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Nisin-producing transconjugants were generated by mating nisin-producing strains of Lactococcus lactis
subsp. lactis with derivatives of L. lactis subsp. lactis 1LM0230. The sucrose-utilizing ability and reduced
bacteriophage sensitivity were also transferred with the nisin-producing character. Pulsed-field gel electropho-
retic analysis of genomic DNA from donor, recipient, and nisin-producing transconjugants indicated that 68
kbp of DNA was transferred from the chromosome of the donor into the chromosome of the recipient in the
conjugation process. The location of the transferred nisin structural gene spaN in the transconjugant HID500
was not stable, and cultures of strain HID500 were a mixture of different genotypes in which spaN was located
at different positions in the chromosome on different Smal fragments. Apal, Bgll, BssHII, Ncil, Sall, and Smal
digests of genomic DNA were used to map the location of spaN in a donor (DL11) and a nisin-producing

transconjugant (HID504).

Some strains of Lactococcus lactis subsp. lactis have been
known for many years to produce the bacteriocin nisin, a
34-residue polypeptide that inhibits the growth of a wide
range of gram-positive bacteria including Clostridium botu-
linum (29) and Listeria monocytogenes (2). This property,
along with its heat stability at acid pH and its susceptibility
to degradation by the digestive enzyme a-chymotrypsin, has
led to its extensive use as a food preservative, particularly in
canned foods and dairy products (13).

Nisin belongs to a group of bacteriocins termed lantibiot-
ics (25), which also includes the bacteriocins subtilin (11),
epidermin (25), cinnamycin (10), duramycin (10), and galli-
dermin (15). These lantibiotics have similar sizes and struc-
tures and are characterized by the presence of the unusual
amino acids lanthionine, B-methyllanthionine, dehydroala-
nine, and dehydrobutyrine.

The gene that encodes nisin precursor peptide (spaN) has
been cloned, and its nucleotide sequence has been deter-
mined (4, 5, 14). The resulting data suggest that nisin is
synthesized as a prepropeptide, containing a 23-amino-acid
leader peptide and containing serine, threonine, or cysteine
residues in positions which are modified posttranslationally
to form lanthionine, B-methyllanthionine, dehydroalanine,
and dehydrobutyrine (4, 5, 14). The molecular events result-
ing in cleavage of the leader peptide, posttranslational mod-
ifications of the nisin precursor peptide, and transport
through the cell membrane are yet to be elucidated.

Genes encoding nisin resistance and nisin production can
be transferred by conjugation from strains of L. lactis subsp.
lactis into nisin-sensitive strains of L. lactis subsp. lactis (8,
9, 26), L. lactis subsp. lactis bv. diacetylactis (9), Leucono-
stoc dextranicum (33), and L. lactis subsp. cremoris (3, 26).
Nisin-producing transconjugants also acquire both the abil-
ity to ferment sucrose (5, 8, 9, 26) and resistance to phage
infection (9, 18), suggesting that the genes for sucrose
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fermentation and resistance to phage infection are trans-
ferred with the nisin genes. The observation by Dodd et al.
(5) of an insertion sequence element (IS904) close to, or at
the terminus of, the segment of DNA acquired by nisin-
producing transconjugants raised the possibility of the in-
volvement of this element in the conjugal transfer. Since this
manuscript was submitted, Horn et al. (12) have shown that
nisin genes are transferred by a conjugative transposon,
Tn5301, which contains IS904. However, transposition of
Tn5301 did not appear to be dependent on 1S904.

The location of the genes encoding nisin production and
nisin resistance is unclear. Tsai and Sandine (33) detected an
additional plasmid of 17.5 MDa in a nisin-producing trans-
conjugant of Leuconostoc dextranicum, and Kaletta and
Entian (14) isolated the nisin structural gene from plasmid
DNA prepared from L. lactis subsp. lactis 6F3. By contrast,
Dodd et al. (5), Steen et al. (27), and Horn et al. (12)
presented evidence that spaN is located on the chromosome
of nisin-producing strains of L. lactis subsp. lactis. In this
paper, we describe the conjugal transfer of genes encoding
nisin production and resistance between strains of lactococci
and demonstrate that these genes are located in the chromo-
some of both the donor and the nisin-producing transconju-
gants. In addition, we found that the conjugal transfer of the
nisin structural gene was associated with the transfer of a
68-kbp DNA fragment from the donor to the recipient.
Sucrose-fermenting ability and resistance to infection by an
isometric headed phage were also transferred in the same
conjugation process.

