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ABSTRACT
Background: Streptococcus pneumoniae is an important pathogen that can cause disease. There are mainly two concerns worldwide:
(1) Escalating antimicrobial resistance, especially resistance to penicillin and extended-spectrum cephalosporins. (2) Serotype 19A has
been shown increasingly emerged apparently due to the widely use of 7-valent pneumococcal conjugate vaccine (PCV7). Methods: A
total of 82 clinical isolates (part I 80 isolates and part 11 2 isolates) collected from Chang Gung Children’ s Hospital were subjected
to (1) antimicrobial susceptibility testing and penicillin-binding protein gene sequencing. (2) To antimicrobial susceptibility testing,
multilocus sequence typing (MLST) and sequence analysis of the flanking regions upstream and downstream respectively pbpla and
pbp2x . Results: (1) Six amino acid mutations closed to the C-terminus of PBP1A were found associated with penicillin
nonsusceptibility in S. pneumonia and 10 amino acid mutations closed to the N-terminal were shown associated with ceftriaxone
nonsusceptibility. Based on the PBP2B sequence analysis, 12 amino acid alterations due to mutation were found associated with
ceftriaxone nonsusceptibility in S. pneumoniae. These mutations were around the active binding site N427. On PBP2X not only
ceftriaxone but also penicillin nonsusceptibility exhibited common amino acid mutations when MIC of ceftriaxone and penicillin <
0.19 p 1/mg, it seems the mutations started earlier when compared to the PBP1A and 2B mutations. (2) Although serotype 19A and
14 have common mutations they belong to different sequence type (ST), serotype 19A is ST320 while serotype 14 is ST876.
Sequencing analysis of pbp2x and pbpla showed sequences upstream of pbp2x and downstream of pbpla were homologues.
Conclusions: This study provides evidence that (1) mutations in the PBP1A C-terminal region are specifically associated with
penicillin nonsusceptibility and in N-terminal region associated with ceftriaxone nonsusceptibility. Mutation in PBP2B is responsible
for ceftriaxone nonsusceptibility in S. pneumoniae. In PBP2X, mutations are common for both penicillin nonsusceptible and
ceftriaxone nonsusceptible isolates, suggesting that these mutations developed early in the evolution of S. pneumoniae to become
B -lactam antibiotic resistant. (2) Serotype 19A ST320 and serotype 14 ST876 have common mutations in pbpla and pbp2x due to
antibiotic selective pressure.

Keywords : Streptococcus pneumoniall penicillin-binding proteinsCJ C-terminal(] N-terminal
Table of Contents

0000 000 000000000000 oooooooooo ooWioooooooooooooooooon
000 o0doOvOoOOooOooOooooooooooooooooo ogoviidoooooooooooooooooo
000 Oo0doOviiDO0OO00Oo000oo0oo0oooooooooooo oo xxioooooooooooooooooo
0000000 xil0011000000000000000000O0 O 112000000000000000000
O0od0dl113000b00d0odooobododn0 021400000000000000000 525000000
0000000 oooooosiebbddooooobooo0 oooooo 77000000 ooooooon
000000 8180000000 (penicillin-binding proteins)d 9196 -lactamase0 000000000 O0O OO 102.0
OPart1210 00000000 0O00O0O0OO 122200000000 0 00000 1222100000000000 O
1222200 0000MIC)00O 132230 0000000000000 0 14224000000000 O 14225
Polymerase chain reaction (PCR) 15 2.2.5.1 DNAO O [0 (Genomic DNAO O0)O0 0 0O 1522520 0000000 O 152.2.60
00000000 0 16230000000000 00000 172310000 000 0 1723200000000000
0182330 0000000 O 202.3.4PBP1A0 0O O O ceftriaxone O penicillind O O 22 2.3.5 PBP2BO O O [ ceftriaxone
00O penicillind O O 232.3.6 PBP2X0O O O O ceftriaxoned O penicillind 253. 00 Part23.10 000000000000
000000023200 0000000000000000 00 263210000000 0 263.22MLSTOOO O
2732300000 0O 28330000 O 283.3.1 Penicillind O 283.3.2PBP1AOPBP2XO 00O OODOO 293.3.3 MLST
00000 293340 0019A0 014 blast303.3.50 0014 NCBlblastd 304. 00 410 0Partl0 000000 OODO
00000000 R4200Part20 000000 000000 ODO0O0O0O 3300000 56000 O1.d penicillind
O ceftriaxoneD 0800 0 OMICO DO OO OO 3502. PBPIAO PBP2BO PBP2XO O O penicilin0 000 OO0 360 3.
PBP1AD PBP2B PBP2XO O O ceftriaxone0 00 OO 00O 3704. 00000000 3805.00019A pbplald OO 1Kb



