








Ochman, H., J. G. Lawrence, and E. A. Groisman. 2000. Lateral gene 

transfer and the nature of bacterial innovation. Nature 405:299-304. 

Oddo, M., T. Renno, A. Attinger, T. Bakker, H. R. MacDonald, and P. R. 

Meylan. 1998. Fas ligand-induced apoptosis of infected human macrophages 

reduces the viability of intracellular Mycobacterium tuberculosis. J Immunol 

160:5448-54. 

Oh, M.-R., L. Rohlin, R. C. Rao, and J. C. Liao. 2002. Global Expression 

Profiling of Acetate-grown Escherichia coli. J. Biol. Chem. 277:13175-13183. 

Oliver, A., R. Canton, P. Campo, F. Baquero, and J. Blazquez. 2000. High 

frequency of hypermutable Pseudomonas aeruginosa in cystic fibrosis lung 

infection. Science 288:1251-4. 

Opie, E. L. and J. D. Aronson. 1927. Tubercle bacilli in latent tuberculous 

lesions and in lung tissue without tuberculous lesions. Archives of Pathology 

4:1-21. 

Oriel, J. D. 1991. Noeggerath and "latent gonorrhea". Sex Transm Dis 18:89-

91. 

Orme, I. M. 1988. A mouse model of the recrudescence of latent tuberculosis 

in the elderly. American Review of Respiratory Disease 137:716-8. 

Orme, I. M. and F. M. Collins. 1994. Mouse model of tuberculosis, p. 113-

134. In: B.R. Bloom (Ed.), Tuberculosis, Pathogenesis, Protection and 

Control. A S M Press, Washington D.C. 

Orme, I., E. D. Roberts, J. P. Griffen, and J. S. Abrams. 1993. Cytokine 

secretion by C D 4 T lymphocytes acquired in response to Mycobacterium 

tuberculosis infection. J. Immunol. 151:518-525. 

Ornston, L. N., and M. R. Ornston. 1969. Regulation of glyoxylate 

metabolism in Escherichia coli K-12. J Bacteriol 98:1098-108. 

Oksi, J., J. Savolainen, J. Pene, J. Bousquet, P. Laippala, and M. R. 

Viljanen. 1996. Decreased interleukin-4 and increased gamma interferon 

production by peripheral blood mononuclear cells of patients with Lyme 

borreliosis. Infect Immun 64:3620-3623 

O'Toole, G. A., and R. Rolter. 1998. Flagellar and twitching motility are 

necessary for Pseudomonas aeruginosa biofilm development. Mol Microbiol 

344 



30:295-304. 

O'Toole, G. A., R. A. Gibbs, P. W. Hager, P. V. Phibbs, Jr., and R. Rolter. 

2000. The global carbon metabolism regulator Cre is a component of a signal 

transduction pathway required for biofilm development by Pseudomonas 

aeruginosa. J Bacteriol 182:425-31. 

Ottenhoff, T. H., F. A. Verreck, E. G. Lichtenauer-Raligis, M. A. Hoeve, 

O. Sanal, and J. T. van Dissel. 2002. Genetics, cytokines and human 

infectious disease: lessons from weakly pathogenic mycobacteria and 

salmonellae. Nat Genet 32:97-105. 

Ovcinnikov, N. M., and V. V. Delektorskij. 1972. Electron microscopy of 

phagocytosis in syphilis and yaws. Br J Vener Dis 48:227-48. 

Pachner, A. R., E. Delaney, and T. O'Neill. 1995. Neuroborreliosis in the 

nonhuman primate: Borrelia burgdorferi persists in the central nervous system. 

Ann Neurol 38:667-9. 

Pang, T. 1998. Genetic dynamics of Salmonella typhi—diversity in clonality. 

Trends Microbiol 6:339-42. 

Pang, T., M. M. Levine, B. Ivanoff, J. Wain, and B. B. Finlay. 1998. 

Typhoid fever—important issues still remain. Trends Microbiol 6:131-3. 

Parish, T. and N. G. Stoker. 2000. glnE is an essential gene in 

Mycobacterium tuberculosis. J Bacteriol 182: 5715-20. 

Parish, T. and N. G. Stoker. 2002. The common aromatic amino acid 

biosynthesis pathway is essential in Mycobacterium tuberculosis. 

Microbiology 148:3069-77. 

Park, S. J., G. Chao, and R. P. Gunsalus. 1997. Aerobic regulation of the 

sucABCD genes of Escherichia coli, which encode alpha-ketoglutarate 

dehydrogenase and succinyl coenzyme A synthetase: roles of ArcA, Fnr, and 

the upstream sdhCDAB promoter. J Bacteriol 179:4138-4142. 

Parsons, N. J., J. R. Andrade, P. V. Patel, J. A. Cole, and H. Smith. 1989. 

Sialylation of lipopolysaccharide and loss of absorption of bactericidal 

antibody during conversion of gonococci to serum resistance by cytidine 5'-

monophospho-N-acetyl neuraminic acid. Microb Pathog 7:63-72. 

Parvin, R., S. V. Pande, and T. A. Venkitasubramanian. 1966. Acetate 

345 



metabolism in mycobacteria. Can J Biochem 44:355-361. 

Pavelka, M. S., Jr., and W. R. Jacobs, Jr. 1999. Comparison of the 

construction of unmarked deletion mutations in Mycobacterium smegmatis, 

Mycobacterium bovis bacillus calmette-Guerin, and Mycobacterium 

tuberculosis H37Rv by allelic exchange. J Bacteriol 181:4780-4789. 

Paavonen, J. 1998. Pelvic inflammatory disease - from diagnosis to 

prevention. Dermtol Clin 16:747-756. 

Pawlotsky, J. M. 2004. Pathophysiology of hepatitis C virus infection and 

related liver disease. Trends Microbiol 12:96-102. 

Peekhaus, N., and T. Conway. 1998. What's for Dinner?: Entner-Doudoroff 

Metabolism in Escherichia coli. J. Bacteriol. 180: 3495-3502. 

Pellicer, M. T., C. Fernandez, J. Badia, J. Aguilar, E. C. Lin, and L. 

Baldom. 1999. Cross-induction of glc and ace operons of Escherichia coli 

attributable to pathway intersection. Characterization of the glc promoter. J 

Biol Chem 274:1745-1752. 

Peng, L. and R. Shimizu. 2003. Global metabolic regulation analysis for 

Escherichia coli K12 based on protein expression by 2-dimensional 

electrophoresis and enzyme activity measurement. Appl Microbiol Biotechnol 

61: 163-178. 