MATERIALS AND METHODS

Bacterial strains and plasmids. The bacteria used in this
study are listed in Table 1. Lactococci were grown in M17
medium (30) containing 0.5% (wt/vol) glucose (M17G).
When required, erythromycin, streptomycin, fusidic acid,
and nisin were used at concentrations of 10, 400, and 40
pg/ml and 500 IU/ml, respectively. Plasmid DNA was pre-
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TABLE 1. Bacterial strains and phages used in this study

Strain or phage Relevant characteristics® Source
Strains
L. lactis subsp. lactis
HID113 Sm" Fus® Nis® Suc™ (Sm" Fus" mutant of LM0230) 21
LMO0230(pMU1328) Em" Nis® Suc™ (pMU1328 confers Em") 19
DL11 Nis" NisP Suc* Rbs* (Prt~ derivative of ATCC 11454) 16, 18
HID500 Sm" Fus’ Nis" NisP Suc* Rbs* (transconjugant obtained by mating This study
DL11 with HID113)
HID501-HIDS505 Em" Nis" NisP Suc* Rbs™ (transconjugants obtained by mating This study
HIDS500 with LM0230(pMU1328)
Micrococcus flavus Nis® 32
NCIB 8166
Phages
c2 Prolate headed bacteriophage infecting HID113 and LM0230 20
skl Isometric headed bacteriophage infecting HID113 and LM0230 20

4 Abbreviations: Sm’, streptomycin resistant; Fus', fusidic acid resistant; Em", erythromycin resistant; Nis', nisin resistant; NisP, nisin producing; Nis®, nisin

sensitive; Suc*, sucrose fermenting; Rbs*, reduced bacteriophage sensitivity.

pared by the method of Anderson and McKay (1) and
purified by cesium chloride-ethidium bromide gradient cen-
trifugation.

Conjugations. Overnight cultures of donor and recipient
cells were inoculated (1:100) into fresh M17G and grown at
30°C to an A¢y, of 0.5. The cells were harvested by centrif-
ugation, washed, and resuspended in the same volume of
M17G. Equal volumes (1.0 ml) of the donor and recipient
cells were mixed, and the cells were collected on membrane
filters (pore size, 0.45 pm; Millipore). The filters were placed
on M17G agar plates, and after incubation at 30°C for 3 h, the
cells were washed off the filters with 2 ml of M17G and
plated on selection plates containing nisin.

Detection of nisin-producing strains. Nisin-resistant trans-
conjugants were tested for their ability to produce nisin. The
transconjugants were grown overnight in M17G, and the
cells were removed by filtration (pore size, 0.45 pm; Milli-
pore). A portion (10 wl) of the filtrate from each transconju-
gant to be tested was spotted onto an M17G agar plate
supplemented with 1% (vol/vol) Tween 20. After drying, 3.0
ml of soft M17G agar (0.5%, wt/vol) supglemented with 1.0%
(vol/vol) Tween 20 and containing 10° CFU of the nisin-
sensitive indicator strain Micrococcus flavus NCIB 8166 per
ml (32) was added to the plate. Following overnight growth
at 30°C, the presence of nisin in the filtrate was indicated by
a clear zone surrounding the filtrate spot.

Sucrose fermentation and phage sensitivity tests. Nisin-
producing transconjugants were tested for the ability to
ferment sucrose by growth on indicator agar plates (17)
containing 0.5% (wt/vol) sucrose instead of lactose. The
phage sensitivity assay was performed as described previ-
ously (21), with the prolate and isometric headed phages c2
and skl (20), respectively.

Preparation of genomic DNA in agarose blocks and diges-
tion. Genomic DNA was prepared in situ in agarose blocks,
and the DNA in the blocks was prepared for digestion by
restriction endonucleases as described by Tanskanen et al.
(28). Restriction digests were carried out by using the
temperatures and buffer conditions recommended by the
enzyme manufacturer.