00000 3906.00019Apbp2x0 00 1KbO DO OO0 4007.00019A0000ST32000000014000
gsT8760 000000 4108000 M4pbp2x0 00 1KbOOOONO 4209. 00014 pbplaDd001KbOOODOO 43
010.0001A0 000140000 44000 O 1. PBPs Primersdd O 45 O 2. PenicillinO O ceftriaxoned MICO O O O O
46 0 3. MICO D OO O 48 O 4. PenicillinO ceftriaxone0 0 000000000 4905.00019A0 O penicillinD 000 O
000 5006.00019A0 0 0OST3200 0 Openicillind OO O OPBP2XOOOOOOODO 5107.00019A00
OST3200 000 penicilinO000O0OPBPIADODOOOO 5208 000000780000 000O19A00O0ST320

O penicillinO0 O O PBP1AOXO O OO DOODOOO 053090 000000O780000000O19A00OST320 O penicillin
OO00OPBPIAOXODOODOOODOO O54010.00019A(B179-29) 000 014 (B180-5MLSTO OO OO 55

REFERENCES

1.Aguiar, S. I, I. Serrano, F. R. Pinto, J. Melo-Cristino, and M. Ramirez. 2008. Changes in Streptococcus pneumoniae serotypes causing invasive
disease with non-universal vaccination coverage of the seven-valent conjugate vaccine. Clin Microbiol. 14; 835— 843. 2.AlonsodeVelasco, E., A. F.
M. Verheul, J. Verhoef, and H. Snippe. 1995. Streptococcus pneumoniae: virulence factors, pathogenesis, and vaccines. Microbiol Rev. 59: 591

— 603. 3.Andersson, B., and C. S. Eden. 1988. Mechanisms of pneumococcal attachment. Monogr Allergy. 24: 44— 45. 4. Ardanuy, C., F. Tubau,
R. Pallares, L. Calatayud, M. A. Dom?" nguez, D. Rolo, I. Grau, R. Mart? n, and J. Linares. 2009. Epidemiology of invasive pneumococcal
disease among adult patients in Barcelona before and after pediatric 7-valent pneumococcal conjugate vaccine introduction, 1997— 2007. Clin
Infect Dis. 48: 57— 64 5.Avery, O. T. and R. Dubos. 1931. The protective action of a specific enzyme against type 3 pneumococus infection in
mice. J Exp Med. 54: 73— 89. 6.Avery, O.T., C. M. MacLeod, and M. McCarty. 1944. Studies on the chemical nature of the substance inducing
transformation of pneumococcal types. J Exp Med. 79: 137— 158. 7.Beall, B., M. C. McEllistrem, R. E. Gertz, S. Wedel, D. J. Boxrud, A. L.
Gonzalez, M. J. Medina, R. Pai, T. A. Thompson, L. H. Harrison, L. McGee, and G. G. Whitney. 2006. Pre-and postvaccination clonal
compositions of invasive pneumococcal serotypes for isolates collected in the United States in 1999, 2001 and 2002. J Clin Microbiol. 44: 999

