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Diagnostic Assay for Helicobacter hepaticus Based on Nucleotide
Sequence of Its 16S rRNA Gene
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Conserved primers were used to PCR amplify 95% of the Helicobacter hepaticus 16S rRNA gene. Its sequence
was determined and aligned to those of related bacteria, enabling the selection of primers to highly diverged
regions of the 16S rRNA gene and an oligonucleotide probe for the development of a PCR-liquid hybridization
assay. This assay was shown to be both sensitive and specific for H. hepaticus 16S rRNA gene sequences.

Helicobacter hepaticus is a recently identified species of
gram-negative, microaerophilic, urease-positive, spiral bacte-
rium that was originally isolated from the livers of mice with
chronic active hepatitis at the National Cancer Institute-Fred-
erick Cancer Research and Development Center. This bacte-
rium also colonizes the cecal and colonic mucosa of mice (9,
40, 41).
The type species of the genus Helicobacter is H. pylori (12),

which is a common human pathogen that has been associated
with chronic active gastritis, peptic and duodenal ulcers, and
carcinoma of the stomach (1, 21, 29, 42). Other members of
this genus have also been isolated from gastric lesions in ferrets
(10), cats and dogs (18, 27), cheetahs (4), and macaques (2). A
few Helicobacter species have also been found in the intestinal
mucosae of rodents (19) and in the feces of humans (7, 37) and
cats and dogs (33, 34). In addition, several other Helicobacter-
like organisms await classification in this genus (31, 32).
rRNAs are functionally and evolutionarily homologous in all

organisms. Phylogenetic comparison of rRNA sequences has
become a powerful method for the systematic classification of
microbial organisms because of their conserved nature and
universal distribution (8, 13, 17, 25, 26). In bacteria, there are
three types of rRNAs that are readily identifiable by size: the
120-nucleotide (nt) 5S rRNA, the 1,600-nt 16S rRNA, and the
3,000-nt 23S rRNA (25). 16S rRNA genes contain three types
of domains: universally conserved domains, semiconserved do-
mains, and nonconserved domains (13). Based on the univer-
sally conserved regions, primers can be devised to either di-
rectly sequence or PCR amplify 16S rRNA genes from a wide
range of bacteria (5, 17, 43). These primers are especially
useful for studying extremely fastidious or highly pathogenic
bacterial species because culturing is not required (43).
On the basis of rRNA analyses, members of the genus He-

licobacter are placed into rRNA cluster III of superfamily VI
(38). Comparison of the 16S rRNA sequences of Helicobacter
species and related bacteria reveals conserved and divergent
sequences that can be used as probes for the specific identifi-
cation of H. pylori (3, 22, 28), Helicobacter mustelae (11), and

Helicobacter canis (34). Many PCR-based techniques have
been developed to amplify 16S rRNA sequences of H. pylori
and related organisms (3, 6, 15, 16, 20, 24, 39, 44).
In the present report, the objective was to develop a species-

specific PCR-based assay to detect and distinguish H. hepaticus
16S rRNA sequences from closely related species in mouse
tissues. Of the known Helicobacter and Helicobacter-like spe-
cies, two species, Helicobacter muridarum (19) and ‘‘Flexispira
rappini’’ (31), were expected to be the most closely related to
H. hepaticus because both species have been found in mice.
The strain of H. hepaticus used in this study, FRED1, was

isolated initially from the liver of a retired breeder male SCID/
NCr mouse (National Cancer Institute-Frederick Cancer Re-
search and Development Center) with a natural infection. The
liver was removed aseptically from the mouse; homogenized in
a sterile tissue grinder; spread over the surface of Brucella
blood agar containing trimethoprim, vancomycin, and poly-
myxin (Remel Laboratories); and incubated at 378C under
microaerophilic conditions for 5 to 7 days. The surfaces of the
plates were swabbed and suspended in sterile phosphate-buff-
ered saline (Remel Laboratories) for subsequent passages. Ad-
ditional isolates were obtained from livers of male A/J mice
(Jackson Laboratory, Bar Harbor, Maine) that had been ex-
perimentally infected with the initial isolate by intraperitoneal
injection. Animal care was provided in accordance with federal
guidelines (23).
Prior to assay development, it was necessary to amplify,

