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Abstract. Two small cryptic plasmids designated pONE429 and pONE430 were isolated from a rumen
bacterium, Selenomonas ruminantium S20. The complete sequence of pONE429 was 2100 bp and
contained one open reading frame (ORF) of 201 amino acids. The sequence of pONE430 had 1527 bp and
one ORF of 171 amino acids with the similarity of replication protein (Rep protein) of pOM1, pSN2, and
pIM13 isolated from Butyrivibrio fibrisolvens, Staphylococcus aureus, and Bacillus subtilis, respectively.
In these plasmids, the upstream nucleotide sequence of Rep protein had the conserved nucleotides which
could be double-strand origin (DSO) of rolling circle replication (RCR) mechanism. The plasmids of
pONE429, pONE430, pJJMI, pJDB21, and pS23 were isolated from S. ruminantium strains and had
similar regions that were located within a ,450-bp nucleotide. These similar regions may be the location
that was recognized by the host strain, S. ruminantium.

The rumen is a strictly anaerobic ecosystem inhabited
mainly by bacteria, archaea, protozoa, and fungi. Selenomonas ruminantium comprises one of the major bacterial species in the rumen and utilizes lactate and many
amino acids [17]. It will be useful to make a host-vector
system of S. ruminantium for genetic improvement
because it may be possible to reduce the degree of
acidosis by amplify the lactate-utilizing gene [21] and to
increase the fiber-digesting ability [4]. The host-vector
system using plasmids has the advantage of easy handling. The recombinant vector using cryptic plasmid was
constructed in the rumen bacterium of Butyrivibrio [3, 9,
13] and Prevotella [2, 19].
Three plasmids have been sequenced and analyzed in
S. ruminantium strains. The plasmid pJDB21 was isolated from S. ruminantium subspecies lactilytica. It was a
2471 bp plasmid that was shown to replicate by a rolling
circle replication (RCR) mechanism (accession number
Z12102) [23]. The plasmid pS23 was a cryptic plasmid of
3759 bp isolated from S. ruminantium (accession number
M86247) and was reported as pJDB23, which was
replicated in Escherichia coli by a mechanism of colE1
type dependent on DNA polymerase I [1]. The plasmid
Correspondence to: M. Nakamura

pJJM1 (accession number Z49917) was 2485 bp, which
was similar to the sequence of pJDB21 and seemed to
replicate by RCR. Although these three plasmids were
cloned and sequenced, no further report on construction
of a host-vector system for Selenomonas sp. was published. Therefore, analysis of new plasmids for construction of such a system seems logical.
In the present study, two cryptic plasmids, pONE429
and pONE430, were isolated from a rumen bacterium,
S. ruminantium S20, and complete nucleotide sequences
of two plasmids were determined and analyzed. This
report indicates conserved sequences upstream of Rep
protein and new similar regions among plasmids isolated
from S. ruminantium strains.
Materials and Methods
Bacterial strain. S. ruminantium S20 was isolated from the rumen
content of a Holstein cow. The isolate was identified by sequence
analysis of the 16S rRNA gene and by biochemical characterization
according to the V.P.I. method [11] with reference to Bergey’s Manual of
Systematic Bacteriology.
Plasmid preparation and cloning. S. ruminantium S20 was grown
overnight on 10 ml RGCMS broth of Scott and Dehority’s artificial
medium [18], adding 40% (vol/vol) of rumen fluid and 0.025% (wt/vol)
of glucose, cellobiose, maltose, and corn starch, respectively. Total
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Fig. 1. Electrophoresis and Southern hybridization of
total DNA extracted from S. ruminantium S20. (A)
Electrophoresis of total DNA from 10-ml culture of S.
ruminantium S20 on 0.8% agarose gel. Lane 1, labeled
marker; lane 2, total DNA of S. ruminantium S20; lane
3, 1-kbp ladder marker; SC, supercoiled plasmid. (B)
Hybridization to total DNA from 10-ml culture of S.
ruminantium S20. Lane 1, labeled marker; lane 2, hybridization with insert fragment of p4291 cloned
pONE429 as probe; lane 3, hybridization with insert
fragment of p4292 cloned pONE429 as probe; lane 4,
hybridization with insert fragment of p4301 cloned
pONE430 as probe; lane 5, hybridization with insert
fragment of p4303 cloned pONE430 as probe.

