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FIG. 2. (A) ClustalW alignment of the derived amino acid sequences of the plpR gene and the rstR gene from V. cholerae 0139 Calcutta
(accession no. AAF07851 and AAF43270). (B) ClustalW alignment of the derived amino acid sequences of the plpA gene, the rstA1 gene from V.
cholerae strain SCE264 (accession no. AAK07627) (11), and ORF320 from bacteriophage If1 (accession no. NP_047361).

gested with Bg/II (cuts once in the pNADI1 plasmid) and
BstEIl, an enzyme that does not cut pNAD1. The positions of
the restriction enzyme sites are shown in Fig. 3. The Southern
blot was probed with pNADI1 (Fig. 4). Bg/II fragments of the
anticipated sizes (12.8, 5.6, and 2.4 kb) were observed. Simi-
larly, the expected 16.8-kb genomic BstEIl fragment was ob-
served, indicating that there are two tandem copies of pNAD1
integrated into the H. ducreyi chromosome.

FIG. 3. Map of the chromosomal region of the H. ducreyi 35000HP genome containing pNAD1. The pNADI genes are color coded as shown

in Fig. 1 for easy reference.

Miller and coworkers recently identified a T4-like bacterio-
phage (designated KVP40) that infects V. cholerae and other
Vibrio species (E. S. Miller, Abstr. 103rd Gen. Meet. Am. Soc.
Microbiol., abstr. M-020, 2003, and M. Pineda, B. Szczypinski,
E. S. Miller, and D. M. Hinton, Abstr. 103rd Gen. Meet. Am.
Soc. Microbiol., abstr. M-008, 2003). The genome of this bac-
teriophage encodes a complete NAD scavenging system in-
cluding the nadl” gene. Plasmid pNAD1 appears (by sequence
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FIG. 4. Chromosomal DNA was prepared from H. ducreyi strain
35000HP and digested with Bg/II or BstEII, and fragments were separated
on an agarose gel. After transfer, the blot was hybridized to a PCR
product containing the majority of pNADI that had been labeled by an
enhanced chemiluminescence procedure. The size of the restriction frag-
ments confirms the chromosomal localization of pNADI1. The size of the
BstEII genomic fragment is consistent with two tandem copies of pNADI.

homology) to have evolved from a single-stranded DNA
CTXd-like bacteriophage that acquired the nadl” gene, possi-
bly from a KVP40-like phage, and then underwent a duplica-
tion event. Phage-like sequences are recognizable adjacent to
one copy of pNAD1 in the strain 35000HP genome, but only
the 5" portion of the Hd1439 gene is present in pNAD1. The
existence of plasmid-mediated NAD independence in other
members of the Pasteurellaceae suggests that pNADI, or a
related plasmid, has been horizontally transferred among
members of this group of organisms.

This work was supported by the National Institutes of Health (grants
RO1 AI45091 and RO1 HD-96-003).

REFERENCES

1. Bragg, R. R., L. Coetzee, and J. A. Verschoor. 1993. Plasmid-encoded NAD
independence in some South African isolates of Haemophilus paragallina-
rum. Onderstepoort J. Vet. Res. 60:147-152.

Editor: V. ]. DiRita

S5}

w2

b

wn

I

~

o

Rl

10.

o

11.

—

12.

13.

17.

18.

19.

20.

INFECT. IMMUN.

. Dandekar, T., M. Huynen, J. T. Regula, B. Ueberle, C. U. Zimmermann,

M. A. Andrade, T. Doerks, L. Sanchez-Pulido, B. Snel, M. Suyama, Y. P.
Yuan, R. Herrmann, and P. Bork. 2000. Re-annotating the Mycoplasma
pneumoniae genome sequence: adding value, function and reading frames.
Nucleic Acids Res. 28:3278-3288.

. Davis, B. M., H. H. Kimsey, W. Chang, and M. K. Waldor. 1999. The Vibrio

cholerae 0139 Calcutta bacteriophage CTX¢ is infectious and encodes a
novel repressor. J. Bacteriol. 181:6779-6787.

Gromkova, R., and H. Koornhof. 1990. Naturally occurring NAD-indepen-
dent Haemophilus parainfluenzae. J. Gen. Microbiol. 136:1031-1035.

. Heidelberg, J. F., I. T. Paulsen, K. E. Nelson, E. J. Gaidos, W. C. Nelson,

T. D. Read, J. A. Eisen, R. Seshadri, N. Ward, B. Methe, R. A. Clayton, T.
Meyer, A. Tsapin, J. Scott, M. Beanan, L. Brinkac, S. Daugherty, R. T.
DeBoy, R. J. Dodson, A. S. Durkin, D. H. Haft, J. F. Kolonay, R. Madupu,
J. D. Peterson, L. A. Umayam, O. White, A. M. Wolf, J. Vamathevan, J.
Weidman, M. Impraim, K. Lee, K. Berry, C. Lee, J. Mueller, H. Khouri, J.
Gill, T. R. Utterback, L. A. McDonald, T. V. Feldblyum, H. O. Smith, J. C.
Venter, K. H. Nealson, and C. M. Fraser. 2002. Genome sequence of the
dissimilatory metal ion-reducing bacterium Shewanella oneidensis. Nat. Bio-
technol. 20:1118-1123.