clone, and sequence the 16S rRNA gene. To obtain template
DNA for PCR, chromosomal DNA was obtained from cultures
of H. hepaticus, as previously described (15). PCR was then
performed with highly conserved Escherichia coli 16S rRNA
primers (Table 1) to amplify the majority of this gene. A 1.5-kb
fragment representing 95% of this gene was amplified with the
conserved primers HB1 and HB2 (Table 1). Two additional
conserved primers, HB8 and HB5 (Table 1), were used in
conjunction with HB1 and HB2 to generate two smaller over-
lapping fragments (1.1 and 1 kb) within the HB1-HB2-ampli-
fied fragment. All three PCR-generated fragments were cloned
into the pCRII plasmid (Invitrogen Corp.) and transformed
into the DH5a strain of E. coli (Life Technologies, Inc.).
Plasmid DNAs were prepared according to the double-

stranded DNA template preparation method (36). DNA se-
quences of the plasmid clones HB1-HB2/pCRII, HB1-HB8/
pCRII, and HB5-HB2/pCRII were determined with a model
370A automated DNA sequencer (Applied Biosystems Divi-
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sion, Perkin-Elmer) using DyeDeoxy terminator cycle se-
quencing (Applied Biosystems Division, Perkin-Elmer) and
universal M13 primers. H. hepaticus-specific primers were syn-
thesized to fill in the sequence as needed.
The H. hepaticus 16S rRNA gene sequence was compared

with the 16S rRNA gene sequences of several related organ-
isms. It shares 97.8, 97.2, 93.1, and 77.7% similarity at the
nucleotide level with H. muridarum (GenBank accession num-
ber M80205), ‘‘F. rappini’’ (M88137), H. pylori (M88157), and
E. coli (J01695), respectively. Two regions on the H. hepaticus
16S rRNA gene were identified as having the least homology
with H. muridarum, its closest relative. Oligonucleotide prim-
ers based on these areas were designed for use in a two-part,
species-specific PCR-liquid hybridization diagnostic assay (Ta-
ble 2). Oligonucleotide HB15, the forward PCR primer, shares
80, 67, 73, and 60% similarity with the corresponding regions in
H. muridarum, ‘‘F. rappini,’’ H. pylori, and E. coli, respectively.
Oligonucleotide HB17, the reverse PCR primer, shares 71, 65,
59, and 41% similarity with the corresponding regions in H.
muridarum, ‘‘F. rappini,’’ H. pylori, and E. coli, respectively. In
the first part of the assay, oligonucleotide primers HB15 and
HB17 were used to generate a 405-bp PCR product. With
these PCR primers, it was predicted that the limited sequence

similarity (only 80% for HB15 and 71% for HB17) with the
corresponding regions in the 16S rRNA gene of its closest
relative, H. muridarum, would ensure the specific PCR ampli-
fication of H. hepaticus DNA under the conditions described
below. Occasionally, unwanted nonspecific PCR products, of-
ten in the size range of the expected product, are obtained
during the amplification process; this can lead to ambiguous
interpretation of results in ethidium bromide-stained gel anal-
yses. In addition, the PCR product can be in too low abun-
dance to be visualized in ethidium bromide-stained gels.
Therefore, to increase both the sensitivity and specificity of this
assay, the PCR fragment amplified in the first part was hybrid-
ized in solution to a 32P-labeled oligonucleotide probe, HB16.
This internal probe shares 93, 93, 47, and 33% similarity with
the corresponding regions in H. muridarum, ‘‘F. rappini,’’ H.
pylori, and E. coli, respectively. Only PCR products that hy-
bridize to the probe are visible on the autoradiograph. This
two-part approach incorporates the initial high sensitivity and
specificity of PCR and an added enhancement in sensitivity
and specificity through liquid hybridization.
DNAs from a variety of tissues from H. hepaticus-infected