DNA of S. ruminantium S20 was prepared as follows. S. ruminantium
S20 cells were harvested with centrifugation and resuspended in 100 µl
of 0.15M NaCl, 0.1M EDTA (pH 8.0). To the cell suspension was added
500 µl of 0.1M NaCl, 0.1M Tris-HCl (pH 8.0), 1.0% SDS. Then, 500 µl
of phenol saturated with TE buffer [10 mM Tris-HCl (pH 8.0), 1mM
EDTA] was added and mixed gently for 1 h. After centrifugation, the
DNA of the supernatant was precipitated by addition of 2.5 volumes of
95% cold ethanol and dissolved in 20 µl TE buffer. After electrophoresis
of total DNA, two plasmids, pONE429 and pONE430, were eluted from
agarose gel by the phenol extract method [20]. The pONE429 digested
by HindIII and Sau3AI was cloned by using pBluescript SK1 and
E. coli JM109 (Toyobo, Japan). The pONE430 was cloned after
digestion by Sau3AI and KpnI. The recombinant plasmids were
prepared by Wizardy midiprep DNA purification systems (Promega,
USA).
Southern hybridization of pONE429 and pONE430. To confirm that
the insert fragment of recombinant plasmid originated from pONE429
or pONE430, the insert fragment of the recombinant plasmid was
hybridized to total DNA of S. ruminantium S20. After electrophoresis,
total DNA was transferred to Gene Screeny Hybridization Transfer
Membrane (Dupont, USA). The insert fragment of the recombinant
plasmid was amplified by the polymerase chain reaction (PCR) method
with M13 primer RV and M13 primer M4 (Takara Shuzo Co. Ltd.,
Japan). The amplified DNA fragment was used as a probe prepared with
DIG High Prime (Boehringer-Mannheim, Germany). Detection was
performed with DIG Nucleic Acid Detection Kit (BoehringerMannheim).
Sequence analysis and alignment. The recombinant plasmids were
sequenced by using LI-COR M4000L sequencer and ABI 373A DNA
sequencer. Sequence was analyzed with Genetics Mac (Software
Development Co., Ltd., Japan) and sequence homology search was
performed by using BLAST. ClustalW [22] was used for alignments of
amino acid sequence and upstream nucleotide sequence of Rep protein.

Results
Identification of bacterial strain. The 16S rDNA of
S. ruminantium S20 (accession number AB017195)
showed 97% similarity to S. ruminantium GA192 (accession number M62702) and 98% similarity to S. ruminan-

Table 1. Derivation and phenotype of pONE429 and pONE430

Plasmid
pONE429
p4291
p4292
pONE430
p4301
p4303

Derivation
2.1-kbp cryptic plasmid of S. ruminantium S20
pONE429 cloned into the HindIII site of
pBluescript SK1
pONE429 cloned into the Sau3AI site of
pBluescript SK1
1.5-kbp cryptic plasmid of S. ruminantium S20
pONE430 cloned into the Sau3AI site of
pBluescript SK1
pONE429 cloned into the KpnI site of
pBluescript SK1

Antibiotic
resistant

Ampicillin
Ampicillin

Ampicillin
Ampicillin

tium subspecies lactylitica HD4 (accession number
M62703) and JCM6582T (accession number AB003379).
S. ruminantium S20 was also identified by the biochemical characterization as follows. This strain produced acid
from arabinose, cellobiose, galactose, glycerol, dextrin,
fructose, glucose, lactose, maltose, mannitol, mannose,
melezitose, melibiose, raffinose, salicin, starch, sucrose,
and trehalose. Acid production from ribose, glycogen,
and esculin was weak. This strain did not produce acid
from xylose, rhamnose, sorbose, inulin, sorbitol, inositol,
or amygdalin.
Recombinant plasmids and Southern hybridization.
S. ruminantium S20 had two cryptic plasmids designated
as pONE429 and pONE430 (Fig. 1A). The recombinant
plasmids are listed in Table 1. Restriction maps of
pONE429 and pONE430 are shown in Fig. 2. The
hybridization probes were prepared by PCR amplification from the cloned plasmids with plasmid-specific
primers. Probes p4291 and p4292 were generated as
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Fig. 2. Restriction maps of pONE429
and pONE430.