PFGE. DNA fragments were resolved by pulsed-field gel
electrophoresis (PFGE) (35) through 1% (wt/vol) agarose
gels in a buffer consisting of 45 mM Tris, 45 mM boric acid
(pH 8.0), and 1 mM sodium EDTA, for 20 h at 200 V at 15°C
in a Bio-Rad CHEF DRII electrophoresis cell (28). Gels

were stained with ethidium bromide (1 mg/liter of water) to
detect DNA. Fragment sizes were determined from their
mobilities by using A phage DNA concatemers (Pharmacia)
and HindIII digests of A DNA as molecular size standards.

Probe construction, radiolabeling and DNA hybridization.
The DNA probe used to detect spaN was constructed by
using the polymerase chain reaction. The oligonucleotide
primers AAGGAGGCACTCAAAATGAGTAC (oligo I),
corresponding to a region overlapping the ribosome-binding
site preceding spaN (4), and TTATTTGCTTACGTGAAT
ACTAC (oligo II), which is complementary to a region
including the termination codon of spaN (4), were synthe-
sized on an Applied Biosystems 381A DNA Synthesizer.
The polymerase chain reaction amplification was carried out
as recommended for the Perkin-Elmer Cetus GeneAmp
DNA Amplification Reagent Kit (part no. N801-0043), with a
concentration of 1 pM for each primer and 7.5 ng of DL11
genomic DNA as the template. A Hybaid intelligent heating
block was run for 25 cycles of 94°C for 1 min, 37°C for 2 min,
and 72°C for 2 min. The polymerase chain reaction product
was separated by agarose gel electrophoresis, and the DNA
fragment of the predicted size (ca. 200 bp) was recovered by
electroelution onto NA45 paper (Schleicher & Schuell). The
fragment was eluted from the paper with 1 M sodium
chloride-50 mM arginine at 70°C for 2 h. 3?P-labeled probes
were prepared by random priming (7) or by end labeling oligo
I (described above) (24). Southern blots of PFGE agarose
gels were prepared on nylon membranes (Du Pont or Gel-
man) by using an LKB VacuGene apparatus (Pharmacia)
and 0.4 M NaOH as the eluant (23).

RESULTS

Mapping of spaN within donor strain DL11. We have
previously constructed a physical map of the L. lactis subsp.
lactis D111 chromosome for the restriction enzymes Smal
and Notl (34). Hybridization experiments on PFGE separa-
tions of digests of total genomic DNA from strain DL11 (Fig.
1) showed that spaN is located on an 810-kbp Smal fragment
(SmA) and a 600-kbp Notl fragment (NtB). Since both of
these fragments are chromosomal in origin, spaN must be
located on the L. lactis subsp. lactis DL11 chromosome,
specifically between the NotI and Smal sites at map coordi-
nates 1.98 and 2.50, respectively (34). The precise location of
spaN with respect to the Smal site was determined by



1672 GIREESH ET AL.

A B
1.2 3

kbp @®e® kbp

810 — ® 810

600 — & —600

FIG. 1. PFGE of restriction endonuclease digests of L. lactis
subsp. lactis DL11 genomic DNA. (A) Ethidium bromide-stained
§el; (B) Southern blot of the gel shown in panel A hybridized with a
?P-labeled spaN probe. Lanes: 1, phage A DNA concatemers; 2,
DL11 DNA digested with Norl; 3, DL11 DNA digested with Smal.

additional hybridizations of the probe with PFGE separa-
tions of Apal, Bgll, BssHII, Ncil, and Sall digests of total
genomic DNA (Fig. 2A). Since there is an Ncil site within
spaN (4), it was also possible to determine the orientation of
spaN on the chromosome (Fig. 2A) by using oligo I to probe
a Southern blot of Ncil, Ncil-Bgll, and Ncil-Sall digests of
DL11 DNA. The spaN probe did not hybridize with DL11
plasmid DNA (Fig. 3B, lane 10).