and uninfected mice were tested as templates in this assay.
Upon solubilization in lysis buffer (Applied Biosystems Divi-
sion, Perkin-Elmer) and proteinase K digestion, DNA from
liver, stomach, cecum, and colon was extracted once each with
phenol and chloroform and then ethanol precipitated as de-
scribed elsewhere (30). After homogenization in Dulbecco’s
phosphate-buffered saline without calcium and magnesium
chloride, DNA from feces was obtained by processing through
a QiaAMP column (Qiagen Inc.). DNA from paraffin-embed-
ded tissue sections was processed with the EX-WAX kit (ON-
COR). Negative and positive controls were included in each
run of the assay. Negative controls were no DNA and pUC12N
plasmid DNA. Positive controls were 10 and 1,000 copies of
target sequences in HB1-HB2/pCRII plasmid DNA. PCR am-
plification was performed in a reaction volume of 40 ml con-
sisting of 4 ml of sample DNA (100 ng/ml), 2 ml of oligonucle-
otide HB15 (5 mM), 2 ml of oligonucleotide HB17 (5 mM), 4 ml
of deoxynucleoside triphosphates (0.5 mM mixture), 4 ml of
103 PCR buffer II (Perkin-Elmer), 4 ml of 25 mM MgCl2, 0.2

TABLE 1. Oligonucleotide primers used in PCR amplification
of the H. hepaticus 16S rRNA genea

Primer E. coli nt Sequence

HB1 8–27 59-aatttgaattcccatggAGAGTTTGATCCTGGCTCAG-39
HB2 1510–1492 59-aatttaagcttctgcagGGTTACCTTGTTACGACTT-39
HB5 515–533 59-GTGCCAGCMGCCGCGGTAA-39
HB8 1115–1100 59-AGGGTTGCGCTCGTTG-39

a All numbers are in RNA sense. E. coli DNA sequences are in boldface
capital letters and correspond to the nucleotide positions cited. Underlined
letters are restriction enzyme sites that were incorporated to facilitate cloning (in
HB1, EcoRI-NcoI; in HB2, HindIII-PstI). The remaining lowercase letters rep-
resent spacers incorporated into the 59 ends of primers HB1 and HB2 to facil-
itate restriction enzyme digestion. Primers HB5 and HB8 are identical to primers
515F and 1100R, and the E. coli portions of primers HB1 and HB2 were obtained
from primers 8FPL and 1492RPL, respectively (32).

TABLE 2. Sequence comparison of the oligonucleotide primers used in the H. hepaticus PCR-liquid hybridization diagnostic assay

Primer and organism nta Sequenceb % Similarity to
H. hepaticus

HB15 (forward PCR primer)
H. hepaticus 591–605 59-GAAACTGTTACTCTG-39 100
H. muridarum 594–608 59-GAAACTATTAGTCTA-39 80
‘‘F. rappini’’ 597–611 59-GAAACTGACCATCTA-39 67
H. pylori 599–613 59-GAAACTACTATTCTA-39 73
E. coli 638–652 59-GATACTGGCAAGCTT-39 60

HB16 (internal probe)
H. hepaticus 788–802 59-CCTTGCTT-GTCAGGG-39 100
H. muridarum 791–805 59-CCTTGCTT-GACAGGG-39 93
‘‘F. rappini’’ 794–808 59-CCCTGCTT-GTCAGGG-39 93
H. pylori 797–811 59-GAGGGCTTAGTCTCT-39 47
E. coli 835–849 59-GTGCCCTT-GAGGCGT-39 33

