor DNA-binding domain 
bound to DNA: How receptors discriminate between their response 
elements. Cell 75:567-578.

Shiau, A. K., Barstad, D., Loria, P. M., Cheng, L., Kushner, P. J., 
Agard, D. A., and Greene, G. L. 1998. The structural basis of 
estrogen receptor/coactivator recognition and the antagonism of 
this interaction by tamoxifen. Cell 95:927-937.

Collingwood, T. N., Urnov, F. D., and Wolffe, A. P. 1999. Nuclear 
receptors: Coactivators, corepressors and chromatin remodeling in 
the control of transcription./. Mol. Endocrinol. 23:255-275.

Posttranscriptional Regulation
Rouault, T  A., Stout, C. D., Kaptain, S., Harford, J. B., and Klausner, R. D. 

1991. Structural relationship between an iron-regulated RNA- 
binding protein (I RE-BP) and aconitase: Functional implications. 
Cell 64:881-883.

Klausner, R. D., Rouault, T. A., and Harford, J. B. 1993. Regulating 
the fate of mRNA: The control of cellular iron metabolism. Cell 
72:19-28.

Gruer, M. J., Artymiuk, P. J., and Guest, J. R. 1997. The aconitase fam­
ily: Three structural variations on a common theme. Trends 
Biochem. Sci. 22:3-6.

Theil, E. C. 1994. Iron regulatory elements (IREs): A family of mRNA 
non-coding sequences. Biochem. J. 304:1-11.

MicroRNAs
Ruvkun, G. 2008. The perfect storm of tiny RNAs. Nat. Med. 

14:1041-1045.
Sethupathy, R, and Collins, F. S. 2008. Micro RNA target site polymor­

phisms and human disease. Trends Genet. 24:489-497.
Adams, B. D., Cowee, D. M., and White, B. A. 2009. The role ofmiR- 

206 in the epidermal growth factor (EGF) induced repression of 
estrogen receptor-a (ERa) signaling and a luminal phenotype in 
MCF-7 breast cancer cells. Mol. Endocrinol. 23:1215-1230.

Jegga, A. G., Chen, J., Gowrisankar, S., Deshmukh, M. A., Gudivada, 
R., Kong, S., Kaimal, V., and Aronow, B. J. 2007. GenomeTrafac. 
A whole genome resource for the detection of transcription factor 
binding site clusters associated with conventional and microRNA 
encoding genes conserved between mouse and human gene ortho­
logs. Nucleic Acids Res. 35:D116-D121.

Chapter 33

Where to Start
Axel, R. 1995. The molecular logic of smell. Sci. Am. 273(4):154-159. 
Dulac, C. 2000. The physiology of taste, vintage 2000. Cell 100:607-610. 
Yarmolinsky, D. A., Zuker, C. S., and Ryba, N. J. (2009) Common 

sense about taste: From mammals to insects. Cell 139:234-244.



B39
Selected Readings

Stryer, L. 1996. Vision: From photon to perception. Proc. Natl. Acad. 
Sci. U.S.A. 93:557-559.

Hudspeth, A. J. 1989. How the ear’s works work. Nature 341:397—404.

Olfaction
Buck, L., and Axel, R. 1991. A novel multigene family may encode 

odorant receptors: A molecular basis for odor recognition. Cell 
65:175-187.

Saito, H., Chi, Q., Zhuang, H., Matsunami, H., and Mainland, J. D. 
2009. Odor coding by a mammalian receptor repertoire. Sci. Signal. 
2:ra9.

Malnic, B., Hirono, J., Sato, T., and Buck, L. B. 1999. Combinatorial 
receptor codes for odors. Cell 96:713-723.

Zou, D. J., Chesler, A., and Firestein, S. 2009. How the olfactory bulb 
got its glomeruli: A just so story? Nat. Rev. Neurosci. 10:611-618.

De la Cruz, О., Blekhman, R., Zhang, X., Nicolae, D., Firestein, S., and 
Gilad, Y. 2009. A signature of evolutionary constraint on a subset of 
ectopically expressed olfactory receptor genes. Mol. Biol. Evol. 
26:491-494.

Mombaerts, R, Wang, F., Dulac, C., Chao, S. K., Nemes, A., 
Mendelsohn, M., Edmondson, J., and Axel, R. 1996. Visualizing 
an olfactory sensory map. Cell 87:675-686.

Buck, L. 2005. Unraveling the sense of smell (Nobel lecture). Angew. 
Chem. Int. Ed. Engl. 44:6128-6140.

Belluscio, L., Gold, G. H., Nemes, A., and Axel, R. 1998. Mice defi­
cient in G(ol£j are anosmic. Neuron 20:69-81.

Vosshall, L. B., Wong, A. M., and Axel, R. 2000. An olfactory sensory 
map in the fly brain. Cell 102:147-159.

Lewcock, J. W., and Reed, R. R. 2003. A feedback mechanism regulates 
monoallelic odorant receptor expression. Proc. Natl. Acad. Sci. 
U.S.A. 101:1069-1074.

Reed, R. R. 2004. After the holy grail: Establishing a molecular mecha­
nism for mammalian olfaction. Cell 116:329-336.

Taste
Chandrashekar, J., Yarmolinsky, D., von Buchholtz, L., Oka, Y., Sly, W., 

Ryba, N. J., and Zuker, C. S. 2009. The taste of carbonation. 
Science 326:443-445.

Chandrashekar, J., Hoon, M. A., Ryba, N. J., and Zuker, C. S.
2006. The receptors and cells for mammalian taste. Nature 
444:288-294.

