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Recombinant plasmids which can be used as shuttle vectors between Escherichia coli and the industrially
used strains of Lactobacillus casei were constructed. They have replication regions closely related to those of
pUB110 and are likely to replicate by a rolling-circle mechanism via a plus-strand-specific DNA intermediate
in L. casei. Both orientations of palA from the staphylococcal plasmid pC194 and those of the intergenic region
from coliphage M13 are identified as active minus origins in L. casei, in contrast to the pAMal1A1l-derived BA3
minus origin which does not function in L. casei. Stability of the plasmids increased in L. casei when one of these
two active minus origins was inserted. All the DNA sequences of the constructed vectors were known.

Lactobacillus casei S-1 and its derivatives are industrially
useful strains. Lactic acid beverages and fermented milk
have been produced from skim milk culture of the strains for
several decades (34). In addition, heat-killed cells of the
derivative strain exhibit antitumor and immunostimulating
activities (29, 35), and development of a drug that makes use
of these activities is now in progress. Recently, a blood
pressure-lowering effect was also observed in hot water
extracts from autologous lysates of the derivative strain (14).
Therefore, development of a host-vector system is needed
for improvement of these strains by genetic manipulation.

Many attempts have been made to transform or transfect
L. casei strains by using protoplasts and liposomes (8, 45);
however, these methods are neither efficient nor reproduc-
ible. Electroporation is a technique by which cells are
exposed to electrical fields for permeation of nucleic acids
and is used for transformation and transfection of eucaryotic
and procaryotic cells (10). In 1987, Chassy and Flickinger
first showed that this technique is applicable to some L.
casei strains (9). Therefore, we have used this technique to
obtain plasmid vectors that can transform L. casei S-1
derivatives. However, transformation of our strains was
unsuccessful when available plasmids were tested. There-
fore, it was necessary to construct vectors useful for trans-
formation of the L. casei strains.

A staphylococcal plasmid, pUB110, replicates by a roll-
ing-circle mechanism via a single-stranded (ss) DNA inter-
mediate in Bacillus subtilis and Staphylococcus aureus (2,
56), and this mechanism is widespread among gram-positive
bacteria (16, 39). When pUB110 replicates in cells of B.
subtilis or S. aureus, the plasmid regions, rep, ori, and BA3,
function as a structural gene that encodes a replication
protein, an initiation site of replication for the plus strand of
the plasmid DNA (plus origin), and a signal for efficient
conversion from the plus-stranded plasmid DNA to the
double-stranded DNA (minus origin) by synthesis of the
minus strand of the plasmid DNA, respectively (2, 7, 33, 56).

pHY320PLK is a shuttle plasmid vector which was con-
structed for use in Escherichia coli and B. subtilis (25) (see
Materials and Methods and Fig. 1). Transformants of
pHY320PLK were not obtained in L. casei S-1 derivatives.
However, this plasmid was expected to replicate in the L.
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casei S-1 derivatives for the following reasons. (i)
pHY320PLK has rep (repal), ori (orial), and BA3 from
pAMalAl (40), and their DNA sequences are identical to
those of equivalent regions of pUB110 except for one base in
the dispensable region between rep and ori (23, 36, 37). (ii)
Replication via a rolling-circle mechanism is likely among
some plasmids derived from Lactobacillus spp. because of
sequence homology to plasmids known to replicate by this
mechanism or accumulation of ssDNA (1, 3, 6, 28, 48).

This report describes the construction of pHY320PLK-
based shuttle vectors able to replicate both in E. coli and in
the L. casei S-1 derivatives. In contrast to the case with B.
subtilis, BA3 did not function as a minus origin in L. casei.
Subsequently, two DNA segments that did serve as active
minus origins in L. casei were identified: (i) palA from the
staphylococcal plasmid, pC194, which was known to func-
tion as a minus origin in S. aureus (17) but inefficiently in B.
subtilis and Streptococcus pneumoniae (12, 56); and (ii) the
intergenic (IG) region from ssDNA phage M13, which was
reported to be similar to the palA-type minus origin (12).
When a fragment including one of these regions was inserted
in either orientation, the stabilities of the vectors in L. casei
were improved.

MATERIALS AND METHODS

Bacterial strains. E. coli HB101 (rg~ mg~) and JM109 (rg ~
mg*) were obtained from Takara shuzo (Kyoto, Japan). L.
casei C257, which is a $FSW prophage-cured derivative of
S-1 (46), and strain MSK?248, which is a plasmid-free deriv-
ative of C257, were described previously (43).