— 1017. 8.Bentley, S.D., D. M. Aanensen, A. Mavroidi, D. Saunders, E. Rabbinowitsch, M. Collins, K. Donohoe, D. Harris, L. Murphy, M. A.
Quail, G. Samuel, I. C. Skovsted, M. S. Kaltoft, B. Barrell, P. R. Reeves, J. Parkhill, and B. G. Spratt. 2006. Genetic analysis of the capsular
biosynthetic locus from all 90 pneumococcal serotypes. PLoS Genetics. 2: 0262— 0269. 9.Berry, A. M. and J. C. Paton. 1996. Sequence
heterogeneity of PsaA, a 37-kilodalton putative adhesin essential for virulence of Streptococcus pneumoniae. Infect Immun. 64: 5255— 5262.
10.Briles, D. E., R. C. Tart, H. Y. Wu, B. A. Ralph, M. W. Russell, and L. S. McDaniel. 1996. Systemic and mucosal protective immunity to
pneumococcal surface protein A. Ann NY Acad Sci. 797: 118— 126. 11.Bush, K., G. A. Jacoby, and A. A. Medeiros. 1995. A functional
classification scheme for beta-lactamases and its correlation with molecular structure. Antimicrob Agents Chemother. 39: 1211— 1233.
12.Chambers, H. F. 1999. Penicillin-binding protein-mediated resistance in pneumococci and staphylococci. J Infect Dis. 2: 353— 359. 13.Chiu,C.
H., L. H. Su, Y. C. Huang, J. C. Lai, H. L. Chen, T. LWuand T. Y. Lin. 2007. Increasing ceftriaxone resistance and multiple alterations of
penicillin-binding proteins among penicillin-resistant Streptococcus pneumoniae isolates in Taiwan. Antimicrob Agents Chemother. 51: 3404

— 3406. 14.Choi, E. H., S. H. Kim, B. W. Eun, S. J. Kim, N. H. Kim, J. Lee, and H. J. Lee. 2008. Streptococcus pneumoniae serotype 19A in
children, South Korea. Emerg Infect Dis. 14: 275— 281. 15.Clinical and Laboratory Standards Institute. 2008. Performance standards for
antimicrobial susceptibility testing, 16th informational supplement. CLSI document M100-S16. Clinical and Laboratory Standards Institute,
Wayne, PA. 16.Coffey, T. J., M. Daniels, L. K. McDougal, C. G. Dowson, F. C. Tenover, and B. G. Spratt. 1995. Genetic analysis of clinical
isolates of Streptococcus pneumoniae with high-level resistance to expanded-spectrum cephalosporins. Antimicrob Agents Chemother. 39: 1306

— 1313. 17.Contreras-Martel, C., V. Job, M. A. Di Guilmi, T. Vernet, O. Dideberg, and A. Dessen. 2006. Crystal structure of penicillin-binding
protein 1a (PBP1a) reveals a mutational hotspot implicated in 3 -lactam resistance in Streptococcus pneumoniae. J Mol Biol. 355: 684— 696.
18.Courtney, H.S. 1991. Degradation of connective tissue proteins by serine proteases from Streptococcus pneumoniae. Biochem Biophys Res
Commun. 175:1023— 1028. 19.Cundell, D.R., B. J. Pearce, J. Sandros, A. M. Naughton, and H. R. Masure.1995. Peptide permeases from
Streptococcus pneumoniae affect adherence to eukaryotic cells. Infect Immun. 63: 2493— 2498. 20.Davies, T. A., W. Shang, K. Bush, and R. K.
Flamm. 2006. Activities of ceftobiprole and other beta-lactams against Streptococcus pneumoniae clinical isolates from the United States with
defined substitutions in penicillin-binding proteins PBP 1a, PBP 2b, and PBP 2x. Antimicrob Agents Chemother. 50: 2530— 2532. 21.Dessen, A.,
N. Mouz, E. Gordon, J. Hopkins, and O. Dideberg. 2001. Crystal structure of PBP2x from a highly penicillin-resistant Streptococcus pneumoniae
clinical isolate. J Biol Chem. 276: 45106— 45112. 22.Dintilhac, A., G. Alloing, C. Granadel, and J. P. Claverys.1997. Competence and virulence of
Streptococcus pneumoniae: Adc and PsaA mutants exhibit a requirement for Zn and Mn resulting from inactivation of putative ABC metal
permeases. Mol Microbiol. 25: 727— 739. 23.Dowson, C. G., A. Hutchison, J. A. Brannigan, R. C. George, D. Hansman, J. Linares, A. Tomasz, J.
M. Smith, and B. G. Spratt. 1989. Horizontal transfer of penicillin-binding protein genes in penicillin-resistant clinical isolates of Streptococcus
pneumoniae. Proc Natl Acad Sci USA. 86: 8842— 8846. 24.Facklam, R. 2002. What happened to the streptococci: overview of taxonomic and
nomenclature changes. Clin Microbiol Rev. 15: 613— 630. 25.Fischbach, M. A. and C. T. Walsh. 2009. Antibiotics for emerging pathogens.
Science. 325: 1089-1093. 26.Gertz, R. E., M. C. McEllistrem, D. J. Boxrud, Z. Li, V. Sakota, T. A. Thompson, R. R. Facklam, J. M. Besser, L. H.
Harrison, C. G. Whitney, and B. Beall. 2003. Clonal distribution of invasive pneumococcal isolates from children and selected adults in the United