Conjugal transfer of spaN. L. lactis subsp. lactis DL11 was
used as the donor in a conjugation experiment with L. lactis
subsp. lactis HID113 (Table 1) as the recipient. One nisin-
resistant (Nis"), Sm", Fus® transconjugant (HID500) was
obtained in this experiment (conjugation frequency of 10~
per donor). In addition to being nisin resistant, this trans-
conjugant produced nisin, was able to ferment sucrose, and
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exhibited reduced sensitivity to infection by the small iso-
metric headed phage sk1 compared with that of the recipient
strain HID113. The sensitivity of the transconjugant to the
prolate headed phage c2 was the same as that of the recipient
strain HID113. Samples of high-molecular-weight genomic
DNA isolated from the transconjugant, the donor, and the
recipient were digested with Smal, and the resulting frag-
ments were resolved by PFGE (Fig. 3A, lanes 1 to 3). Strain
HIDS500 contained four Smal fragments of 427, 398, 252, and
155 kbp, which were not present in the recipient strain
HID113. The spaN probe hybridized to three of the new
Smal fragments in strain HID500 (the fragments of 398, 252,
and 155 kbp) (Fig. 3B, lane 2). The spaN probe hybridized
most intensely with the 252-kbp fragment.

It has been shown previously (28), and was confirmed in
this study, that the genome of LM0230 (and its derivative
HID113) contains two 184-kbp Smal fragments. By contrast,
densitometric analysis of the electropherogram shown in
Fig. 3A revealed that the molar ratio of the 184-kbp frag-
ment(s) in HID500 was approximately 1.3, suggesting that
strain HID500 contained submolar amounts of one of the two
184-kbp Smal fragments present as a doublet in strain
HID113 (Fig. 3A, lanes 1 and 2). This was confirmed by
hybridization studies (see below and Fig. 6). Densitometric
analyses also showed that the 427-, 398-, and 155-kbp Smal
fragments were all present in submolar amounts. This raised
the possibility that the original transconjugant was geneti-
cally unstable and had given rise to a genetically heteroge-
neous population of cells during the course of its isolation
and subsequent growth for genomic DNA preparation.

To examine the genetic stability of HID500, a sample was
plated out, 10 single colonies were isolated at random, and
genomic DNA was prepared from them. The PFGE Smal
digestion patterns of seven of these new isolates were
identical (Fig. 4A, lanes 3, 5, and 7 to 11). By comparison
with strain HID113 (Fig. 3, lane 1), they each contained an
additional band (of 252 kbp) and lacked one of the 184-kbp
fragments. The spaN probe hybridized only to the 252-kbp
fragment in these isolates (Fig. 4B). The DNA isolated from
the other three colonies contained more than one additional
Smal fragment compared with strain HID113 and contained
a number of Smal fragments that hybridized with spaN (Fig.
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FIG. 2. Restriction map of the spaN region of the chromosomes of L. lactis subsp. lactis DL11 (A) and HID504 (B). Restriction enzymes:
A, Apal; Bl, Bgll; Bs, BssHII; N, Ncil; Sl, Sall; Sm, Smal. The boxes under the maps represent the 68-kbp of DNA transferred in conjugation
experiments. The solid portion of these boxes locates spaN. The arrows under the boxes show the direction of transcription of spaN. The
number under the DL11 map refers to the position on the physical map of this organism (34).
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FIG. 3. PFGE of Smal restriction digests of genomic DNA from donor, recipient, and transconjugants of L. lactis subsp. lactis. (A)
Ethidium bromide-stained gel; (B) Southern blot of the gel shown in panel A hybridized with a *?P-labeled spaN probe. Lanes: 1 to 10, Smal
digests of genomic DNA from HID113 (lane 1), HID500 (lane 2), DL11 (lane 3), LM0230(pMU1328) (lane 4), HID501 (lane 5), HID502 (lane
6), HID503 (lane 7), HID504 (lane 8), HID505 (lane 9), and DL11 plasmid DNA (lane 10); lane 11, phage \ digested with HindIII.