Plasmids. pHY300PLK (22, 24, 26) and pHY163PLK (23)
were described previously. pHY300PLK consists of orial,
repal, and the tetracycline resistance gene from pAMalAl
(40), the RN A primer region for initiation of DNA replication
in E. coli from plasmid plSA, and the ampicillin resistance
gene from Tn3 via pACYC177. pHY320PLK was con-
structed as a shuttle plasmid vector between E. coli and B.
subtilis by the insertion of the BA3 minus origin sequence
downstream of the tetracycline resistance gene of pAMalAl
into the EcoRlI site of pHY300PLK in the natural orientation
(25). The BA3 region between the Eco4711I and Bbel sites in
pHY320PLK includes a DNA sequence identical to that of
pUBL110, extending from nucleotide 1136 to 1553 (36, 37)
(Fig. 1). pLY201 is a deletion derivative of pAMB1 and is
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FIG. 1. Construction of pHS2010. The termini of the 1.1-kb HinPI fragment of pLY201 (27) containing the MLS resistance gene was filled
in with T4 DNA polymerase and ligated with the dephosphorylated Eco47111 fragment of pHY320PLK (25). Only HinPI sites of interest are

indicated in pLY201. The replicon region in pL Y201 was deduced from Swinfield et al. (50).
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able to replicate in an L. casei S-1 derivative (27). pSA3 (11),
pGKV11 (52), pUC119 (54), and pC194 (21) were obtained
from J. Ferretti of the University of Oklahoma; J. Kok of the
University of Groningen, the Netherlands; Takara shuzo;
and T. Tanaka of Mitsubishi-kasei Life Science Institute,
Tokyo, Japan, respectively.

Transformation and DNA manipulations. E. coli cells were
transformed by the CaCl,-RbCl method (18). L. casei cells
were electrotransformed with an exponential decay pulse
generated by a Gene Pulser apparatus (Bio-Rad Laborato-
ries, Richmond, Calif.) with a pulse controller as follows.
Cells of the L. casei recipient strain were grown to mid-
exponential phase at 37°C in 20 ml of Rogosa’s medium (13)
and were harvested by centrifugation. The cells were
washed twice with 20 ml of 1 mM HEPES (N-2-hydroxyeth-
ylpiperazine-N'-2-ethanesulfonic acid), pH 7.0, and once
with 1 ml of 10% glycerol at 0°C and suspended in 200 pl of
10% glycerol. Forty microliters of the cell suspension were
transferred to a chilled Gene Pulser cuvette (electrode gap, 2
mm) onto which DNA solution (<80 wl) had already been
added. After a pulse (peak voltage, 1.5 kV; capacitance, 25
wF; resistance, 200 ) was applied to the cells, 1 ml of
Rogosa’s medium was added to the cell suspension as soon
as possible. The mixture was incubated at 37°C for 1 h for
gene expression and then plated on a Rogosa’s agar plate
containing 20 pg of erythromycin per ml. Under these
conditions, the transformation frequency was approximately
2 X 10°/pg of DNA.

All the DNA manipulations for construction of shuttle
vectors were performed in E. coli by the method of Sam-
brook et al. (42).

DNA sequencing analysis. DNA sequences of all sources
consisting of the constructed vectors, pHY300PLK (24),
pHY163PLK (23), pHY320PLK (the accession number of
pHY320PLK is D00946 in DDBJ, EMBL, and GenBank),
the 1.1-kbp HinPI macrolides-lincosamides-streptogram B
(MLS) fragment from pAMB1 (5), the IG region of M13 (53),
and pC194 (21) are available. DNA sequences of the con-
structed vectors were known by first connecting the above
sequences by using the SDC Genetyx program (Software
Development Co. Ltd., Tokyo, Japan) and by then con-
firming them by sequencing the junction regions by using the
dideoxynucleotide chain-termination method with double-
stranded DNA (20) and primers synthesized as described
previously (41).

Construction of strand-specific probes. A segment of each
DNA strand of plasmid pHS2010 that included repal was
cloned into M13mp18 (57), and strand-specifically 32P-la-
beled DNAs were prepared with the universal primer. Rep-
licative form of M13mpl8 was purchased from Takara
shuzo. The 1.6-kb Hpal-Xmnl fragment of pHS2010 includ-
ing repal was inserted into the Hincll site of M13mp18
replicative form. Among the ss virion DNAs of the clones
obtained, clone 5 had the template strand of Repal in the
insert, and clone 17 had the reverse strand of Repal in it.
After ss virion DNAs were extracted from clones 5 and 17,
[a-*?P]dCTP (2,000 to 3,000 Ci/mmol; Amersham, Bucking-
hamshire, England) was incorporated with Sequenase ver-
sion 2.0 (obtained from Toyobo, Osaka, Japan) from the
universal primer preannealed with the ssDNA under the
conditions suggested by the supplier. The reaction product
was separated from the unincorporated nucleotides by gel
filtration with Sephadex G-50.