Fig. 3. Alignment among Rep proteins among pONE430 and other
plasmids. The pOM1, pSN2, and
pIM13 were plasmids isolated from
B. fibrisolvens, S. aureus, and B.
subtilis, respectively. The same
amino acid sequences of pONE430
and pOM1 are shown by asterisks
under the sequence. The same
amino acids for four plasmids are
indicated heavily shadowed, and
conservative amino acids are indicated lightly shadowed.

2.1-kbp fragments, and p4301 and p4303 as 1.5-kbp
fragments. As a result of Southern hybridization (Fig.
1B), these insert fragments were confirmed to be derived
from pONE429 or pONE430.
Sequence analysis of pONE429 and pONE430. The
pONE429 and pONE430 were sequenced and analyzed.
The nucleotide sequences of pONE429 and pONE430
were deposited in GenBank accession number AB003192
and AB003193, respectively.
The pONE429 comprises a 2100-bp nucleotide and
was digested by HindIII and Sau3AI at one site. The
pONE429 has a G 1 C content of 40.5%. One putative
ORF is found at nucleotide position 1131 to 1736 and
encodes a 201-amino acid protein. Ribosome binding site
(RBS) and consensus 210 and 235 sequence are located
upstream of the ORF.
The pONE430 is 1527 bp and is digested by KpnI or
Sau3AI at one site. The pONE430 has a G 1 C content of
45.7%. From nucleotide position of 454 to 969 there are
one putative ORF encoding 171 amino acids. RBS and
consensus 210 and 235 sequence are located upstream
of the ORF.
The similarity of Rep protein and its upstream nucleotide sequence in pONE430. The amino acid sequence of
ORF in pONE430 has high similarity with Rep protein of

pOM1 isolated from Butyrivibrio fibrisolvens [9] and also
has similarity to pSN2 from S. aureus [12] and pIM13
from B. subtilis [14]. The alignment of Rep proteins is
shown in Fig. 3.
The alignment of upstream nucleotide sequences of
Rep protein is shown in Fig. 4. Similar sequences are
found, and four conserved sequences are designated as
RCCN1, RCCN2, RCCN3, and RCCN4, respectively.
The RCCN3 and RCCN4 have the conserved repeat
sequence, which is TTGT(A or T)(C or G)TAATTT.
The pONE430 has a potential stem-loop structure
between RCCN4 and Rep protein. The stem-loop structure is located in an AT-rich region and contains 210 and
235 sequence, the same as pOM1.
The similar regions of plasmids isolated from S.
ruminantium. The similar regions were identified among
plasmids of pONE429, pONE430, pS23, pJJM1, and
pJDB21, which were isolated from S. ruminantium
strains. Alignment is shown in Fig. 5, and similar regions
are designated SRSR1, SRSR2, and SRSR3. The SRSR1
contained the conserved 19-bp nucleotide (GCGCACTTATGAGTGTCTC) among five plasmids. The SRSR2
had a complementary conserved 19-bp nucleotide among
four plasmids. The SRSR1 and SRSR2 were found on
plus strand in both pONE429 and pONE430. In pJJM1
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Fig. 4. Alignment of upstream sequence of
Rep protein. The same nucleotide is indicated by asterisks under the alignment. The
similar region is shown by a dotted line
under the alignment. The conserved nucleotide sequences are indicated in shaded
boxes and are designed RCCN1, RCCN2,
RCCN3, and RCCN4. The underlines of
nucleotide indicate a potential stem-loop
structure. Putative RBS and 210, 235
sequence are boxed. The bold ATGs are
initiation codons of Rep protein.

and pJDB21, SRSR1 was located on the minus strand,
SRSR2 on the plus strand. In pS23, SRSR1 and SRSR2
were located on the minus strand. The SRSR3 was found
among four plasmids and appeared once in pONE429 and
twice in pS23, pJDB21, and pJJM1. In pS23, two SRSR3
were located on the minus strand. The pJDB21 and
pJJM1 had one SRSR3 on the minus strand and another
on the plus strand.
The SRSR1, SRSR2, and SRSR3 are located adjacently. In pONE429 SRSR1 and SRSR3 were located
within 260 bp. The SRSR1 and SRSR2 in pONE430 were
located within 180 bp. The SRSR1, SRSR2, and SRSR3
were located within 420 bp in pS23 and within 450 bp in
pJDB21 and pJJM1.