4, lanes 4, 6, and 12). The 252-kbp Smal fragment was
present in submolar amounts in the DNA from one of these
colonies (Fig. 4A, lane 6) and was not visible in the restric-
tion pattern of DNA from another (Fig. 4A, lane 12). None of
the colonies yielded Smal restriction patterns, or hybridiza-
tion patterns with spaN, which were identical with that of
HID500. Indeed, samples of DNA isolated from new cul-
tures of strain HID500 gave a different hybridization pattern
from that obtained originally (Fig. 3A, lane 2). We conclude
from these results that the location of spaN in the original
transconjugant was not stable and that the cultures of strain
HIDS500 were a mixture of different genotypes in which spaN
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was located at different positions in the chromosome on
different Smal fragments.

Secondary conjugation. The ability of strain HID500 to act
as a donor of nisin production was tested in a conjugation
experiment with L. lactis subsp. lactis LM0230(pMU1328)
(Table 1) as the recipient. Five Nis® Em’ transconjugants
(HID501 to HID505) obtained from this mating were selected
for further study. All the transconjugants produced nisin,
were able to ferment sucrose, and exhibited reduced sensi-
tivity to infection by phage skl compared with that of the
recipient strain LM0230(pMU1328), whereas susceptibility
to c2 phage remained unchanged.
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FIG. 4. PFGE of Smal restriction digests of genomic DNA from individual colonies isolated from HID500. (A) Ethidium bromide-stained
gel; (B) Southern blot of the gel shown in panel A hybridized with **P-labeled spaN and phage A DNA as the probes. Lanes: 1, 13, phage A
DNA concatemers; 2, Smal digest of original transconjugant HID500; 3 to 12, Smal digests of DNA from 10 single colonies isolated from

HIDS500.
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FIG. 5. PFGE of restriction endonuclease digests of L. lactis subsp. lactis LM0230(pMU1328), DL11, and HID504 genomic DNA. (A)
Ethidium bromide-stained gel; (B) Southern blot of the gel shown in panel A hybridized with 3?P-labeled spaN DNA as the probe. Lanes: 1
and 8, phage A DNA concatemers; 2 to 7, Apal digests of LM0230(pMU1328) (lane 2), HID504 (lane 3), and DL11 (lane 4) and Smal digests

of LM0230(pMU1328) (lane 5), HID504 (lane 6), and DL11 (lane 7).

The Smal digestion patterns of genomic DNA isolated
from all of these transconjugants (Fig. 3A, lanes 5 to 9)
contained one or more bands that were not present in the
pattern of the recipient strain, LM0230(pMU1328) (Fig. 3A,
lane 4). Thus, transconjugants HID503 and HID504 (Fig. 3A,
lanes 7 and 8) contained one additional Smal fragment (of
252 kbp); transconjugant HID505 (Fig. 3A, lane 9) contained
two additional Smal fragments (of 427 and 155 kbp), and
transconjugants HID501 and HID502 (Fig. 3A, lanes 5 and 6)
each contained three additional Smal fragments (of 427, 252,
and 155 kbp). All five transconjugants were missing one of
the 184-kbp Smal fragments present as a doublet in the
recipient strain, whereas the three transconjugants that
contained the 427-kbp Smal fragment contained only sub-
molar amounts of the 330-kbp Smal fragment (Fig. 3A, lanes
5, 6, and 9), a normal component of the genome of the
recipient LM0230(pMU1328). The spaN probe hybridized to
a single Smal fragment in HID503 (252 kbp), HID504 (252
kbp), and HID505 (155 kbp); to two fragments in HID502
(252 and 155 kbp); and to several fragments in HID501 (Fig.
3B).

These experiments demonstrated that the transconjugant
strain HID500 could itself act as a donor of spaN and that the
genetic instability associated with the marker in strain
HIDS500 was also transferred in the conjugation.