sSDNA accumulated in L. casei cells. ssDNA in the cell
lysate was detected by Southern hybridization (49) with the
strand-specific probes. Lysates of L. casei MSK248 cells
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carrying the plasmids were prepared as follows. Cells were
grown to late exponential phase in 40 ml of Rogosa’s medium
containing 20 pg of erythromycin per ml at 37°C and har-
vested. The cells were washed twice by centrifugation,
resuspended in 8 ml of lysis mixture containing 1 M sucrose,
25 mM sodium bis(2-hydroxyethyl)imino-tris(hydroxymeth-
yl)methane, pH 6.8, 5 ug of N-acetylmuramidase SG (Seik-
agaku Kogyo, Tokyo, Japan) per ml, and 100 pg of egg white
lysozyme (Sigma, St. Louis, Mo.) per ml and incubated at
37°C for 25 min. Cells were then collected by centrifugation,
suspended in 4.5 ml of Tris-EDTA (TE) buffer containing 50
mM Tris-hydrochloride, pH 8.0, and 20 mM sodium EDTA
and frozen at —20°C. Cell lysis was accomplished by thawing
at 65°C. The lysate was centrifuged at 30,000 rpm at 15°C for
10 min in a Hitachi RP55T rotor, and the supernatant was
extracted twice with phenol-chloroform (1:1 [vol/vol] of
water-saturated phenol and chloroform-isoamyl alcohol
[24:1 {vol/vol}]), once with chloroform-isoamyl alcohol (24:1
[vol/vol]), and twice with ether. Finally, the sample was
treated with 40 pg of RNase A (Sigma) per ml at 37°C for 30
min. If necessary, S1 nuclease (Takara shuzo) was added at
37°C for 30 min at a final concentration of 250 U/ml. After
electrophoresis, the DNA in an agarose gel slab was trans-
ferred to a nitrocellulose filter as described previously (46,
49), except that the alkali treatment was omitted, and
hybridized with the strand-specific probes described above.
Procedures for electrophoresis and hybridization were de-
scribed previously (46). Density of the hybridization bands
was measured with an LKB 2202 Ultroscan laser densitom-
eter.

Stability of the plasmids in L. casei. Plasmid-containing L.
casei MSK248 cells grown overnight at 37°C in Rogosa’s
medium containing 20 pg of erythromycin per ml were
suspended in the same volume of Rogosa’s medium without
the drug (generation 0). A 10~° dilution was inoculated into
Rogosa’s medium without the drug, and then this culture
was grown at 37°C to early stationary phase. The resultant
culture was successively transferred several times without
the drug as described above. In the serial cultures, the
numbers of CFU were estimated on Rogosa’s agar plates
with or without the drug. The number of generations during
each transfer was calculated as log,(total CFU at each
stage/initial CFU).

Nucleotide sequence accession number. The accession num-
ber of the DNA sequence of pH2515 is D90381 in the DDBJ,
EMBL, and GenBank nucleotide sequence data bases.

RESULTS

In order to develop a host-vector system in L. casei S-1
derivatives, attempts were made to introduce by electropo-
ration the shuttle vectors pSA3, pGKV11, and pHY320PLK
into L. casei MSK248, a plasmid-free derivative of S-1.
However, no transformants that expressed the MLS resis-
tance of pSA3 and pGKV11, the chloramphenicol resistance
of pGKV11, or the tetracycline resistance of pHY320PLK
were obtained. Since pHY320PLK was expected to replicate
in L. casei S-1 derivatives and the MLS resistance gene of
pAMB1 was reported to be expressed in an S-1 derivative
(27), the 1.1-kb HinP1I fragment including the MLS gene was
isolated from pLY201, a deletion derivative of pAMp1, and
inserted into the Eco47I1I site of pHY320PLK after filling in
the termini of the fragment (Fig. 1). The resulting plasmid
was designated pHS2010 and is 6,503 bp long. pHS2010
provided MLS-resistant transformants of L. casei C257 and
MSK248 following electroporation. MICs of tetracycline and
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FIG. 2. Accumulation of the plus-strand-specific ssDNA in L.
casei MSK248(pHS2010). Lysate of L. casei MSK248(pHS2010)
(lane 1) and M13mp18 virion DNA (lane 2) were electrophoresed in
an agarose gel and transferred to a nitrocellulose filter without an
alkali-denaturing step and hybridized with the strand-specific probe
S (A) or 17 (B) as described in Materials and Methods. The
arrowhead indicates the position of covalently closed circular form
of pHS2010 DNA which was detected in the hybridization with the
alkali-denaturing step.

ampicillin for the transformants were indistinguishable from
those without pHS2010 (data not shown). Therefore, it is
unlikely that the tetracycline resistance gene from pAMal or
the ampicillin resistance gene from Tn3 on pHS2010 is
expressed in L. casei S-1 and its derivatives. Transformation
frequencies in L. casei MSK?248 obtained by using pHS2010
DNA isolated from this strain were similar to that from E.
coli HB101.

