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ly conserved at the nucleic acid and
amino acid levels.

INTRODUCTION
Haemophilus parainfluenzae is a gram-
negative coccobacillus frequently found
as normal flora in the oropharaynx of
human hosts.1,2 H parainfluenzae has a
growth requirement of exogenous
nicotinamide adenine dinucleotide
(NAD), allowing for distinction from
Haemophilus influenzae, which requires
hemin in addition to NAD.1,3 Although
H parainfluenzae is generally regarded
as normal flora, it has been implicated in
several human diseases including infec-
tive endocarditis, biliary disease, and
exacerbations of chronic obstructive pul-
monary disease.1,4 H parainfluenzae
incorporates lipooligosaccharide onto its
surface, which functions as the primary
virulence determinant produced by the
bacteria. Due to the limited classical vir-
ulence factors exhibited by the bacteria,
the ability of the organism to persist in
the host through metabolic and physio-
logical processes serves an important
role in the virulence of H parainfluenzae.

Iron is an essential cofactor of
enzymes involved in many cellular
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ABSTRACT 
Haemophilus parainfluenzae is a gram-
negative bacterium that is a normal
habitant and an opportunistic pathogen
of the respiratory tract. H parainfluen-
zae has been implicated in several
human diseases including infective
endocarditis, biliary disease, and exacer-
bations of chronic obstructive pul-
monary disease. The ability of H
parainfluenzae to acquire iron from its
environment is essential to its survival.
TonB, a protein located in the periplasm,
has been identified as a virulence factor
in Haemophilus influenzae and is
responsible for interacting with recep-
tors in the outer membrane to partici-
pate in the scavenging of iron sources.
Previous published work involving
determination of the tonB sequence of
multiple clinical isolates of H influenzae
and H parainfluenzae has indicated a
low level of sequence identity between
the two species and among isolates of
the same species. In this current study,
we show that tonB of H influenzae and
H parainfluenzae clinical strains is high-
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processes that are vital to growth of bac-
teria.5,6 Iron chelators and iron-repress-
ible outer membrane proteins are
produced by H parainfluenzae in
response to iron stress.7,8 H parainfluen-
zae has been shown to acquire pheno-
late siderophores but not hydroxamate
siderophores, while H influenzae lacks
the ability to utilize siderophores as an
iron source.6 Previous studies have
shown the failure of H parainfluenzae to
acquire iron directly from human carrier
proteins.6,9 These studies would suggest
that exogenous iron needed by H
parainfluenzae would be acquired from
the uptake of other organisms’
siderophores, a process that is executed
by the TonB protein in conjunction with
various membrane receptors.

The TonB protein spans the
periplasm and is anchored to the cyto-
plasmic membrane and interacts with
receptors in the outer membrane to
facilitate the uptake of several nutrients
or growth factors, including iron-
siderophore complexes.10-12 In H influen-
zae, TonB has been shown to be
responsible for acquisition of heme from
several sources in vitro and mutants of
tonB revealed decreased ability to cause

bacteremia in an infant rat model.10,13

Previous studies have reported on the
identification of tonB in clinical isolates
of H parainfluenzae and H influenzae
via polymerase chain reaction (PCR)
and DNA sequence analysis, and have
indicated a weak similarity between
tonB sequences of H parainfluenzae and
H influenzae.14 Our studies seek to
address the conservation of tonB in H
influenzae and H parainfluenzae.

MATERIALS AND METHODS
Bacterial Strains and Growth Conditions
H influenzae and H parainfluenzae
strains used were clinical isolates, as
shown in Table 1. All Haemophilus
strains were grown in brain heart infu-
sion (BHI) supplemented with 10 µg/mL
of NAD and 40 µg/mL of hemin.
Cultures were incubated at 37ºC in the
presence of 5% CO2. Bacteria bearing
plasmids bearing cloned PCR products
were grown in Luria broth (LB) with 50
µg/mL kanamycin and incubated at 37˚C.

Determination of Factor X and V
Requirements
Haemophilus strains listed in Table 1
were streaked for isolation on plated

Table 1. Bacterial Strains and Plasmids Used in the Study

Strain or plasmid Description
Escherichia coli DH5α Bench strain  
NtHi KW20 Genome type strain  
NtHi 2019 Clinical isolate  
NtHi 3198 Clinical isolate  
NtHi egan Clinical isolate  
H influenzae A2 Clinical isolate  
H parainfluenzae 4201 Clinical isolate  
H parainfluenzae 4190 Clinical isolate  
H parainfluenzae 4282 Clinical isolate
H parainfluenzae 1596 Clinical isolate
pHi2019tonB NtHi 2019 tonB clone 
pHi3198tonB NtHi 3198 tonB clone
pHp4201tonB H parainfluenzae 4201 tonB clone
pHp4190tonB H parainfluenzae 4190 tonB clone



mL cultures using a standard phenol
extraction procedure.15 Briefly, a 10-mL
overnight culture was pelleted and
resuspended in 9.5 mL of TE buffer
[10mM Tris-Cl, 1 mM ethylenedi-
aminetetraacetic acid (EDTA), pH 8.0].
Sodium dodecyl sulfate (SDS) and pro-
teinase K were added and the suspen-
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BHI plates containing NAD, hemin, or
NAD/hemin. Plates were incubated at
previously stated conditions and were
checked for growth every 24 hours for 3
days.

