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Introduction

Thermophilic Campylobacter species, primarily C. jejuni, C. coli
and C. fetus, are Gram-negative bacteria that are the major and
typical campylobacters of medical, public health or veterinary
interest worldwide. Although some other minor and atypical
Campylobacter species, such as C. lari, C. upsaliensis and 
C. hyointestinalis, have been associated with various 
infectious diseases,1–3 even less information is available on
campylobacters such as C. sputorum and C. curvus.

The amended report of C. sputorum and revision of its
infrasubspecific (biovar [bv]) divisions has been described,
including C. sputorum bv paraureolyticus, a urease-
producing variant.4 In addition, C. curvus was discovered in
1984 and classified originally as Wolinella curva.5 In 1991, this
organism was reclassified as C. curvus.6 Recently, C. curvus
has been found in a wide variety of clinical cases.7,8

All three biovars of C. sputorum (bubulus, fecalis and
sputorum) have been shown to carry longer 16S rRNA genes
(an insertion of approximately 250 base pairs [bp] in the helix
11 region).10,11 This insertion was not present at the rRNA
level and the 16S rRNA molecules were fragmented,9 as seen
in the 23 rRNA molecules.10,11 In addition, enlarged 
16S rRNA genes that contain atypical intervening sequences
(IVSs) have been found in five out of 12 C. helveticus
isolates,12 in three C. rectus, two C. curvus and two 
C. sputorum isolates.13 Moreover, distribution of IVSs in the
16S rRNA genes from two C. hyointestinalis subsp. lawsonii
strains has also been described.14

In the 16S rRNA genes of C. sputorum and C. curvus, IVSs
were identified in the five C. sputorum (bv bubulus LMG6447
[TCC33562)], bv fecalis LMG6617 [CCUG12015] and bv

sputorum LMG7795T [ATCC35980];9 bv bubulus FDC616 and
bv fecalis SUA3112)13 and in the two C. curvus (ATCC35224
and SUC10)13 isolates. 

This study aims to clarify whether or not these two
Campylobacter species contain IVSs as frequently as isolates of
the other species, and whether or not the 16S rRNA
molecules whose genes contain IVSs are fragmented.

Materials and methods

Twenty-one isolates comprising C. sputorum (n=14) and 
C. curvus (n=7) were used in the present study (Table 1).
Genomic DNA was prepared from the Campylobacter cells by
sodium dodecyl sulphate (SDS) and proteinase K treatment,
phenol-chloroform extraction and ethanol precipitation.15
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A PCR primer pair of fD1 (5’-GAGTTTGATCCTGGCTCAG-3’)16

and r-Ca16h11 (5’-TGGACCGTGTCTCAGTTCC-3’)17 was
employed to amplify the helix 11 region in 16S rRNA gene
sequences from the Campylobacter isolates. The PCR
products, which were separated by 1% (w/v) agarose 
gel electrophoresis in 0.5× TBE, were purified with a
QIAquick PCR purification kit (Qiagen, Tokyo, Japan). 
The amplicons were subjected to cycle sequencing with
BigDye Terminator (Applied Biosystems, Tokyo, Japan) and
with the PCR primers. 

Sequence analysis was performed by using the Genetyx-
Windows computer software (version 9; Genetyx Co. Tokyo,
Japan). Nucleotide sequences of the helix 11 region in 
16S rRNA gene sequences from the 21 isolates of 
C. sputorum and C. curvus were compared and with the
accessible sequence data from some other Campylobacter
organisms using CLUSTAL W software (1.7 program),18

which was incorporated in the DDBJ/EMBL/GenBank
databases.

A prediction of the secondary structure model of the 
IVSs was carried out with mfold (www.bioinfo.rpi.edu/
applications/mfold/srna.pl).

Total cellular RNA was extracted and purified from the
Campylobacter cells using the RNAprotect bacteria reagent
and RNeasy mini kit (Qiagen). The RNA was visualised by
1% (w/v) agarose gel electrophoresis in 1% (w/v) MOPS
containing 2% (w/v) formaldehyde after heat denaturation
of the total cellular RNA at 65˚C for 15 min. The RNA was
visualised by ethidium bromide staining.