pHS2010 contains repal, orial, and BA3 (derived as
illustrated in Fig. 1), and their DNA sequences are almost
identical to those of the equivalent regions of pUB110, which
replicates by a rolling-circle mechanism via an ssDNA
intermediate in B. subtilis and S. aureus (2, 56). Therefore,
in order to elucidate whether pHS2010 replicates by a
rolling-circle mechanism in L. casei, accumulation of plus-
strand-specific ssDNA in the plasmid-carrying cells was
examined by Southern hybridization using blots obtained
without an alkali-denaturing step. The strand-specific frag-
ments, 5 and 17, were used as probes in these experiments.
As shown in Fig. 2, probe 5 detected a DNA species in
MSK?248(pHS2010) cells but probe 17 did so only scarcely.
The intensity of the band detected by probe 5 was 74 times
stronger than that detected by probe 17 when they were
standardized with the band intensity of M13mpl8 ssDNA,
and both of the DN As were sensitive to S1 nuclease (see Fig.
S, lane 1, for probe 5 and data not shown for probe 17). The
probe 5-detected DNA migrated faster than the double-
stranded DNA with covalently closed circular form which
was detected by using Southern hybridization with the
alkali-denatured gel (data not shown). These results indicate
that MSK248(pHS2010) cells contained ssDNA consisting of
the same strand known to be accumulated in B. subtilis cells
carrying BA3-deleted pUB110 derivatives (plus strand) (2,
56). Therefore, it is likely that pHS2010 also replicates by a
rolling-circle mechanism in L. casei S-1 derivatives and that
the plus strand of the plasmid DNA is generated from orio/
by using repal functions. However, the BA3 minus origin
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did not convert the plus strand of the plasmid DNA effi-
ciently to the double-stranded form in L. casei by replication
of the minus strand of the plasmid DNA compared with that
in B. subtilis.

Since the activities of minus origins are known to vary
among genera in which they reside (12, 17, 51), the BA3
minus origin in pHS2010 was replaced with a different minus
origin or with a minus origin-like sequence or was deleted to
examine the activity of the BA3 minus origin in L. casei. For
the replacement, the palA minus origin from the staphylo-
coccal plasmid pC194 and the IG region from coliphage M13
which included a palA-like sequence (12) were used.

A derivative carrying the IG region, pH2515, was con-
structed by recombination of two precursor plasmids as
shown in Fig. 3. One precursor plasmid, designated
pHS2517, was constructed by insertion of the ApaLLI-Bbel
fragment of pUC119 including the IG region into the Bbel
site of pHS2010 after attaching the synthetic Bbel/Narl
linker(s), 5'-pAGGCGCCT-3', at the ApaLl prefilled termi-
nus. The orientation of the IG region is shown in Fig. 3. The
other precursor plasmid, designated pMSK721, was con-
structed by insertion of the 1.1-kb HinPI MLS fragment of
pLY?201 into the Smal site (between the unique BamHI and
EcoRI sites within the polylinker) of pHY163PLK after
filling in the termini of the inserted fragment. Then, the
EcoRI-Narl fragment of the pHS2517 including the MLS
resistance gene and the BA3 minus origin was replaced with
the 1.1-kb EcoRI-BamHI MLS fragment of pMSK721 after
filling in the Narl and BamHI termini. Another derivative of
pHS2010, pH2516, was isolated from pH2515 by inversion of
the Bbel fragment including the IG region. A BA3-deleted
derivative of pHS2010, pH2012, was constructed from
pH2515 by deletion of the Bbel IG fragment. As shown in
Fig. 4, derivatives carrying the palA minus origin, pH2311
and pH2312, were constructed by insertion of the 0.38-kb
Sau3Al-Banlll fragment of pC194 including the palA region
into the Aarll site of pH2012 in each orientation after
blunting the termini of the fragments. In pH2312, the termi-
nal one base of the Sau3Al site was lost during the manip-
ulation.

pH2311 has the palA minus origin in the orientation to
function efficiently in B. subtilis, and pH2312 has it in the
reverse orientation. In pH2515, the direction of the IG region
is the same as that of the similar sequence, palA, in pH2311.

Figure 5 shows accumulation of ssDNA in L. casei cells
carrying the plasmids constructed by Southern hybridization
without an alkali-denaturing step by using probe 5. Cells
carrying pHS2010 and pH2012 accumulated S1 nuclease-
sensitive DNA, that is, ssDNA, at a similar level, while
those of pH2311, pH2312, pH2515, and pH2516 did not. The
detected ssDNAs were plus-strand-specific because probe
17 scarcely detected them (data not shown). These results
suggest that both orientations of palA of pC194 and those of
the IG region of M13 exert minus origin activities in L. casei.