Peng, L., M. J. Arauzo-Bravo, and R. Shimizu. 2004. Metabolic flux 

analysis for a ppc mutant Escherichia coli based on 13C-labelling experiments 

together with enzyme activity assays and intracellular metabolite 

measurements. F E M S Microbiol Lett 235:17-23. 

Penningon, P. M., D. Cadavid, J. Bunikis, S. J. Norris, and A. G. Barbour. 

1999. Extensive interplasmidic duplications change the virulence phenotype of 

the relapsing fever agent Borrelia turicatae. Mol Microbiol 34:1120-1132. 

Perriens, J. H., M. E. St Louis, Y. B. Mukadi, C. Brown, J. Prignot, F. 

Pouthier, F. Portaels, J. C. Willame, J. R. Mandala, M . Raboto, R. W . 

Ryder, G. Roscigno, and P. Piot. 1995. Pulmonary tuberculosis in HIV-

infected patients in Zaire. A controlled trial of treatment for either 6 or 12 

months. N Engl J M e d 332:779-784. 

Persing, D. H., D. Mathiesen, D. Podzorski, and S. W. Barthold. 1994. 

Genetic stability of Borrelia burgdorferi recovered from chronically infected 

346 



immunocompetent mice. Infect Immun 62:3521-3527. 

Pertierra, A. G. and R. A. Cooper. 1977. Pyruvate formation during the 

catabolism of simple hexose sugars by Escherichia coli: studies with pyruvate 

kinase-negative mutants. J. Bacteriol.: 1208-1214. 

Peters-Wendisch, P., C. Rreutzer, J. Kalinowski, M. Patek, H. Sahm, and 

B. Eikmanns. 1998. Pyruvate carboxylase from Corynebacterium glutamicum: 

characterization, expression and inactivation of the pyc gene. Microbiology 

144:915-927. 

Philipp, M. T. 1998. Studies on OspA: a source of new paradigms in Lyme 

disease research. Trends Microbiol 6:44-47. 

Piddington, D. L., F. C. Fang, T. Laessig, A. M. Cooper, I. M. Orme, and 

N. A. Buchmeier. 2001. Cu,Zn superoxide dismutase of Mycobacterium 

tuberculosis contributes to survival in activated macrophages that are 

generating an oxidative burst. Infect Immun 69:4980-4987. 

Plasterk, R. H., M. I. Simon, and A. G. Barbour. 1985. Transposition of 

structural genes to an expression sequence on a linear plasmid causes antigenic 

variation in the bacterium Borrelia hermsii. Nature 318:257-63. 

Plaut, G.W., Beach, R.L., and Aogaichi, T. 1975. Alpha-methylisocitrate. A 

selective inhibitor of TPN-linked isocitrate dehydrogenase from bovine heart 

and rat liver. J Biol Chem 250: 6351-6354. 

Ponce, E., A. Martinez, F. Bolivar, and F. Valle. 1998. Stimulation of 

glucose catabolism through the pentose pathway by the absence of the two 

pyruvate kinase isoenzymes in Escherichia coli. Biotechnol Bioeng 58:292-5. 

Post, F. A., P. A. Willcox, B. Mathema, L. M. Steyn, R. Shean, S. V. 

Ramaswamy, E. A. Graviss, E. Shashkina, B. N. Rreiswirth, and G. 

Kaplan. 2004. Genetic polymorphism in Mycobacterium tuberculosis isolates 

from patients with chronic multidrug-resistant tuberculosis. J Infect Dis 

190:99-106. 

Pratt, L. A. and R. Rolter. 1999. Genetic analyses of bacterial biofilm 

formation. Curr Opin Microbiol 2:598-603. 

Pronk, J. T., A. van der Linden-Beuman, C. Verduyn, W. A. Scheffers, 

and J. P. van Dijken. 1994. Propionate metabolism in Saccharomyces 

cerevisiae: implications for the metabolon hypothesis. Microbiology 140:717-

347 



22. 

Pym, A. S., B. Saint-Joanis, and S. T. Cole. 2002. Effect of katG mutations 

on the virulence of Mycobacterium tuberculosis and the implication for 

transmission in humans. Infect Immun 70:4955-60. 

Quetel, C. 1990. History of Syphilis. John Hopkins University Press, 

Baltimore, M D . 

Radolf, J. D. 1994. Role of outer membrane architecture in immune evasion 

by Treponema pallidum and Borrelia burgdorferi. Trends Microbiol 2:307-11. 

Radolf, J. D. 1995. Treponema pallidum and the quest for outer membrane 

proteins. Mol Microbiol 16:1067-73. 

Radolf, J. D., M. V. Norgard, and W. W. Schulz. 1989. Outer membrane 

ultrastructure explains the limited antigenicity of virulent Treponema pallidum. 

Proc Natl Acad Sci U S A 86:2051-5. 

Ram, S., F. G. Mackinnon, S. Gulati, D. P. McQuillen, U. Vogel, M. 

Frosch, C. Elkins, H. R. Guttormsen, L. M . Wetzler, M . Oppermann, M . 

R. Pangburn, and P. A. Rice. 1999. The contrasting mechanisms of serum 

resistance of Neisseria gonorrhoeae and group B Neissseria meningitidis. Mol 

Microbiol 36: 915-928 

Ranes, M., J. Rauzier, M. Lagranderie, M. Gheorghiu, and B. Gicquel. 

1990. Functional Analysis of pAL5000, a Plasmid from Mycobacterium 

Rathman, M., L. P. Barker, and S. Falkow. 1997. The unique trafficking 

pattern of Salmonella typhimurium-containing phagosomes in murine 

macrophages is independent of the mechanism of bacterial entry. Infect Immun 

65:1475-85. 

Rathman, M., M. D. Sjaastad, and S. Falkow. 1996. Acidification of 

phagosomes containing Salmonella typhimurium in murine macrophages. 

Infect Immun 64:2765-73. 

Ravetch, J. V. and L. L. Lanier. 2000. Immune inhibitory receptors. Science 

290:84-9. 

Raviglione, M. C, D. E. Snider, Jr., and A. Rochi. 1995. Global 

epidemiology of Tuberculosis. Morbidity and mortality of a worldwide 

epidemic. Jama 273:220-6. 

348 



Raynaud, C , C. Guilhot, J. Rauzier, Y. Bordat, V. Pelicic, R. Manganelli, 

I. Smith, B. Gicquel, and M . Jackson. 2002. Phospholipases C are involved 

in the virulence of Mycobacterium tuberculosis. Mol Microbiol 45:203-17. 

Reed, M. B., P. Domenech, C. Manca, H. Su, A. R. Barczak, B. N. 

Rreiswirth, G. Raplan, and C. E. Barry, 3rd. 2004. A glycolipid of 

hypervirulent tuberculosis strains that inhibits the innate immune response. 