Huang, A. L., Chen, X., Hoon, M. A., Chandrashekar, J., Guo, W., 
Tranker, D., Ryba, N. J., and Zuker, C. S. 2006. The cells and logic 
for mammalian sour taste detection. Nature 442:934-938.

Zhao, G. Q., Zhang, Y., Hoon, M. A., Chandrashekar, J., Erlenbach, I., 
Ryba, N. J. R, and Zuker, C. S. 2003. The receptors for mammalian 
sweet and umami taste. Cell 115:255-266.

Herness, M. S., and Gilbertson, T. A. 1999. Cellular mechanisms of 
taste transduction. Annu. Rev. Physiol. 61:873-900.

Adler, E., Hoon, M. A., Mueller, K. L., Chandrashekar, J., Ryba, N. J., 
and Zuker, C. S. 2000. A novel family of mammalian taste recep­
tors. Cell 100:693-702.

Chandrashekar, J .f Mueller, K. L., Hoon, M. A., Adler, E., Feng, L., 
Guo, W., Zuker, C. S., and Ryba, N. J. 2000. T2Rs function as bit­
ter taste receptors. Cell 100:703-711.

Mano, I., and Driscoll, M. 1999. DEG/ENaC channels: A touchy 
superfamily that watches its salt. BioEssays 21:568-578.

Benos, D. J., and Stanton, B. A. 1999. Functional domains within the 
degenerin/epithelial sodium channel (Deg/ENaC) superfamily of 
ion channels./. Physiol, (bond.) 520(part 3):631-644.

McLaughlin, S. K., McKinnon, R J., and Margolskee, R. F. 1992. 
Gustducin is a taste-cell-specific G protein closely related to the 
transducins. Nature 357:563-569.

Nelson, G., Hoon, M. A., Chandrashekar, J., Zhang, Y., Ryba, N. J., 
and Zuker, C. S. 2001. Mammalian sweet taste receptors. Cell 
106:381-390.

Vision
Stryer, L. 1988. Molecular basis of visual excitation. Cold Spring Harbor 

Symp. Quant. Biol. 53:283-294.
Jastrzebska, B., Tsybovsky, Y., and Palczewski, K. 2010. Complexes 

between photoactivated rhodopsin and transducin: Progress and 
questions. Biochem. J. 428:1-10.

Wald, G. 1968. The molecular basis of visual excitation. Nature 
219:800-807.

Ames, J. B., Dizhoor, A. M., Ikura, M., Palczewski, K., and Stryer, L. 
1999. Three-dimensional structure of guanylyl cyclase activating 
protein-2, a calcium-sensitive modulator of photoreceptor guanylyl 
cyclases./. Biol. Chem. 274:19329-19337.

Nathans, J. 1994. In the eye of the beholder: Visual pigments and inher­
ited variation in human vision. Cell 78:357-360.

Nathans, J. 1999. The evolution and physiology of human color vision: 
Insights from molecular genetic studies of visual pigments. Neuron 
24:299-312.

Palczewski, K., Kumasaka, T , Hori, T ,  Behnke, C. A., Motoshima, H., 
Fox, B. A., LeTrong, L, Teller, D. C., Okada, T , Stenkamp, R. E., 
et al. 2000. Crystal structure of rhodopsin: A G protein-coupled 
receptor. Science 289:739-745.

Filipek, S, Teller, D. C., Palczewski, K., and Stemkamp, R. 2003. The 
crystallographic model of rhodopsin and its use in studies of other 
G protein-coupled receptors. Annu. Rev. Biophys. Biomol. Struct. 
32:375-397.

Hearing
Furness, D. N., Hackney, C. M., and Evans, M. G. 2010. Localisation 

of the mechanotransducer channels in mammalian cochlear hair 
cells provides clues to their gating./. Physiol. 588:765-772.

Lim, K., and Park, S. 2009. A mechanical model of the gating spring 
mechanism of stereocilia./. Biomech. 42:2158-2164.

Siemens, J., Lillo, C., Dumont, R. A., Reynolds, A., Williams, D. S., 
Gillespie, P. G., and Muller, U. 2004. Cadherin 23 is a component 
of the tip link in hair-cell stereocilia. Nature 428:950-955.

Spinelli, K. J., and Gillespie, P. G. 2009. Bottoms up: Transduction 
channels at tip link bases. Nat. Neurosci. 12:529-530.

Hudspeth, A. J. 1997. How hearing happens. Neuron 19:947-950.
Pickles, J. O., and Corey, D. P. 1992. Mechanoelectrical transduction 

by hair cells. Trends Neurosci. 15:254-259.
Walker, R. G., Willingham, A. T , and Zuker, C. S. 2000. A Drosophila 

mechanosensory transduction channel. Science 287:2229-2234.
Hudspeth, A. J., Choe, Y., Mehta, A. D., and Martin, P. 2000. Putting 

ion channels to work: Mechanoelectrical transduction, adaptation, 
and amplification by hair cells. Proc. Natl. Acad. Sci. U.S.A. 
97:11765-11772.

Touch and Pain Reception
Myers, B. R., Bohlen, C. J., and Julius, D. 2008. A yeast genetic screen 

reveals a critical role for the pore helix domain in TRP channel gat­
ing. Neuron 58:362-373.

Lishko, P. V., Procko, E., Jin, X., Phelps, C. B., and Gaudet, R. 2007. 
The ankyrin repeats ofTRPV l bind multiple ligands and modulate 
channel sensitivity. Neuron 54:905-918.

Franco-Obregon, A., and Clapham, D. E. 1998. Touch channels sense 
blood pressure. Neuron 21:1224—1226.