Since the BA3 minus origin has the ability to increase
stability of the plasmid in its active host (7, 33), effects of palA
and the IG region on plasmid stability were examined in L.
casei MSK?248. Figure 6 shows that the proportions of plas-
mid-carrying cells in cultures of MSK248(pH2311),
MSK?248(pH2312), MSK248(pH2515), and MSK248(pH2516)
were similar to each other but larger than that of
MSK?248(pHS2010) when these strains were cultured for
approximately 50 generations in Rogosa’s medium without
selective pressure. These results indicate that palA of pC194
and the IG region of M13 provide increased stability to the
plasmids in which they have been incorporated in L. casei.
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FIG. 3. Construction of pH2515 from two precursor plasmids, pHS2517 and pMSK721. Detailed procedures are described in the text. Bold
lines in the precursor plasmids represent the regions which were used for construction of pH2515. Only restriction sites of interest are
indicated in pHS2517 and pMSK721, and unique restriction sites plus two Bbel sites in pH2515 are indicated. The IG region from coliphage
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FIG. 5. Effects of the palA segment from staphylococcal plasmid
pC194 and the IG region from coliphage M13 on accumulation of
ssDNA in the plasmid-carrying L. casei MSK248 strains. Lysates of
MSK?248 cells having pHS2010 (lanes 1 and 2), pH2311 (lanes 3 and
4), pH2312 (lanes S and 6), pH2515 (lanes 7 and 8), pH2516 (lanes 9
and 10), and pH2012 (lanes 11 and 12) with the treatment of S1
nuclease (lanes 1, 3, 5, 7, 9, and 11) or without the treatment (lanes
2, 4, 6, 8, 10, and 12) were electrophoresed, transferred to a
nitrocellulose filter without an alkali-denaturing step, and hybridized
with probe 5 as described in Materials and Methods.

DISCUSSION

Efficient transformation of some L. casei strains with
electroporation was first reported by Chassy and Flickinger
(9). We have used this technique to develop a host-vector
system in L. casei S-1 derivatives used industrially. We also
have constructed recombinant plasmids having replication
regions for L. casei from the enterococcal plasmid
pAMalAl, which is closely related to those of staphylococ-
cal plasmid pUB110. These recombinant plasmids can be
used as shuttle vectors between E. coli and L. casei, since
the B-galactosidase gene of E. coli was cloned into them, and
they are stably maintained in both hosts (47). They are useful
for restriction mapping of inserts after cloning, since DNA
sequences of the vector plasmids are known.

Since pUB110 is known to replicate via rolling-circle mode
in B. subtilis and S. aureus (2, 56), the constructed vectors
were expected to replicate in the same fashion in L. casei S-1
derivatives. This was confirmed by Southern hybridization
with the strand-specific probes to detect plus-strand-specific
ss plasmid DNA accumulated in the cells carrying our
primitive vector pHS2010. This also suggested that pHS2010
does not have a sequence able to function as an efficient
minus origin in L. casei S-1 derivatives, although there is a
sequence of the pAMalAl-derived BA3 minus origin active
in B. subtilis and S. aureus in the plasmid.

Lack of a minus origin was reported to result in plasmid
instability, probably because of inefficient synthesis of the
minus strand of the plasmid DNA (7, 12, 33). This prompted
us to search for a minus origin active in L. casei S-1
derivatives and to introduce it into the plasmid vector. The
palA segment from the staphylococcal plasmid pC194 and
the IG region from coliphage M13 were identified as minus
origins functioning in L. casei, since accumulation of ssDNA
was not detected in the cells carrying the plasmids with
inserts of these regions. In the life cycle of M13, the IG
region functions as initiation sites for both plus- and minus-
strand DNA syntheses by a rolling-circle replication mech-
anism and as a packaging site in virion morphogenesis (58).
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FIG. 6. Stabilities of the constructed plasmids in the cells of L.
casei MSK248. MSK?248 carrying pHS2010 (A), pH2311 (W),
pH2312 (O), pH2515 (@), and pH2516 (O) were successively trans-
ferred under the nonselective culture conditions, and plasmid-
carrying cells were counted as MLS-resistant CFU as described in
Materials and Methods.

The sequence similarity between the IG region and palA-
type minus origins was evident from an analogy to their
functional similarity in DNA replication (12). In this study, it
was confirmed that the IG region was able to function as a
minus origin in L. casei. It is also noteworthy that both
orientations of the palA segment and those of the IG region
are active in L. casei. To our knowledge, minus origins
active in other bacteria are orientation specific (2, 12, 17). It
has been reported that pLLAB1000, a plasmid derived from
Lactobacillus hilgardii, contains a sequence that reduces
accumulation of ss plasmid DNA. However, the active
segment was not specified, and the plasmid does not include
a sequence homologous to palA-type minus origins (28).

Among the constructed plasmids having active minus
origins, a rolling-circle type of DNA replication was appar-
ent in L. casei, although the combination of the plus (orial)
and minus (palA or IG region) origins had been artificially
constructed. When these plasmids were introduced into L.
casei, their stabilities were increased relative to those of the
corresponding plasmids carrying the BA3 minus origin.