Nature 431:84-7. 

Rees, R., and P. D'Arcy Hart. 1961. Analysis of the Host-Parasite 

Equilibrium in Chronic Murine Tuberculosis by Total and Viable Bacillary 

Counts. Brit. J. Exp. Pathol. 42:83-88. 

Restrepo, B. I. and A. G. Barbour. 1994. Antigen diversity in the bacterium 

B. hermsii through somatic mutations in rearranged vmp genes. Cell 78:867-

76. 

Restrepo, B. I., C. J. Carter, and A. G. Barbour. 1994. Activation of a vmp 

pseudogene in Borrelia hermsii: an alternate mechanism of antigenic variation 

during relapsing fever. Mol Microbiol 13:287-99. 

Rhen, M., S. Eriksson, and S. Pettersson. 2000. Bacterial adaptation to host 

innate immunity responses. Curr Opin Microbiol 3:60-64. 

Rhoades, E. R., A. A. Frank, and I. M. Orme. 1997. Progression of chronic 

pulmonary tuberculosis in mice aerogenically infected with virulent 

Mycobacterium tuberculosis. Tuber Lung Dis 78:57-66. 

Rich, A. R., A. M. Chesney, and T. B. Turner. 1933. Experiments 

demonstrating that acquired immunity in syphilis is not dependent upon 

allergic inflammation. John Hopkins Hosp. Bull. 52:179-202. 

Roberts, E. D., R. P. Bohm, Jr., F. B. Cogswell, H. N. Lanners, R. C. 

Lowrie, Jr., L. Povinelli, J. Piesman, and M . T. Philipp. 1995. Chronic 

Lyme disease in the rhesus monkey. Lab Invest 72:146-60. 

Rodriguez, G. M., and I. Smith. 2003. Mechanisms of iron regulation in 

mycobacteria: role in physiology and virulence. Mol Microbiol 47:1485-94. 

Romano, A. H. 1970. Distribution of the phosphoenolpyruvate: glucose 

phosphotransferase system in bacteria. J. Bacteriol. 104:808-813. 

349 



Romano, A. H., and T. Conway. 1996. Evolution of carbohydrate metabolic 

pathways. 14th Forum in Microbiology:448-455. 

Rothbard, J. B., R. Fernandez, L. Wang, N. N. Teng, and G. R. Schoolnik. 

1985. Antibodies to peptides corresponding to a conserved sequence of 

gonococcal pilins block bacterial adhesion. Proc Natl Acad Sci U S A 82:915-9. 

Rowe, B., L. R. Ward, and E. J. Threlfall. 1997. Multidrug-resistant 

Salmonella typhi: a worldwide epidemic. Clin Infect Dis 24 Suppl 1:S 106-9. 

Rozen, S., and H. Skaletsky. 2000. Primer3 on the WWW for general users 

and for biologist programmers. Methods Mol Biol 132:365-86. 

Rude, T. H., D. L. Toffaletti, G. M . Cox, and J. R. Perfect. 2002. 

Relationship of the glyoxylate pathway to the pathogenesis of Cryptococcus 

neoformans. Infect Immun 70:5684-94. 

Rudenko, G. M. M. Cross, and P. Borst. 1998. Changing the end: antigenic 

variation orchestrated at the telomeres of African trypanosomes. Trends 

Microbiol. 6: 113-116. 

Runquist, M. and N. J. Rruger. 1999. Control of gluconeogenesis by 

isocitrate lyase in endosperm of germinating castor bean seedlings. Plant J 

19:423-31. 

Russell, D. G. 2001. Mycobacterium tuberculosis: here today and here to stay. 

Nat. Rev. Mol. Cell Biol. 2:1. 

Russell, D. G., J. Dant, and S. Sturgill-Roszycki. 1996. Mycobacterium 

avium- and Mycobacterium tuberculosis-containing vacuoles are dynamic, 

fusion-competent vesicles that are accessible to glycosphingolipids from the 

host cell plasmalemma. J Immunol 156:4764-73. 

Saier, M., Jr. and T. Ramseier. 1996. The catabolite repressor/activator (Cra) 

protein of enteric bacteria. J. Bacteriol. 178:3411-3417. 

Saint Girons, I. and A. G. Barbour. 1991. Antigenic variation in Borrelia. 

Res Microbiol 142: 711-717. 

Saito, H., H. Tomioka, T. Watanabe, and T. Yoneyama. 1983. 

Mycobacteriocins produced by rapidly growing mycobacteria are Tween-

hydrolyzing esterases. J Bacteriol 153:1294-300. 

Saitou, N., and M. Nei. 1987. The neighbor-joining method: a new method for 

350 



reconstructing phylogenetic trees. Mol Biol Evol 4:406-25. 

Salo, W. L., A. C. Aufderheide, J. Buikstra, and T. A. Holcomb. 1994. 

Identification of Mycobacterium tuberculosis D N A in a pre-Columbian 

Peruvian m u m m y . Proc Natl Acad Sci U S A 91:2091-4. 

Santangelo, R. T., M. H. Nouri-Sorkhabi, T. C. Sorrell, M. Cagney, S. C. 

Chen, P. W . Ruchel, and L. C. Wright. 1999. Biochemical and functional 

characterisation of secreted phospholipase activities from Cryptococcus 

neoformans in their naturally occurring state. J M e d Microbiol 48:731-40. 

Sassetti, C. M. and E. J. Rubin. 2003. Genetic requirements for 

mycobacterial survival during infection. Proc Natl Acad Sci U S A 100:12989-

12994. 

Sassetti, C. M., D. H. Boyd, and E. J. Rubin. 2003. Genes required for 

mycobacterial growth defined by high density mutagenesis. Mol Microbiol 

48:77-84. 

Saunders, B. M., H. Briscoe, and W. J. Britton. 2004. T cell-derived tumour 

necrosis factor is essential, but not sufficient, for protection against 

Mycobacterium tuberculosis infection. Clin Exp Immunol 137:279-287. 

Scanga, C. A., V. P. Mohan, H. Joseph, R. Yu, J. Chan, and J. L. Flynn. 

1999. Reactivation of latent tuberculosis: variations on the Cornell murine 

model. Infect Immun 67:4531-8. 

Scanga, C. A., V. P. Mohan, R. Tanaka, D. Alland, J. L. Flynn, and J. 

Chan. 2001. The inducible nitric oxide synthase locus confers protection 

against aerogenic challenge of both clinical and laboratory strains of 

Mycobacterium tuberculosis in mice. Infect Immun 69:7711-7. 

Schaible, U. E., S. Sturgill-Roszycki, P. H. Schlesinger, and D. G. Russell. 