Caterina, M. J., Schumacher, M. A., Tominaga, M., Rosen, T. A., 
Levine, J. D., and Julius, D. 1997. The capsaicin receptor: 
A heat-activated ion channel in the pain pathway. Nature 
389:816-824.

Tominaga, M., Caterina, M. J., Malmberg, A. B., Rosen, T. A., 
Gilbert, H., Skinner, K., Raumann, B. E., Basbaum, A. I., and 
Julius, D. 1998. The cloned capsaicin receptor integrates multiple 
pain-producing stimuli. Neuron 21:531-543.

Caterina, M. J., and Julius, D. 1999. Sense and specificity: A molecular 
identity for nociceptors. Curr. Opin. Neurobiol. 9:525-530.



B40
SELECTED READINGS

Clapham, D. E. 2003. TRP channels as cellular sensors. Nature 426: 
517-524.

Chapter 34

Where to Start
Nossal, G. ]. V. 1993. Life, death, and the immune system. Sci. Am. 

269(3):53-62.
Tonegawa, S. 1985. The molecules of the immune system. Sci. Am. 

253(4):122-131.
Leder, P. 1982. The genetics of antibody diversity. Sci. Am. 

246(5):102-115.
Bromley, S. K., Burack, W. R., Johnson, K. G., Somersalo, K., Sims, T. N., 

Sumen, C., Davis, M. M., Shaw, A. S., Allen, P. M., and 
Dustin, M. L. 2001. The immunological synapse. Annu. Rev. 
Immunol. 19:375-396.

Books
Owen, J. A., Punt, J., and Stranford, S. A. 2013. Kuby Immunology 

(7th ed.). W. H. Freeman and Company.
Abbas, A. K., Lichtman, A. H. H., and Pillai, S. 2014. Cellular and 

Molecular Immunology (8th ed.). Saunders.
Cold Spring Harbor Symposia on Quantitative Biology. 1989. Volume 

54. Immunological Recognition. Cold Spring Harbor Laboratory 
Press.

Weir, D. M. (Ed.). 1996. Handbook of Experimental Immunology 
(5th ed.). Oxford University Press.

Murphy, K. 2011. Janeway's Immunobiology (8th ed.). Garland Science.

Innate Immune System
Janeway, C. A., Jr., and Medzhitov, R. 2002. Innate immune recogni­

tion. Annu. Rev. Immunol. 20:197-216.
Khalturin, K., Panzer, Z., Cooper, M. D., and Bosch, T. C. 2004. 

Recognition strategies in the innate immune system of ancestral 
chordates. Mol. Immunol. 41:1077-1087.

Beutler, В., and Rietschel, E. T. 2003. Innate immune sensing and its 
roots: The story of endotoxin. Nat. Rev. Immunol. 3:169-176.

Xu, Y., Tao, X., Shen, B., Horng, T., Medzhitov, R., Manley, J. L., and 
Tong, L. 2000. Structural basis for signal transduction by the Toll/ 
interleukin-1 receptor domains. Nature 408:111-115.

Botos, I., Segal, D. M., and Davies, D. R. 2011. The structural biology 
of the Toll-like receptors. Structure 19:447-459.

Structure of Antibodies and Antibody-Antigen Complexes
Davies, D. R., Padlan, E. A., and Sheriff, S. 1990. Antibody-antigen 

complexes. Annu. Rev. Biochem. 59:439-473.
Poljak, R. J. 1991. Structure of antibodies and their complexes with 

antigens. Mol. Immunol. 28:1341-1345.
Davies, D. R., and Cohen, G. H. 1996. Interactions of protein antigens 

with antibodies. Proc. Natl. Acad. Sci. U.S.A. 93:7-12.
Marquart, M., Deisenhofer, J., Huber, R., and Palm, W. 1980. 

Crystallographic refinement and atomic models of the intact immu­
noglobulin molecule Kol and its antigen-binding fragment at 3.0 Ä 
and 1.9 Ä resolution./. Mol. Biol. 141:369-391.

Silverton, E. W., Navia, M. A., and Davies, D. R. 1977. Three­
dimensional structure of an intact human immunoglobulin. Proc. 
Natl. Acad. Sci. U.S.A. 74:5140-5144.

Padlan, E. A., Silverton, E. W., Sheriff, S., Cohen, G. H., Smith, G. S., 
and Davies, D. R. 1989. Structure of an antibody-antigen complex: 
Crystal structure of the HyHEL-10 Fab lysozyme complex. Proc. 
Natl. Acad. Sci. U.S.A. 86:5938-5942.

Rini, J., Schultze-Gahmen, U., and Wilson, I. A. 1992. Structural evi­
dence for induced fit as a mechanism for antibody-antigen recogni­
tion. Science 255:959—965.

Fischmann, T. O., Bentley, G. A., Bhat, T  N., Boulot, G., Mariuzza P a 
Phillips, S. E., Tello, D., and Poljak, R. J. 1991. Crystallographi’ 
refinement of the three-dimensional structure of the FabDl 3 
lysozyme complex at 2.5-Ä resolution. J. Biol. C hem  26r>' 
12915-12920.

Burton, D. R. 1990. Antibody: The flexible adaptor molecule Trends 
Biochem. Sci. 15:64—69.

Saphire, E. O., Parren P. W., Pantophlet, R., Zwick, M. B., Morris G M 
Rudd, P. M., Dwek, R. A., Stanfield, R. L., Burton, D. R ancj 
Wilson, I. A. 2001. Crystal structure of a neutralizing human 
IgG against HIV-1: A template for vaccine design. Science 
293:1155-1159.