Chromosomal location of spaN in strain HID504. Because
the transconjugant HID504 was stable genetically during 2
years of storage at —20°C and for 2 weeks of daily subculture
in the presence of nisin, this strain was used to characterize
the site of insertion of spaN in the chromosome. Data
derived from Fig. 3 showed that conjugal transfer of spaN
into LM0230(pMU1328) to yield HID504 resulted in the loss
of a 184-kbp Smal fragment and the formation of a new Smal
fragment of 252 kbp. This gain of 68 kbp of DNA by the
transconjugant was seen more clearly in Apal digests of
DNA from strains HID504 and LM0230(pMU1328) (Fig. 5).
An Apal fragment, coincidentally also of 184 kbp, present in
the recipient (lane 2) was replaced in the transconjugant
HID504 by a new fragment of 252 kbp (lane 3). This 252-kbp

fragment was the only fragment that hybridized with the
spaN probe. These data, together with those from the Smal
digests, indicate that the conjugal transfer of genes encoding
nisin production and resistance was associated with the
insertion of a 68-kbp DNA fragment containing spaN into
the chromosome of the recipient. The location and orienta-
tion of spaN in the HID504 chromosome were mapped as
described above for DL11 (Fig. 2B). The restriction map of
the region surrounding spaN and extending for at least 32
kbp downstream was identical in both HIDS504 and the
original donor strain DL11. However, the restriction map
outside this region differed between the two strains (Fig. 2).
This suggested that the 68-kbp DNA fragment containing
spaN inserted into a different region of the L.M0230
(pMU1328) chromosome compared with DL11. A physical
map of the LM0230 chromosome is not yet available. To
confirm that the 252-kbp Smal fragment containing spaN
was indeed derived from one of the two 184-kbp Smal
fragments present in the recipient strain, a 8.5-kbp BssHII
fragment located outside the 68 kbp of DNA containing
spaN was isolated from the 252-kbp Smal fragment. This
BssHII fragment hybridized to a 184-kbp Smal fragment in
both of the conjugation recipients [strains HID113 and
LM0230(pMU1328)] and to a 145-kbp Smal fragment in
strain DL11, the original donor (Fig. 6). When hybridized
with DNA from the six transconjugants, this probe hybrid-
ized to the same Smal fragments as the spaN probe, except
that it did not hybridize with the 398-kbp Smal fragment in
HID500 or the 145-kbp Smal fragment in HID501 (Fig. 6).

DISCUSSION

Previous workers (8, 9, 26, 33) have shown that genes
encoding nisin resistance and production and the ability to
ferment sucrose are cotransferred in conjugation experi-
ments. The location of the nisin genes has been contentious.
Early conjugation experiments (26, 33) suggested a plasmid
location of these genes, and Kaletta and Entian (14) cloned
the gene encoding the nisin precursor peptide from plasmid
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FIG. 6. PFGE of Smal restriction digests of genomic DNA from donors, recipients, and transconjugants of L. lactis subsp. lactis. (A)
Ethidium bromide-stained gel; (B) Southern blot of the gel shown in panel A hybridized with the 3?P-labeled 8.5-kbp BssHII fragment
(described in the text) and A DNA probes. Lanes: 1, phage A DNA concatemers; 2 to 10, Smal digests of genomic DNA from HID113 (lane
2), HID500 (lane 3), DL11 (lane 4), LM0230(pMU1328) (lane 5), HID501 (lane 6), HID502 (lane 7), HID503 (lane 8), HID504 (lane 9), and

HIDS505 (lane 10); 11, phage A DNA digested with HindIII.

DNA in L. lactis subsp. lactis 6F3. By contrast, Dodd et al.
(5) concluded that the nisin precursor gene was chromoso-
mally located in L. lactis subsp. lactis FI5876 on the basis of
hybridization studies with various gene probes. Steen et al.
(27) concluded that the nisin precursor gene is chromoso-
mally located in L. lactis subsp. lactis ATCC 11454 since
gene probes hybridized with DNA fragments which were too
large to be derived from plasmids.

We have used PFGE analysis of digests of L. lactis subsp.
lactis DL11 to show unequivocally that spaN is located on
the chromosome of this strain. spaN hybridized to an
810-kbp Smal fragment and a 600-kbp NorI fragment which
we have previously located on the physical map of the DL11
chromosome (34). We were thus able to determine the
location of spaN with respect to the Smal site at position 2.5
Mbp on this map. The DL11 strain used in this study is a
spontaneous Prt~ derivative of the L. lactis subsp. lactis
ATCC 11454 studied by Steen et al. (27). These authors
found that spaN hybridized to a 625-kbp NotI fragment and
to a 140-kbp Smal fragment. The reason for the discrepancy
in the size of the Smal fragment containing spaN is not
known.