1998. Cytokine activation leads to acidification and increases maturation of 

Mycobacterium av/wra-containing phagosomes in murine macrophages. J 

Immunol 160:1290-6. 

Scherer, C. A. and S. I. Miller. 2001. Molecular Pathogenesis of 

Salmonellae, p. 265-333. In: E. A. Groisman (Ed.), Principles of Bacterial 

Pathogenesis. Academic Press, San Diego, CA. 

Schlesinger, L. S. 1993. Macrophage phagocytosis of virulent but not 

attenuated strains of Mycobacterium tuberculosis is mediated by mannose 

351 



receptors in addition to complement receptors. J Immunol 150:2920-30. 

Schlesinger, L. S., C. G. Bellinger-Rawahara, N. R. Payne, and M. A. 

Horwitz. 1990. Phagocytosis of Mycobacterium tuberculosis is mediated by 

human monocyte complement receptors and complement component C3. J 

Immunol 144:2771-80. 

Schloss, J. V., and W. W. Cleland. 1982. Inhibition of isocitrate lyase by 3-

nitropropionate, a reaction-intermediate analogue. Biochemistry 21:4420-7. 

Schnappinger, D., S. Ehrt, M. I. Voskuil, Y. Liu, J. A. Mangan, I. M. 

Monahan, G. Dolganov, B. Efron, P. D. Butcher, C. Nathan, and G. R. 

Schoolnik. 2003. Transcriptional Adaptation of Mycobacterium tuberculosis 

within Macrophages: Insights into the Phagosomal Environment. J Exp M e d 

198:693-704. 

Schneider, H., J. M. Griffiss, J. W. Boslego, P. J. Hitchcock, R. M. Zahos, 

and M . A. Apicella. 1991. Expression of paragloboside-like 

lipooligosaccharides may be a necessary component of gonococcal 

pathogenesis in men. J Exp M e d 174:1601-5. 

Schryvers, A., E. Lohmeier, and J. H. Weiner. 1978. Chemical and 

functional properties of the native and reconstituted forms of the membrane-

bound, aerobic glycerol-3-phosphate dehydrogenase of Escherichia coli. J Biol 

Chem 253:783-8. 

Schuhardt, V. T., and M. Wilkerson. 1951. Relapse Phenomena in Rats 

Infected with Single Spirochetes (Borrelia recurrentis Var. turicatae). J 

Bacteriol 62:215-219. 

Schwan, T. G., and B. J. Hinnebusch. 1998. Bloodstream- versus tick-

associated variants of a relapsing fever bacterium. Science 280:1938-40. 

Sebbane, F., C. Jarrett, J. R. Linkenhoker, and B. J. Hinnebusch. 2004. 

Evaluation of the Role of Constitutive Isocitrate Lyase Activity in Yersinia 

pestis Infection of the Flea Vector and Mammalian Host. Infect. Immun. 

72:7334-7337. 

Segal, B. H., L. Ding, and S. M. Holland. 2003. Phagocyte NADPH oxidase, 

but not inducible nitric oxide synthase, is essential for early control of 

Burkholderia cepacia and Chromobacterium violaceum infection in mice. 

Infect Immun 71:205-10. 

352 



Segal, E., E. Billyard, M . So, S. Storzbach, and T. F. Meyer. 1985. Role of 

chromosomal rearrangement in N. gonorrhoeae pilus phase variation. Cell 

40:293-300. 

Segal, W., and H. Bloch. 1956. Biochemical Differentiation of 

Mycobacterium tuberculosis Grown in vivo and in vitro. J Bacteriol 72:132-

141. 

Seifert, H. S. 1996. Questions about gonococcal pilus phase- and antigenic 

variation. Mol Microbiol 21:433-40. 

Seifert, H. S., C. J. Wright, A. E. Jerse, M. S. Cohen, and J. G. Cannon. 

1994. Multiple gonococcal pilin antigenic variants are produced during 

experimental human infections. J Clin Invest 93:2744-9. 

Seiler, P., T. Ulrichs, S. Bandermann, L. Pradl, S. Jorg, V. Rrenn, L. 

Morawietz, S. H. Raufmann, and P. Aichele. 2003. Cell-wall alterations as 

an attribute of Mycobacterium tuberculosis in latent infection. J Infect Dis 

188:1326-31. 

Sell, S., D. Gamboa, S. A. Baker-Zander, S. A. Lukehart, and J. N. Miller. 

1980. Host response to Treponema pallidum in intradermally-infected rabbits: 

evidence for persistence of infection at local and distant sites. J Invest 

Dermatol 75:470-5. 

Sepkowitz, R. A., J. Raffalli, L. Riley, T. E. Riehn, and D. Armstrong. 

1995. Tuberculosis in the ADDS era. Clin Microbiol Rev 8:180-99. 

Serbina, N. V., and J. L. Flynn. 1999. Early emergence of CD8(+) T cells 

primed for production of type 1 cytokines in the lungs of Mycobacterium 

tuberculosis-infected mice. Infect Immun 67:3980-8. 

Serbina, N. V., C. C. Liu, C. A. Scanga, and J. L. Flynn. 2000. CD8+ CTL 

from lungs of Mycobacterium tuberculosis-infected mice express perforin in 

vivo and lyse infected macrophages. J Immunol 165:353-63. 

Serbina, N. V., V. Lazarevic, and J. L. Flynn. 2001. CD4(+) T cells are 

required for the development of cytotoxic CD8(+) T cells during 

Mycobacterium tuberculosis infection. J Immunol 167:6991-7000. 

Seshadri, R., P. S. Murthy, and T. A. Venkitasubramanian. 1972. Malate 

metabolism in mycobacteria. Biochem J 128:62P. 

353 



Seshadri, R., P. S. Murthy, and T. A. Venkitasubramanian. 1976. 

Isociatrate lyase in mycobacteria. Indian J Biochem Biophys 13:95-6. 

Sever, J. L. and G. P. Youmans. 1957. Enumeration of viable tubercle bacilli 

from the organs of nonimmunized and immunized mice. A m . Rev. Tuberc. 

Pulm. Dis. 76:616-635. 

Shafer, W. M. and R. F. Rest. 1989. Interactions of gonococci with 

phagocytic cells. Annu Rev Microbiol 43:121-45. 

Sharma, V. D., V. M. Ratoch, A. R. Datta, R. B. Rannan, C. T. 

Shivannavar, and V. P. Bharadwaj. 1985. Metabolic studies on 

mycobacteria-I. Demonstration of key enzymes of glycolysis and tricarboxylic 

acid cycle on polyacrylamide gels. Indian J Lepr 57:534-41. 