Calarese, D. A., Scanlan, C. N., Zwick, M. B., Deechongkit S 
Mimura, Y., Kunert R., Zhu, R, Wormald, M. R., Stanfield, R. L 
Roux, K. H., et al. 2003. Antibody domain exchange is an immuno­
logical solution to carbohydrate cluster recognition. Science  
300:2065-2071.

Generation of Diversity
Tonegawa, S. 1988. Somatic generation of immune diversity. Biosci. 

Rep. 8:3-26.
Honjo, T., and Habú, S. 1985. Origin of immune diversity: Genetic 

variation and selection. Annu. Rev. Biochem. 54:803-830.
Geliert, M., and McBlane, J. F. 1995. Steps along the pathway ofVDJ 

recombination. Philos. Trans. R. Soc. Lond. В Biol. Sci. 
347:43-47.

Harris, R. S., Kong, Q., and Maizels, N. 1999. Somatic hypermutation 
and the three R s: Repair, replication and recombination. Mutat. 
Res. 436:157-178.

Lewis, S. M., and Wu, G. E. 1997. The origins ofV(D)J recombination. 
Cell 88:159-162.

Ramsden, D. A., van Gent, D. C., and Geliert, M. 1997. Specificity in 
V(D)J recombination: New lessons from biochemistry and genet­
ics. Curr. Opin. Immunol. 9:114-120.

Roth, D. B., and Craig, N. L. 1998. VDJ recombination: A transposase 
goes to work. Cell 94:411-414.

Sadofsky, M. J. 2001. The RAG proteins in V(D)J recombination: More 
than just a nuclease. Nucleic Acids Res. 29:1399-1409.

MHC Proteins and Antigen Processing
Bjorkman, P. J., and Parham, P. 1990. Structure, function, and diversity 

of class I major histocompatibility complex molecules. Amu. Rev. 
Biochem. 59:253-288.

Goldberg, A. L., and Rock, K. L. 1992. Proteolysis, proteasomes, and 
antigen presentation. Nature 357:375-379.

Madden, D. R., Gorga, J. C., Strominger, J. L., and Wiley, D. C. 1992. 
The three-dimensional structure of HLA-B27 at 2.1 À resolution 
suggests a general mechanism for tight binding to MHC. Cell 
70:1035-1048.

Fremont, D. H., Matsumura, M., Stura, E. A., Peterson, P- A., 
and Wilson, I. A. 1992. Crystal structures of two viral peptides 
in complex with murine MHC class I H-2Kb. Science 257. 
880-881.

Matsumura, M., Fremont, D. H., Peterson, P. A., and Wilson, I. A. 
1992. Emerging principles for the recognition of peptide antigens 
by MHC class I. Science 257:927-934.

Brown, J. H., Jardetzky, T. S., Gorga, J. C., Stern, L. J., Urban, R- G., 
Strominger, J. L., and Wiley, D. C. 1993. Three-dimensional struc­
ture of the human class II histocompatibility antigen HLA-DRL 
Nature 364:33-39.

Saper, M. A., Bjorkman, P. J., and Wiley, D. C. 1991. Refined structure 
of the human histocompatibility antigen HLA-A2 at 2.6 Ä resolu­
tion./. Mol. Biol. 219:277-319.

Madden, D. R., Gorga, J. C., Strominger, J. L., and Wiley, D. C. 1991. 
The structure of HLA-B27 reveals nonamer self-peptides bound in 
an extended conformation. Nature 353:321-325.



B41

Cresswell, R, Bangia, N., Dick, T., and Diedrich, G. 1999. The nature 
of the MHC class I peptide loading complex. Immunol. Rev. 
172:21-28.

Madden, D. R., Garboczi, D. N., and Wiley, D. C. 1993. The antigenic 
identity of peptide-MHC complexes: A comparison of the confor­
mations of five viral peptides presented by HLA-A2. Cell 
75:693-708.

Т-Cell Receptors and Signaling Complexes
Hennecke, J., and Wiley, D. C. 2001. T-cell receptor-МНС interactions 

up close. Cell 104:1-4.
Ding, Y. H., Smith, K. J., Garboczi, D. N., Utz, U., Biddison, W. E., 

and Wiley, D. C. 1998. Two human T  cell receptors bind in a simi­
lar diagonal mode to the HLA-A2/Tax peptide complex using 
different TCR amino acids. Immunity 8:403-411.

Reinherz, E. L., Tan, K., Tang, L., Kern, R, Liu, J., Xiong, Y, 
Hussey, R. E., Smolyar, A., Hare, B., Zhang, R., et al. 1999. The 
crystal structure of a T-cell receptor in complex with peptide and 
MHC class II. Science 286:1913-1921.

Davis, M. M., and Bjorkman, R J. 1988. T-cell antigen receptor genes 
and T-cell recognition. Nature 334:395-402.

Cochran, J. R., Cameron, T. O., and Stern, L. J. 2000. The relationship 
of MHC-peptide binding and T  cell activation probed using chemi­
cally defined MHC class II oligomers. Immunity 12:241-250.

Garcia, K. C., Teyton, L., and Wilson, I. A. 1999. Structural basis of 
T  cell recognition. Annu. Rev. Immunol. 17:369-397.

Garcia, K. C., Degano, M., Stanfield, R. L., Brunmark, A., Jackson, M. R., 
Peterson, R A., Teyton, L. A., and Wilson, I. A. 1996. An aß  
T-cell receptor structure at 2.5 À and its orientation in the TCR- 
MHC complex. Science 274:209-219.

Garboczi, D. N., Ghosh, R, Utz, U., Fan, Q. R., Biddison, W. E., 
Wiley, D. C. 1996. Structure of the complex between human T-cell 
receptor, viral peptide and HLA-A2. Nature 384:134-141.