Discussion
Two small cryptic plasmids, pONE429 and pONE430,
were isolated from S. ruminantium S20 and the complete
nucleotide sequence was determined.
According to the sequence analysis, one ORF was
found in both pONE429 and pONE430. Although the
amino acid sequence deduced from ORF of pONE429
could not be found in any other sequence in DNA and
protein database, the amino acid sequence from ORF of

pONE430 showed high similarity to Rep protein of
pOM1 [9]. The ORF in pONE430 was considered to
encode a Rep protein. Rep protein of pONE430 has
similarity with pSN2 [12] and pIM13 [14]. These plasmids of pOM1, pSN2, and pIM13 replicate by the RCR
mechanism, which has been reviewed and well discussed
[5, 7, 10, 15, 16]. The Rep protein recognizes and is
nicked at a specific site termed the DSO which locates
upstream of Rep ORF. The control region for the
expression of Rep protein exists also upstream of Rep
ORF. RCR plasmids are classified in several families by
similarities of Rep protein and DSO because the similar
Rep protein recognizes the similar DSO. In the family
which includes pSN2 and pIM13, DSO and the control
mechanism of the Rep protein expression have not been
cleared.
In a previous report of pOM1 [9], upstream of Rep
ORF had the potential to form a single stem-loop
structure containing 210, 235 sequences, and a further
upstream sequence had similarity with the upstream
sequence of Rep protein in pSN2. Southwestern analysis
of Rep protein suggested that the Rep probe, which is
stem-loop nucleotide, and the homologous sequence to
pSN2 contain the DSO of pOM1.
The sequence analysis of pONE430 shows that the
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Fig. 5. Nucleotide sequence alignment of plasmids isolated from S. ruminantium. Nucleotide sequences of the similar regions in plasmids of S.
ruminantium were designed SRSR1, SRSR2, and SRSR3. The conserved nucleotides are shown in shaded boxes. The same nucleotide is indicated by
asterisks under the alignment. 1 and 2 signals on the right side indicate whether the similar nucleotide is located on a 1 strand or a 2 strand.

upstream sequence of Rep protein contained the potential
single stem-loop structure within 210, 235 sequences
and a similar sequence region among pOM1 and pSN2.
This suggests that the DSO of pONE430 is located in the
upstream sequences of Rep protein.
Since the RCCN conserved sequences upstream of
the Rep protein are AT rich and easily divided the strand,
the RCCN conserved sequences may contain a nick site.
RCCN3 and RCCN4 contained the repeat sequence; Rep
protein may recognize and bind to these region.
Five plasmids isolated from S. ruminantium, pJJM1,
pJDB21, pS23, pONE429, and pONE430, have similar
regions of SRSR1 with conserved 19-bp nucleotide and
SRSR2 or SRSR3. These five plasmids have different
characteristics. The S. ruminantium strains containing
these five plasmids were isolated from different places
and different animals. Rep proteins of pJJM1 and pJDB21
belong to a family different from the pSN2 family. The
pS23 is replicated in E. coli by colE1 type dependent on
DNA polymerase I. Furthermore, SRSR regions are
found adjacent within a ,450-bp nucleotide regardless of
plasmids. This suggests that SRSR regions can be
recognized by some factors of S. ruminantium strain.
Since five plasmids possess SRSR regions for different
numbers and on different strands, these regions may have
a separate function. In the RCR mechanism, the single-

strand DNA was produced and synthesized to double
strand at the initiation site of single-strand origin (SSO)
recognized by host factors [5–8, 15, 16]. The SRSR
regions may be SSO.
In the present study, pONE430 had the RCCN
conserved sequences and SRSR similar regions. The
pOM1 had high similarity to Rep protein of pONE430
and also had RCCN sequences. This pOM1 was isolated
from a rumen bacterium, B. fibrisolvens, and constructed
a shuttle vector to E. coli. Therefore, pONE430 may be a
shuttle vector among E. coli, B. fibrisolvens, and S.
ruminantium. Functional analyses of RCCN conserved
sequences and SRSR similar regions are necessary to
clarify their role in replication/maintenance of the plasmids. This would facilitate further efforts to construct the
host-vector system for S. ruminantium.
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