Our work shows that the conjugal transfer of spaN results
in the insertion of a 68-kbp fragment containing spaN into
the chromosome of the recipient strain. In addition to spaN,
the transferred fragment presumably contains genes encod-
ing nisin immunity or resistance, nisin-modifying enzymes,
reduced bacteriophage sensitivity, and sucrose-utilizing abil-
ity. Donkersloot and Thompson (6) have reported that a
chromosomal deletion in the nisin-producing strain L. lactis
subsp. lactis K1 resulted in the loss of nisin resistance, nisin
production, sucrose-fermenting ability, and N°-(carboxyeth-
yl)ornithine synthase. However, sucrose- and nisin-deficient
mutants of ATCC 11454 (the parent strain of DL11) are still
capable of producing N°-(carboxyethyl)ornithine, suggesting
that the gene encoding N°-(carboxyethyl)ornithine synthase
(ceo) is not part of the transposon in this strain (31).
Thompson et al. have shown that the structural genes
encoding enzyme II°°" (scr4) and sucrose-6-phosphate hy-
drolase (scrB) are closely linked with ceo in strain K1, but

not in ATCC 11454 (31). The insertion sequence I1S904 has
also been closely linked to spaN (5, 12, 22).

Two types of stable transformants containing a single
location of spaN were observed in this study. The predom-
inant transconjugant type (HID503 and HID504) contained a
252-kbp Smal fragment which replaced the 184-kbp Smal
fragment present in the recipient. spaN probes hybridized to
the 252-kbp fragment. An 8.5-kbp BssHII fragment isolated
from the 252-kbp Smal fragment, but outside the transferred
68-kbp region containing spaN, hybridized with one of the
184-kbp Smal fragments present in the recipient strain. We
conclude, therefore, that this class of transconjugant is the
result of the insertion of a 68-kbp fragment from the donor
strain into one of the 184-kbp Smal fragments of the recip-
ient.

The second type of stable transformant observed in this
study included transconjugants of the HID505 type. These
transconjugants contained Smal fragments of 427 and 155
kbp which were not present in the recipient strain and lacked
the 330-kbp Smal fragment present in the recipient. Both the
spaN probe and the 8.5-kbp BssHII fragment hybridized to
the 155-kbp Smal fragment. This class of transconjugant
may be the result of insertion of the 68-kbp transferred
fragment into the 184-kbp Smal fragment of the recipient,
followed by a recombination event between the newly
formed 252-kbp Smal fragment and the 330-kbp fragment
present in the recipient strain.

In addition to the stable type of transconjugants described
above, some transconjugants contained a 398-kbp Smal
fragment containing spaN. This could be the result of
insertion of the 68-kbp segment into the 330-kbp Smal
fragment present in the recipient strain and present in
submolar amounts in some of the transconjugants.

The reason for obtaining multiple Smal fragments contain-
ing spaN in some of the transconjugants is not known. Our
results do not enable us to determine whether cultures of
these transconjugants include individual cells carrying mul-
tiple copies of spaN in various Smal fragments of the
genome, or a mixed population of cells, all containing a
single copy of spaN in different Smal fragments. Multiple
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copies of spaN may be the result of transposition by dupli-
cation in a portion of the cell population, with the transposon
being unstable at the new site. This might make the trans-
poson move around the chromosome, leading to a geneti-
cally heterogeneous population. Work is in progress to study
this phenomenon.

Horn et al. (12) have shown that spaN is located on a
70-kbp conjugative transposon. The insertion of this trans-
poson into the chromosome of L. lactis subsp. lactis
MG1614 (also a derivative of L. lactis subsp. lactis C2)
resulted in the generation of transconjugants which had
similar genomic Smal digestion patterns to those described
in this work. The observation that spaN is located on a
70-kbp chromosomally located conjugative transposon,
Tn5301, may provide a unifying explanation for the different
location of spaN (chromosomally or plasmid encoded) if
Tn5301 acts as an episome or integrates into plasmid DNA in
some strains.
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