Results

A PCR primer pair (fD1/r-Ca16h11) was used to amplify the
helix 11 region in 16S rRNA gene sequences and amplicons
were obtained from all isolates studied (Fig. 1). Sequencing
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Fig. 1. Agarose gel electrophoresis profiles of PCR products amplified with C. sputorum and C. curvus isolates using the primer pair fD1 
and r-Ca16h11. Lane M: 100-bp DNA ladder; lane 1: C. sputorum LMG7975; lane 2: LMG8535; lane 3: LMG10388; lane 4: LMG11765; 
lane 5: C. sputorum biovar fecalis LMG8531; lane 6: LMG8532; lane 7: LMG8534; lane 8: LMG6728; lane 9: LMG11761; lane 10: 
C. sputorum biovar paraureolyticus LMG17589; lane 11: LMG17590; lane 12: LMG17591; lane 13: LMG17592; lane 14: LMG17593; 
lane 16: C. curvus LMG7609; lane 17: LMG11033; lane 18: LMG11034; lane 19: LMG11127; lane 20: LMG11247; lane 21: LMG11249;
lane 22: LMG13935; lane 23: C. jejuni 81–476; lane 24: C. coli JCM2529T.

M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 M 16 17 18 19 20 21 22 23 24

Isolate IVS

C. sputorum bv. sputorum LMG7975 +

C. sputorum bv. sputorum LMG8535 +

C. sputorum bv. sputorum LMG10388 +

C. sputorum bv. sputorum LMG11765 +

C. sputorum bv. fecalis LMG8531 +

C. sputorum bv. fecalis LMG8532 +

C. sputorum bv. fecalis LMG8534 +

C. sputorum bv. fecalis LMG11761 +

C. sputorum bv. paraureolyticus LMG17589 +

C. sputorum bv. paraureolyticus LMG17590 +

C. sputorum bv. paraureolyticus LMG17591 +

C. sputorum bv. paraureolyticus LMG17592 +

C. sputorum bv. paraureolyticus LMG17593 +

C. curvus LMG7609 +

C. curvus LMG11033 +

C. curvus LMG11034 +

C. curvus LMG11127 +

C. curvus LMG11247 +

C. curvus LMG11249 +

C. curvus LMG13935 –

bv: biovar; IVS: intervening sequence

Table 1. Isolates of C. sputorum and C. curvus analysed in the
present study and summary on identification of the IVSs within 
16S rRNA genes.



and alignment analyses of the PCR amplicons of the helix 11
region showed that 14 C. sputorum (100%) and six C. curvus
(86%) isolates carried IVSs in the helix 11 region, and no IVSs
were found in C. curvus LMG13935 (Fig. 2).

An identical IVS sequence was identified in all 14 isolates

of C. sputorum (AB501345; Fig. 2). In contrast, two IVSs
containing distinct nucleotide lengths and sequences were
found in the helix 11 regions from six C. curvus isolates 
(IVS A: C. curvus LMG11247 and 11249, AB501346; IVS B: 
C. curvus LMG 7609, 11033, 11034 and 11127, AB501347 
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C. sputorum IVS 101:ATTGGGAAATG-TAGCTCTTAATAATATATATCAAAGATAATTTATAAATAAAAAGTTATAAATATAACAATAAGCTTTTTTGCAGCTTTATATAATAAA 199
C. curvus IVSA 101:.A.......GT--...C..ATG....G.T...TT...CA.T.AG..G..A.TT.GAC..A.CC..A.TTT..G.TT.----------------------- 175
C. curvus IVSB 101:.A.......GTCG.A.C..AT...T.G.T...TT.TC.A.T-------.CCT.CG.CGCA.CCG.A.GTTGCGGTG.----------------------- 170
C. jejuni 101:G.A......GT----------------------------------------------------------------------------------------- 111
C. coli 101:G.A......GT----------------------------------------------------------------------------------------- 111

******

C. sputorum IVS 200:GCGAAAAAAAGTAAAGCAGTTAGATTTAATAAATTTTTATAGCATTTAAAAATACAAAAGACTTAATTTTTAAATCTAAATATAAATTATTACTAATATT 299
C. curvus IVSA 176:---------.TG.C.AGC.AAGCT.GG.G.G...C......A.T..AGGTGGGTGC.GG..GCG..AC.CCCGC..GT..AGACT.GCT.GG...G.C.G 266
C. curvus IVSB 171:-----------------------------------------..T..AGGTGGGT...GG..GCGT.GC.CCTTG..GC..AGACGGACT..GT.CG.C.G 229
C. jejuni 111:---------------------------------------------------------------------------------------------------- 111
C. coli 111:---------------------------------------------------------------------------------------------------- 111