Himmelreich, R., H. Hilbert, H. Plagens, E. Pirkl, B. C. Li, and R. Herr-
mann. 1996. Complete sequence analysis of the genome of the bacterium
Mpycoplasma pneumoniae. Nucleic Acids Res. 24:4420-4449.

Kasarov, L. B., and A. G. Moat. 1973. Biosynthesis of NAD in Haemophilus
haemoglobinophilus. Biochim. Biophys. Acta 320:372-378.

Martin, P. R., R. J. Shea, and M. H. Mulks. 2001. Identification of a
plasmid-encoded gene from Haemophilus ducreyi which confers NAD inde-
pendence. J. Bacteriol. 183:1168-1174.

May, B. J., Q. Zhang, L. L. Li, M. L. Paustian, T. S. Whittam, and V. Kapur.
2001. Complete genomic sequence of Pasteurella multocida, Pm70. Proc.
Natl. Acad. Sci. USA 98:3460-3465.

Miflin, J. K., R. F. Horner, P. J. Blackall, X. Chen, G. C. Bishop, C. J.
Morrow, T. Yamaguchi, and Y. Iritani. 1995. Phenotypic and molecular
characterization of V-factor (NAD)-independent Haemophilus paragallina-
rum. Avian Dis. 39:304-308.

Mukhopadhyay, A. K., S. Chakraborty, Y. Takeda, G. B. Nair, and D. E. Berg.
2001. Characterization of VPI pathogenicity island and CTX¢ prophage in
environmental strains of Vibrio cholerae. J. Bacteriol. 183:4737-4746.

O’Reilly, T., and D. F. Niven. 1986. Pyridine nucleotide metabolism by
extracts derived from Haemophilus parasuis and H. pleuropneumoniae. Can.
J. Microbiol. 32:733-737.

Palmer, K. L., W. E. Goldman, and R. S. Munson, Jr. 1996. An isogenic
haemolysin-deficient mutant of Haemophilus ducreyi lacks the ability to produce
cytopathic effects on human foreskin fibroblasts. Mol. Microbiol. 21:13-19.

. Palmer, K. L., and R. S. Munson, Jr. 1995. Cloning and characterization of

the genes encoding the hemolysin of Haemophilus ducreyi. Mol. Microbiol.
18:821-830.

. Parkhill, J., B. W. Wren, N. R. Thomson, R. W. Titball, M. T. Holden, M. B.

Prentice, M. Sebaihia, K. D. James, C. Churcher, K. L. Mungall, S. Baker,
D. Basham, S. D. Bentley, K. Brooks, A. M. Cerdeno-Tarraga, T. Chilling-
worth, A. Cronin, R. M. Davies, P. Davis, G. Dougan, T. Feltwell, N. Hamlin,
S. Holroyd, K. Jagels, A. V. Karlysheyv, S. Leather, S. Moule, P. C. Oyston,
M. Quail, K. Rutherford, M. Simmonds, J. Skelton, K. Stevens, S. White-
head, and B. G. Barrell. 2001. Genome sequence of Yersinia pestis, the
causative agent of plague. Nature 413:523-527.

. Perez-Casal, J., M. G. Caparon, and J. R. Scott. 1991. Mry, a trans-acting

positive regulator of the M protein gene of Streptococcus pyogenes with
similarity to the receptor proteins of two-component regulatory systems. J.
Bacteriol. 173:2617-2624.

Pohl, S., H. U. Bertschinger, W. Frederiksen, and W. Mannhelm. 1983.
Transfer of Haemophilus pleuropneumoniae and the Pasteurella haemolytica-
like organism causing porcine necrotic pleuropneumonia to the genus Acti-
nobacillus (Actinobacillus pleuropneumoniae comb. nov.) on the basis of
phenotypic and deoxyribonucleic acid relatedness. Int. J. Syst. Bacteriol.
11:510-514.

Waldor, M. K., E. J. Rubin, G. D. Pearson, H. Kimsey, and J. J. Mekalanos.
1997. Regulation, replication, and integration functions of the Vibrio cholerae
CTX¢ are encoded by region RS2. Mol. Microbiol. 24:917-926.

Windsor, H. M., R. C. Gromkova, and H. J. Koornhof. 1991. Plasmid-
mediated NAD independence in Haemophilus parainfluenzae. J. Gen. Mi-
crobiol. 137:2415-2421.

Windsor, H. M., R. C. Gromkova, and H. J. Koornhof. 1993. Transformation
of V-factor independence from Haemophilus ducreyi to Haemophilus influ-
enzae and Haemophilus parainfluenzae. Med. Microbiol. Lett. 2:159-167.

1sanb Aq Tzoz ‘ST |udy uo /610 wserel//:dny wolj papeojumod


http://iai.asm.org/