Gaul, B. S., Harrison, M. L., Geahlen, R. L., Burton, R. A., and 
Post, C. B. 2000. Substrate recognition by the Lyn protein-tyrosine 
kinase: NM R structure of the immunoreceptor tyrosine-based acti­
vation motif signaling region of the В cell antigen receptor. J. Biol. 
Chem. 275:16174-16182.

Kern, P. S., Teng, M. K., Smolyar, A., Liu, J. H., Liu, J., Hussey, R. E., 
Spoerl, R., Chang, H. C., Reinherz, E. L., and Wang, J. H. 1998. 
Structural basis of CD8 coreceptor function revealed by crystallo­
graphic analysis of a murine CD8 aß  ectodomain fragment in 
complex with H-2Kb. Immunity 9:519-530.

König, R., Fleury, S., and Germain, R. N. 1996. The structural basis of 
CD4-MHC class II interactions: Coreceptor contributions to T  cell 
receptor antigen recognition and oligomerization-dependent signal 
transduction. Curr. Top. Microbiol. Immunol. 205:19-46.

Davis, M. M., Boniface, J. J., Reich, Z., Lyons, D., Hampl, J., 
Arden, B., and Chien, Y. 1998. Ligand recognition by aß  T-cell 
receptors. Annu. Rev. Immunol. 16:523-544.

Janeway, C. J. 1992. The T  cell receptor as a multicomponent signalling 
machine: CD4/CD8 coreceptors and CD45 in T  cell activation. 
Annu. Rev. Immunol. 10:645-674.

Podack, E. R., and Kupfer, A. 1991. T-cell effector functions: 
Mechanisms for delivery of cytotoxicity and help. Annu. Rev. Cell 
Biol. 7:479-504.

Davis, M. M. 1990. T  cell receptor gene diversity and selection. Annu. 
Rev. Biochem. 59:475-496.

Leahy, D. J., Axel, R., and Hendrickson, W. A. 1992. Crystal structure 
of a soluble form of the human T  cell coreceptor CD8 at 2.6 A reso­
lution. Cell 68:1145-1162.

Pots, M., and Medema, J. P. 2006. Granzymes at a glance. J. Cell. Sci. 
119:5011-5014.

Löwin, В., Hahne, M., Mattmann, C., andTschopp, J. 1994. Cytolytic 
T-cell cytotoxicity is mediated through perforin and Fas lytic path­
ways. Nature 370:650-652.

Selected Readings

Rudolph, M. G., and Wilson, I. A. 2002. The specificity of T C R / 
pMHC interaction. Curr. Opin. Immunol. 14:52-65.

HIV and AIDS
Fauci, A. S. 1988. The human immunodeficiency virus: Infectivity and 

mechanisms of pathogenesis. Science 239:617-622.
Gallo, R. C., and Montagnier, L. 1988. AIDS in 1988. Sci. Am. 259(4): 

41-48.
Kwong, R D., Wyatt, R., Robinson, J., Sweet, R. W., Sodroski, J., and 

Hendrickson, W. A. 1998. Structure of an HIV gpl20 envelope 
glycoprotein in complex with the CD4 receptor and a neutralizing 
human antibody. Nature 393:648-659.

Vaccines
Johnston, M. I. and Fauci, A. S. 2007. An HIV vaccine—evolving 

concepts. New Engl. J. Med. 356:2073-2081.
Burton, D. R., Desrosiers, R. C., Dorns, R. W., Koff, W. C., Kwong, P. D., 

Moore, J. R, Nabel, G. J., Sodroski, J., Wilson, I. A., and 
Wyatt, R. T. 2004. HIV vaccine design and the neutralizing anti­
body problem. Nature Immunol. 5:233-236.

Ada, G. 2001. Vaccines and vaccination. New Engl. J. Med. 345: 
1042-1053.

Behbehani, A. M. 1983. The smallpox story: Life and death of an old 
disease. Microbiol. Rev. 47:455-509.

Discovery of Major Concepts
Ada, G. L., and Nossal, G. 1987. The clonal selection theory. Sci. Am. 

257(2):62-69.
Porter, R. R. 1973. Structural studies of immunoglobulins. Science 

180:713-716.
Edelman, G. M. 1973. Antibody structure and molecular immunology. 

Science 180:830-840.
Kohler, G. 1986. Derivation and diversification of monoclonal antibod­

ies. Science 233:1281-1286.
Milstein, C. 1986. From antibody structure to immunological diversifi­

cation of immune response. Science 231:1261-1268.
Janeway, C. A., Jr. 1989. Approaching the asymptote? Evolution and 

revolution in immunology. Cold Spring Harbor Symp. Quant. Biol. 
54:1-13.

Jeme, N. K. 1971. Somatic generation of immune recognition. Eur. J. 
Immunol. 1:1-9.

Chapter 35

Where to Start
Gennerich, A., and Vale, R. D. 2009. Walking the walk: How kinesin 

and dynein coordinate their steps. Curr. Opin. Cell Biol. 21:59-67. 
Vale, R. D. 2003. The molecular motor toolbox for intracellular trans­

port. Cell 112:467-480.
Vale, R. D., and Milligan, R. A. 2000. The way things move: Looking 

under the hood of molecular motor proteins. Science 288:88-95. 
Vale, R. D. 1996. Switches, latches, and amplifiers: Common themes of 

G proteins and molecular motors./. Cell Biol. 135:291-302.
Mehta, A. D., Rief, M., Spudich, J. A., Smith, D. A., and Simmons, R. M. 