States prior to 7-valent conjugate vaccine introduc-tion. J Clin Microbiol. 41: 4194— 4216. 27.Grebe, T. and R. Hakenbeck. 1996.
Penicillin-binding proteins 2b and 2x of Streptococcus pneumoniae are primary resistance determinants for different classes of B -lactam
antibiotics. Antimicrob Agents Chemother. 40: 829— 834. 28.Hakenbeck, R., A. Konig, I. Kern, M. van der Linden, W. Keck, D. Billot-Klein, R.
Legrand, B. Schoot, and L. Gutmann. 1998. Acquisition of five high-Mr penicillin-binding protein variants during transfer of high-level
beta-lactam resistance from Streptococcusmitis to Streptococcus pneumoniae. J Bacteriol. 180: 1831— 1840. 29.Harrington, D., I. Sutcliffe, and N.
Chanter. 2002. The molecular basis of Streptococcus equi infection and disease. Microbes Infect. 4: 501— 510. 30.Henrichssen, J. 1995. Six newly
recognised types of Streptococcus pneumoniae. J Clin Microbiol. 33: 2759— 2762. 31.Hirst, R. A., A. Kadioglu, C. O'callaghan, and P. W.
Andrew. 2004. The role of pneumolysin in pneumococcal pneumonia and meningitis. Clin Exp Immunol. 138: 195— 201. 32.Holtje, J. V. 1998.
Growth of the stress-bearing and shape-maintaining murein sacculus of Escherichia coli. Microbiol Mol Biol Rev. 62: 181— 203. 33.Hsieh, Y. C.,
P. Y. Lin, C. H. Chiu, Y. C. Huang, K. Y. Chang, C. H. Liao, N. C. Chiu, Y. C. Chuang, P. Y. Chen, S. C Chang, J. W. Liu, M. Y. Yen, J. H.
Wang, C. Y. Liu,and T. Y. Lin. 2009. National survey of invasive pneumococcal diseases in Taiwan under partial PCV7 vaccination in 2007:
emergence of serotype 19A with high invasive potential. VVaccine. 27: 5513— 5518. 34.Job, V., R. Carapito, T. Vernet, A. Dessen, and A. Zapun.
2008. Common alterations in PBP1a from resistant Streptococcus pneumoniae decrease its reactivity towards beta-lactams: structural insights. J
Biol Chem. 283: 4886— 4894. 35.Kalin, M. 1998. Pneumococcal serotypes and their clinical relevance. Thorax. 53:159— 162. 36.Killian, M., J.
Mestecky, and R. E. Schrohenloher. 1979. Pathogenic species of the genus Haemophilus and Streptococcus pneumoniae produce immunoglobulin
Al protease. Infect Immun . 26: 143— 149. 37.Krauss, J., M. van der Linden, T. Grebe, and R. Hakenbeck. 1996. Penicillin-binding proteins 2x
and 2b as primary PBP targets in Streptococcus pneumoniae. Microb Drug Resist. 2: 183— 186. 38.Kumarasamy, K. K., M. A. Toleman, T. R.
Walsh, J. Bagaria, F. Butt, R. Balakrishnan, U. Chaudhary, M. Doumith, C. G. Giske, S. Irfan, P. Krishnan, A. V. Kumar, S. Maharjan, S.
Mushtaq, T. Noorie, D. L. Paterson, A. Pearson, C. Perry, R. Pike, B. Rao, U. Ray, J. B. Sarma, M. Sharma, E. Sheridan, M. A. Thirunarayan, J.
Turton, S. Upadhyay, M. Warner, W. Welfare, D. M. Livermore, and N. Woodford. 2010. Emergence of a new antibiotic resistance mechanism in
India, Pakistan, and the UK: a molecular, biological, and epidemiological study. Lancet Infect Dis. 10: 597— 602. 39.Lederberg, J. 1994. The
transformation of genetics by DNA: an anniversary celebration of Avery, MacLeod and McCarty (1944). Genetics. 136: 423— 426. 40.Li, X., and
H. Nikadio. 2009. Efflux-mediated drug resistance in bacteria: an update. Drugs. 69: 1555— 1623. 41.Lim, D. and N. C. Strynadka. 2002.
Structural basis for the beta lactam resistance of PBP2a from methicillinresistant Staphylococcus aureus. Nat Struct Biol. 9: 870— 876.

