




gested with BglII (cuts once in the pNAD1 plasmid) and
BstEII, 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 pNAD1 (Fig. 4). BglII fragments of the
anticipated sizes (12.8, 5.6, and 2.4 kb) were observed. Simi-
larly, the expected 16.8-kb genomic BstEII fragment was ob-
served, indicating that there are two tandem copies of pNAD1
integrated into the H. ducreyi chromosome.

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 nadV gene. Plasmid pNAD1 appears (by sequence

FIG. 2. (A) ClustalW alignment of the derived amino acid sequences of the plpR gene and the rstR gene from V. cholerae O139 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).

FIG. 3. Map of the chromosomal region of the H. ducreyi 35000HP genome containing pNAD1. The pNAD1 genes are color coded as shown
in Fig. 1 for easy reference.
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homology) to have evolved from a single-stranded DNA
CTX�-like bacteriophage that acquired the nadV 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 pNAD1, or a
related plasmid, has been horizontally transferred among
members of this group of organisms.
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FIG. 4. Chromosomal DNA was prepared from H. ducreyi strain
35000HP and digested with BglII or BstEII, and fragments were separated
on an agarose gel. After transfer, the blot was hybridized to a PCR
product containing the majority of pNAD1 that had been labeled by an
enhanced chemiluminescence procedure. The size of the restriction frag-
ments confirms the chromosomal localization of pNAD1. The size of the
BstEII genomic fragment is consistent with two tandem copies of pNAD1.

1146 NOTES INFECT. IMMUN.

 on A
pril 15, 2021 by guest

http://iai.asm
.org/

D
ow

nloaded from
 

http://iai.asm.org/