1999. Single-molecule biomechanics with optical methods. Science 
283:1689-1695.

Schuster, S. C., and Khan, S. 1994. The bacterial flagellar motor. Annu. 
Rev. Biophys. Biomol. Struct. 23:509-539.

Books
Howard, J. 2001. Mechanics of Motor Proteins and the Cytoskeleton. 

Sinauer.
Squire, J. M. 1986. Muscle Design, Diversity, and Disease. Benjamin 

Cummings.



B42
SELECTED READINGS

Pollack, G. H., and Sugi, H. (Eds.). 1984. Contractile Mechanisms in 
Muscle. Plenum.

Myosin and Actin
Lorenz, M., and Holmes, K. C. 2010. The actin-myosin interface. Proc. 

Natl. Acad. Sci. U.S.A. 107:12529-12534.
Yang, Y., Gourinath, S., Kovacs, M., Nyitray, L., Reutzel, R., 

Himmel, D. M., O ’Neall-Hennessey, E., Reshetnikova, L., Szent- 
Györgyi, A. G., Brown, J. H., et al. 2007. Rigor-like structures 
from muscle myosins reveal key mechanical elements in the trans­
duction pathways of this allosteric motor. Structure 15:553-564.

Himmel, D. M., Mui, S., O ’Neall-Hennessey, E., Szent-Györgyi, A. G., 
and Cohen, C. 2009. The on-off switch in regulated myosins: 
Different triggers but related mechanisms. J. Mol. Biol. 394: 
496-505.

Houdusse, A., Gaucher, J. F., Krementsova, E., Mui, S., Trybus, K. M., 
and Cohen, C. 2006. Crystal structure of apo-calmodulin bound to 
the first two IQ  motifs of myosin V reveals essential recognition 
features. Proc. Natl. Acad. Sci. U.S.A. 103:19326-19331.

Li, X. E., Holmes, K. C., Lehman, W., Jung, H., and Fischer, S. 2010. 
The shape and flexibility of tropomyosin coiled coils: Implications 
for actin filament assembly and regulation. J. Mol. Biol. 395: 
327-339.

Fischer, S., Windshugel, B., Horák, D., Holmes, K. C., and Smith, J. C. 
2005. Structural mechanism of the recovery stroke in the myosin 
molecular motor. Proc. Natl. Acad. Sci. U.S.A. 102:6873-6878.

Holmes, K. C., Angert, L, Kuli, F. J., Jahn, W., and Schroder, R. R.
2003. Electron cryo-microscopy shows how strong binding of myo­
sin to actin releases nucleotide. Nature 425:423-427.

Holmes, K. C., Schroder, R. R., Sweeney, H. L., and Houdusse, A.
2004. The structure of the rigor complex and its implications for 
the power stroke. Philos. Trans. R. Soc. Lond. В Biol. Sci. 359: 
1819-1828.

Purcell, T. J., Morris, C., Spudich, J. A., and Sweeney, H. L. 2002. Role 
of the lever arm in the processive stepping of myosin V. Proc. Natl. 
Acad. Sci. U.S.A. 99:14159-14164.

Purcell, T. J., Sweeney, H. L., and Spudich, J. A. 2005. A force- 
dependent state controls the coordination of processive myosin V. 
Proc. Natl. Acad. Sci. U.S.A. 102:13873-13878.

Holmes, К. C. 1997. The swinging lever-arm hypothesis of muscle 
contraction. Curr. Biol. 7:R112-R118.

Berg, J. S., Powell, В. C., and Cheney, R. E. 2001. A millennial myosin 
census. Mol. Biol. Cell 12:780-794.

Houdusse, A., Kalabokis, V. N., Himmel, D., Szent-Györgyi, A. G., 
and Cohen, C. 1999. Atomic structure of scallop myosin subfrag­
ment SI complexed with MgADP: A novel conformation of the 
myosin head. Cell 97:459-470.

Houdusse, A., Szent-Györgyi, A. G., and Cohen, C. 2000. Three con­
formational states of scallop myosin Si. Proc. Natl. Acad. Sci. 
U S A .  97:11238-11243.

Uyeda, T  Q , Abramson, P. D., and Spudich, J. A. 1996. The neck 
region of the myosin motor domain acts as a lever arm to generate 
movement. Proc. Natl. Acad. Sci. U.S.A. 93:4459-4464.

Mehta, A. D., Rock, R. S., Rief, M., Spudich, J. A., Mooseker, M. S., 
and Cheney, R. E. 1999. Myosin-V is a processive actin-based 
motor. Nature 400:590—593.

Otterbein, L. R., Graceffa, R, and Dominguez, R. 2001. The crystal 
structure of uncomplexed actin in the ADP state. Science 
293:708-711.

Holmes, K. C., Popp, D., Gebhard, W., and Kabsch, W. 1990. Atomic 
model of the actin filament. Nature 347:44-49.

Schutt, С. E., Myslik, J. C., Rozycki, M. D., Goonesekere, N. C., and 
Lindberg, U. 1993. The structure of crystalline profilin-ß-actin. 
Nature 365:810-816.

van den Ent, F , Amos, L. A., and Lowe, J. 2001. Prokaryotic origin of 
the actin cytoskeleton. Nature 413:39-44.

Schutt, C. E., and Lindberg, U. 1998. Muscle contraction as a M l 
process I: Energetics of the process. Acta Physiol S °V 
163:307-323. ' and-

Rief, M., Rock, R. S., Mehta, A. D., Mooseker, M. S., Cheney, R p , 
Spudich, J. A. 2000. Myosin-V stepping kinetics: A molecular níod 1 
for processivity. Proc. Natl. Acad. Sci. U.S.A. 97:9482-9486 *

Friedman, T. B., Sellers, J. R., and Avraham, K. B. 1999. Unconventional 
myosins and the genetics of hearing loss. Am. J. Med G t 
89:147-157.