42 .Macfarlane, J., R. Finch, M. Ward, and A. D. Macrae. 1982. Hospital study of adult community-acquired pneumonia. Lancet. 2: 255— 258.
43.Mahjoub-Messai, F., C. Doit, J. L. Koeck, T. Billard, B. Evrard, P. Bidet, C. Hubans, J. Raymond, C. Levy, R. Cohen, and E. Bingen. 2009.
Population snapshot of Streptococcus pneumoniae serotype 19A isolates before and after he introduction of 7-valent pneumococcal vaccination in
French chil-dren. J Clin Microbiol. 47: 837— 840. 44.Mandell, L. A., J. G. Bartlett, S. F. Dowell, T. J. File, D. M. Musher, and C. G. Whitney.
2003. Update of practice guidelines for the management of community-acquired pneumonia in immunocompetent adults. Clin Infect Dis. 37: 1405
— 1433. 45.Masure, H.R., E. A. Campbell, D. R. Cundell, B. J. Pearce, J. Sandros, and B. Spellerberg. 1995. A new genetic strategy for the
analysis of virulence in Streptococcus pneumoniae. Dev Biol Stand. 85: 251— 260. 46.Moore, M.R., R. E. Gertz, R. L. Woodbury, G. A.
Barkocy-Gallagher, W. Schaffner, C. Lexau, K. Gershman, A. Reingold, M. Farley, L. H. Harrison, J. L. Hadler, N. M. Bennett, A. R. Thomas, L.
McGee, T. Pilishvili, A. B. Brueggemann, C. G. Whitney, J. H. Jorgensen, and B. Beall. 2008. Population snapshot of emergent Streptococcus
pneumoniae serotype 19A in the United States, 2005. J Infect Dis. 197: 1016— 1027. 47.Munoz, R., C. G. Dowson, M. Daniels, T. J. Coffey, C.
Martin, R. Hakenbeck, and B. G. Spratt. 1992. Genetics of resistance to third-generation cephalosporins in clinical isolates of Streptococcus
pneumoniae. Mol Microbiol. 6: 2461— 2465. 48.Nagai, K., T. A. Davies, M. R. Jacobs, and P. C. ppelbaum. 2002. Effects of amino acid
alterations in penicillinbinding proteins (PBPs) 1a, 2b and 2x on PBP affinities of penicillin, ampicillin, amoxicillin, cefditoren, cefuroxime, cefprozil,
and cefaclor in 18 clinical isolates of penicillinsusceptible, -intermediate, and -resistant pneumococci. Antimicrob Agents Chemother. 46: 1273

— 1280. 49.Paton, J. C., P. W. Andrew, G. J. Boulnois, and T. J. Mitchell. 1993. Molecular analysis of the pathogenicity of Streptococcus
pneumoniae: the role of pneumococcal proteins. Annu Rev Microbiol. 47: 89— 115. 50.Paton, J.C., A. M. Berry, and R. A. Lock. 1997. Molecular
analysis of putative pneumococcal virulence proteins. Microbial Drug Resist. 3: 1— 10. 51.Pelton, S. 1., H. Huot, J. A. Finkelstein, C. J. Bishop, K.
K. Hsu, J. Kellenberg, S. S. Huang, R. Goldstein, and W. P. Hanage. 2007. Emergence of 19A as virulent and multidrug resistant pneumococcus
in Massachusetts fol-lowing universal immunization of infants with pneumococcal conjugatevaccine. Pediatr Infect Dis J. 26: 468— 472. 52.Powell,
A.J.,J. Tomberg, A. M. Deacon, R. A. Nicholas, and C. Davies. 2008. Crystal structures of penicillinbinding protein 2 from penicillin-susceptible
and -resistant strains of neisseria gonorrhoeae reveal an unexpectedly subtle mechanism for antibiotic resistance. J Biol. 284: 1202— 1212.
53.Reichmann, P., A. Konig, J. Linares, F. Alcaide, F. C. Tenover, L. McDougal, S. Swidsinski, and R. Hakenbeck. 1997. A global gene pool for
high-level cephalosporin resistance in commensal Streptococcus species and Streptococcus pneumoniae. J Infect Dis. 176: 1001— 1012.
54.Sanbongi, Y., T. Ida, M. Ishikawa, Y. Osaki, H. Kataoka, T. Suzuki, K. Kondo, F. Ohsawa, and M. Yonezawa. 2004. Complete sequences of
six penicillin-binding protein genes from 40 Streptococcus pneumoniae clinical isolates collected in Japan. Antimicrob Agents Chemother. 48: 2244
— 2250. 55.Sauvage, E., F. Kerff, E. Fonze, R. Herman, B. Schoot, J. P. Marquette, Y. Taburet, D. Prevost, J. Dumas, G. Leonard, P. Stefanic, J.
Coyette, and P. Charlier. 2002. The 2.4 A crystal structure of the penicillin-resistant penicillin-binding protein PBP5fm from Enterococcus faecium
in complex with benzylpenicillin. Cell Mol Life Sci. 59: 1223— 1232. 56.Schrag, S., R. Gorwitz, K. Fultz-Butts, and A. Schuchat. 2002. Prevention
of perinatal group B streptococcal disease. Revised guidelines from CDC. MMWR Recomm Rep. 51: 1— 22. 57.Singleton, R. J., T. W. Hennessy,