As shown in Fig. 5, S1 nuclease-resistant DNAs were
detected in cells of L. casei carrying the plasmids with the
active minus origins. Since the covalently closed circular
form of the plasmid DNA was not detected under our
hybridization conditions, the detected S1 nuclease-resistant
DNAs could be similar to high-molecular-weight plasmid
multimers which were reported to exist in B. subtilis cells
carrying pUB110 derivatives containing inserts of foreign
DNA or in the cells of an ATP-dependent DNase-deficient
mutant (addAS5) of B. subtilis carrying pUB110 (15, 55).

Transformation frequencies of L. casei MSK248 with
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pHS2010 DNA isolated from this strain were similar to those
observed with the same plasmid isolated from a modification
enzyme-deficient E. coli. It was reported that DNA intro-
duced into Lactobacillus helveticus subsp. jugurti by elec-
troporation was likely to be restricted by host-controlled
mechanism (19). In contrast, Langella and Chopin (31)
showed that host-controlled restriction systems did not
affect transformation frequencies when some Lactococcus
lactis strains were transformed with plasmid DNAs by
electroporation. A restriction-modification system was de-
tected in phage &FSW-infected L. casei MSK248 (44).
Therefore, whether this system affects electrotransformation
in L. casei S-1 derivatives is yet to be elucidated. The
possibility that pHS2010 does not have recognition sites for
the putative restriction enzyme(s) of MSK248 remains.

Although pSA3 and pGK12 could be introduced to L.
casei 393 by electroporation (9, 32), MLS-resistant transfor-
mants were not obtained from our L. casei MSK248 by using
pSA3 and pGKV11, which has the same replication region
and MLS gene as pGK12 (30). The replication region of
pSA3 is derived from pIP501 and is closely related to that of
PAMBL1 (4, 50), which is able to replicate in a derivative of
MSK?248 (27). In addition, the tetracycline gene from
pAMalAl, which was not expressed in MSK248, was ex-
pressed in other L. casei strains, IAM1045 and JCM1053
(38). Gene expression systems may be different among L.
casei strains.

ACKNOWLEDGMENTS

We thank T. Morishita for critical reading of the manuscript and
T. Yamashita for his support and encouragement.

REFERENCES

1. Bates, E. E. M., and H. J. Gilbert. 1989. Characterization of a
cryptic plasmid from Lacrobacillus plantarum. Gene 85:253—
258.

2. Boe, L., M.-F. Gros, H. te Riele, S. D. Ehrlich, and A. Gruss.
1989. Replication origins of single-stranded-DNA plasmid
pUBI110. J. Bacteriol. 171:3366-3372.

3. Bouia, A., F. Bringel, L. Frey, B. Kammerer, A. Belarbi, A.
Guyonvarch, and J.-C. Hubert. 1989. Structural organization of
pLP1, a cryptic plasmid from Lactobacillus plantarum
CCM1904. Plasmid 22:185-192.

4. Brantl, S., D. Behnke, and J. C. Alonso. 1990. Molecular
analysis of the replication region of the conjugative Streptococ-
cus agalactiae plasmid pIP501 in Bacillus subtilis. Comparison
with plasmids pAMB1 and pSM19035. Nucleic Acids Res.
18:4783-4790.

5. Brehm, J., G. Salmond, and N. Minton. 1987. Sequence of the
adenine methylase gene of the Streprococcus faecalis plasmid
pAMB1. Nucleic Acids Res. 15:3177.

6. Bringel, F., L. Frey, and J.-C. Hubert. 1989. Characterization,
cloning, and distribution in lactic acid bacteria of pLPl, a
plasmid from Lactobacillus plantarum CCM1904 and its use in
shuttle vector construction. Plasmid 22:193-202.

7. Bron, S., E. Luxen, and P. Swart. 1988. Instability of recombi-
nant pUB110 plasmids in Bacillus subtilis: plasmid-encoded
stability function and effects of DNA inserts. Plasmid 19:231-
241.

8. Chassy, B. M. 1987. Prospects for the genetic manipulation of
lactobacilli. FEMS Microbiol. Rev. 46:297-312.

9. Chassy, B. M., and J. L. Flickinger. 1987. Transformation of
Lactobacillus casei by electroporation. FEMS Microbiol. Lett.
44:173-177.

10. Chassy, B. M., A. Mercenier, and J. Flickinger. 1988. Transfor-
mation of bacteria by electroporation. Trends Biotech. 6:303—
309.

11. Dao, M. L., and J. J. Ferretti. 1985. Streptococcus-Escherichia
coli shuttle vector pSA3 and its use in the cloning of strepto-

VECTORS FOR L. CASEI AND E. COLI WITH A MINUS ORIGIN

12.

13.
14.

15.

16.

17.

18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

3299

coccal genes. Appl. Environ. Microbiol. 49:115-119.

del Solar, G. H., A. Puyet, and M. Espinosa. 1987. Initiation
signals for the conversion of single stranded to double stranded
DNA forms in the streptococcal plasmid pLS1. Nucleic Acids
Res. 15:5561-5580.

