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The Gene Encoding Protein D (hpd) Is Highly Conserved
among Haemophilus influenzae Type b and Nontypeable Strains
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The molecular conservation of a surface-exposed lipoprotein, protein D, of Haemophilus influenzae was
studied by cloning and sequencing of the gene encoding protein D from three encapsulated type b strains and
three nontypeable strains of H. influenzae. These nucleotide sequences were analyzed with previously reported
sequences from one type b strain and one nontypeable strain. The nucleotide sequences and the deduced amino
acid sequences for protein D were highly conserved. The deduced amino acid sequence (364 amino acids) of
protein D from six strains differed only in two amino acids near the C-terminal end. The remaining two strains,
one type b and one nontypeable, differed from the consensus sequence in 7 amino acids each. Protein D is 64
and 36% identical and 77 and 56% similar to the glycerophosphodiester phosphodiesterases (GlpQ) of
Escherichia coli and Bacillus subtilis.

Haemophilus influenzae is an important pathogen among
infants and children. The serotype b strains of H. influenzae
(Hib) are a major cause of meningitis and other invasive in-
fections, including epiglottitis, bacteremia, and pneumonia.
Nontypeable strains ofH. influenzae (NTHi) mainly cause non-
invasive mucosal infections such as otitis media and sinusitis
(19). These strains are also an important cause of respiratory
tract infection in children and adults (3, 19).
Effective vaccines against Hib strains have been used widely

(1), but they do not protect children against infections caused
by NTHi strains. For developing a vaccine that protects against
Hib and NTHi infections, several surface-exposed H. influen-
zae proteins such as pili and outer membrane proteins have
been studied intensely (4, 5, 7, 8, 12, 15, 16, 18). One of the
possible candidates of a vaccinogen is protein D (22), a 42-kDa
surface-exposed lipoprotein (9) with glycerophosphodiester
phosphodiesterase (GlpQ) activity (17). In direct binding as-
says with human myeloma immunoglobulin D 4490, protein D
was found on the surface of all 127 H. influenzae strains tested
(2). By using three different monoclonal antibodies directed
against protein D, it was shown that the immunoglobulin D-
binding molecule is antigenically conserved (2). Restriction
fragment length polymorphism analysis of the hpd region of a
large number of H. influenzae strains and comparison of DNA
sequences of one Hib and one NTHi strain indicated that only
a limited variation existed within the genes encoding protein D
(hpd) (11). The present study was performed to obtain more
information concerning the molecular conservation within the
hpd region among Hib and NTHi strains. We determined the
DNA sequences of the protein D structural gene from three
Hib strains and three NTHi strains. The nucleotide sequences
were compared with the previously reported hpd sequences
(10, 11). A comparison of the deduced amino acid sequences
from hpd of H. influenzae, Escherichia coli glpQ (23), and Ba-
cillus subtilis glpQ (21) was also made.
Bacterial strains. A total of six H. influenzae strains were

used for hpd sequence determination in this study. The strains
represent a variety of biotypes and were collected from differ-

ent geographic origins (Table 1). The bacteria were grown as
described previously (10).
Molecular cloning and DNA sequencing of the protein D

gene. Chromosomal DNA was prepared from H. influenzae
strains by a modification of the method described previously
(11). On the basis of the restriction fragment length polymor-
phism patterns (11), the following DNA fragments containing
hpd from H. influenzae strains were isolated by extraction with
Geneclean (Bio 101, La Jolla, Calif.) after PstI restriction en-
donuclease digestion and agarose electrophoresis: 1.9-kbp
fragments from strains NCTC 8468, 3640, and 6-7626; a 2.1-
kbp fragment from strain 3639; and 3.3-kbp fragments from
strains Eagan and HK695. The DNA fragments were ligated to
dephosphorylated PstI-digested pUC18 (25). The ligation mix-
tures were used to transform competent E. coli JM83 cells.
Enzymes were obtained from Boehringer Mannheim GmbH
(Mannheim, Germany) and Appligene (Illkirch, France) and
were used as described in the manufacturers’ instructions or in
standard methods. Recombinant colonies were screened in a
colony immunoassay using the monoclonal antibody 19B4 di-
rected against protein D as described previously (10). Plasmid
DNA was prepared by using a Whizard DNA purification
system (Promega, Madison, Wis.).
The nucleotide sequences of the hpd genes were determined

by the dideoxy chain termination method using the Sequenase
kit as described by the manufacturer (U.S. Biochemicals,
Cleveland, Ohio). For sequencing both strands of the hpd
gene, 10 oligonucleotide primers (Table 2) based on the pre-
viously reported hpd sequences (10, 11) were synthesized
(Scandinavian Gene Synthesis AB, Köping, Sweden). In addi-
tion, a 506-bp Sau3A fragment from the plasmid carrying a
DNA insert from NTHi strain 3639 and a 432-bp EcoRI-TaqI
fragment from the plasmid carrying a Hib strain NCTC 8468
insert were each ligated to pUC18. The nucleotide sequences
of these two fragments were determined for filling up the
sequence gaps in the protein D genes from strains 3639 and
NCTC 8468 because of failure to obtain sequence data by use
of primers hpd-7 and hpd-1, respectively. The nucleotide se-
quences and the deduced amino acid sequences were analyzed
with the Genetics Computer Group software package from the
University of Wisconsin (6).
Conservation of protein D. The nucleotide sequences of the

genes encoding protein D from the six H. influenzae strains in
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this study were compared with the two previously published
sequences (10, 11). The eight strains reveal an open reading
frame of 1,092 bp starting with a ATG codon and ending with
a TAA stop codon (Fig. 1).
In a comparison of the three Hib strains, i.e., Eagan, HK695,