L. R. Bulkow, L. L. Hammitt, T. Zulz, D. A. Hurlburt, J. C. Butler, K. Rudolph, and A. Parkinson. 2007. Invasive pneumococcal disease caused
by nonvaccine serotypes among alaska native children with high levels of 7-valent pneumococcal conjugate vaccine coverage. JAMA. 297: 1784

— 1792.58.Song, J. H., S. I. Jung, K. S. Ko, N. Y. Kim, J. S. Son, H. H. Chang, H. K. Ki, W. S. Oh, J. Y. Suh, K. R. Peck, N. Y. Lee, Y. Yang,
Q. Lu, A. Chongthaleong, C. H. Chiu, M. K. Lalitha, J. Perera, T. T. Yee, G. Kumarasinghe, F. Jamal, A. Kamarulzaman, N. Parasakthi, P. H.
Van, C. Carlos, T. So, T. K. Ng, and A. Shibl. 2004. High prevalence of antimicrobial resistance among clinical Streptococcus pneumoniae
isolates in Asia (an ANSORP study). Antimicrob Agents Chemother. 48: 2101— 2107. 59.Sorensen, U. B. 1993. Typing of pneumococci by using
12 pooled antisera. J Clin Microbiol. 31: 2097— 2100. 60.Spellerberg, B., D. R. Cundell, J. Sandros, B. J. Pearce, I. Idanpaan-Heikkila, C.
Rosenow, and H. R. Masure. 1996. Pyruavate oxidase as a determinant of virulence in Streptococcus pneumoniae. Mol Microbiol. 19: 803— 813.
61.Tenover, F. C., R. D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray, D. H. Persing, and B. Swaminathan. 1995. Interpreting
chromosomal DNA restriction patterns produced by pulsed-field gel electrophoresis: criteria for bacterial strain typing. J Clin Micraobiol. 33: 2233
— 2239. 62.Tomasz, A. 1967. Choline in the cell wall of a bacterium: novel type of polymer-linked choline in pneumococcus. Science. 157: 694

— 697. 63.Walsh, C. 2003. Where will new antibiotics come from? Nat Rev Microbiol. 1: 65— 70 64.Watson, D. A., D. M. Musher, and J. Verhoef.
1995. Pneumococcal virulence factors and host immune responses to them. Eur J Clin Microbiol Infect Dis. 14: 479— 490. 65.Wichelhaus, T. A.,
B. Boddinghaus, S. Besier, V. Schafer, V. Brade, and A. Ludwig. 2002. Biological cost of rifampin resistance from the perspective of
Staphylococcus aureus. Antimicrob Agents Chemother. 46: 3381— 3385. 66.Wizemann, T. M., J. Moskovitz, B. J. Pearce, D. CUNDELL, C. G.
Arvidsont, M. SO, H. Weissbicht, N. Brot, and H. R. Masure. 1996. Peptide methionine sulphazide reductase contributes to the maintenance of
adhesins in three major pathogens. Proc Natl Acad Sci. 93: 7985— 7990.