Sharma, V., S. Sharma, R. Hoener zu Bentrup, J. D. McRinney, D. G. 

Russell, W . R. Jacobs, Jr., and J. C. Sacchettini. 2000. Structure of isocitrate 

lyase, a persistence factor of Mycobacterium tuberculosis. Nat Struct Biol 

7:663-8. 

Shi, L., Y. J. Jung, S. Tyagi, M. L. Gennaro, and R. J. North. 2003. 

Expression of Thl-mediated immunity in mouse lungs induces a 

Mycobacterium tuberculosis transcription pattern characteristic of 

nonreplicating persistence. Proc Natl Acad Sci U S A 100:241-6. 

Shibata, Y., P. Y. Berclaz, Z. C. Chroneos, M. Yoshida, J. A. Whitsett, and 

B. C. Trapnell. 2001. G M - C S F regulates alveolar macrophage differentiation 

and innate immunity in the lung through PU.l. Immunity 15:557-67. 

Shukla, V. R., H. Singh, M. Pandey, S. R. Upadhyay, and G. Nath. 2000. 

Carcinoma of the gallbladder - is it a sequel of typhoid? Dig Dis Sci 45: 900-

903. 

Sigal, L. H. 1997. Lyme disease: a review of aspects of its immunology and 

immunopathogenesis. Annu Rev Immunol 15:63-92. 

Simon, V. and D. D. Ho. 2003. HIV-1 dynamics in vivo: implications for 

therapy. Nat Rev Microbiol 1:181-90. 

Sinai, A. P. and R. A. Joiner. 1997. Safe haven: the cell biology of 

nonfusogenic pathogen vacuoles. Annu Rev Microbiol 51:415-62. 

Singh, A. E., and B. Romanowski. 1999. Syphilis: review with emphasis on 

clinical, epidemiologic, and some biologic features. Clin Microbiol Rev 

354 



12:187-209. 

Slauch, J., R. Taylor, and S. Maloy. 1997. Survival in a cruel world: how 

Vibrio cholerae and Salmonella respond to an unwilling host. Genes Dev 

11:1761-74. 

Smith, C. V., C. C. Huang, A. Miczak, D. G. Russell, J. C. Sacchettini, and 

R. Honer zu Bentrup. 2003. Biochemical and structural studies of malate 

synthase from Mycobacterium tuberculosis. J Biol Chem 278:1735-43. 

Smith, D. A., T. Parish, N. G. Stoker, and G. J. Bancroft. 2001. 

Characterization of Auxotrophic Mutants of Mycobacterium tuberculosis and 

Their Potential as Vaccine Candidates. Infect Immun 69:1142-1150. 

Smith, H. 2000. Questions about the behaviour of bacterial pathogens in vivo. 

Philos Trans R Soc Lond B Biol Sci 355:551-64. 

Smith, H., N. Parsons, and J. Cole. 1995. Sialylation of Neisserial 

Lipopolysacchari.de: A Major Influence on Pathogenicity. Microbe 

Pathogenicity 19:365-377. 

Sousa, A. O., R. J. Mazzaccaro, R. G. Russell, F. R. Lee, O. C. Turner, S. 

Hong, L. Van Raer, and B. R. Bloom. 2000. Relative contributions of 

distinct M H C class I-dependent cell populations in protection to tuberculosis 

infection in mice. Proc Natl Acad Sci U S A 97:4204-8. 

Spencer, M. E., and J. R. Guest. 1987. Regulation of citric acid cycle genes 

in facultative bacteria. Microbiol Sci 4:164-8. 

Stamm, L. M., J. H. Morisaki, L.-Y. Gao, R. L. Jeng, R. L. McDonald, R. 

Roth, S. Takeshita, J. Heuser, M . D. Welch, and E. J. Brown. 2003. 

Mycobacterium marinum Escapes from Phagosomes and Is Propelled by 

Actin-based Motility. J Exp Med 198:1361-1368. 

Steere, A. C. 1989. Lyme disease. N Engl J Med 321:586-96. 

Stenger, S., D. A. Hanson, R. Teitelbaum, P. Dewan, R. R. Niazi, C. J. 

Froelich, T. Ganz, S. Thoma-Uszynski, A. Melian, C. Bogdan, S. A. 

Porcelli, B. R. Bloom, A. M . Rrensky, and R. L. Modlin. 1998. A n 

antimicrobial activity of cytolytic T cells mediated by granulysin. Science 

282:121-5. 

Stern, A., M. Brown, P. Nickel, and T. F. Meyer. 1986. Opacity genes in 

355 

http://Lipopolysacchari.de


Neisseria gonorrhoeae: control of phase and antigenic variation. Cell 47: 61-

71. 

Stern, A., P. Nickel, T. F. Meyer, and M. So. 1984. Opacity determinants of 

Neisseria gonorrhoeae: gene expression and chromosomal linkage to the 

gonococcal pilus gene. Cell 37:447-56. 

Stevenson, B., L. R. Bockenstedt, and S. W. Barthold. 1994. Expression and 

gene sequence of outer surface protein C of Borrelia burgdorferi reisolated 

from chronically infected mice. Infect Immun 62:3568-3571. 

Stewart, G. R., B. D. Robertson, and D. B. Young. 2003. Tuberculosis: a 

problem with persistence. Nat Rev Microbiol 1:97-105. 

Stickler, D. J., N. S. Morris, R. J. McLean, and C. Fuqua. 1998. Biofilms 

on indwelling urethral catheters produce quorum-sensing signal molecules in 

situ and in vitro. Appl Environ Microbiol 64:3486-90. 

Stoenner, H. G., T. Dodd, and C. Larsen. 1982. Antigenic variation of 

Borrelia hermsii. J Exp Med 156:1297-311. 

Stover, C. R., V. F. de la Cruz, T. R. Fuerst, J. E. Burlein, L. A. Benson, L. 

T. Bennett, G. P. Bansal, J. F. Young, M . H. Lee, G. F. Hatfull, and et al. 

1991. N e w use of B C G for recombinant vaccines. Nature 351:456-60. 

Sturgill-Roszycki, S., P. H. Schlesinger, P. Chakraborty, P. L. Haddix, H. 

L. Collins, A. R. Fok, R. D. Allen, S. L. Gluck, J. Heuser, and D. G. 

Russell. 1994. Lack of acidification in Mycobacterium phagosomes produced 

by exclusion of the vesicular proton-ATPase. [published erratum appears in 

Science 1994 Mar 11;263(5152):1359]. Science 263:678-81. 

Sturgill-Roszycki, S., U. E. Schaible, and D. G. Russell. 1996. 