Efthymiou, C., and P. A. Hansen. 1962. An antigenic analysis of
Lactobacillus acidophilus. J. Infect. Dis. 110:258-267.
Furushiro, M., H. Sawada, K. Hirai, M. Motoike, H. Sansawa,
S. Kobayashi, M. Watanuki, and T. Yokokura. 1990. Blood
pressure-lowering effect of extract from Lactobacillus casei in
spontaneously hypertensive rats (SHR). Agric. Biol. Chem.
54:2193-2198.

Gruss, A. D., and S. D. Ehrlich. 1988. Insertion of foreign DNA
into plasmids from gram-positive bacteria induces formation of
high-molecular-weight plasmid multimers. J. Bacteriol. 170:
1183-1190.

Gruss, A. D., and S. D. Ehrlich. 1989. The family of highly
interrelated single-stranded deoxyribonucleic acid plasmids.
Microbiol. Rev. 53:231-241.

Gruss, A. D., H. F. Ross, and R. P. Novick. 1987. Functional
analysis of a palindromic sequence required for normal replica-
tion of several staphylococcal plasmids. Proc. Natl. Acad. Sci.
USA 84:2165-2169.

Hanahan, D. 1983. Studies on transformation of Escherichia coli
with plasmids. J. Mol. Biol. 166:557-580.

Hashiba, H., R. Takiguchi, S. Ishii, and K. Aoyama. 1990.
Transformation of Lactobacillus helveticus subsp. jugurti with
plasmid pLHR by electroporation. Agric. Biol. Chem. 54:1537-
1541.

Hattori, M., and Y. Sakaki. 1986. Dideoxy sequencing method
using denatured plasmid templates. Anal. Biochem. 152:232—
238.

Horinouchi, S., and B. Weisblum. 1982. Nucleotide sequence
and functional map of pC194, a plasmid that specifies inducible
chloramphenicol resistance. J. Bacteriol. 150:815-825.

Ishiwa, H., and H. Shibahara. 1985. New shuttle vectors for
Escherichia coli and Bacillus subtilis. 11. Plasmid pHY300PLK,
a multipurpose cloning vector with a polylinker, derived from
pHY460. Jpn. J. Genet. 60:235-243.

Ishiwa, H., and H. Shibahara. 1985. New shuttle vectors for
Escherichia coli and Bacillus subtilis. 111. Nucleotide sequence
analysis of tetracycline resistance gene for pAMal and ori-177.
Jpn. J. Genet. 60:485—498.

Ishiwa, H., and H. Shibahara-Sone. 1986. New shuttle vectors
for Escherichia coli and Bacillus subtilis. 1V. The nucleotide
sequence of pHY300PLK and some properties in relation to
transformation. Jpn. J. Genet. 61:515-528.

Ishiwa, H., H. Shibahara-Sone, and M. Shimizu-Kadota. Unpub-
lished data.

Ishiwa, H., and N. Tsuchida. 1984. New shuttle vectors for
Escherichia coli and Bacillus subtilis. 1. Construction and
characterization of plasmid pHY460 with twelve unique cloning
sites. Gene 32:129-134.

Iwata, M. 1988. Characterization of a pAMB1 deletion deriva-
tive isolated from Lactobacillus casei after conjugation. Bio-
chimie 70:553-558.

Josson, K., P. Soetaert, F. Michiels, H. Joos, and J. Mahillon.
1990. Lactobacillus hilgardii plasmid pLAB1000 consists of two
functional cassettes commonly found in other gram-positive
organisms. J. Bacteriol. 172:3089-3099.

Kato, I., S. Kobayashi, T. Yokokura, and M. Mutai. 1981.
Antitumor activity of Lactobacillus casei in mice. Jpn. J.
Cancer Res. 72:517-523.

Kok, J., J. M. B. M. van der Vossen, and G. Venema. 1984.
Construction of plasmid cloning vectors for lactic streptococci
which also replicate in Bacillus subtilis and Escherichia coli.
Appl. Environ. Microbiol. 48:726-731.

Langella, P., and A. Chopin. 1989. Effect of restriction-modifi-
cation systems on transfer of foreign DNA into Lactococcus
lactis subsp. lactis. FEMS Microbiol. Lett. 5§9:301-306.
Luchansky, J. B., P. M. Muriana, and T. R. Klaenhammer.
1988. Application of electroporation for transfer of plasmid
DNA to Lactobacillus, Lactococcus, Leuconostoc, Listeria,



3300

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

SHIMIZU-KADOTA ET AL.

Pediococcus, Bacillus, Staphylococcus, Enterococcus and Pro-
pionibacterium. Mol. Microbiol. 2:637-646.

Maciag, I. E., J.-F. Viret, and J. C. Alonso. 1988. Replication
and incompatibility properties of plasmid pUB110 in Bacillus
subtilis. Mol. Gen. Genet. 212:232-240.