HB17 (reverse PCR primer)
H. hepaticus 995–979 59-TCAAGCTCCCCGAAGGG-39 100
H. muridarum 1000–984 59-TCAAGCTCCACAGAAGT-39 71
‘‘F. rappini’’ 1003–987 59-TCAAGCTCTGGCAAGCC-39 65
H. pylori 1008–992 59-TCAAGGTCTAGCAAGCT-39 59
E. coli 1040–1024 59-CACGGTTCCCGAAGGCA-39 41

a Nucleotide positions for H. hepaticus, H. muridarum, ‘‘F. rappini,’’ H. pylori, and E. coli were obtained from GenBank, accession numbers L39122, M80205, M88137,
M88157, and J01695, respectively.
b Boldface letters indicate nucleotides that are different from the H. hepaticus sequence. Dashes were inserted to facilitate alignment.
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ml of AmpliTaq DNA polymerase (5 U/ml), and 19.8 ml of
distilled H2O (dH2O). Initial denaturation was carried out for
2 min at 948C. Thirty-five cycles of amplification were per-
formed in a GeneAmp PCR System 9600 thermal cycler (Per-
kin-Elmer). Each cycle consisted of three steps: denaturation
for 45 s at 948C, annealing for 1 min at 558C, and extension for
90 s at 728C. An additional extension step for 5 min at 728C was
performed at the end of amplification. For DNA from paraf-
fin-embedded sections, the number of cycles of amplification
was increased to 50. The probe for liquid hybridization was
radiolabeled for 1 h at 378C in a 20-ml reaction mixture con-
taining 4 ml of oligonucleotide HB16 (3 mM), 2 ml of 103
kinase buffer, 3 ml of [g-32P]ATP (3,000 Ci/mmol; Amersham),
2 ml of T4 polynucleotide kinase (New England Biolabs), and
9 ml of dH2O. dH2O (18 ml), 2 ml of 0.5 M EDTA, and 50 ml
of 203 SSC (13 SSC is 0.15 M NaCl plus 0.015 M sodium
citrate) were added to stop the reaction. dH2O (160 ml) was
added to dilute the probe. For the liquid hybridization, 5 ml of
the 32P-labeled probe was added to a 15-ml aliquot of the
PCR-amplified product and incubated for 5 min at 948C and 15
min at 558C. Four microliters of 63 loading dye (0.25% bro-
mophenol blue, 0.25% xylene cyanol, and 40% [wt/vol] su-
crose) was added, and 4 ml of this mixture was electrophoresed
on a 5% polyacrylamide gel cast in a 1-mm minigel cassette
(NOVEX) at 150 V in 0.53 Tris-borate-EDTA buffer in a
Mini-Cell (NOVEX). The gel was dried at 808C for 2 h in a
vacuum gel dryer and exposed to XAR film.
Examples of PCR-liquid hybridization results using DNA

obtained from various tissues from H. hepaticus-infected and
noninfected SCID/NCr mice are shown in Fig. 1 (lanes 1 to
10). The SCID/NCr mice were obtained from different isola-
tors at two buildings at the National Cancer Institute-Fred-
erick Cancer Research and Development Center and were
shown to be infected or noninfected by histopathology (hepa-
titis and Steiner stain positive for helical bacteria). DNA was
also obtained from the paraffin-embedded liver (Fig. 1, lane
16) from an infected A/JCr mouse with hepatitis.
To verify the sequence of the PCR-amplified fragments and

to examine the sequence diversity within this 405-bp region,
HB15-HB17-amplified PCR products were generated from
DNA obtained from different tissues (liver, cecum, colon, and
feces) and bacterial DNA obtained from an H. hepaticus cul-
ture and cloned into the pCRII plasmid. Plasmid DNAs were
purified with Qiagen columns and sequenced as described
above. The sequence data (not shown) demonstrated that the

sequences were identical, the assay was specific for H. hepati-
cus, and the amplified target area is quite homogeneous.
The HB1-HB2/pCRII clone served as a readily available

source of positive target DNA of known concentration. To
assess the sensitivity of this assay, the number of molecules of
the target DNA sequence (HB15-HB17 fragment) was calcu-
lated for a known concentration of HB1-HB2/pCRII plasmid
DNA. Dilutions containing 101 and 103 molecules per ml were
routinely included in every assay (Fig. 1, lanes 12, 13, 17, and
18). Our results show that this assay can detect as few as 10
molecules of target DNA in a standard 20-ml PCR assay mix-
ture. Although it is not known how many copies of the 16S
rRNA gene are contained in each H. hepaticus cell, in both H.
pylori and E. coli, it is estimated that there are about three
copies per cell (14, 35). Therefore, the sensitivity of our assay
is about three bacterial cells.
The specificity of the assay for H. hepaticus DNA sequences