Mycobacterium-containing phagosomes are accessible to early endosomes and 

reflect a transitional state in normal phagosome biogenesis. Embo J 15:6960-8. 

Suk, R., S. Das, W. Sun, B. Jwang, S. W. Barthold, R. A. Flavell, and E. 

Fikrig. 1995. Borrelia burgdorferi genes selectively expressed in the infected 

host. Proc Natl Acad Sci U S A 92:4269-73. 

Sukupohi, S., A. Edelstein, M. Rhen, S. J. Normark, and J. D. Pfeifer. 

1997. Development of a murine model of chronic Salmonella infection. Infect 

Immun 65:838-42. 

356 



Suter, E. 1961. Pasive transfer of acquired resistance to infection with 

Mycobacterium tuberculosis by means of cells. American Review of 

Respiratory Disease 83:535-543. 

Swanson, J. 1973. Studies on gonococcus infection. IV. Pili: their role in 

attachment of gonococci to tissue culture cells. J Exp Med 137:571-89. 

Swanson, J., O. Barrera, J. Sola, and J. Boslego. 1988. Expression of outer 

membrane protein II by gonococci in experimental gonorrhea. J Exp M e d 

168:2121-9. 

Sweany, H. C, S. A. Levinson, and A. M. S. Stadnichenko. 1943. 

Tuberculous Infection in People Dying of Causes other than tuberculosis. 

American Review of Tuberculosis 47:131-173. 

Tabuchi, T., and H. Uchiyama. 1975. Methylcitrate condensing and 

methylisocitrate cleaving enzymes; evidence for the pathway of oxidation of 

propionyl-CoA to pyruvate via C7-tricarboxylic acids. Agr. Biol. Chem. 

39:2035-42. 

Tabuchi, T., and N. Serizawa. 1975. A Hypothetical Cyclic Pathway for the 

Metabolism of Odd-carbon n-Alkanes or Propionyl-CoA via Seven-carbon 

Tricarboxylic Acids in Yeasts. Agr. Biol. Chem. 39:1055-1061. 

Tailleux, L., O. Schwartz, J.-L. Herrmann, E. Pivert, M. Jackson, A. 

Amara, L. Legres, D. Dreher, L. P. Nicod, J. C. Gluckman, P. H. 

Lagrange, B. Gicquel, and O. Neyrolles. 2003. DC-SIGN Is the Major 

Mycobacterium tuberculosis Receptor on Human Dendritic Cells. J Exp M e d 

197:121-127. 

Tascon, R. E., E. Stavropoulos, R. V. Lukacs, and M. J. Colston. 1998. 

Protection against Mycobacterium tuberculosis infection by C D 8 + T cells 

requires the production of gamma interferon. Infect Immun 66:830-4. 

Telenti, A., P. Imboden, F. Marchesi, D. Lowrie, S. Cole, M. J. Colston, L. 

Matter, R. Schopfer, and T. Bodmer. 1993. Detection of rifampicin-

resistance mutations in Mycobacterium tuberculosis. Lancet 341:647-50. 

Textor, S., V. F. Wendisch, A. A. De Graaf, U. Muller, M. I. Linder, D. 

Linder, and W . Buckel. 1997. Propionate oxidation in Escherichia coli: 

evidence for operation of a methylcitrate cycle in bacteria. Arch Microbiol 

168:428-36. 

357 



Theodore, T. S., and E. Englesberg. 1964. Mutant of Salmonella 

typhimurium Deficient in the Carbon Dioxide-Fixing Enzyme 

Phosphoenolpyruvic Carboxylase. J Bacteriol 88:946-55. 

Thompson, J. D., D. G. Higgins, and T. J. Gibson. 1994. CLUSTAL W: 

improving the sensitivity of progressive multiple sequence alignment through 

sequence weighting, position-specific gap penalties and weight matrix choice. 

Nucleic Acids Res 22:4673-80. 

Timm, J., F. A. Post, L. G. Bekker, G. B. Walther, H. C. Wainwright, R. 

Manganelli, W . T. Chan, L. Tsenova, B. Gold, I. Smith, G. Raplan, and J. 

D. McRinney. 2003. Differential expression of iron-, carbon-, and oxygen-

responsive mycobacterial genes in the lungs of chronically infected mice and 

tuberculosis patients. Proc Natl Acad Sci U S A 100:14321-6. 

Tian, J., Bryk, R., Itoh, M., Suematsu, M., and Nathan, C. (2005) Variant 

tricarboxylic acid cyclein Mycobacterium tuberculosis: identification of 

a-ketoglutarate decarboxylase. Proc Natl Acad Sci USA 102: 10670-10675. 

Ting, L. M., A. C. Rim, A. Cattamanchi, and J. D. Ernst. 1999. 

Mycobacterium tuberculosis inhibits IFN-y transcriptional responses without 

inhibiting activation of STAT1. J Immunol 163:3898-906. 

Tomb, J. F., O. White, A. R. Rerlavage, R. A. Clayton, G. G. Sutton, R. D. 

Fleischmann, R. A. Retchum, H. P. Rlenk, S. Gill, B. A. Dougherty, R. 

Nelson, J. Quackenbush, L. Zhou, E. F. Rirkness, S. Peterson, B. Loftus, 

D. Richardson, R. Dodson, H. G. Rhalak, A. Glodek, R. McKenney et al., 

1997. The complete genome sequence of the gastric pathogen Helicobacter 

pylori. Nature 388:539-47. 

Trinchieri, G. 2003. Interleukin-12 and the regulation of innate resistance and 

adaptive immunity. Nat Rev Immunol 3:133-46. 

Trivedi, O. A., P. Arora, V. Sridharan, R. Tickoo, D. Mohanty, and R. S. 

Gokhale. 2004. Enzymic activation and transfer of fatty acids as acyl-

adenylates in mycobacteria. Nature 428:441-5. 

Tuckman, D., R. J. Donnelly, F. X. Zhao, W. R. Jacobs, Jr., and N. D. 

Connell. 1997. Interruption of the phosphoglucose isomerase gene results in 

glucose auxotrophy in Mycobacterium smegmatis. J Bacteriol 179:2724-30. 

Tyagi, S., and F. R. Rramer. 1996. Molecular beacons: probes that fluoresce 

upon hybridization. Nat Biotechnol 14:303-8. 

358 



Uchiya, R., M . A. Barbieri, R. Funato, A. H. Shah, P. D. Stahl, and E. A. 

Groisman. 1999. A Salmonella virulence protein that inhibits cellular 

trafficking. Embo J 18:3924-33. 

Utley, M., D. P. Franklin, R. A. Rrogfelt, D. C. Laux, and P. S. Cohen. 