Marshall, V. M. E. 1984. Flavour development in fermented
milks, p. 153-186. In F. L. Davies and B. A. Law (ed.),
Advances in the microbiology and biochemistry of cheese and
fermented milk. Elsevier Applied Science Publishers, Essex,
England.

Matsuzaki, T., T. Yokokura, and M. Mutai. 1988. Antitumor
effect of intrapleural administration of Lactobacillus casei in
mice. Cancer Immunol. Immunother. 26:209-214.

McKenzie, T., T. Hoshino, T. Tanaka, and N. Sueoka. 1986. The
nucleotide sequence of pUB110: some salient features in rela-
tion to replication and its regulation. Plasmid 15:93-103.
McKenzie, T., T. Hoshino, T. Tanaka, and N. Sueoka. 1987. A
revision of the nucleotide sequence and functional map of
pUB110. Plasmid 17:83-85.

Natori, Y., Y. Kano, and F. Imamoto. 1990. Genetic transfor-
mation of Lactobacillus casei by electroporation. Biochimie
72:265-269.

Novick, R. P. 1989. Staphylococcal plasmids and their replica-
tion. Annu. Rev. Microbiol. 43:537-565.

Perkins, J. B., and P. Youngman. 1983. Streptococcus plasmid
PAMal is a composite of two separable replicons, one of which
is closely related to Bacillus plasmid pBC16. J. Bacteriol.
155:607-615.

Polzin, K. M., and M. Shimizu-Kadota. 1987. Identification of a
new insertion element, similar to gram-negative 1S26, on the
lactose plasmid of Streptococcus lactis ML3. J. Bacteriol.
169:5481-5488.

Sambrook, J., E. F. Fritsch, and T. Maniatis. 1989. Molecular
cloning: a laboratory manual, 2nd ed. Cold Spring Harbor
Laboratory, Cold Spring Harbor, N.Y.

Shimizu-Kadota, M. 1987. Properties of lactose plasmid pLY101
in Lactobacillus casei. Appl. Environ. Microbiol. 5§3:2987-2991.

. Shimizu-Kadota, M. Unpublished data.
45.

Shimizu-Kadota, M., and S. Kudo. 1984. Liposome-mediated
transfection of Lactobacillus casei spheroplasts. Agric. Biol.

46.

47.
48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

APPL. ENVIRON. MICROBIOL.

Chem. 48:1105-11071.

Shimizu-Kadota, M., T. Sakurai, and N. Tsuchida. 1983. Pro-
phage origin of a virulent phage appearing on fermentations of
Lactobacillus casei S-1. Appl. Environ. Microbiol. 45:669-674.
Shimizu-Kadota, M., and H. Shibahara-Sone. Unpublished data.
Skaugen, M. 1989. The complete nucleotide sequence of a small
cryptic plasmid from Lactobacillus plantarum. Plasmid 22:175-
179.

Southern, E. M. 1975. Detection of specific sequences among
DNA fragments separated by gel electrophoresis. J. Mol. Biol.
98:503-517.

Swinfield, T.-J., J. D. Oultram, D. E. Thompson, J. K. Brehm,
and N. P. Minton. 1990. Physical characterization of the repli-
cation region of the Streptococcus faecalis plasmid pAMpBI.
Gene 87:79-90.

te Riele, H., B. Michel, and S. D. Ehrlich. 1986. Single-stranded
plasmid DNA in Bacillus subtilis and Staphylococcus aureus.
Proc. Natl. Acad. Sci. USA 83:2541-2545.

van der Vossen, J. M. B. M., J. Kok, and G. Venema. 1985.
Construction of cloning, promoter-screening, and terminator-
screening shuttle vectors for Bacillus subtilis and Streptococcus
lactis. Appl. Environ. Microbiol. 50:540-542.

van Wezenbeck, P. M. G. F., T. J. M. Hulsebos, and J. G. G.
Schoenmakers. 1980. Nucleotide sequence of the filamentous
bacteriophage M13 genome: comparison with phage fd. Gene
11:129-148.

Vieira, J., and J. Messing. 1987. Production of single-stranded
plasmid DNA. Methods Enzymol. 153:3-11.

Viret, J.-F., and J. C. Alonso. 1987. Generation of linear
multigenome-length plasmid molecules in Bacillus subtilis. Nu-
cleic Acids Res. 15:6349-6367.

Viret, J.-F., and J. C. Alonso. 1988. A DNA sequence outside
the pUB110 minimal replicon is required for normal replication
in Bacillus subtilis. Nucleic Acids Res. 16:4389-4406.
Yanisch-Perron, C., J. Vieira, and J. Messing. 1985. Improved
M13 phage cloning vectors and host strains: nucleotide se-
quences of the M13mp18 and pUC19 vectors. Gene 33:103-119.
Zinder, N. D., and K. Horiuchi. 1985. Multiregulatory element
of filamentous bacteriophages. Microbiol. Rev. 49:101-106.