C. sputorum IVS 300:TTTAATAGTCATTTAGAAATATCTTAATATATATTAT----TAAGAGCTTTCGCTATGGGATGAGGCTATATTGTATCAGCTAGTTGG 383
C. curvus IVSA 267:CGA.G.C..A..A.TT..T.GCGAAGCA.GTA.A...TACA..G.GTT.C......................C............... 354
C. curvus IVSB 230:CG-------------------------A.GTA.A..ATATA..G.GTT.C......................C............... 292
C. jejuni 112:-----------------------------------------------T.....G.G.A.......A......A............... 152
C. coli 112:-----------------------------------------------T.....G.G.A.......A......A............... 152

* *** * * ******* ****** ***************

Fig. 2 Tazumi et al.

Fig. 2. Nucleotide sequence alignment analyses in the helix 11 region within 16S rRNA gene sequences. Numbers at the left and right refer to
the nucleotide positions determined in the present study. Dots indicate identical bases, changes are indicated and dashes are deletions.
Identical positions are marked by asterisks. C. sputorum IVS: all 13 C. sputorum isolates shown in Table 1; C. curvus IVSA, C. curvus
LMG11247 and 11249; C. curvus IVSB, C. curvus LMG7609, 11033, 11034 and 11127.

U
G
G
G
A
AA

U
G U A

G
C
U
C
U
U
A
A
U
A
A
U
A
U
A
U
A
UCA

A A

A

A
U
A
A
A
A
A
G
U
U
A
U
A
A
A
U
A
U
A
A
CA

A
U
A
A G
C
U
U
U
U
U
UG

C
A G
C
U
U
U
A
U
A U A

A
U
A
A
A
G
C
G
A

A
A
A
A
A
A
G
U A

A
A
G
C

AG
U
U
A
G
A
U
U
U
A
A

U
A
A
A
U
U
U
U
U
A
U A G

C
A U U U A A A A A U

A C A A
A
A
G
A

CUUA
AUUUUUAAAUCUA

A
A

G
A
U
A
A
U
U
U
A
U
A U

A
U
A
A
A
U
U
A
U
U ACU A A U A U U U U U A A U

A
G
U
CAU

UUAGAAAUAUCUUAA
U
A
U
A
U
A
U
U
A
U
U
A
A
G
A
G
C
U
U
U
C
G

C
U
A

G
G
G
A
AA

G
U A G

C
C
C
U
A
U
G
U
A
A
U
G
U
U
U
A
U
U
U
A
A
G
C
A
A
U
U
A
G
A
U
GAA

A
A
U
U A G

A
C
UA

A
ACCUAAAUUUAUGAUUUAU

GA
CAAGCG

A
A G C U U G

G A
G U G A A U C

U
U
U
A U A A C U U U A G GU

G
G
G U

G
C

A G
G
G
A
G
C
G A A

A
C
U
C
C
C
G
C U

CG U
A A
A G AC U A G C U

U
GGCUAGUCUGCG

AA
G
U
C
G
U
A
A

U
A
U
U
U
A
A
U
U
G
C G A

A
GCA

A
G
U
A
A
A
U
A
U
U
A
C
A
U
A
G
G
G
U
U
U
C
U
C G

G
G
A
A

AG
U
C
G A

A
C
C
C
U
A
U
A
U
A
U
U
G
U
U
U
A
U

U
U

AU
C
A
A
A
UACCUACGGCGCA

A
UCG

AA
A
G
U
U G

C G G U G U G C U U U A G G U G
G
G
U C A

A
G
G
G
A
G
C
G
U
A
G
C
U
C
C
U
U G

U C G C A
A A
G A C G G A C U

U
UGUUCGUCUGCGA

AG
U
A
A
A
U
A
A
U
A
U
A
U
A
G
G
G
U

U
U
C
U
C

Fig. 3. Proposed secondary structures of IVSs in the helix 11 region within 16S rRNA genes. Secondary structure predictions were obtained
using the mfold server available at bioinfo’s home page. 
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[Fig. 2]). This suggests that different kinds of 16S rRNA gene
are present in the C. curvus isolates.

Figure 3 shows the prediction of the secondary structure
model of the IVSs in the helix 11 region of C. sputorum and 
C. curvus. In the present model, stem and loop structures were
identified in the IVSs. Moreover, these are the first examples
of the prediction of the secondary structure model of IVSs in
16S rRNA genes. Thus, two different secondary structure
models of the IVSs from C. curvus were identified (Fig. 3).