1998. A Salmonella typhimurium mutant unable to utilize fatty acids and 

citrate is avirulent and immunogenic in mice. F E M S Microbiol Lett 163:129-

34. 

Valdivia, R. H., and S. Falkow. 1997. Fluorescence-based isolation of 

bacterial genes expressed within host cells. Science 277:2007-11. 

Valentine, P. J., B. P. Devore, and F. Heffron. 1998. Identification of three 

highly attenuated Salmonella typhimurium mutants that are more immunogenic 

and protective in mice than a prototypical aroA mutant. Infect Immun 66:3378-

83. 

Valway, S. E., M. P. Sanchez, T. F. Shinnick, I. Orme, T. Agerton, D. Hoy, 

J. S. Jones, H. Westmoreland, and I. M . Onorato. 1998. A n outbreak 

involving extensive transmission of a virulent strain of Mycobacterium 

tuberculosis. N Engl J M e d 338:633-9. 

van den Berg, M. A., P. de Jong-Gubbels, C. J. Rortland, J. P. van Dijken, 

J. T. Pronk, and H. Y. Steensma. 1996. The T w o Acetyl-coenzyme A 

Synthetases of Saccharomyces cerevisiae Differ with Respect to Kinetic 

Properties and Transcriptional Regulation. J. Biol. Chem. 271:28953-28959. 

van der Rest, M. E., C. Frank, and D. Molenaar. 2000. Functions of the 

membrane-associated and cytoplasmic malate dehydrogenases in the citric acid 

cycle of Escherichia coli. J Bacteriol 182:6892-9. 

van Hyningen, T. K., H. L. Collins, and D. G. Russell. 1997. IL-6 produced 

by macrophages infected with Mycobacterium species suppresses T cell 

responses. J. Immunol. 158:330-337. 

van Putten, J. P. 1993. Phase variation of lipopolysaccharide directs 

interconversion of invasive and immuno-resistant phenotypes of Neisseria 

gonorrhoeae. Embo J 12:4043-51. 

van Putten, J. P., and B. D. Robertson. 1995. Molecular mechanisms and 

implications for infection of lipopolysaccharide variation in Neisseria. Mol 

Microbiol 16:847-53. 

359 



van Voorhis, W . C , L. R. Barrett, J. M . Nasio, F. A. Plummer, and S. A. 

Lukehart. 1996a. Lesions of primary and secondary syphilis contain activated 

cytolytic T cells. Infect Immun 64:1048-1050. 

van Voorhis, W. C, L. R. Barrett, D. M. Roelle, J. M. Nasio, F. A. 

Plummer, and S. A. Lukehart. 1996b. Primary and secondary syphilis lesions 

contain m R N A for Thl cytokines. J Infect Dis 173: 491-495. 

Vandiviere, H. M., W. E. Loring, I. Melvin, and S. Willis. 1956. The 

Treated Pulmonary Lesion and its Tubercle Bacillus. A m J M e d Sci 232:30-37. 

Vanham, G., Z. Toossi, C. S. Hirsch, R. S. Wallis, S. R. Schwander, E. A. 

Rich, and J. J. Ellner. 1997. Examining a paradox in the pathogenesis of 

human pulmonary tuberculosis: immune activation and suppression/anergy. 

Tuberc Lung Dis 78:145-158. 

Vanni, P., E. Giachetti, G. Pinzauti, and B. A. McFadden. 1990. 

Comparative Structure, Function and Regulation of Isocitrate Lyase, an 

Important Assimilatory Enzyme. C o m p Biochem Physiol 95B:431-458. 

Vazquez-Torres, A., and F. C. Fang. 2001. Oxygen-dependent anti-

Salmonella activity of macrophages. Trends Microbiol 9:29-33. 

Vazquez-Torres, A., J. Jones-Carson, A. J. Baumler, S. Falkow, R. 

Valdivia, W . Brown, M . Le, R. Berggren, W . T. Parks, and F. C. Fang. 

1999. Extraintestinal dissemination of Salmonella by CD18-expressing 

phagocytes. Nature 401:804-8. 

Vazquez-Torres, A., J. Jones-Carson, P. Mastroeni, H. Ischiropoulos, and 

F. C. Fang. 2000. Antimicrobial actions of the N A D P H phagocyte oxidase and 

inducible nitric oxide synthase in experimental salmonellosis. I. Effects on 

microbial killing by activated peritoneal macrophages in vitro. J Exp M e d 

192:227-36. 

Velayudhan, J., and D. J. Relly. 2002. Analysis of gluconeogenic and 

anaplerotic enzymes in Campylobacter jejuni: an essential role for 

phosphoenolpyruvate carboxykinase. Microbiology 148:685-694. 

Vergne, I., J. Chua, and V. Deretic. 2003. Tuberculosis Toxin Blocking 

Phagosome Maturation Inhibits a Novel Ca2+/Calmodulin-PI3K hVPS34 

Cascade. J Exp M e d 198:653-659. 

Verreck, F. A. W., T. de Boer, D. M. L. Langenberg, M. A. Hoeve, M. 

360 



Rramer, E. Vaisberg, R. Kastelein, A. Kolk, R. de Waal-Malefyt, and T. 

H. M . Ottenhoff. 2004. Human IL-23-producing type 1 macrophages promote 

but IL-10-producing type 2 macrophages subvert immunity to (myco)bacteria. 

Proc Natl Acad Sci U S A 101:4560-4565. 

Vinopal, R. T., and D. G. Fraenkel. 1974. Phenotypic suppression of 

phosphofructokinase mutations in Escherichia coli by constitutive expression 

of the glyoxylate shunt. J Bacteriol 118:1090-100. 

Vinopal, R. T., and D. G. Fraenkel. 1975. PfkB and pfkC loci of Escherichia 

coli. J Bacteriol 122:1153-61. 

Vinopal, R. T., D. Clifton, and D. G. Fraenkel. 1975. PfkA locus of 

Escherichia coli. J Bacteriol 122:1162-71. 

Vogel, U. and M. Frosch. 1999. Mechanisms of neisserial serum resistance. 

Mol Microbiol 32:1133-1139. 

Voskuil, M. I., D. Schnappinger, R. C. Visconti, M. I. Harrell, G. M. 

Dolganov, D. R. Sherman, and G. R. Schoolnik. 2003. Inhibition of 

Respiration by Nitric Oxide Induces a Mycobacterium tuberculosis Dormancy 

Program. J Exp M e d 198:705-713. 

Voskuil, M. I., R. C. Visconti, and G. R. Schoolnik. 2004. Mycobacterium 

tuberculosis gene expression during adaptation to stationary phase and low-

oxygen dormancy. Tuberculosis (Edinb) 84:218-27. 