Kinesin, Dynein, and Microtubules
Cho, C. and Vale, R. D. 2012. The mechanism of dynein motility- 

insight from crystal structures of the motor domain. Biochim 
Biophys. Acta 1823:182-191.

Yildiz, A., Tomishige, M., Gennerich, A., and Vale, R. D. 2008 
Intramolecular strain coordinates kinesin stepping behavior along 
microtubules. Cell 134:1030-1041.

Yildiz, A., Tomishige, M., Vale, R. D., and Selvin, P. R. 2004. Kinesin 
walks hand-over-hand. Science 303:676-678.

Rogers, G. C., Rogers, S. L., Schwimmer, T. A., Ems-McClung, S. C., 
Walczak, C. E., Vale, R. D., Scholey, J. M., and Sharp, D. J. 2004. 
Two mitotic kinesins cooperate to drive sister chromatid separation 
during anaphase. Nature 427:364-370.

Vale, R. D., and Fletterick, R. J. 1997. The design plan of kinesin 
motors. Annu. Rev. Cell. Dev. Biol. 13:745-777.

Kuli, F  J., Sablin, E. R, Lau, R., Fletterick, R. J., and Vale, R. D. 1996. 
Crystal structure of the kinesin motor domain reveals a structural 
similarity to myosin. Nature 380:550-555.

Kikkawa, M., Sablin, E. R, Okada, Y.,Yajima, H., Fletterick, R. J., and 
Hirokawa, N. 2001. Switch-based mechanism of kinesin motors. 
Nature 411:439-445.

Wade, R. H., and Kozielski, F. 2000. Structural links to kinesin direc­
tionality and movement. Nat. Struct. Biol. 7:456-460.

Yun, M., Zhang, X., Park, C. G., Park, H. W., and Endow, S. A. 2001. 
A structural pathway for activation of the kinesin motor ATPase. 
EMBO ]. 20:2611-2618.

Kozielski, F , De Bonis, S., Burmeister, W. R, Cohen-Addad, C., and 
Wade, R. H. 1999. The crystal structure of the minus-end-directed 
microtubule motor protein ned reveals variable dimer conforma­
tions. Struct. Fold. Des. 7:1407-1416.

Lowe, J., Li, H., Downing, K. H., and Nogales, E. 2001. Refined 
structure of aß-tubulin  at 3.5 Ä resolution. J. Mol. Biol. 
313:1045-1057.

Nogales, E., Downing, K. H., Amos, L. A., and Lowe, J. 1998. Tubulin 
and FtsZ form a distinct family of GTPases. Nat. Struct. Biol. 
5:451-458.

Zhao, C., Takita, J., Tanaka, Y., Setou, M., Nakagawa, T , Takeda, S., 
Yang, H. W., Terada, S., Nakata, T , Takei, Y, et al. 2001. Charcot- 
Marie-Tooth disease type 2A caused by mutation in a microtubule 
motor KIFIBb. Cell 105:587-597.

Asai, D. J., and Koonce, M. P. 2001. The dynein heavy chain: Structure, 
mechanics and evolution. Trends Cell Biol. 11:196-202.

Mocz, G., and Gibbons, I. R. 2001. Model for the motor component of 
dynein heavy chain based on homology to the AAA family of oligo­
meric ATPases. Structure 9:93-103.

Bacterial Motion and Chemotaxis
Baker, M. D., Wolanin, P. M., and Stock, J. B. 2006. Systems biology of 

bacterial chemotaxis. Curr. Opin. Microbiol. 9:187-192.
Wolanin, P. M., Baker, M. D., Francis, N. R., Thomas, D. R > 

DeRosier, D. J., and Stock, J. B. 2006. Self-assembly of receptor/ 
signaling complexes in bacterial chemotaxis. Proc. Natl. Acad. Sci. 
U.S.A. 103:14313-14318.

Sowa, Y., Rowe, A. D., Leake, M. C., Yakushi, T ,  Homma, M » 
Ishijima, A., and Berry, R. M. 2005. Direct observation of steps in 
rotation of the bacterial flagellar motor. Nature 437:916-919.



B43
Selected Readings

Berg, H. C. 2000. Constraints on models for the flagellar rotary motor.
Philos. Trans. R. Soc. Lond. В Biol. Sci. 355:491-501.

DeRosier, D. J. 1998. The turn of the screw: The bacterial flagellar 
motor. Cell 93:17-20.

Ryu, W. S., Berry, R. M., and Berg, H. C. 2000. Torque-generating 
units of the flagellar motor of Escherichia coli have a high duty ratio. 
Nature 403:444-447.

Lloyd, S. A., Whitby, F. G., Blair, D. E , and Hill, С. P. 1999. Structure 
of the C-terminal domain of FliG, a component of the rotor in the 
bacterial flagellar motor. Nature 400:472-475.

Purcell, E. M. 1977. Life at low Reynolds number. Am. J. Physiol. 
45:3-11.

Macnab, R. M., and Parkinson, J. S. 1991. Genetic analysis of the 
bacterial flagellum. Trends Genet. 7:196-200.

Historical Aspects
Huxley, H. E. 1965. The mechanism of muscular contraction. Sci. Am. 

213(6): 18-27.
Summers, К. E., and Gibbons, I. R. 1971. ATP-induced sliding of 

tubules in trypsin-treated flagella of sea-urchin sperm. Proc. Natl. 
Acad. Sci. U.S.A. 68:3092-3096.