was established further by testing two closely related species,
H. muridarum and H. pylori, and E. coli. DNAs were extracted
from H. muridarum (ATCC 49282) and E. coli (DH5a strain)
cultures. H. pylori DNA was extracted from paraffin-embedded
stomach tissue from a human with chronic gastritis and H.
pylori infection. All three DNAs were negative in the assay
(data not shown). To ascertain that there was PCR-amplifiable
DNA in the H. muridarum preparation, PCRs were performed
with the conserved primers from the E. coli 16S rRNA gene
(Table 1). The data (not shown) indicated that H. muridarum
DNA is PCR amplifiable with the conserved primers from E.
coli but not with the H. hepaticus diagnostic primers. There-
fore, this assay appears to be highly specific for H. hepaticus.
After the development of our assay, partial sequences from

three strains of H. hepaticus, Fox Hh-1, Fox Hh-2, and Fox
Hh-3 (GenBank accession numbers U07573, U07574, and
U07575, respectively), became available (9). All three of these
16S rRNA gene entries contain many gaps and unidentified
nucleotides. For the remaining sequences that could be com-
pared (1,237, 1,142, and 1,140 nt in files U07573, U07574,
U07575, respectively), the alignments showed that these en-
tries were identical to our 16S rRNA gene sequences deter-
mined for H. hepaticus.
In conclusion, we have PCR amplified, cloned, and se-

quenced 95% of the 16S rRNA gene of H. hepaticus. This
1,457-nt sequence corresponds to nt 8 to 1464 of the E. coli 16S
rRNA and lacks only the very proximal 59 and terminal 39 ends.
Thus, our data represent the most complete DNA sequence
obtained for any strain of H. hepaticus 16S rRNA to date. On
the basis of sequence comparisons with 16S rRNA gene se-
quences of related bacteria, we have devised primers and a
probe for use in an H. hepaticus-specific PCR-liquid hybridiza-
tion assay. We have demonstrated that this sensitive and spe-
cies-specific assay is a useful research tool to detect H. hepati-
cus infections in a variety of mouse tissues. In addition, there
was strong correlation between PCR diagnostic and his-
topathologic results. The present method is applicable to DNA
obtained from fresh, frozen, and formalin-fixed tissues and
DNA obtained from fecal material. This assay could be made
more sensitive if rRNAs, instead of rRNA genes, are used as
templates in reverse transcription PCR because there are up to
10,000 copies of each rRNA per cell, as compared to 2 to 4
copies of each rRNA gene per cell (28). Studies to increase the
sensitivity, specificity, and speed of PCR-based diagnostics for
H. hepaticus are in progress.
Nucleotide sequence accession number. The nucleotide se-

quence for the FRED1 strain ofH. hepaticus has been assigned
GenBank accession number L39122.

FIG. 1. PCR-liquid hybridization of DNAs from various mouse tissues with
H. hepaticus-specific 16S rRNA oligonucleotide H. hepaticus primers. Tissues in
lanes 1, 3, 5, 7, and 9 were obtained from an infected SCID/NCr mouse. Tissues
in lanes 2, 4, 6, 8, and 10 were obtained from a noninfected SCID/NCr mouse.
Tissue in lane 16 was obtained from an H. hepaticus-infected A/JCr mouse. DNA
templates used for PCR amplification were obtained from the following tissues
or sources: lanes 1 and 2, liver; lanes 3 and 4, stomach; lanes 5 and 6, cecum;
lanes 7 and 8, colon; lanes 9 and 10, feces; lane 11, dH2O; lanes 12 and 13, 101

and 103 molecules of HB1-HB2/pCRII, respectively; lane 14, dH2O; lane 15,
pUC12N; lane 16, paraffin-embedded liver (94-47055); and lanes 17 and 18, 101

and 103 molecules of HB1-HB2/pCRII, respectively. Thirty and 50 cycles of PCR
amplification were used in lanes 1 to 13 and 14 to 18, respectively.
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