DNA Isolation
Genomic DNA was isolated from 100-

Figure 1. (A) DNA dot blot hybridization of genomic DNA isolated from Haemophilus influenzae
strains NtHi 2019, KW20, Egan, A2; H parainfluenzae strains 3198, 4201, 4282, 1596; and
Escherichia coli DH5α using a tonB-specific probe.  (B) DNA dot blot hybridization of recombi-
nant plasmids bearing cloned tonB PCR products with a tonB-specific probe.  Genomic DNA
from E coli DH5a is the negative control.  

A
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sion was incubated at 37oC for 1 hour.
Sodium chloride was added followed by
20-minute incubation at 65oC. An equal
volume of phenol/chloroform/isoamyl
alcohol was added and the sample was
centrifuged to allow for separation of
phases. DNA in the aqueous phase was
precipitated with the addition of 0.6 vol-
umes of 2-propanol. DNA was dissolved
in sterile double distilled water.

Polymerase Chain Reaction
PCR amplifications were carried out in
25 µL reaction mixtures containing 2 mM
mixture of deoxyribonucleotide triphos-
phate (dNTP), 2.0 [Mg2+], 1 mM of for-
ward and reverse primers, 1 µg of
template DNA, and 1.5 units of Taq poly-
merase (Promega, Madison, WI). The
PCR amplification was performed for 30
cycles and parameters were as follows: 40
seconds at 95oC for denaturation, 45 sec-
onds at 54oC for annealing, and 45 sec-
onds at 72oC for extension. The primer
sequences were obtained from a previous
study of H influenzae and H parainfluen-
zae tonB and were as follows: HitonBF
(5!) and HitonBR (5!GAAGAG-
TAAAACTAATTGCACAC-3!).16

TA cloning
tonB-specific sequences were amplified
from NtHi 2019, NtHi 3198, H parain-
fluenzae 4201, and H parainfluenzae
4190 using primers HitonBF and
HitonBR. The PCR products were
cloned into pCR 2.1 and plated onto
LB-Xgal-kanamycin (Invitrogen,

Carlsbad, CA). Inserts were verified via
PCR and nucleotide sequencing.

DNA Sequencing
The cloned inserts were sequenced

using Dye Terminator Ready Reaction
Mix containing AmpliTaq DNA poly-
merase (Applied Biosystems, Foster
City, CA). The samples were analyzed by
the ABI Prism 310 Genetic Analyzer
(Applied Biosystems).

DNA Dot Blot Hybridization
One µg of genomic DNA from numer-
ous H parainfluenzae or H influenzae
strains was spotted on a nylon mem-
brane and the presence of tonB
sequences was determined through
DNA-DNA hybridization with a digoxi-
genen-labeled probe (DIG DNA
Labeling and Detection Kit; Roche,
Indianapolis, IN) produced from a tonB-
specific PCR product obtained using H
parainfluenzae 4201 genomic DNA as
the template. Hybridization was per-
formed at 42oC overnight and high strin-
gency washes of 0.5X standard saline
citrate (SSC) were performed at 55oC.

RESULTS
Factor V and X Requirements
All Haemophilus strains used in the
DNA analysis were tested for their abili-
ty to grow in the presence and absence
of hemin and NAD. All strains were able
to grow on plates containing both hemin
and NAD. H influenzae strains were
unable to grow on plates that did not

Table 2. Percent Identities of Nucleotide and Predicted Amino Acid Alignments of Cloned
tonB Sequences Amplified from Haemophilus influenzae and H parainfluenzae Strains

Comparison Nucleotide % Identity Amino Acid % Identity
pHi2019tonB & pHi3198tonB 95.1 88
pHi2019tonB & pHp4201tonB 99.4 87
pHi2019tonB & pHp4190tonB 99.1 74
pHi3198tonB & pHp4201tonB 95.2 88
pHi3198tonB & pHp4190tonB 95.0 88
pHp4201tonB & pHp4190tonB 99.8 74
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contain both supplements. H parain-
fluenzae strains were able to grow on
plates containing NAD only, but not
plates containing only hemin.

Survey of Presence of tonB in H parain-
fluenzae

DNA-DNA dot blot analysis was
performed on multiple H parainfluenzae

strains to determine the presence of
tonB in the genome. Hybridization indi-
cated the presence of tonB in the
genomes of both of the H parainfluen-
zae strains tested. Figure 1 is a DNA dot
blot showing strong hybridization of the
H parainfluenzae 4201 tonB probe to
genomic DNA of all H influenzae and H
parainfluenzae strains.