As 16S rRNA molecules whose genes were longer in the
helix 11 region were found to be fragmented in the three
strains of C. sputorum (bv bubulus, fecalis and sputorum),9

an attempt was made to perform denaturing agarose gel
electrophoresis of the purified RNA fractions from the 
C. sputorum and C. curvus isolates. As shown in Figure 4, no
16S rRNA species were identified in the purified RNA
fractions whose 16S rRNA genes carried IVSs. Instead of 16S
rRNA, other smaller RNA fragments were identified. Thus,
the primary 16S rRNA transcript may have been
fragmented. The RNA purified from C. curvus LMG13935
cells, which did not contain IVSs, was employed as a
reference marker.

Discussion

The authors have already identified four cases of 
C. sputorum bv sputorum LMG 7975 and bv fecalis LMG8531,
LMG8534 and LMG6728 (n=4 C. sputorum bv sputorum;
n=5 C. sputorum bv fecalis; n=5 C. sputorum bv
paraureolyticus; n=7 C. curvus) to carry IVSs in the helix 25
region.19 The reasons why C. sputorum and C. curvus carry
IVSs in 16S and 23S rRNA genes so frequently are not
known, but these two species may have frequent
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Fig. 4. Agarose gel electrophoresis of purified RNA from C. sputorum (A) and C. curvus (B) isolates containing IVSs in the helix region 
within 16S rRNA genes. A) Lane 1: C. sputorum bv sputorum LMG7975; lane 2: LMG8535; lane 3: LMG10388; lane 4: LMG11765; 
lane 5: C. sputorum bv fecalis LMG8531; lane 6: LMG8532; lane 7: LMG8534; lane 8: LMG6728; lane 9: LMG11761; lane 10: C. sputorum
bv paraureolyticus LMG17589; lane 11: LMG17590; lane 12: LMG17591; lane 13: LMG17592; lane 14: LMG17593. B) Lane 1: C. curvus
LMG13935; lane 2: LMG7609; lane 3: LMG11033; lane 4: LMG11034; lane 5: LMG11127; lane 6: LMG11247; lane 7: LMG11249.

23S rRNA

16S rRNA

4-5S RNA

1 2 3 4 5 6 7 8 9 10 11 12 13 14 1 2 3 4 5 6 7

A B

opportunities for those rRNA operons to interact with any
sources of IVS. Moreover, they may have been able 
to integrate the IVSs into their own rRNA operons in 
the genome. Therefore, it may be worthwhile to identify
other regions, such as the 16S-23S rRNA internal spacer
region, the spacer region between 23S and 5S rRNA 
genes and the 5S rRNA structural gene, that may carry 
IVSs, and further research is in progress to resolve these
questions.

Five C. sputorum isolates have already been reported to
carry the IVSs in the helix 11 region within 16S rRNA
genes.9,13 Consequently, a total of 19 isolates of C. sputorum
examined have been identified to carry IVSs. Thus, IVS
integration in the 16S rRNA genes in the C. sputorum
genome may precede differentiation into the three biovars
(i.e., sputorum, fecalis and paraureolyticus). 

At present, the reasons why these two species of
Campylobacter frequently carry IVSs within 16S rRNA genes
is not known. In the seven C. curvus isolates analysed both in
the present study and in previous work,17 one C. curvus
isolate (LMG13935) lacked IVSs in all three helix regions
within the 16S and 23S rRNA genes.

Natural transformation is a potential mechanism for
horizontal gene transfer, leading to genetic diversity within
a population.20 It is suggested that intraspecies
recombination plays a large part in producing genetic
diversity among C. jejuni and C. coli strains.20 Unfortunately,
little is known about the transformation ability of 
C. sputorum and C. curvus; however, these two species may
have a higher natural transformation ability to integrate 
IVSs into their own rRNA gene operons.

This is a first demonstration that atypical C. sputorum and
C. curvus isolates frequently carry IVSs in the helix 11 region
in 16S rRNA genes. In addition, these two species may have



a higher natural transformation ability to integrate IVSs into
their rRNA gene operons, as well as IVSs in 23S rRNA genes.
On the first prediction of the secondary structure model of
the IVSs in 16S rRNA genes, stem and loop structures were
identified; thus, the primary 16S rRNA transcripts may have
been fragmented in the 20 isolates studied. 5
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