and MinnA, only two nucleotides differed within hpd. These
differences are silent substitutions in the deduced amino acid
sequences which, subsequently, were 100% identical among
the three strains. The nucleotide sequences of hpd and the
deduced amino acid sequences of protein D from NTHi strains
772, 3639, and 3640 were also highly homologous, with 99%
identity. The nucleotide sequences of hpd from Hib strain
NCTC 8468 and NTHi strain 6-7626 were a little more diver-
gent in comparison with the sequences of the other strains,
with 26 and 22 nucleotide substitutions, respectively (Fig. 1). In
the derived amino acid sequence of protein D from these two
strains, seven substitutions were found in each strain. These
amino acid differences were clustered near the N-terminal end
of protein D in NCTC 8468, whereas they were relatively
randomly distributed in strain 6-7626 (Fig. 1).
Protein D has been shown to be a lipoprotein preceded by

an 18-amino-acid signal peptide at the N terminus which ends
with the consensus sequence for lipoproteins, Leu-Ala-Gly-Cys
(9, 24). The signal sequences were identical in all strains except
NCTC 8468, which has two amino acid substitutions at posi-
tions 13 and 16 of the unprocessed translation product (Fig. 1).
An interesting difference was found when comparing the

nucleotide sequences in the 59-flanking regions of the protein
D-encoding genes. The nucleotide sequences immediately up-
stream of the hpd start codon of Hib strains Eagan, HK695,
and MinnA diverge from the remaining strains (Fig. 1). This
result confirms previous results obtained by restriction frag-
ment length polymorphism and nucleotide sequence analyses
of the hpd region, which indicated that the majority of Hib
strains differed from NTHi strains upstream of hpd (11). Hib
strain NCTC 8468 has been shown previously to differ from the

majority of Hib strains in a multilocus electrotyping assay (13,
20). We found that the nucleotide sequence upstream of hpd in
Hib strain NCTC 8468 is homologous to that in the four NTHi
strains of our study. This observation also correlates well with
the previous restriction fragment length polymorphism results
of the hpd region, where NCTC 8468 was shown to carry the
protein D gene on a 1.9-kbp PstI fragment as did the majority
of NTHi strains. The other three Hib strains compared in this
report carry the hpd gene on a 3.3-kbp PstI fragment (11). The
nucleotide sequences downstream of hpd were identical in all
strains in this study, with the exception of a few nucleotide
substitutions (Fig. 1). This finding further supports the specu-
lation that the majority of Hib strains might contain a 1.4-kbp
fragment upstream of hpd that is lacking in strains that carry
the gene encoding protein D on a 1.9- to 2.1-kbp PstI fragment.
This difference is currently being analyzed in our laboratory.
Our results indicate that protein D is not only antigenically

and functionally conserved (2) but also that the nucleotide and
deduced amino acid sequences of the hpd gene are highly
homologous among all H. influenzae isolates tested, regardless
of their serotypes. Therefore, it is possible that the highly
conserved and surface-exposed protein D might be a good
candidate for inclusion in a future vaccine against all types of
H. influenzae infections.
Similarity between protein D and GlpQ. A comparison of

protein D from H. influenzae Eagan and GlpQ of E. coli (23)
showed that the deduced proteins were 77% similar and 64%
identical. A similar comparison was made with the recently
reported GlpQ sequence of B. subtilis (21), which was 56%
similar and 36% identical to the sequence of protein D. The
homologous regions were found mainly in the N-terminal parts
of the processed forms of B. subtilis GlpQ and protein D,
supporting the speculation that the N-terminal region may
contain the catalytic domains (23). A problem in using protein
D as a component in a vaccine might be cross-reactivity to
GlpQ of E. coli and other bacteria. However, the risk must be
considered relatively small since antibodies directed against
protein D would probably not cross-react with GlpQ of viable
E. coli because the protein is found in the periplasm of E. coli
(14).
Nucleotide sequence accession numbers. The nucleotide se-

quences of the hpd genes from strains 3639, 3640, 6-7626,
Eagan, HK695, and NCTC 8468 have been assigned EMBL
accession numbers Z35656, Z35657, Z35658, Z35659, Z35660,
and Z35661, respectively.
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TABLE 1. Sources of H. influenzae strains

Strain Serotype Biotype Clinical source Geographic source

6-7626 Nontypeable III Nasopharyngeal swab Sweden
3639 Nontypeable I Middle ear fluid United States
3640 Nontypeable V Middle ear fluid United States
Eagan Type b I Cerebrospinal fluid United States
HK695 Type b I Denmark
NCTC 8468 Type b IV United Kingdom

TABLE 2. Synthesized oligonucleotide primers

Name Positiona Nucleotide sequence

hpd-1 1231–1215 59 GGT TGT GAG GGA TAT TA 39
hpd-2 966–950 59 CAA CAC CAT CGG CAT AT 39
hpd-3 702–686 59 GCG TTT CAG CAG CAA TA 39
hpd-4 457–438 59 GTA AAG TCG ATG ACA TAG TA 39
hpd-5 192–176 59 ATG AAT GGC TGC TAC AA 39
hpd-6Bb 58–74 59 TCA CGG AAT AAT TAA TT 39
hpd-6Nc 52–68 59 GTC GCC TTT TTT GTA AC 39
hpd-7 322–340 59 AGC AAG ATT TAG CAA TGA C
hpd-8 600–616 59 CAA GGC TTA GAA AAA TC 39
hpd-9 933–949 59 ATG GCA GAA GTG GTT AA 39

a Range in 59 to 39 orientation.
b Used for strains Eagan and HK695.
c Used for strains 3639, 3640, 6-7626, and NCTC 8468.
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