1 11 21 31 41
Hi2019 …....GCCCTTA TTATGCAAAC AAAACGTTCG CTATTGGGTT TGCTTATTTC
Hi3198 TTCGCCCTTA TTATGCAAAC AAAACGTTCG CTATTGGGTT TGCTTATTTC
Hp4190 TTCGCCCTTA TTATGCAAAC AAAACGTTCG CTATTGGGTT TGCTTATTTC
Hp4201 TTCGCCCTTA TTATGCAAAC AAAACGTTCG CTATTGGGTT TGCTTATTTC

51 61   71 81 91
Hi2019 TTTGATCGCA CACGGTATTG TTATAGGATT TATCTTATGG AATTGGAATG
Hi3198 TTTGATCGCA CACGGTATTA TTATAGGATT TATCTTATGG AATTGGAATG
Hp4190 TTTGATCGCA CACGGTATTG TTATAGGATT TATCTTATGG AATTGGAATG
Hp4201 TTTGATCGCA CACGGTATTG TTATAGGATT TATCTTATGG AATTGGAATG

101 111 121 131 141
Hi2019 AGCCAAGTGA TAGTGCAAAT AGCGCACAAG GCGATATATC TACAAGTATT
Hi3198 AGCCAAGTGA TAGTGCAAAT AGCGCACAAG GCGATATATC TACAAGTATT
Hp4190 AGCCAAGTGA TAGTGCAAAT AGCGCACAAG  GCGATATATC  TACAAGTATT
Hp4201 AGCCAAGTGA TAGTGCAAAT AGCGCACAAG  GCGATATATC  TACAAGTATT

151 161 171 181 191
Hi2019 TCTATGGAAC TATTACAGGG CATGGTGTTG GAAGAACCTG CTCCAGAGCC
Hi3198 TCTATGGAGC TATTACAGGG CATGGTGTTG GAAGAACCTG CTCCAGAGCC
Hp4190 TCTATGGAAC TATTACAGGG CATGGTGTTG GAAGAACCTG CTCCAGAGCC
Hp4201 TCTATGGAAC TATTACAGGG CATGGTGTTG GAAGAACCTG CTCCAGAGCC

201 211 221 231 241
Hi2019 AGAAGATGTA CAAAAAGAGC CAGAGCCT—— —————— ———————
Hi3198 AGAAGATGTA CAAAAAGAGC CAGAGCCTGA GCCAGAAAAT GTACAAAAAG
Hp4190 AGAAGATGTA CAAAAAGAGC CAGAGCCC—— —————— ———————
Hp4201 AGAAGATGTA CAAAAAGAGC CAGAGCCC—— —————— ———————

251 261 271 281 291
Hi2019 ——————— —GAGCCAGAA AATGTACAAA AAGAGCCAGA ACCAGAAAAA
Hi3198 AGCCAGAGCC TGAGCCAGAA AATGTACAAA AAGAGCCAG ACCAGAAAAA
Hp4190 ——————— —GAGCCAGAA AATGTACAAA AAGAGCCAGA ACCAGAAAAA
Hp4201 ——————— —GAGCCAGAA AATGTACAAA AAGAGCCAGA ACCAGAAAAA

Figure 2. Nucleotide alignment of sequences generated from the sequencing of constructed TA
clones.
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Sequence Comparison of tonB
TA clones were constructed from sever-
al H influenzae and H parainfluenzae
tonB PCR products. The PCR products
cloned were generated using primers
that anneal to internal sequences of
tonB. The clones were sequenced and
DNA sequence comparisons were per-
formed using NCBI BLAST, and the
analysis revealed an average identity of
97.3% (Table 2). A significant amount of
the variation seen was due to the pres-
ence of a 33 nucleotide sequence pres-
ence within the sequence of HI3198 that
was not present in other strains. An
alignment of the H influenzae and H
parainfluenzae sequences is shown in
Figure 2. The sequences were translated
and BioEdit Sequence Alignment Editor
(Ibis Therapeutics, Carlsbad, CA) was
used to align the resulting amino acid
sequences. 17 The translated sequences
exhibited an identity of 82.2% with a
range of 74% to 88% (Table 2).

DISCUSSION
tonB was observed in numerous H
parainfluenzae strains via DNA-DNA
hybridization and showed high inter-
and intra-species similarity. Matar et al
indicated an average percent homology
of 34% when comparing tonB DNA
sequences from numerous H influenzae
and H parainfluenzae clinical and ATCC
isolates.14 Our studies revealed an aver-
age percent identity of 97.3% when
comparing sequences of constructed TA
clones. Furthermore, re-alignment of
sequences published by Matar et al
using NCBI BLAST resulted in 93%
identity.

The function of tonB in H parain-
fluenzae is yet to be determined; howev-
er, previous studies have shown the
ability of H parainfluenzae to acquire
siderophores, which is facilitated
through tonB in other organisms. In
Escherichia coli, TonB facilitates uptake
of vitamin B12 and iron siderophores,11,12

which could be the case for H parain-
fluenzae due to its ability to acquire
enterobactin.6 Efforts are currently
under way to create a nonfunctional
TonB in H parainfluenzae. The effects of
the mutation will be assessed through
analysis of nutrient uptake and growth
under low-iron conditions. The ability of
H parainfluenzae to produce heme indi-
cates a need to determine the role of
TonB in the organism. TonB could serve
as an alternative pathway to conserve
optimal intercellular iron concentrations
during times of stress or a pathway to
acquire other essential nutrients.
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