Macnab, R. M., and Koshland, D. E .,Jr. 1972. The gradient-sensing 
mechanism in bacterial chemotaxis. Proc. Natl. Acad. Sci. U.S.A. 
69:2509-2512.

Taylor, E. W. 2001. 1999 E. B. Wilson lecture: The cell as molecular 
machine. Mol. Biol. Cell 12:251-254.

Chapter 36

Where to Start
Gilman, A. G. 2012. Silver spoons and other personal reflections. Annu. 

Rev. Pharmacol. Toxicol. 52:1-19.
Zhang, H.-Y., Chen, L.-L., Xue-Juan Li, X.-J. and Zhang, J. 2010. 

Evolutionary inspirations for drug discovery. Trends Pharmacol. 
Sci. 31:443-448.

Books
Kenakin, T. P. 2014. A Pharmacology Primer: Techniques for More 

Effective and Strategic Drug Discovery (4th ed.). Academic Press. 
Brunton, L., Chabner, B., and Knollman, B. 2011. Goodman and 

Gilman’s The Pharmacological Basis of Therapeutics (12th ed.). 
McGraw-Hill Professional.

Walsh, С. T., and Schwartz-Bloom, R. D. 2004. Levine’s Pharmacology: 
Drug Actions and Reactions (7th ed.). Taylor and Francis Group. 

Silverman, R. B., and Holladay, M. W. 2014. Organic Chemistry of Drug 
Design and Drug Action (3d ed.). Academic Press.

Walsh, C. 2003. Antibiotics: Actions, Origins, Resistance. ASM Press.

ADME and Toxicity
Caldwell, J., Gardner, I., and Swales, N. 1995. An introduction to drug 

disposition: The basic principles of absorption, distribution, 
metabolism, and excretion. Toxicol. Pathol. 23:102-114.

Lee, W., and Kim, R. B. 2004. Transporters and renal drug elimination. 
Annu. Rev. Pharmacol. Toxicol. 44:137-166.

Lin, J., Sahakian, D. C., de Morais, S. M., Xu, J. J., Polzer, R. J., and 
Winter, S. M. 2003. The role of absorption, distribution, metabo­
lism, excretion and toxicity in drug discovery. Curr. Top. Med. 
Chem. 3:1125-1154.

Poggesi, I. 2004. Predicting human pharmacokinetics from preclinical 
data. Curr. Opin. Drug Discov. Devel. 7:100-111.

Case Histories
Flower, R. J. 2003. The development of COX2 inhibitors. Nat. Rev. 

Drug Discov. 2:179-191.
Tobert, J. A. 2003. Lovastatin and beyond: The history of the HMG- 

CoA reductase inhibitors. Nat. Rev. Drug Discov. 2:517-526.
Vacca, J. R, Dorsey, B. D., Schleif, W. A., Levin, R. B., McDaniel, S. L., 

Darke, P. L., Zugay, J., Quintero, J. C., Blahy, O. M., Roth, E., 
et al. 1994. L-735,524: An orally bioavailable human immunodefi­
ciency virus type 1 protease inhibitor. Proc. Natl. Acad. Sci. U.S.A. 
91:4096-4100.

Wong, S., and Witte, O. N. 2004. The BCR-ABL story: Bench to bed­
side and back. Annu. Rev. Immunol. 22:247-306.

Structure-Based Drug Design
Kuntz, I. D. 1992. Structure-based strategies for drug design and dis­

covery. Science 257:1078-1082.
Dorsey, B. D., Levin, R. B., McDaniel, S. L., Vacca, J. R, Guare, J. R, 

Darke, P. L., Zugay, J. A., Emini, E. A., Schleif, W. A., Quintero, J. C., 
et al. 1994. L-735,524: The design of a potent and orally bioavailable 
HIV protease inhibitor./. Med. Chem. 37:3443-3451.

Chen, Z., Li, Y., Chen, E., Hall, D. L., Darke, P. L., Culberson, C., 
Shafer, J. A., and Kuo, L. C. 1994. Crystal structure at 1.9-À reso­
lution of human immunodeficiency virus (HIV) II protease com­
plexed with L-735,524, an orally bioavailable inhibitor of the HIV 
proteases./. Biol. Chem. 269:26344—26348.

Combinatorial Chemistry
Baldwin, J. J. 1996. Design, synthesis and use of binary encoded 

synthetic chemical libraries. Mol. Divers. 2:81-88.
Burke, M. D., Berger, E. M., and Schreiber, S. L. 2003. Generating 

diverse skeletons of small molecules combinatorially. Science 
302:613-618.

Edwards, P. J., and Morrell, A. I. 2002. Solid-phase compound library 
synthesis in drug design and development. Curr. Opin. Drug 
Discov. Devel. 5:594-605.

Genomics
Zambrowicz, B. P., and Sands, A. T. 2003. Knockouts model the 100 

best-selling drugs: Will they model the next 100? Nat. Rev. Drug 
Discov. 2:38-51.

Salemme, F. R. 2003. Chemical genomics as an emerging paradigm for 
postgenomic drug discovery. Pharmacogenomics 4:257-267.

Michelson, S., and Joho, K. 2000. Drug discovery, drug development and 
the emerging world of pharmacogenomics: Prospecting for informa­
tion in a data-rich landscape. Curr. Opin. Mol. Ther. 2:651-654.

Weinshilboum, R., and Wang, L. 2004. Pharmacogenomics: Bench to 
bedside. Nat. Rev. Drug Discov. 3:739-748.