Wall, D., and D. Raiser. 1999. Type IV pili and cell motility. Mol Microbiol 

32:1-10. 

Wallace, J. G. 1961. The heat resistance of tubercle bacilli in the lungs of 

infected mice. A m . Rev. Resp. Dis. 83:866-871. 

Walsh, C. 2003. Where will new antibiotics come from? Nat Rev Microbiol 

1:65-70. 

Walsh, R., and D. E. Roshland, Jr. 1984. Determination of flux through the 

branch point of two metabolic cycles. The tricarboxylic acid cycle and the 

glyoxylate shunt. J Biol Chem 259:9646-54. 

Walsh, R., and D. E. Roshland, Jr. 1985. Branch point control by the 

phosphorylation state of isocitrate dehydrogenase. A quantitative examination 

of fluxes during a regulatory transition. J Biol Chem 260:8430-7. 

361 



Wang, C. H., C. Y. Liu, H. C. Lin, C. T. Yu, R. F. Chung, and H. P. Ruo. 

1998. Increased exhaled nitric oxide in active pulmonary tuberculosis due to 

inducible N O synthase upregulation in alveolar macrophages. Eur Respir J 

11:809-15. 

Wang, Z.-X., C. Bramer, and A. Steinbuchel. 2003a. Two phenotypically 

compensating isocitrate dehydrogenases in Ralstonia eutropha. F E M S 

Microbiology Letters 227:9-16. 

Wang, Z.-Y., C. R. Thornton, M. J. Rershaw, L. Debao, and N. J. Talbot. 

2003b. The glyoxylate cycle is required for temporal regulation of virulence by 

the plant pathogenic fungus Magnaporthe grisea. Mol Microbiol 47:1601-

1612. 

Warren, W. A. 1970. Catalysis of both oxidation and reduction of glyoxylate 

by pig heart lactate dehydrogenase isoenzyme 1. J. Biol. Chem. 245:1675-

1681. 

Watnick, P. I., and R. Rolter. 1999. Steps in the development of a Vibrio 

cholerae El Tor biofilm. Mol Microbiol 34:586-95. 

Wayne, L. G. 1994. Cultivation of M. tuberculosis for research purposes, p. 

73-83. In: B.R. Bloom (Ed.) Tuberculosis: Pathogenesis, Protection & Control. 

A S M Press, Washington, D.C. 

Wayne, L. G., and C. D. Sohaskey. 2001. Nonreplicating persistence of 

Mycobacterium tuberculosis. Annu Rev Microbiol 55:139-63. 

Wayne, L. G., and D. Salkin. 1956. The bacteriology of resected tuberculous 

pulmonary lesions. A m . Rev. Tuberc. Pulm. Dis. 74:376-387. 

Wayne, L. G., and L. G. Hayes. 1996. An in vitro model for sequential study 

of shiftdown of Mycobacterium tuberculosis through two stages of 

nonreplicating persistence. Infect Immun 64:2062-9. 

Weinrauch, Y., and A. Zychlinsky. 1999. The induction of apoptosis by 

bacterial pathogens. Annu. Rev. Microbiol. 53:155-187. 

Wendisch, V. F., A. A. de Graaf, H. Sahm, and B. J. Eikmanns. 2000. 

Quantitative determination of metabolic fluxes during coutilization of two 

carbon sources: comparative analyses with Corynebacterium glutamicum 

during growth on acetate and/or glucose. J Bacteriol 182:3088-96. 

362 



Wengenack, N. L., M . P. Jensen, F. Rusnak, and M . R. Stem. 1999. 

Mycobacterium tuberculosis KatG is a peroxynitritase. Biochem Biophys Res 

C o m m u n 256:485-7. 

Wheeler, P. R. 1984. Oxidation of carbon sources through the tricarboxylic 

acid cycle in Mycobacterium leprae grown in armadillo liver. J Gen Microbiol 

130:381-9. 

Wheeler, P. R., and C. Ratledge. 1988. Use of carbon sources for lipid 

biosynthesis in Mycobacterium leprae: a comparison with other pathogenic 

mycobacteria. J Gen Microbiol 134:2111-21. 

WHO. 2004. World Health Report. 

Wilske, B., A. G. Barbour, S. Bergstrom, N. Burman, B. I. Restrepo, P. A. 

Rosa, T. Schwan, E. Soutschek, and R. Wallich. 1992. Antigenic variation 

and strain heterogeneity in Borrelia spp. Res Microbiol 143:583-96. 

Wolf, B., Y. E. Hsia, L. Sweetman, R. Gravel, D. J. Harris, and W. L. 

Nyhan. 1981. Propionic acidemia: a clinical update. J Pediatr 99:835-46. 

Wolfson, J. S., D. C. Hooper, G. L. McHugh, M. A. Bozza, and M. N. 

Swartz. 1990. Mutants of Escherichia coli K-12 exhibiting reduced killing by 

both quinolone and beta-lactam antimicrobial agents. Antimicrob Agents 

Chemother 34:1938-43. 

Xie, Q. W., H. J. Cho, J. Calaycay, R. A. Mumford, R. M. Swiderek, T. D. 

Lee, A. Ding, T. Troso, and C. Nathan. 1992. Cloning and characterization 

of inducible nitric oxide synthase from mouse macrophages. Science 256:225-

8. 

Yang, Q. L. and E. C. Gotschlich. 1996. Variation of gonococcal 

lipooligosaccharide structure is due to alterations in poly-G tracts in lgt genes 

encoding glycosyl transferases. J Exp M e d 183:323-327. 

Yildiz, F. H., and G. R. Schoolnik. 1999. Vibrio cholerae 01 El Tor: 

identification of a gene cluster required for the rugose colony type, 

exopolysaccharide production, chlorine resistance, and biofilm formation. Proc 

Natl Acad Sci U S A 96:4028-33. 

Zhang, J. R., and S. J. Norris. 1998a. Genetic variation of the Borrelia 

burgdorferi gene vlsE involves cassette-specific, segmental gene conversion. 

Infect Immun 66:3698-704. 

363 



Zhang, J. R., and S. J. Norris. 1998b. Kinetics and in vivo induction of 

genetic variation of vlsE in Borrelia burgdorferi. Infect Immun 66:3689-97. 

Zhang, J. R., J. M. Hardham, A. G. Barbour, and S. J. Norris. 1997. 

Antigenic variation in Lyme disease Borreliae by promiscuous recombination 

of VMP-like sequence cassettes. Cell 89:275-85. 

Zhu, J., and J. J. Mekalanos. 2003. Quorum sensing-dependent biofilms 

enhance colonization in Vibrio cholerae. Dev Cell 5:647-56. 

364 


